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Dear Pete:

The New Mexico Bureau of Mines and Mineral Resources is pleased
to submit this interim report on the preliminary findings of our
E1 Llano geotechnical investigation.

While much of the field work leading to the initial findings
has been completed, an important phase of the study is still in
‘progress. That phase is the geotechnical ground stabilization study
south of Espano1a High School. The results of that study and our
final conclusions will be included in the final report.

We are providing you with five - (5) copies of the report.
Additional copies are being provided to those on the distribution
list at the end of the report (vol. 1). The report is be1ng placed
on open-file at the New Mexico Bureau of Mines and a copy is being
given to the Espanola Public L1brary so that it is readily available
to the pubtic.

If you have any questions regarding the report please call me.

Sincerely,
oy 0. g

Gary Johnpeer
Engineering Geologist
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INTRODUCTION

The followiné is a preliminary report on the studies-
conducted by the New Mexico Bureau of Mines and Mineral Resources
and its subcontractors betweén November 30, 1984, and April 15,
1985. The studies were done in response to Executive Order 84-76
(signed by Governor Toney Anaya in December 1984), which declared
southern Rio Arriba and northern Santa Fe Counties within the
Santa Cruz Grant a disaster area due to settling ground
(collapsible so0il) that heavily damaged public buildings,
utilities, and some private structures. Most damage centerxed in
the El Llano, New Mexico, area {(Fig. 1).

The purpose of this report is to make available all data
gathered to date so that recommendations for stabilization can be
made. The data gathered for this report bear on civil
engineering needs elsewhere in New Mexico where similar problems
exist. P

- Inasmuch as the studies are still in progress, the
conclusions and recommendations made are tentative. Final
conclusions and recommendations will be presented in the final
report, which will be written after ongoing field and laboratory
WOoXkK are completed.

This many-faceted study drew from a number of disciplines

including: ’
o engineering geology
o geotechnical engineering
o structural engineering
o] environmental geology

0-1
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o hydrology

o] historical archaeology

o} geophysics

o surveying

o} earthquake engineering and
o remote sensing.

The data provided by these disciplines are being synthesized
to meet the goals of the project. To date, work is about 70%
complete.

After considering several possible alternative explanations,
the most likely cause of damage is collapsible soil. Collapsible
soils significantly reduce in volume subsequent to wetting and
are a well-known cause of structural damage in other parts of New
Mexico as well as in the central and western U.S. Numerous
accounts of damage due to collapsible soil have been reported

worldwide.

-~

It is likely that ground settlement in the area would not
have occurred so rapidly and on such a large scale if it were not
for human development. In its natural or undisturbed condition,
soil consolidation is a slow process, perhaps measurable in
inches per few thousand years. In contrast, certain areas in the
El Llano vicinity have settled a few feet in a few months.

Measqres to stabilize the ground in areas not yet affected
and, more importantly, 1in areas already affected are being
studied. While these studies have not been completed vet,

recommendations are available to reduce the wetting phenomenon,

thereby reducing the resultant damage. These recommendations
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center on readily available and relatively inexpensive techniques
the layman can use. They include measures to provide positive
drainage away from structure foundations, landscaping, sheetwash
control, utility line maintenance, and fundamental changes in
sewage disposal methods.

The data developed are relevant to civil engineering needs
elsewhere in New Mexico. The techniques utilized and developed
for this study can be used to assess other areas, which otherwise
may be developed without sufficient regard for the geologic
hazard posed by cecllapsible soils. Selected recommendations made
here should be considered for implementation to existing building

codes of the state.



1.0 PURPOSE

The purpose of this preliminary report is to summarize the
findings of our geotechnical investigation into the nature of
subsidence that has damaged. utilities and public and private
structures in El Llano and vicinity (Fig. 1). The primary goal
is twofold: 1) to make recommendations for stabilizing ground in
areas already developed or in areas not yvet developed and 2} to
develop data that are applicable to civil engineering needs
elsewhere in New Mexico where similar problems exist.

This report 1is based on approximately £four months of
intensive field work combined with laboratory analyses, 1library
searches, report reviews, and limited data analyses. As such,
the conclusions are deemed tentative pending complete analysis of
all data. It was deemed helpful to all concerned that we provide
this interim report because some agencies and individuals

require the accompanving data for immediate input into possible
remedial measures. ’

It should be noted that this is not a site-specific study.
The report should not be used in the design of remedial measures
at particular sites. However, it may be a useful supplement to
additional site-specific work that is ultimately required. Such
site-specific work is beyond the scope of this study because the
Bureau does not perform private consulting or do site-specific
work for private individuals.

A comprehensive report that includes all findings will be
forthcoming. It will include data in this report and data
gathered and reduced subseguently.

1-1



1.1 Disclaimer

A field log was prepared for each activity by our geologists
and technicians. The logs contain such information as boring
methods, samples attempted .and recovered, indications of the
presence of various materials, and groundwater observations. They
also contain the field representative's interpretation of the
soil conditions between the recovered samples. Therefore, these
logs contain both factual and interpretive information. Copies
of the logs are on file in our office.

The final logs and maps represent our interpretation of the
contents of the field logs, laboratory examinations, and results
of tests on the field samples. Some of the final logs are
included in this report. However, many of the logs contain blank
spaces representing data that are not yet complete (Appendix I).
We must emphasize that our recommendations and conclusions are
based on the contents of the final logs and the information
contained therein and not on the field logs.

The analyses, conclusions, and recommendations contained in
this report are based on site conditions that existed at the time
of our investigation. If a substantial amount of time elapses
between the submission of this report and the start of any
remedial measures or if conditions change due to natural causes
we urge that the report be reviewed to determine the

applicability of our conclusions and recommendations.



2.0 BACKGROUND

At-the request of Mr. Tom Closson, Office of Civil Emergency
Preparedness, Santa Fe, the New Mexico Bureau of Mines and
Mineral Resources (NMBM&MR) was requested to survey utility
damage, structural damage, and subsidence in the El1 Llano area
(Fig. 1). On November 30, 1984, NMBM&MR Environmental Geologist
David Love and Engineering Geologist Gary Johnpeer visited the
area. They observed numerous structural cracks (in both public
and private buildings), a disrupted water line, saucer-shaped
ground depressions, and stressed gas and electric lines. They
felt there were a number of possible causes (Sec. 7.0), but that
the most likely was "geological."

A topographic survey was made of the area west 0f the Moya
residence on December 4, 1984 (Appendix XVII), which determined
the configuration of the surface that was apparently subsiding.
Features such as roads, utilities, ground cracks, and damaged

e

buildings were included within the survey area to document the
extent of damage.

On December 6, 1984, at the request of Mr. John Ramming, the
Governor's authorized representative, and Mr. Tom Closson,
geologists from NMBM&MR (Love and Johnpeer} met at the Governor's
Conference Room with representatives from the Construction
Industries Division, other state agencies, the Red Cross, and
with residents of El Llano. The purpose was to discuss the
initial findings of the state agencies and to determine the
future course of action. It was concluded that the damage to

public utilities posed a hazard to some residents. Mr. Ramnming
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¢

designated NMBM&MR the "lead agency" to conduct a geologic
investigation of the affected area. The NMBM&MR was to work
under the direction of the Office of Civil Emergency Preparedness
and with the New Mexico State Highway Department to develop a
plan for geotechnical investiéations.

On December 13, 1984, Governor Toney Anayva signed Executive
Order 84-76, which declared southern Rio Arriba and northern
Santa Fe Counties, within the Santa Cruz Grant, a disaster area.
That declaration made disaster relief funds available for this
study.

Since December 13, 1984, NMBM&MR staff have been conducting
the emergency geotechnical study. A total of approximately 4,000
hours has been spent on the project by NMBM&MR personnel to date.

It is estimated that work is now 70% complete.



3.0 SCOPE

The scope of this investigation was outlined in a letter to
the 0Office of Military Affairs on December 16, 1984, and in
subsequent discussions with Mr. Pete Mondragon and Mr. Tom
Closson. The scope of work was further defined at a hearing
called by the CID on February 4, 1985, in Espafiola.

Work performed, or in progress, is listed below:
o literature review (maps, aerial photos, reports)
o acguiring new aerial photographs at a scale of 1 inch

equals 200 feet (with contours at 5 foot intervals)

o} aerial photo analyses

o geologic mapping

o drilling

o] sampling

o} lab testing

o age dating -
o geophysical studies

o ground-vibration monitoring

o geotechnical ground-stabilization studies
0 settlement monitoring

o) ground-water—level monitoring

o} water quality analyses

o surveying

o computer modelling

o] acegulia history research

o] trenching

o photographic documentation

3-1



o acquisition of weather records -

o report writing.

Identification of field samples generally followed ASTM
D2488-69 Description of Soils-(visual—Manual Procedure), and the
Unified Soil Classificatiﬁn Systems (Fig. 2}.

The literature review consisted of acquiring reports
describing subsidence phenomena elsewhere. Special emphasis was
placed on acquiring case history reports describing approaches to
studying subsidence and the mitigative measures taken. The
techniques used in the case histories were tabulated in a matrix.
This matrix helped guide the course of the study in that most of
the techniques used here were used also in similar studies. This
enabled us to compare and contrast the large volume of data
generated. The bibliography of pertinent articles compiled is
bresented as Appendix XIV.

One finding of the literature study was that no recent
detailed aerial photographs or topographic maps existed for the
study area. To fill this need, a contract was let to Koogle and
Pouls Engineering Inc. of Albuguerque to acquire new klack and
white, vertical, stereo, aerial photographs at scales of 1:24,000
and 1:20,000. These were enlarged to a scale of 1 inch equals
200 feet and overprinted with contour lines at 5-foot intervals.
These enlarged photographs are the base for a number of maps in
the appendices.

In addition to the aerial photographs, infrared (IR) color
photography also was obtained at a larger scale (1:10,000). The

purpose of the IR color photography was to identify areas of
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contrasting rock and soil units based upon the vegetation
patterns they exhibit. Because of its high absorption of
photographic IR radiation, healthy vegetation has a ré&
signature, whereas stressed vegetation has a darker red
signature. Rock outcrops of the Santa Fe Formation appear as
shades of yellow. An advantage of IR color photography is that
damp ground may be recognized by its darker signature.

Analyses are being conducted on all aerial photographs. The
following list shows the dates of the photographs that have been

obtained and any enlargements made for use in this study.

Date Original Scale Enlarged Scale
1935 1:20,000 1:7,600
1949 1:21,000 1:5,000
1951 1:28,400 1:7,600
1954 1:54,000 not enlarged
1962 1:20,000 not enlarged
1973 1:31,680 1:8,300
1976 1:29,000 not enlarged
1¢80 1:24,000 1:12,000:1:6,000:1:2,400
1982 1:12,000 not enlarged
1985 1:20,000 1:2,400

The imagery 1in these photographs covers a span of 50 years
and clear%y depicts the growth of the area (Sec. 5.0). The
photographs are particularly useful in mapping the geology (Sec.
6.0) and in assessing the influence of manmade structures such as
acequias, roads, dams, and buildings.

Geologic mapping of major units was conducted using drill
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hole data, existing literature, and by field mapping. Special
emphasis was given to delineation of surficial units and to
suspected faults. The geélogic maps produced are piesented in
Appendix V and geologic cross sections are presented in Appendix
X. |

To gain insight into subsurface conditions and to verify
results of the geophysical profiles, 45 geotechnical drill holes
were completed. They were drilled with a CME-55 drill rig using
hollow-stem auger technigues. The holes range in depth from 29.5
to 125 feet. Both disturbed (split-spoon) and undisturbed (thin-
wall and continuous sampler) samples were retrieved. A total of
250 disturbed and 316 undisturbed samples were obtained. The
tests conducted on these samples are discussed in Section 9.0.

The purpose of the drill holes varied and some were drilled
for multiple purposes. Twenty-two were drilled primarily to gain
geotechnical information on subsurface conditions. Preliminary
geotechnical information was obtained from blow-counts, drilling
rate, and field descriptions. Additional information was
obtained from the suite of laboratory tests later conducted on
each sample.

Eleven drill holes were installed to gain information on
depth to ground-water and to obtain ground-water samples. These
holes were lined with 2 inch perforated PVC pipe so that ground-
water levéls can be monitored and sampled. In addition, scil
samples were obtained for laboratory testing.

Fifteen drill holes were made to install two types of

settlement~monitoring equipment. The first type consists of a



3/4~inch metal water pipe extending from the bottom of the well
to ground level. The pipes are lined with 1 1/2-inch PVC to
minimize skin friction from backfill material. In the event the
s0ils settle or otherwise compact, the pipe will extend above the
ground surface. They are beihg monitored regqularly. The second
type consists of corrugated 3- and 4-inch ID compressible tubing
(Sondex casing). The tubing has stainless steel rings soldered
at approximately 5-foot intervals. When installed, a special
probe can be lowered inside the casing to measure ring
separation. Any changes in ring separation are a measure of soil
settlement. These also are monitored regularly.

Undisturbed and disturbed sampling was conducted carefully,
generally at intervals of 5-feet or less in all drill holes. The
undisturbed samples were labeled with drill hole number, project
number, depth, date, and measured recovery. They were kept in a
vertical position and transported daily to a secure location
where they would not freeze. Subsequently, they were transported
vertically to various laboratories in specially constructed
wooden or cushioned cardboard boxes. The disturbed samples were
obtained with a split-spoon sampler. The samples were logged and
then sealed in plastic bags to retain their moisture content.
Bags were labeled with drill hole number, project number, depth,
blow count, and date. Both undisturbed and disturbed samples
were laboratory tested in the most expedient manner consistent
with quality testing procedures.

To expedite testing, samples were tested in the following
three laboratories: NMBM&MR, Fox and Assocliates of New Mexico,

Inc., and New Mexico Highway Dept. Laboratory testing of the
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samples is approximately 70% complete.

The laboratory tests chosen are aimed at identifying the
cause(s) of subsidence and quantifying subsufface soil
parameters. The standard tests conducted include:

1) Atterberg limits |

2) gradation

3) density (wet and dry)

4} moisture and

5) consolidation.

These tests are discussed in more detail in Section 9.0 and
the results of tests completed to date are included in Appendix
ITI.

Additional tests conducted on selected samples include X-ray
diffraction, scanning electron microscopy (SEM), hydraulic
conductivity, and direct shear testing. An important field test
conducted during disturbed sample acquisition is the blow count
or N-value tesﬁ. The N-value 1s a measure”’of the energy required
to drive a 2-inch sampler 12 inches into the soil using a 140 1lb
weight, which free falls 30 inches.

In the course of drilling, trenching, and geologic mapping a
number of samples were collected that were suitable for age-~
dating using carbon-l14 methods. Five samples were submitted for
age~date analyses (see Appendix XII and Sec. 6.0). The purpose
of acquiring the age dates was to confirm the age of the
collapsible soils and to date possible faulting in the area
(Secs. 7.6 and 10.6).

Geophysical studies consisted of seismic reflection and



seismic refraction surveys (Appendix VII). The surveys were
conducted by Charles B. Reynolds and Assoclates of Belen, NM.
'They were conducted in key areas to investigate the subsurface
units in more detail than could be done by drilling. Of primary
interest was the determination of the thicknesses of surficial
low-velocity layers that may correlate with collapsible soils.
Also of interest were detection of ground-water levels in the
area and delineation of buried faults.

Ground-vibration monitoring was an important task conducted
during the initial 10 weeks of the investigation. Two model ST-4
seismic-triggered seismographs were leased from Dallas
Instruments, Inc., and they were operated continuously in two of
the condemned houses in El Llano. The automatic instruments were
set to activate at a predetermined trigger level and to record on
a magnetic tape recorder the triggering event and all subsequent
motion associated with the event. Of particular interest was the
peak particle velocity associated with the triggering events.
The .preliminary results of the vibration- monitoring study are
discussed in Sections 7.1 and 10.l.

Geotechnical ground stabilization studies (GGSS) are being
conducted in three areas south of Espaficla High School on
property owned by Mr. Richard Cook. Two areas are east of NM-291
and one is west of the El Llano acequia (see maps, Appendix XX
and Fig. 1J. The main purpose of the GGSS is to demonstrate the
relationship between soil wetting and settlement. A second
purpose is to develop, if possible, a system to induce settlement
of structures to make them more stable. Each of the research

areas consists of one well where water is injected continuously
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and several wells for monitoring settling and moisture. 1In
addition to the settlement monitoring wells, settlement 1s being
monitored by surface-based surveying techniques. _fhe study is
attempting to simulate a point-source of moisture being added,
such as a septic tank or leafing utility line. The experiments
have been in progress approximately 9 weeks. As of March 29,
1985, approximately 26,150 gallons of water had been injected at
GGSS area 1, 12,000 gallons at GGSS area 2 and 3,700 gallons at
GGSS area 3. Noticeable settlement was detected after only 2
weeks of wetting, in GGSS area 3. By April 8, settlement at GGSS
area 3 had produced a circular depression approximately 3.5 feet
deep and 25 feet in diameter. Significant increases in moilsture
have alsc been traced in monitoring wells. The in-progress study
will be conducted for a number of additional weeks. Results and
conclusions of this study will be provided in the final report.

Settlement monitoring of the wells described above is
conducted on a bi-weekly or more frequent basis. The locations
of the monitoring wells are shown in Appendix XX.

Ground-water level monitoring also is conducted on a bi-
weekly or more frequent basis. Although monitoring has not been
conducted long enough to detect changes in ground-water level, a
map showing ground-water elevation has Dbeen completed (Appendix
XI). The implications drawn from the ground-water level
observations are discussed in Sections 6.5, 10.3 and 10.4

S0il and water samples taken from selected wells have been
tested for water gquality by the Environmental Improvement

Division (EID). The preliminary data available from these



analyses are discussed in Section 6.0.

Topographic surveys have been conducted in a number of
importanﬁ localities. These are resurveyed every month and
sometimes more frequently. 'The equipment used in the surveys
consists of a Lietz TM20H theodolite and stadia rod. Data are
reduced with in-~house computer programs at NMBM&MR.

The subsidénce aepression west of the Moya residence has
been resurveyed five times. The three geotechnical ground-
stabilization areas south of the high school have been resurveyed
four times. In each area, rebar driven into the ground 1is
reoccupied during subsequent surveys. The survey results are
discussed in Section 4.0 ahd the maps generated are presented in
Appendices XVII and XX.

Computer numerical modeling studies to support remedial
action plans are being conducted by Dr. Dan Stephens and Robert
Knowlton of the New Mexico Institute of Mining and Technology,
Socorro. The objectives of the study are:

1) to compare predicted consolidation with observed

consolidation in a controlled field experiment.

2) to collaborate an existing numerical -model to predict

consolidation using known field behavior.

3) to apply the above results to remedial action

alternatives.

The study has been in operation for only three weeks and
results are not complete yet. Their final results and
conclusions will be presented in the final report.

The history of acequia systems in the area was deemed

important in understanding settlement mechanisms. Charles
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Carillo, an historian from Albugquergque, was contracted to
document their history and use as they may relate to this study.
The month-long study consisted of an extensive in-depth
literature review supplemented by field interviews with
knowledgable individuals. His findings aré summarizéd in his
consulting report to NMBM&MR (Appendix XVIJ.

Eleven trenches, ranging in depth from 7 to 12 feet, were
excavated, shored, gridded, and logged in detail to characterize
shallow subsurface conditions and to investigate the nature of
cracks at depth. The logs of the trenches are presented in
Appendix II. In places, the trench logs show a relationship
beﬁWeen cracks and animal burrows (krotovina) and typically show
the inactive character of most cracks at depth. The implications
of theselfundamental findings are discussed in Section 10.11.

Photographic documentation of structural damage due to
differential settlement and of the general field operations was
provided by Mr. Neil Hollander of the New Mexico Corrections
Department. The numerous photographs taken are filed at NMBM&MR
and CID. The photographs were taken to document the extent of
damage that had occurred by that time. Selected photographs
characteristic of the damage and the field operations will be
included in the final report.

Monthly weather records for the last 90 years were compiled
to ascertain the effect of intense rainfall. The data were

summarized with graphs and are discussed in Section 10.7.
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4.0 TOPOGRAPHIC SETTING

The study area is located in the Espafiola Valley at
elevations érom 5,600 to 5,800 feet (Figs. 1, 3). To the west
are the Jemez Mountains and the eastward-sloping, dissected
Pajaritc Plateau. To the eas£ are the southern Sangre de Cristo
Mountains and the dissected foothills sloping westward from
Truchas and Chimayo. The ﬁio Grande forms the lowest part of the
Espafiola Valley and slopes to the south with a gradient averaging
about 11 feet per mile. The Rio Grande floodplain is about 1
mile wide. The Rio Chama joins the Rio Grande from the
northwest. The Santa Cruz River joins the Rio Grande from the
east with an average gradient of about 50 feet per mile. River
terraces occur discontinuously along the Rio Grande near San Juan
Pueblo, east of the river, and from La Plaza south to Espafiola
west of the river. The Santa Cruz River also has terraces along
its valley margins.

The zone encompassing many of the cracks and subsidence
depressions lies along the eastern side of the Espafiola Valley
north of the Santa Cruz River. E1l Llano occupies the upper-to-
middle portion of the sastern valley border. The valley border
slopes to the west with gradients ranging from 65 to 125 feet per
mile. TFarther to the east, bluffs of less erodible rocks form
steep slopes and range up to 350 feet above the valley border.

Irrigétion ditches run subparallel to the Rio Grande from
north of San Juan Pueblo to the agricultural areas of the Rio

Grande floodplain. Two irrigation ditches (acequias) from the
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Santa Cruz River, the Santa Cruz and El1 Llano acegquias {(Fig. 1),
trend northwest and distribute water to the lower and middle

valley. border from Santa Cruz to Ranchitos.



5.0 CULTURAL SETTING ’

The growth and develcopment o©f the El Llano area was
researched to assess the impact of human activityidn the area.
Of particular interest was the relationship between growth of the
area and increased use of watér.

Two methods were utilized to document this growth. The first
was to study aerial photographs taken during the past 50 years.
The second was to research the acequia systems, which represent a
significant source of water. The following is summarized from
the acequia report by Charles Carrillo (Appendix XVI).

Earliest reports of Spanish explorers in the region date to
1539. By the late 1500's, permanent settlements had been
established, although there are no indications of any settlements
in El Llano. The Spanish population apparently continued to grow
at a slow rate during these early years and there are some
indications that then existing Pueblo Indian irrigation systems
were utilized; it is probable that new aceguias also were
constructed. It appears that acequias in the El Llano area (El
Llano and Santa Cruz) may have been in existence since the
1630's.

In addition to the older acequias, a relatively young, but
unused, acequia extends from the Rio Grande south into El1 Llano.
The remains of this aceguia are apparent on all aerial
photograpﬁs used in this study. Even on the oldest photograph
(1935) the acequia is abandoned. Indications are that it may
have been built by Mormons sometime during the early 1900's.

Apparently, 1t was never used because of numerous washouts at



arroyo crossings north of E1 Llano. Mr. Carrillo reports that
additional research would be required to establish, with nore
certainty, the history of this acequia.

The development of the area in recent years is particularly
interesting and may have contributed to the settlement damage.
Hispanic tradition is to establish tracts of land perpendicular
to major water courses. These strips of land typically extended
from an acequia to a river bank and thus, each strip of land had
dependable water sources.

Because the Hispanic custom in New Mexico is to divide land
equally among male and female children, these strips of land
became narrower as they were subdivided each generation. The
aerial photographs illustrate this pattern of subdivision well.
In particular, they show a large increase in the number of houses
in recent years {(Fig. 4). Most of these houses are not yet
connected to a central sewage system. Waste is disposed of in
septic tanks; most tanks are not punped ?n a regular basis and
fluid is absorbed into the soil in leach fields.

The community well apparently was installed sometime between
1936 and 1949. By 1949, there was a windmill attached to the well
with an accompanying small reservoir tank.‘ The 1954 aerial
pPhotographs show the new tank much as 1t appears today.
Residents have reported that the tank has overtopped,
periodically, causing water to saturate the foundation materials
and flow westward toward the El Llano acequia. The tank has
settled and leaned signficantly and may have ruptured water pipes
leading to and from it. Just west of the tank, increased

moisture was encountered to a depth of 56 feet in one of the
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wells drilled for this study (ESPDH-4).

Most houses in the El Llano area are not landscaped to
accommodate surface runoff effectively. For examble, Mr. A.
Vigil reports that, because of road work on Middle Road, recent
rain water was diverted into ﬁis lawn and garage, which are at a
lower elevation. Few houses have rain gutters and down spouts
that would direct water away from footings. Dripping eaves allow
water to saturate foundation materials and this may enhance
settlement., Some residents sprinkle their lawns regularly during
summer months. It is noteworthy that four houses with lawns are
significantly cracked (Cook, Manzanares, Vigil, and Voight).

The high school was repaired recently because of
differential settlement, reportedly due to wetting of foundation
materials. The technique used to stabilize the foundation there
was to replace irrigated areas (watered lawns) peripheral to the

building with a concrete slab.



6.0 GEOLOGIC AND HYDROLOGIC SETTING

The El Llano area is located in north-central Espafola
Basin, a majof structural depression between two mountain
highlands, the southern Sangre de Cristo range on the east and
the Jemez Mountains on the Qest. Most of the regional uplift
surrounding the basin and differential movement between mountain
and basin areas has occurred in the past 10-12 million years.

The Sangre de Cristos are a southeastern prong of the Rocky
Mountains, and, east of Espafiola they mainly consist of very
ancient‘crystalline rocks (>1 billion yrs old). These rocks and
an overlying thick seguence of older sedimentary strata dip
gently westward beneath the central part of the Espafilola Basin.
The western margin of the basin is covered by the thick pile of
volcanic rocks that forms the bulk of the Jemez Mountains.
Younger sedimentary deposits that partly f£ill the central
structural basin (Santa Fe Group basin £ill) are abruptly
terminated by a north-trending fault zeone that includes the
Pajarito fault at the west edge of the Pajarito Plateau near LOS
Alamos. Volcanic activity probably continued until about 100,000
years ago within the central vent zone of the Valles caldera
(Valle Grande) at the summit of the Jemez Mountains. However,
volcanism has not occurrxed in the area east of the mountains
since emplacement of the Bandelier Tuff in the Pajarito Plateau
area about 'l to 1.5 million years ago.

Current studies by geologists and geophysicists indicate

that deep-seated processes, including structural deformation and

geothermal activity, still play an important role, particularly



when landscape evolution is considered over very+long spans of
time. However, there is no historical evidence (post-1598 A.D.)
of major geologic events, such as large earthquakesf that have
caused significant deformation of earth materials or surficial
features in the area.

The main geomorphic (landscape-~forming) process affecting
the area in the past one million years (most of the ice age or
Quaternary period) has been the erosive action of the Rio Grande
and its tributaries. The ancestral Rio Grande originally f£lowed
near the level of the high tablelands (mesas)} and benches that
form the outer rim of the Espaficla Valley. The valley itself is
mainly a product of stream erosion..‘The inner valley, which
includes the modern Rio Grande floodplain and alluvial aprons
constructed by tributary streams, 1s flanked by lower terraces
that are remnants of former valley-floor deposits. Geologic
research throughout the Rio Grande Valley of NMew Mexico shows
that the river cut its valley in several major stages, each
separated by long spans of time when valiey cutting essentially
ceaéed and local aggradation of valley floors occurred. Changes
in climate from cold ice-age conditions to relatively warm-dry
intervals like the present have been very important factors
controlling long-term cycles of river-valley cutting and partial
back£filling. Structural deformation also played a subordinate,
but 1ocall¥ significant, role in development of valley landforms.

The major concern of this study is with very young geologic
features of the inner Rio Grande Valley in a strip of land east
of the river floodplain extending south from San Juan Pueblo to

Santa Cruz (the El1 Llano area of this report). The younger
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valley £ill is mostly of post-glacial and late glacial age
(<15,000 years o0ld). It includes buried channel deposits of a
late-glacial Rio Grande and an overlying wedge-shaped layer of
alluvium that forms the bulk of the surficial deposits in the El
Llano area. That latter unit.was deposited primarily as alluvial
fans by tributary arroyos heading in valley-flanking uplands.
The character of these sédiments and the occurrence of ground
water in younger valley £ill near El Llano is discussed in more
detail in Sections 6.1 to 6.5. This section deals with broader
relationships that have been observed throughout the region.

Ancestral Rio Grande deposits were emplaced by a large
perennial stream with average and peak discharges equal to or
exceeding measured flows of the Rio Grande over the past 100
years. Deposits are primarily coarse grained (sand and gravel)
with local lenses of silt and clay. The buried surface of these
ancient river beds, when not deeply eroded, should approximate
the gravel bar and swale topography of the present channel and
floodplain area west of Fairview and Ranchitos. The deposits are
and always have been near the water table and are mostly
saturated with ground water. These deposits have relatively
high bearing strength and should not be susceptible to much
additional consolidation under normal structural loads.

The main geologic unit considered in this study is the apron
of alluvial~fan deposits emplaced by tributary stream systems
over the older river beds. The urban and suburban communities of
the El Llan¢o area are built on these deposits, and it is this

area that includes most of the reported sites affected by recent
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subsidence features and earth cracks.

In marked contrast to river sediments, the alluvial deposits
were emplaced by ephemeral stream and sheet floods. Flows are
usually produced by intense precipitation-runoff events on high-
gradient, highly dissected and sparsely vegetated uplands or
valley sideslopes, such as those that flank the Espaficla Valley.
Resultant flash~flood discharge in this setting is usually
characterized by very high suspended sediment loads; and most of
the transported material 1is ultimately deposited as fan-shaped
bodies of alluvium on the river-valley border. Long periods of
time may separate major flood events, and water tables are
characteristically deep in valley-border areas {(usually »>30
feet). Therefore, surficial deposits emplaced by this process
are characteristically unsaturated and include thick fine-
grained (silty-clayey) beds. Deposits commonly have high void
ratios and low dry bulk densities.

The geologic and hydrologic processes involved in deposition
of ephemeral-stream and sheet~-flood sedi;ents have been widely
studied in semiarid and arid regions of the western United
States. Pertinent published research on depositional processes
includes reports by Bull (1964), Hawley and Wilson (1965), Schumm
(1977), Gile and others (1981}, Love (1983), and Pierson and
Costa (1984). Geotechnical and environmental aspects of young
alluvialnﬁan and arroyo-valley deposits are also discussed in
detail by Bull (1964, 1972) and many later workers, including
Lambert and others (1982), and Clary and others (1984).
ﬁgégz—_g;;;c references on geologic history and structural and

volcanic features of the Espafiola area to be added.



There are f1ive aspects of the geology of the area
surrounding El Llano that need to be considered in some detail.
First, the general nature of subsidence depressions and cracks in

the El1 Llano area must be described. Second, the composition and

thickness of the deposits.underlying the area need to be

determined (do weak or soluble rocks underlie El Llano?). Third,

the nature of deformation of the deposits needs to be known (are

the rocks broken by faults?). Fourth, the timing of deposition
and deformation needs to be understood {when were the sediments
deposited or when did faulting movement last occur?). Fifth, the

present level and movement of ground-water needs to be

determined.

6.1 Subsidence Depressions and Earth Cracks

The primary cause for declaring an emergency in the El Llano
area was the sudden appearance of a large subsidence pit and
several linear cracks in one neighborhood. The possible threat
posed by these features to public works and private homes led to
accelerated study by the New Mexico Bureau of Mines and Mineral
Resources. Subsequent to the initial examination, several other
subsidence pits and many cracks were found in the area. Damage
to structures is described separately (Appendix VIII and CID
reports).

Subsidence pits range in size from approximately 15 to 150
feet in diameter; depths range from 1 to 5 feet. The large pit
behind Mr. Moya's residence included a subsided volume of
material at the surface of approximately 4,000 cubic feet. Other

pits range from 10 to 150 cubic feet of surface displacement. In



general, the pits are c¢ircular, *although at least ftwo are
elongate. One elongate depression is ofiented north-south and
another is oriented to the northweskt. The pits and the community
of El Llano appear to be aligned in the same general north-south
direction. Other pits are not aligned along this north-south
trend.

All of the subsidence depressions are associated with areas
where water has accumulated at or near the surface, and the
presence of the depressions has allowed more water to accumulate.
For example, the depression affecting the Vigil garage has
accumulated runoff from the road, the driveway and the roof.
Most of the depressions in El1 Llano have septic tanks and/or
leach fields associated with them (Fig. 1). East of NM-291,
small depressions are associlated with present or abandoned
drainages.

Several cracks were encountered at or near the surface that
are not associated with subsidence depressions. Backhoe trenches
were dug across several of the cracks ané more were encountered
beneath the surface of the ground. The cracks are oriented in
various directions. Most are open or are partially filled with
sand and clay that has fallen from the walls above. Some of the
cracks extend only 6-7 feet below the ground surface, although
most extend beyond 12 feet. Some cracks split into two Or more
smaller C{acks at depth. No cracks were noticed in cores taken
from boreholes in the area. Most cracks either do not extend to
the surface or are obscured at the surface by soll processes or

human disturbance.

Reports o©f holes in irrigated fields that "swallowed"
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irrigation water prompted trenching some of the features known as
sotanos. A description of the findings at one of these trenchs
is discussed in Section 10.6.3. ‘ |

The sdtanos were reported at widespread localities in the
area and seem to be related to desiccation of e; near-surface clay
layer. The desiccation produces shrinking of the expansive
minerals that compose the clay fraction of the soil (see X-ray
data, Appendix XIX). Surface water from irrigation apparently
enters the network of cracks and flows down through more
permeable layers at depth. This process seems to continue until
the clay minerals become saturated, at which point they expand.
Upon expansion, the cracks tend to close and, depending upon the
volume of irrigation water being applied, this may "shut off" the
entry of water to the deeper soils. The above description of the
sStano phenomenon has not been witnessed by the investigators in
the E1l Llano area, but this process is well documented in other
parts of New Mexico and the southwest where similar clay-rich,
expansive soils occur (Maker and othersg, 1974; Soil Survey Staff,

1975).

6.2 Composition and Thicknesses of Deposits

The 45 drill holes in El Llano penetrated up to 110 feet of
sand, silt, clayey-sand, and gravelly-sand alluvial deposits very
similar to sediments carried by modern arroyos east of El Llano.
The deposits commonly are loose to medium dense, and they are
not cemented together to form rock. Away from places where water

has soaked into the ground due to human activity (e.g., leaky

water lines or irrigated fields), the deposits are nearly dry
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from the surface down to the total depth of the drill hole or to
near the water table which is at a level of about 5,600 ft above
sea level {(the level of the Rib Grande to the west, Appendix XI).
The deposits slope to the west and are thinner both toward the
river and toward the hillﬁ to the east. The deposits are
prpbably near their maximum thickness along the north-south
portion of NM-291. Theée deposits were laid down by small
streams eroding materials from the bluffs to the east and
transporting the sediments down gradient toward the Rio Grande to
the west. Each small stream built its own fan-shaped deposit and
all the fans overlapped each other. This produced a continuous
slope from east to west.

The deposit underneath the alluvium at El Llano consists of
rounded gravel and sand and is at least 10-20 feet thick. Unlike
the pebbles in the alluvium above, the gravel is made up of
pebbles and cobbles of rocks found upstream along the Rio Grande
such as the black lavas and quartzites from the Rio Grande gorge.
The gravel is about the same elevation as the present Rio Grande
and slopes from north to south with about the same gradient.
Therefore, the gravel and sand unit represents the former course
of the Rio Grande and is here designated the river-gravel unit
(Qrg on geologic maps and cross sections). The river has shifted
to the west side of the valley and the arroyos from the east have
deposited alluvial fans over the older river beds.

Although the drill rigs used in this study were unable to
drill through the coarse Rio Grande deposits, domestic water

wells drilled in the area have successfully penetrated the river-



gravel unit (well Jdogs from files of the State Engineer). The
deeper wells encounter sandstones and mudstones very similar to
the Santa Fe Group rocks seen in the bluffs and ridges east of
Espaficla Valley High School. These ancient basin-fill deposits
are tilted to the north-northwest, so their range in composition
and thickness can be seen as one goes from the Santa Cruz River
north along the ridge past the water tanks and northeast along
the ridges east of San Juan Pueblo. These exposures show that
the Santa Fe Group is at least several hundred feet thick and may
be much thicker. Other geologists have measured nearly 5,000
feet of similar sedimentary rocks exposed around Espafiola (e.g.,
Galusha and Blick, 1971; Baltz, 1978). The seismic reflection
line (Appendix VII) suggests that the thickness of these deposits
is at least 2,700 feet thick. These rocks consist predominantly
of sandstone and mudstone, with some layers of cemented gravel
(conglomerate) and volcanic ash (commonly white, gray, or green
layers a few feet thick). No thick beds of limestone or gypsum,
capable of dissolving to form caverns,dére known to exist at
depth; and there is no known expression of collapse features
within the Santa Fe Group due to solution subsidence. The
sandstones commonly are partially cemented with calcium carbonate
and silica, but some loose sand also occurs. The mudstones are
somewhat compacted because they were buried by a few thousand
feet of rocks that have since been eroded. The consolidation of
these rocks makes them slightly harder to erode, and also more
brittle, allowing faults to form more readily.

Beneath the sediments of the Santa Fe Group is a very thick

sequence of older bedrock units. The uppermost layers are more
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consolidated sedimentary and volcanic rocks at least 575 feet
thick. These rocks are harder, and they are not soluble. Below
these rocks, at léast in part of the Espafiola Basin, geologists
interprete rocks that formed when the last sea was in the region
(marine rocks; Black, l9é4)‘ These rocks are primarily
sandstones and mudstones and are not soluble. Where present,
these rocks are up to 6,600 feet thick. Below these marine
rocks, in part of the Espafola Basin, are more sandstones and
mudstones, but included in these rocks are some limestones and
gypsum that would be capable of dissolving to form caverns.
However, these rocks are so deep that even if caverns had formed
and collapsed, the cavities would have filled with rock debris
from above long before a subsidence feature could have reached
the surface. Below the limestone and gypsum are more sandstones
and limestones up to 3,000 feet thick. The limestones would also
be capable of producing caverns, but similar limitations would
prevent zones of collapse from being propagated to the surface.
The base o0of all the sedimentary sequence rests on hard
crystalline rocks (granites, metamorphic rocks) now exposed in
the Sangre de Cristo Mountains to the east and the Rio Grande
gorge to the north. These hard rocks are not subject to
dissolution to form cavities.

Other unconsolidated deposits do not directly underlie El
Llano, but are exposed on nearby hills and may be used to
indicate ages for recent geological events at El Llano. These
deposits consist of poulder gravels capping the hills east of ElL

Llano and Rio Grande gravels and alluvium forming hills east of



San Juan Pueblo. These gravels and similar gravels in other
parts of the Espafiola valley have been studied by Manley (1978),
Kelley (1979), Herrington and Aldrich (1979}, and pethier and
Demsey (1984).

The boulder gravels cap the ridges east of Espafiola and are
up to 20 feet thick. At least two levels of gravels rest on
terraces along the Santa Cruz River. 'Most of the gravel is less
than 1 foot in diameter, but boulders exceeding 3 feet are
present. The composition of the rocks is primarily hard
crystalline rocks from the Sangre de Cristo Mountains.

East of San Juan Pueblo are hills where gravel has been
quarried in the past. Exposures show a terrace deposit of
ancient Rio Grande gravel, 15 to 20 feet thick, resting on
sandstone of the Santa Fe Group. The gravel is essentially
horizontal while the sandstone dips a few degrees to the
northwest (Fig. 1., Appendix X). Overlying the gravel are
essentially horizon£al beds of alluvium up to 60 feet thick. The
uppermost beds of alluvium are coarser tﬁan the rest. With the
excebtion of the uppermost beds, the exposures are analogous to
the river-gravel unit that lies beneath El Llano at depths of
100-150 feet.

This summary of the composition and thickness of deposits
underlying El Llano suggests that ground failure due to scluble
rocks is.ﬁnlikely. The weakest rocks appear to be the
unconsolidated "alluvium in the uppermost 100 feet. While
mudstones may be weak and provide zones where slippage and

compaction can occur, there must be a slope or gradient for

movement to happen. Limestones and gypsum exist at great depths
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in some parts of the Espafiola Basin. Only where deformation has
uplifted the gsoluble rocks closer to the surface could cavern
formation and collapse become a possible mechanism for subsidence

at the surface.

6.3 Deformation

Forces and heat released from within the earth can deform
rocks and cause earthquakes and volcanoes. The magnitude of
these forces is evident from the position of the Espaficla Valley
between a volcanic mountain range to the west and the uplifted
Sangre de Cristo Mountaing to the east.

Within the El Llano area, exposed rocks exhibit two types of
deformation: tilting and faulting. As previously mentioned, the
rocks east of E1l Llano are tilted to the north-northwest a few
degrees (originally they were deposited nearly flat). Therefore,
in the past, the area to the south must have been uplifted or the
area to the north must have sagged or both. Because the modern
alluvium is not tilted and rivers are no; affected by tilting,
the process is not continuing at present.

In the seismic reflection profile (Appendix VII), the upper
part of the bedrock appears to be tilted to the west (except
where the beds are bent in an arch and a sag; see seismic
interpretation). The apparent tilt may be due to the orientation
of the pro?ile compared to the orientation of the sloping beds.
Unless the seismic profile was oriented at right angles to the
slope of the northwestward tilted beds, there would appear to be
some amount of dip to the west or east shown in the profile.

Faults cutting the Santa Fe Group are exposed in the hills
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east of Espafiola and are interpreted on the seismic profile.
Only two of the faults may be traced northwestward aleong the
exposures of bedrock (see Geologic Map, Appendix V). The western
fault trends northwest through the hill west of the Espafiola
landfill. The fault disturﬁs a zone only a few feet wide and
appears to be offset 10-20 feet. The eastern fault trends 22
degrees to the northwest énd dips 65-85 degrees to the southwest
with stratigraphic separation of beds down to the southwest.
Stratigraphic separation is about 60 feet across both faults,
with the west side down. The eastern fault zone ranges up to 20
feet wide and consists of many smaller faults. The faults
commonly are coated with clay or are cemented with calcium
carbonate. No recent ruptures along the fault have broken the
cemented zone. Due to this cementation, the fault is less easily
eroded than the surrounding beds so the zone sticks up along a
series of knobs. The low eroded areas along the.fault have been
partially filled with alluvium, which is not offset by the fault.
Also, the fault is buried by ancient terrace gravels north of the
Santa Cruz River. The terraces are not offset by the fault.
Neither of the faults could be traced north of bedrock exposures
north of the Espafiola landfill.

Although faults generally are not straight, line projections
of the trend of these two faults, at an elevation of 5,820 feet,
cross the El Llanc area and correspond with faults interpreted on
the seismic line. However, the sense of movement on the eastern
fault is interpreted seismically to be down to the east, opposite

the direction seen to the south. Seismically, the western fault



is interpreted to be larger than the eastern fault. Other faults
to the east are interpreted seismicallj but do not correspond

with surface features.
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6.4 Timing of Geologic Events

Two aspects of the geclogic history of the E1 Llano area are
critical for interpreting causes of cracking and subsidence.
First, the age of the alluvial deposits beneath El1 Llano
determines the amount of time allowable for development of cracks
and depressions. Second, the age of last movement along the
faults determines whether they are still active.

Five charcoal samples were submitted for radiocarbon dating.
The date obtained from a charcoal sample taken at a depth of 7
feet (Trench ESBH-5, Appendix II), shows that the uppermost
alluvium is less than 2,300 years old. None of the trenches
excavated across the zones where faults were interpreted
seismically showed any faults in the upper 12 feet. If the
trenches were correctly placed, the lack of faults and the lack
of scarps cutting the ground surface indicate that faulting has
not occurred during the past 2,300 years.

The alluvium above the buried river-gravel unit 1is
approximately 110 feet thick (see Appendix I). In general, the
ancestral Rio Grande is thought to have been a much larger stream
during the last ice age, about 15,000-20,000 years ago. If this
interpretation is correct, the alluvium deposited by tributary
arroyo systems has built up during the past 15,000 years.
Investigations to date have not demonstrated that the cracks and
subsidence rcut downward through the entire section of alluvium or
that the interpreted faults cut upward into the alluvium. In
exposures of alluvium near the traces of the two faults, the

alluvium is not cut by the faults. Therefore, the faults have



not moved during the past several thousand years.

To the south, the faults are buried by terrace gravels of
the Santa Cruz River. These terraces are interpreted to be no ,
younger than about 70,000 years old. Therefore, the faults in
that area have not moved in at least 70,000 years. However, the
faults definitely cut the Santa Fe Group below. Fossils found
east of E1 Llano are forms that lived between about 10 and 14.5
million years ago (Tedford, 1981). Therefore, the faults cutting
these deposits are younger than about 10 million years. Much of
the faulting related to development of the northern Espafiola
basin apparently took place between 3 and 7 million years ago
(Manley, 1984).

The s0il cracks in the El Llanoc area cut deposits that are
less than 2,000 years old. Some cracks extend from the surface
to a depth of only 5 or 6 feet. These cracks are considerably
younger than 2,300 years old and have not propagated upward from
below. BSome cracks have been known to disrupt houses in the El
Llano area for at least the past 40 years/uL Voight, oral comm.
1985). Some cracks do not appear to cut the upper 2 to 3 feet of
deposits, so these cracks may be older than 200-300 years
{(however, cracks at the surface may also be "healed" by expansive
s0il pressures).

Subsidence depressions and elongate systems of cracks have
been knowneto occur in the E1 Llano area since at least 1963 (Dr.
Yelvington; oral comm. 1985; Dr. V. C. Kelley, oral comm. toc John
Hawley, 1978). Depressions along stream courses east of ELl Llano
are apparent on the 1935 aerial photographs, before most scil

conservation measures were built. The small size and shallow



depth of most depressions adjacent to houses are éifficult to
detect on aerial photographs. It is unlikely, however, that the
depressions were there when the houses were first built. Some of
the houses have been jacked up repeatedly in response to
continued subsidence. At least two hdémeowners moved their septic
tanks when subsidence depressions formed around the tanks
adjacent to the homes. In one case, a second subsidence pit
developed around the tank at the new location. All of these

examples happened before November 1984.



6.5 Ground-water Conditions .

Ground-water conditions in the El Llanoc area are of special
concern in this study because the shallow, water-bearing deposits
(aquifers) constitute a very important reservoir of high-guality
ground water. This resource is widely utilized for both
community and domestic systems and must be protected. Depths to
the top of the zone of saturation (water table) range from
slightly less than 30 ft to more than 100 ft. Studies by R. L.
Borton (1974) of ground-water conditions in the southeastern part
of Rio Arriba County (Truchas-Espafiola-Velarde area) show that
"ground-water movement is westward toward the Rio Grande from the
principal area of recharge near the {(Sangre de Cristo)
mountains." ﬁEar El Llano, Borton's (1974) water—ﬁable map shows
that shallow ground water has a flow component to the southwest,
which is towards the local ground-water discharge area in the
lower part of Espafiola Valley (near San Ildefonso).

East of the Rio Grande and Santa Cruz river valleys the
principal aquifer is the Tesuque Formatioﬁ of the Santa Fe Group
basin fill. The other major aquifer, according to Borton {1974,
p. 353) is "the alluvium of major stream channels" and includes

the buried river-gravel unit of El Llano area described in this

report. The zone of saturation also occurs in basal fine sand,
silt, and clay beds of the overlying alluvial deposits (alluvium
of this report). However, test drilling near El1 Llano shows that
saturated,rpermeable beds in the basal alluvium are very thin and
discontinuous.

The general distribution of aquifers and water-table

configuration near El1 Llano is illustrated on Figures and
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(En Appendices V and X), which provide‘map and cross-section
views of an area centering in sections 25 and 26, Township 21
‘north, Range 8 east. Control points for use in preparing these
illustrations include 11 test holes drilled below the water table
in January, 1985. These holes have been cased and developed as
temporary observation wells for water-level and ~-quality
monitoring. Other primafy control points are domestic water
wells in the area that have been drilled and logged by local
commercial drillers. Records for these wells were obtained from
files of the office of the State Engineer in Santa Fe and from
local residents and one driller. In several cases, direct
measurement (with steel tape) of water levels is possible in
these wells. However, well-pump construction usually does not
permit access for measurement. Water—-level control points
established by Borton {(1974) were also used in this study.
Examination of water~table contours and individual water-
level measurements (Figures . and 4 Appendices V and X)
shows that the top of the saturated (or ground water) zone is not
a smooth éurface with uniform west to southwest gradient.
Instead, there are slight depressions and mounds in the water
table, and the surface is almost level in some parts of the area.
Ground-water elevations near E1l Llano are definitely higher than
the water table in the area adjacenﬁ to the Rio Grande floodplain
between Ranchitos and Santo Nifdo; and they are lower than the
levels measured by Borton (1974) in wells on San Juan Pueblo
lands to the north and east. Thus, the direction of shallow

ground-water flow fits into the general east to west (mountain to



valley) slope of the water table already noted in southeastern
Rio Arriba County ({Borton, 1974).

Localized pumping effects of the community and domestic
wells, recharge from surface-water sources, and well~construction
factors all affect the water levels measured during this study.
Therefore, the water-table configuration shown of Figures  and

(in Appendices V and X) only approximates the true surface of
the saturated zone. Pumping drawdown effects are definitely
expected in an area with many domestic wells. Wells also tap
different levels of the valley-fill aquifer system and have
differing pressure heads. Local effects of fine-grained
confining beds and perching layers should be expected even in
areas where unconfined cconditions are prevalent. Some of the ElL
Llano area appears to be in a recharge zone and heads (static
water levels) are expected to be higher in shallower wells.
Local recharge to the ground-water system includes seepage from
natural drainageways crossing the area, infiltration of water
from irrigation canals and field spreadfng gsites, and seepage
from other sources related to intensive urban or suburbkan land
use.

Considerable care was taken during this study to prevent
contamination of the "river-gravel" agquifer unit, the major
source of ground water in the area. Where monitoring wells
penetrated this unit bentonite (clay) plugs were emplaced around
the casings to seal off ground water in the basal layers of
overlying "alluvium". Most monitoring holes were only drilled
into saturated zones near the base of the "alluvium" and did not

penetrate the "river-gravel® unit. At least one monitoring well
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may have been completed in a perched zone of saturation above the
general level of water table (test hole 19).

Work is in progress on water gquality conditions in
cooperation with the Ground Water Surwveillance Section of the
State Environmental Improvement Division (EID). Principal
cooperators are D. Earp, P. Longmire, and D. MeQuillan.

This phase of the stﬁdy was recommended after noting high
moisture contents at depth in alluvial deposits cored near the El
Llano Community Well and in an area where waste-water effluent
may be contributing to ground-water recharge. Water samples from
the present community well were analyzed by the State
Environmental Improvement Division between 1977 and 1982.
Reported ground-water quality is generally excellent, with the
exception that the nitrate level of 8.39 mg/L (reported as N)
measured in 1982 approaches the upper recommended limit for a
community water-supply system (10 mg/L). Thus, there is
definitely cause for concern about. sources of nitrate
contamination in the ElL Llano area.

R. L. Borton (1974, p. 354) of the State Engineexr Office has
already noted that "ground water from the alluvium or Tesugue
Formation (Santa Fe Group) commonly has a high calcium-magnesium
hardness and concentrations of iron or nitrate which exceed
Public Health Service standards for domestic use are not uncommon
in local ateas." A chemical analysis by the State Public Health
Laboratory of water from an older El Llano Community Well shows a

nitrate content of 13 parts per million (reported as No3) State

Laboratory No. 13, 1-24-61).



Nitrate contamination of ground water is almost always
related to human activity. Fertilization practices in
agriculture are a major source; but animal wastes and plant
materials can also provide nitrates to the ground-water system.
Nitrate contamination of ground water is already a recognized
problem in many parts of the State, including a number of sites
in the Rio Grande Valley (Thomson and McQuillan, 1984). The EID
is currently studying the nitrate problem in the Ranchitos and
Santo Nifio area of Espafiola Valley. Testing of water from wells
in the El1 Llano area is in progress; but laboratory data are not
yet available for publication.

* & It should be noted here that 1) this phase of the study has

top priority, and gl that no serious ground-water contamination

problems have been noted in preliminary data available as of 15

April 1985.




7.0 WORKING HYPOTHESES .

A number of hypotheses were considered to explain the
observed subsidence phenomena in the E1l Llano afea; Each was
evaluated using field research, existing literature, and personal
interviews. The following briefly discusses each hypothesis
consgidered, describes the technigque used to evaluate the
hypothesis, and identifies sections of this report containing

more detailed information.

7.1 Vehicular Vibrations
Initial hypotheses centered on natural and human-induced

vibrations that may have contributed in some manner to
gsettlement. Natural vibrations from earthguakes regquired
research into the earthquake history of northern New Mexico and
the regional earthquake history of the southwestern U.S. (Sec.
10.6}. Man-made vibrations caused by vehicular traffic
necessitated research into known threshold levels of damage due
to heavy equipment and traffic (Sec. lel). In addition, two
grodnd vibration monitors were installed in condemned houses

{Moya and Valdez).

7.2 Geophysical Exploration

Vibrations due to geophysical exploration, especially
seismic surveys, are sometimes the cause of structural damage.
Shell Western Exploration and Production Inc. conducted
geophysical surveys south of El Llano in October and November of
1984. A summary of their work is discussed in Section 10.2. A

report submitted to NMBM&MR is included as Appendix XV.



7.3 Ground-water Fluctuations ¢

Due to known relationships between ground-water (or other
fluid) £fluctuations, ground subsidence, and building‘distress in
some parts of the southwestern U.S., the ground-water levels in
the E1 Llano vicinity were mapped. This was done by gathering
ground-water level data from state agencies, literature searches,
personal interviews with local drillers, and by the installation

of 11 ground-water monitoring wells (Sec. 10.3).

7.4 Effects of Offsite Hydrologic Phenomena

Effects of offsite hydrologic phenomena were suggested as a
cause of possible ground-water fluctuations in the El Llano area.
In particular, gravel pit operations west of ElI Llano near the
Rio Grande River were cited as a mechanism whéreby the ground
water beneath El Llano could have been adversely affected. These

offsite hydrologic phenomena are evaluated in Section 10.4.

7.5 Effects of Highways and Flood-Control Dams

The presence of NM-291 (Airport Road)/and flood-control dams
east of El Llano were suggested as structures that may retard
surface runoff, leading to increased moilsture in the upper soils.
To evaluate this hypothesis required both drilling and aerial

photo interpretation (Sec. 10.5).

7.6 Barth Deformation, Earthquakes, and Related Phenomena
Deep-seated movements of the earth's crust (tectonic

movements) stress and break rocks, cause earthquakes, sag or up-

arch areas of land, and cause related disruption of the ground

surface. Three hypotheses for forming cracks and subsidence pits



in the El Llano area may be formulated from deep~seated forces.
First, known deformation of the area northwest of Espafiola
(Reilinger and others, 1979) may be causing bending and ground
rupture in El Llano {Sec. 10.6.1). Second, movements along a
fault or several faults beneath the area may cause the cracks and
subsidence features (Sec. 10.6.2). Third, shaking by earthquakes
nearby may cause the ground to crack and subside by rearranging

loosely packed deposits (Sec. 10.6.3).

7.7 Precipitation

Although some structures and utilities have been cracked for
many years, as evidenced by earlier attempts at repair, there
were reports of increased subsidence and cracking in the fall of
1984. One possible explanation for the increased level of
apparent subsidence was short-duration, high-intensity rainfall,
which may have occurred in or near E1 Llano before November 1984.
To evaluate this hypothesis, daily weather records for the past

90 years were obtained and evaluated (Sec. 10.7).

7.8 Karst

Selected areas of New Mexico are underlain by soluble rocks
such as dolomite, gypsum, and limestone. Dissolution of these
rocks can produce large subsidence pits known as karst. Because
the depression immediately west of the Moya residence is somewhat
similar to karst topography, it became necessary to evaluate the
"deep" subsurface geology and lithology. To do this, geophysical
surveys were conducted {(Appendix VII), deep drill holes (up to
124 feet) were drilled (Section 10.8), and geologic mapping was

conducted {Appendix V).



7.9 Mining Activities

Settlement above abandoned mine workings is a common cause
of ground subsidence in parts of New Mexico. To document any
early mines in El Llano and vicinity, literature searches and
aerial photo analyses were conducted (Sec. 10.9).

Two types of mining activities could be considered
hypothetically as causes of cracks and subsidence in the E1 Llano
area. The first type of mining, which has caused cracking and
subsidence in other areas, includes inadequately reinforced
tunnels and drifts in shallow underground mines. Cave-ins of old
mines can make the surface of the ground subside and form both
concentric cracks around pits and long linear cracks above old
mine workings.

The second type of mining activity, which conceivably could
affect the E1 Llano area, is the removal of building materials
adjacent to the affected area. In this case, gravel quarry
operations up to 20 feet deep are removing/gravel from the ground
benéath the Rio Grande floodplain 1.5 miles west of the El Llano
area. Hypothetically, the removal of gravel stresses the
surrounding ground by generating vibrations during operations and
by altering ground-~water flow. Horizontal stress in soils can
form in response to removal of adjacent material support. Cracks
form and soil slumps laterally to partially fill the adjacent
hole. Viﬁrations associated with the removal of material could
help create new c¢racks around the hole. The alteration of

ground-water flow is considered separately in Secs. 7.3 and 10.3.



7.10 Expansive Soils

Espansive soils typically contain ‘appreciable amounts of
certain clay minerals that expand when wetted. These soils are
suspected to be present locally in the El1 Llano area. To
evaluate the presence of egpansi&e soils, X-ray diffraction
analyses were conducted on numerous shallow soil samples

{Appendix XIX). The conseqguences of expansive soils are

evaluated in Sec. 10.10.

7.11 Areal Subsidence as a Possible Cause of Cracks

Cracks can be observed both at the surface and in excavated
trenches. They appear as tension cracks and seem to be
associated with the El Llano acequia. However, little was known
initially about the areal distribution of these cracks and their
relationship to subsidence. To evaluate the cause and
significance of scil cracks, several trenches were excavated,
sampled, and logged (Appendix II). In addition, major soil
cracks were delineated on the geologic map (Appendix V), and
selected samples were age dated (Appendix IX). The significance

of the soil cracks is discussed in Sections 6.0 and 10.11.

7.12 Organic Matter at Depth as a Possible Cause of Cracks

The ground surface can subside because buried organic matter
such as peat may compact or oxidize. Stephens and others (1984)
document the processes that reduce the volume of peat and cause
ground subsidence. If similar peat deposits existed under El
Llano, perhaps associated with the former floodplain of the Rio

Grande, compaction of the peat could cause subsidence.



7.13 Subsidence Along a Buried Bluff Line of the Ancestral Rio

Grande

When the Rio Grande flowed on the east side of the valley
and deposited the gravel now buried beneath E1 Llano, the river
must have eroded the margins of the valley and may have cut a
steep bluff on its east edge. Such a bluff line would be similar
to the bluffs west of the river at present. When the river moved
to the west, the alluvial fans accumulated on the floodplain and
may have buried the old bluff line. Different amounts of
settling of the alluvium on either side of the bluff line could

cause cracking of the ground surface along a general north-south

trend.

7.14 Collapsible Soil

Collapsible soils reduce in volume appreciably when wetted.
The subsidence features and utility damage noted in the El Llano
area is consistent with damage associated with collapsible soils.
To evaluate the presence of collapsible soils, undisturbed and
disturbed samples were obtained from carefully drilled holes.
Selected holes were fitted with monitoring equipment to detect
settlement. These holes are monitored on a regular basis
{(Appendix VI). A suite of laboratory tests was devised to test
for collapsible potential. The results of laboratory tests
completed to date are included in Appendices III, IX, and XIX. A
detailed description of the laboratory tests is presented in
"Section 9.0. Section 11.0 describes 1in detail the

c¢haracteristics of collapsible soil.
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8.0 FIELD ACTIVITIES .

The field activities completed for this study are plotted on
the activity location maps (Appendix XII). They generally
consist of drilling, monitoring, geophysical surveying, and
sampling.

A weekly log of field (and office) activites was XkXept. They
document numerous day-by-day events that would otherwise become
lost or forgotteﬁ in a project of this magnitude (Appendix XXI).

For each field activity that required ground disturbance
(geophysical surveys, drilling, trenching) verbal permission was
obtained from the landowner or the landowner's close relative.
Written permission was obtained'from Mr. Richard Coock for use of
his land for the geotechnical ground-stabilization studies. All
disturbed sites were restored as much as possible to their
original condition and to date no complaints have been received.
All sites are checked regularly to assure our activities caused

no detrimental effects and none have been found.
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9.0 LABORATORY TESTING
Soil samples taken from the project ‘site were tested in the
laboratory for their Atterberg Limits, grain-size distribution,
moisture content, specific gravity, dry and wet density,

consolidation, clay mineralogy, soil structure, and direct shear

strength.

9.1 Atterberg Limits
- Atterberg Limits are the liquid and plastic limits of the
fine sand and smaller size fraction of the soil. The liquid
limit is the watexr content of the soil at which it behaves like a
viscous fluid. It is determined by placing a paste of the soil
sample in an Atterberg Limit device. The paste is smoothed out
and is divided with an ASTM standardized grooving tool. Once the
Atterberg Limit device is started the operator counts the number
of drops it takes to close a 1/2 inch-long groove in the soil.
The procedure is repeated several times at different soil water
contents to obtain a range-of counts from 10 to 40. After each
test, part of the sample is weighed at its liquid limit, dried in
an oven, and weighed again to determine the soil's water content.
A plot of the water content in percent versus the number of drops
on a log scale generally produces a straight line. The liguid
limit of the soil is the water content corresponding to 25 blows
on the plot.
The plastic limit is the water content below which the soil
no longer behaves as a plastic material. It is found by taking
15 grams of moist c¢ohesive soil and rolling it on a glass plate

with the palm of the hand until it is a 1/8 inch diameter thread.
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Once the thread shows signs of crumbling it is at its plastic
limit. The specimen is weighed, dried in the oven, and weighed
again to obtain its water content, which is the plastic limit

value in percent. This procedure is repeated three times to

obtain an average.

9.2 Grain-Size Distribution

The particle-size analysis requires a set of seven to 10
sieves ranging from the No. 4 size {(0.187 inches) to the No. 200
size (0.0029 inches). The sieve sizes are chosen depending on
the visual grain-size estimation. However, ASTM requires the
following sieves for soils finer than the No. 10 size: Nos. 20,
40, 60, 140, and 200. The recommended procedure for this test is
as follows:

1) weigh each sieve to 0.1 gram;

2) weigh the soil sampie of approximately 500 grams to 0.1
gram accuracy. If the soil has many particles coarser
than the No. 4 seive then a larger sample should be used;

. 3) after the soil is disaggregated using either the dry or
the wet preparation method described above, pour the soil
into the nest of sieves;

4) place the sieves into a Roto-tap machine for 10 minutes;

5) weigh each sieve and the pan with their retained soil
fraction to 0.1 gram accuracy;

6) subtract the weights obtained in step 1 from those of
step 5 to obtain the weight of the soil retained on each
sieve and plot them on a grain-size distribution chart;

7) use the soil in the pan for the following hydrometer



analysis.

9.3 Hydrometer Analysis

The hydrometer analysis determines the percentage of silts

and clays finer than the No. 200 sieve. The following procedure

is recommended:

1)

2)

3)

5)

6)

7)

8)

mix about 50 grams of sample with distilled water until
it becomes a thin ﬁaste;

add a deflocculating agent (usually 2 ml of 10% sodium
silicate solution) to the paste;

mix the sample in a blender for 10 minutes;

put the mixed sample in a 1000 ml beaker and fill with
distilled water;

place the palm of your hand over the top of the beaker
and turn it upside-down moving continuously for 30
seconds;

insert a calibrated hydrometer into the beaker and take
readings at 1/4, 1/2, 1, and 2 minutes; then take
readings at 5, 10, and 20 minutes, thereafter, doubling
the previous time interval;

after the hydrometer reads about 1.000 step the test and
pour the suspension into a previously weighed evaporating
dish and weigh the sample to 0.1 gram accuracy;

by knowing Stoke's law of terminal velocity for falling
sphleres, the sample temperature, density and viscosity,
the density of the clay particles, the height of the
1,000 ml beaker, and the recorded times with their

respective hydrometer readings, the diameter of the clay



particles can be determined using a nomograph (Lambe, p.

37, 1951).

9.4 Moisture Content

This is a simple test that involves weighing the soil
sample, drying it in an oven at 1109C for 24 hours, and weighing
it again. The difference in weight before and after drying is
the weight of the water in the soil. It can be expressed as a
percentage when the weight of the water is divided by the dry

weight of the soil.

9.5 Specific Gravity

This is the ratio of the weight in air of a given volume of
soil at a stated temperature to the weight in air of an equal
volume of distilled water at a stated temperature. First a
pycnometer is calibrated by weighing it with and without water
and recording the water temperature in degrees Celsius (T). A 25
gram oven-dried soil sample is placed in the pycnometer with
distilled water. After putting the bottlé'stopper on the top of
the ﬁycnometer the trapped air is removed by gently boiling the
solution for 10 minutes and connecting the device to an
aspirator. The pycnometer is then weighed with its contents, and
the temperature of the distilled water is taken. The specific
gravity of the soil is calculated using the equation:

Wo/{Wo+(Wa-Wb)}

o

where Wo

]

the weight of soil,

Wa = the weight of the pycnometer filled with water at a
measured temperature,
Wb = the weight of the pycnometer filled with water and
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soil at the measured temperature.
If the temperature is above or below 20°C a correction
factor is multiplied by the calculated specific

graﬁity value.

9.6 Dry and Wet Density

The dry density of a soil is the mass or weight of an oven
dried sample (110°C) divided by its volume. The wet density is
similar except the soil sample is weighed at its natural moisture
state. Therefore, wet densities of soils are greater than dry
densities due to the added welght of the moisture content. Both
are important tests on undisturbed samples as collapsible soils
commonly have low ‘densities.

There are several direct and indirect methods of determining
dry and wet density. One method is to take a 100 gram clump of
soil, weigh it, coat it with paraffin, weigh it again, and
immerse it in a beaker of water to £ind its volume., The weight
and volume of the clump can then be calcalated and the density
can be obtained by dividing the weight by the volume. Many
density calculations are made during a consolidation test where a
soil mass is forced into a ring of known volume and weight. Once
the ring plus the soil is weighed its density can be determined.
In addition, wet density can be calculated by knowing the weight
and volumgrof soil in the sample tubes. This is probably the

fastest method and gives accurate values.

9.7 BStandard and Modified Consolidation Tests

When a c¢ohesive {e.g. clay-bearing) soil is loaded it



compresses because its grains deform while air and water are
compressed and finally squeezed out of the voids. As the pore
fluid is squeezed ouk the soil grains rearrange themselves into a
denser configuration resulting in decreased volume.

The consolidation test.determines the amount of volume
reduction of a soil when it is loaded. To do, this a
consolidometer is used with a device for holding the undisturbed
sample. On the top and bottom of the sample are porous stones to
allow drainage of water from the sample during the test. Both
the load on the soil and its amount of deformation are monitored
over a variable period of time depending on the type of soil
being tested. Typically, two weeks is sufficient to obtain data
on soils that undergo slow primary consolidation. During this
time the load is increased incrementally, then decreased to
observe the "rebound" of the sample.

Presentation of the data collected includes a plot of the
percent cconsclidation or vertical strain, determined from the
deformation readings, versus the effectivé consclidation stress,
calcﬁlated from the load readings divided by the surface area of
the sample. Another way of displaying the data 1s to plot the
soll void ratio versus the effective consolidation stress. By
examining this curve the stress history of the clay can be

determined.

The modified consolidation test is used specifically for
testing collapsing soils. First, the overburden pressure of the
undisturbed sample is calculated by mnultiplying its density,

acceleration due to gravity and depth from the surface. The

sample is loaded on the consolidometer for 24 hours to simulate

9-6



overburden pressure and to obtain a time versus deformation
curve. Then the sample is saturated with distil}ed water and
loaded with the same overburden pressure for another 24 hours.
This test simulates the natural consoclidation of the soil at
depth and at its natural moiéture contént. The test also shows
the effect of water on the consolidation of the sample when it is
saturated with distilled wéter.

The double consolidation test also is useful in examining
the consolidation characteristics of collapsible soils. buring
this test two consolidometers, with identical scil samples, are
loaded incrementally to 8 tons per square foot. One sanple is
flooded at the beginning of the test while the other remains at
its natural moisture content. The results are plotted as void
ratio or percent consolidation versus log stress. The difference
in consolidation characteristics between the saturated and

unsaturated soil samples are then recorded.

9.8 Direct Shear Strength Test

This test determines the consolidated drained shear strength
of a cohesionless soil by {a) placing a sample of known density,
volume, and mass in the shear device mold, (b) applying a
predetermined normal stress, and {c) applying a shear force until
the sample fails. Because the resistance to shear of a
cohesionlggs soil.is derived from the grain friction and the
interlocking of the grains, varying the relative density and
water saturation should change the point of shear failure or the
shear strength of the soil. Dense soils usuvally have a higher

shear strength than loose soils.
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I1f a saturated soil shears gquicker than its pore water can
flow out, the normal stresses are transmitted into the water that
has no shear resistance. Thereforé, a loose saturated soil that
contracts during shear can lose its strength and liquefy. Silty
sands can be extremely vulﬂerable to liquefaction caused by
seismic shear waves or strong vibratory ground motion.

For the first two minutes of the direct shear test the
vertical and horizontal strain and shear stress dials are
monitored every 15 seconds; then they are monitored every minute
until the sample fails. The calculated shear strength, § 1is
given by the equation:

S = A tan B8
where A is the normal sﬁress and ©& is the angle of internal
friction, or the resultant angle between the normal and shear
forces at failure.

The data are plotted as stress-strain curves consisting of a
shear/normal stress ratio and normal displacement versus shear
displacement. In addition, normal stress versus shear stress are
plotted to obtain Mohr circles for each sample. Therefore, an

angle of the Mohr fallure envelope {(9) can be determined for the

relative densities and water saturations of each sample.

9.9 C(Clay Mineralogy

Idenﬁ}fying expandable clay minerals through X-ray
diffraction is essential to predicting the shrink-swell potential
0of a cohesive soil. There are several methods of preparing clays
for X-ray diffraction identification each having its advantages

and limitations. The method used in this study was the pipette-
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on-glass slide method. With this method a pipette or eyedropper
is used to place a suspension of clay particles onto a glass
slide. The slide is ailowed to dry overnight and is then ready
to be used for the test.

The X-ray diffractometer is run at certain angles and speeds
over the glass slide depending on the clay mineralogy and the
nature of information needed. Generally, for montmorillinite,
1llite, and kaolinite clays the angle spread is from 2 to 38
degrees at 2 degrees per minute.

Further clay mineral identification is done by treating the
glass slide overnight, in a desiccator, with ethylene glycol.
Smectite clays will expand and absordb the glycol between layers,
thus c¢hanging their basal spacings. Mixed~layer clays are more
easily identified with glycol treatment due to the expanding
smectite clays in the clay mineral assemblage. By comparing the
glycol run with the first run, the smectite and mixed-layer clay
peaks can be identified by their shifts in-position.

A third stage of identification, to help differentiate other
clay minerals, is a glass slide heat treatment. Heating the
clay on the glass slide drives off the water in the crystal
lattices. The duration and temperature of heat treatment varies
depending upon what is identified. 1In all X-ray diffraction runs
the clay minerals are identified by the 286 angle and the

intensity ©f their corresponding peaks using standardized tables.

9.10 Soil Structure Analysis with the Scanning Electron Microscope

To examine the clay aggregates and relationships between the

sand and silt grains in collapsing soils, a scanning electron
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microscope (SEM) is used to magnify the £ield of view up to 5,000
times. It is important to observe the structure of clays before,
dur&ng, and after collapse of the soil structure to ascertain the
role of c¢lay in the collapse mechanism. Possible stabilization
methods may be tested by exﬁosing the soil to chemicals that
flocculate clays (bind them together) and observing the clays
under the SEM. Obsexrving the addition of water, which disperses

the clays and forces collapse, will better define the collapse

mechanism of the soils.



10.0 EVALUATION COF WORKING HYPOTHESES

The 14 working hypotheses presented in Sec. 7.0 were
evaluated utilizing field, laboratory, and literature-based data.
The data show conclusively that some of the hypotheses cannot
explain the observed subsiéence. However, some hypotheses
require additional data or analyses of data already gathered.
The following is an evaluation of each of the working hypotheses
introduced in Section 7.0.

For each hypothesis, the data gathered are discussed and
tentative conclusions are drawn. Final conclusions must await

completion of field work and synthesis of all laboratory data.

10.1 Vehicular Vibrations

To document the effect of vehicular vibrations on utilities
and structures, ground-vibration monitors and literature searches
were conducted. State highway NM-291 (Airport Road) serves as
the main access for Espafiola Municipal Airport, Espafiola High
School, local residences between the Taos ﬁighway and Santa Cruz,
and loaded dump trucks or other heavy equipment serving the
construction industry in the area. Two times of the day when the
road is used heavily are in the morning and the early afternoon
when loaded school buses traverse the area.

Vibration monitors were deployed in two vacated houses to
detect thereffect of vehicular traffic. The first was set up in
the living room of the Moya residence on December 17, 1984. It
operated at its lowest level of sensitivity (0.02 in/sec) until

February 21, 1985. The second monitor was set up in the Valdez

residence on January 10, 1985. It also was set at its lowest

l0-1



level of sensitivity and operated unti} February 21, 1985, at
which time it was removed because of increased levels of human
activity in the house.

The tape recordings of the Moya monitor were sent in for
analyses on February 26, 1985 (Appendix IV). Although written
results are not available yet, a telephone communication from the
interpreter (Dallas Instruments) indicated that the number and
magnitude of recorded events were extremely small. The strongest
events recorded were those made by the machine as it cycled every
third night at 12:00 p.m. Other events correspond to human
activity in the house. BAnalyses of vibration data from the
Valdez residence have not been made yet.

Preliminary data indicate that vibrations from vehicular
traffic along Airport Road are not related to the subsideﬁce and
damage to either utilities or structures in the El Llano area.
Measured levels of vibration are well beslow published threshold

levels for damage {Ames and others, 1976)..

10.2 Geophysical Exploration

In November 1984, Shell Western Exploration and Production
Inc. (SWEPI) acguired a seismic line in the Espafiola Basin near
El Llano. Becaues the timing of their tests roughly coincided
with reports of increased cracking, NMBM&MR personnel requested a
technical meeting with SWEPI to discuss implications of the
seismic survey. The meeting was held at the offices of Military
Affairs, Civil Emergency Preparedness Division, on February 11,
1984, At the meeting, representatives of SWEPI displayed the

geocphysical data they had acquired and reviewed the procedures
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they routinely take to prevent damage. They noted that, as of
February 11, they had not been contacted by any private
landowners concerﬁing damage they may have caused inadvertently.
Because all concerned governmental agencies and landowners had
the phone numbers of key SWEPi to report claims, and all payment
checks had been cashed, they felt no unscolved problems existed.

SWEPI presented technical data indicating that their
exploration activities did not affect the community utilities or
structures. At the request of the NMBM&MR, they prepared a
report describing their operations near El Llano (Appendix XV).
The report describes thelir interaction with the community before
and after their exploration activities, gives an overview of
their field methods, discusses the safety procedures they
routinely follcw, and makes conclusions about their work. The
Bureau and its consultants are still evaluating the report;

however, no inconsistencies have bheen noted to date.

10.3 Ground-water Fluctuations

Historically no abnormal ground-water fluctuations have been
reported in the area by hydrologists of the State Engineer Office
or the U. S. Geological Survey. Water levels observed in project
monitoring wells since 2-1-85 conform to water-table conditions
predicted by existing records in the files of the State Engineer
and the water-table map of Borton (1974). However, it is not
possible to definitely determine whether or not abnormal
fluctuations have occurred in the recent past, because a
continuous water-level recording has not been in operation in the

El Llano area. It is here recommended that a continuous water-
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level recorder be installed on an unused water well in the area

for future observations.
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10.4 Effects of Offsite Hydrologic Phenomena

Consultation with hydrologists and geologists of the State
Engineer Office and Los Alamos National Laboratory, and field
investigation by NMBM&MR geologists in the Espaficla Basin have
not uncovered any evidence that offsite activities such as gravel
removal on the Rio Grande flood plain could have caused
subsidence in the El1 Llano area. The gravel pit operations are
in the Fairview area 1.2 miles west of and about 100 feet lower
than the nearest El Llano subsidence features. No one living or
working in the area between El Llano and the Rio Grande flood
plain has reported any unusual hydrologic (or geologic)
phenomena; and no unusual discharges of water and sediment have

been reported in gravel pits operations.

10.5 Effects of Highways and Flood Control Dams

Drainage impoundments such as bar ditches along roads or
flood control structures across drainageways in the El Llano
area, particularly upslope from active subsidence features, are
of special concern in this study. Such impoundments (whether
constructed with intent or created accidentally) definitely trap
water from natural precipitation-runoff events and could promote
deep infiltration of soil water. However, test drilling in two
areas of impeded surface drainage east of EL Llano Road on San
Juan Pueblc lands did not reveal any significant increase in soil
moisture at depth. Nevertheless it is strongly recommended that
drainage conditions along El Llano Road and othex streets bhe
improved ané that ponding of surface runoff should be prevented

in any area where subsidence constitute a potential hazard.
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10.6 Earth Deformation, Earthquakes, and Related Phenomena

Hypotheses relating cracks and subsidence in the area to
deep~sea£ed forces include 1) cracks due to bending of rocks
along a hinge zone at depth, 2) cracks and subsidence along one
or more faults cutting across the area, and 3) settling ground

due to shaking from nearby earthquakes (10.6.3).

10.6.1 Cracks Due to Rock Bending

Given the first hypothesis, the ground surface could
conceivably crack and some local areas could rise or sink as
rocks were hent at depth. Problems with this hypothesis include
1) the rate of such earth deformation is relatively slow=--on the
order of 1/100 to 1/10 of an inch per year (Reillinger and others,
1979), 2) the weakness of the soil to withstand forces that would
tend to pull it apart from below (lack of tensile strength), and
3) the structure of the rocks beneath El Llano as interpreted
from seismic profiles and other geclogic evidence. Under the
rate of deformation given above (which i; fast from a geologic
perspective, but not fast for ground subsidence), stress would
have to accumulate and be released episodically either in the
surface deposits or in the rocks immediately beneath the surface
deposits to form the cracks and subsidence pits. There is no
known mechanism for storing tensile stress in relatively loose
surficial deposits. If the rocks below the surficial deposits
were stressed slowly to the point of breaking, the overlying
loose deposits would probably adjust by grain-to-grain movements
without any surface disruption. Only if the breaks in the

underlying rocks suddenly formed wide cracks could the overlying
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deposits move downward to fill the consequent spaces. Finally,
the seismic profiles do not show appreciable stressing of rocks
at shéllow depths. Although there are small upward and downward
folds interpreted from the seismic reflection profile, rocks in
the Espafiola basin beneath El Llano appear to be bent downward to
the west, with possibly increasing compressive stresses at
depth. Rocks exposed in fhe bluffs east of E1l Llano dip a few
degrees to the north-northwest and do not show any evidence of

being bent under modern stresses.

10.6.2 Cracks bue to Faulting

The second hypothesis, which is related to faults, may be
considered as three similar hypotheses: 1) one or more active
faults cut the surface, forming the cracks and pits; 2) inactive
faults do not cut the surface, but their presence below the
surface affects the soil, causing cracks and subsidence; and 3)
older, inactive faults that are less erodable because of
cementation form buried, topographical&y high features that
affect the soil settling around them.

A recently active fault would break the ground surface,
moving one side up or horizontally past the other side of the
fault. Generally, recent fault breaks disrupt linear or slichtly
arcuate zones rather than wide areas. Subsidence depressions
along faults generally are elongate and are bounded by linear
scarps. No linear topographic scarps crossing the El Llanoc area
have been recognized and no young fault scarps were mapped in the
area by Machette and Personius (1984). Further, nc faults

cutting the upper 12 feet of soil were encountered in trenches
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excavated across the area. As previously described, the numerous
cracks cutting the deposits in El Llano do not exhibit features
of a fault zone. None of the cracks, except those bounding
subsidence depressions, show any evidence of vertical or
horizontal movement. The cracks have numerous horizontal
orientations, generally are vertical, and extend over an area
more than 200 feet wide fof at least 3 miles on the east side of
the Espafiola Valley. Some of the cracks do not extend more than
7 feet below the surface, while others extend deeper than 12
feet. Some remain open, but most are filled with loose sand or
clay which has fallen or washed into the cracks from above. 1In
short, the cracks and depressions do not exhibit features of
recent faults.

A second possible indication that no active fault exists is
the paucity of minor earthquakes detected near E1 Llano. The Los
Alamos seismic network has operated since 1973, and only two
minor quakes were detected within 3 miles of E1 Llano. Their
local Richter magnitudes were only 0.1 and 0.8 and both occurred
west of the Rio Grande in 1980 (D. Cash, written comm., 1985;
Wechsler and others, 1981). While the network has not operated
long enough to Qdefine all areas of earthquake activity in
northern New Mexico, many zones with active faults may be
detected using the linear locations of small earthquakes (Cash
and Wolff, 1984).

Evidence implying inactive faults in the area include 1)
northwestward projection of faults exposed in the bluffs east of

Santa Cruz and 2) interpretations of both seismic reflection and
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refraction profiles in El Llano. One major fault exposed east of
the city landfill trends northwest and dips 65-85° to the
southwest. Separation is down to the west. The fault zone is up
to 20 feet wide and commonly is well cemented with calcium
carbonate. No recent breakage (brecciation) has taken place in

the fault zone. The fault is overlain by and does not offset

terrace gravel of the Santa Cruz River and slope alluvium of
drainages from the bluffs to the east. A second, subparallel
fault trends northwest through the city landfill. It disturbs a
much narrower zone, at most only a few feet wide. BStratigraphic
separation across both faults appears to be about 60 feet, down
to the southwest. Other smaller faults were found in fresh
exposures, but could not be traced. None of the faults could be
traced beyond the bedrock exposures ngrth of the landfill.
Nonetheless, where the faults are projected straight
northwestward from the exposures, they do cross the El Llanoc area
and@ points farther north. Ordinarily, such projections of
straight lines are not warranted geologically over distances of
more than a few hundred feet. However, the projected faults do
corregspond closely with interpreted faults on the seismic
reflection line, although the interpreted sense of movement for
the eastern fault is down to the east. Moreosver, anomalies noted
on the two seismic refraction lines west of NM~291 may correspond
to the eastern projected fault. It must be noted that these
coincidences are based on interpretations and extrapclations and
not on direct observations. Two major guestions, based on these

interpretations, are how deeply buried are the faults and what

connection is there between possible buried faults and the cracks
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and subsidence depressions in El Llano.

The interpreted faults were not found in trenches excavated
across their interpreted traces so they do not extend within 12
feet of the surface. The reflection seigsmic line does not show
the upper 100 feet clearly, so the fault is interpreted based on
reflections below that depth. The anomalies on refraction line 2
begin between 50 and 100 feet below the surface while anomalies
on refraction line 4 extend to the surface. Deep bore holes
intersecting gravel at depths between 90-120 feet show that the
gravel is not consistently offset on either side of the
interpreted faults. Therefore, the geophysical ancomalies may not
be the traces of faults in alluvium above the gravel layer. The
anomalies may be considered in terms of adjustments of soil above
an older fault.

If the eastern fault is beneath the gravel and is as well
cemented as its exposure near the city landfill, it may be a
buried, topographically high zone that resisted erosion.
Differential settlement of alluvium around buried hills following
ground-water withdrawal is responsible for cracks in the Phoenix
area (Pewe and Larson, 1982). Even if the Rio Grande beveled the
fault when it deposited the gravel that is presently buried by
90-100 ft of more recent alluvium, some differential settlement
across the fault could have occurred. Propagation of cracks
through approximtely 20 feet of gravel into the overlying
alluvium would require a substantial amount of differential
settlement. The logs of wells in the vicinity of the Valdez

residence suggest differential settlement may have taken place.
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If the gravel layer encountered near the base of the wells was
continuous across the area, it presently is about 10 feet closer
to the surface near the Valdez house. Alternatively, the gravel
could be at different levels because the river moved back and
forth across the area or the gravel bars could have 10 feet of
topographic relief.

The relationship between interpreted faults and the
generation of cracks and subsidence depressions needs to be
considered. As described previously, the exposed major faults
have associated subsidiary fault =zones with nearly parallel
orientations. The fault zones are generally narrow, commonly
less than 20 feet wide, and the cracks are closed and commonly
sealed with either clay or calcium carbonate. 1In contrast, the
cracks in the alluvium in the E1l Llano area have diverse
orientations over a wide zone and are open or loosely filled with
sand and clay. The subsidence depressions are aligned in a
manner similar to the alignment of the community only along NM-
291. Within the community the depressions,are scattered east and
west of the road and are far from the projected faults in the
northern part of El Llano. Neither the cracks or depressions
resemble those associated with known faults in other localities.

If a fault had ruptured the alluvium in the past, cracks
generated by the fault would remain as conduits for excessive
moisture to move downward. But, open cracks would be a barrier

for movement of capillary moisture {(moisture which moves between

touching sand grains).
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10.6.3 Cracks Due to Nearby Earthquakes

Shaking of the ground by earthquakes nearby is a possible
cause of cracks and subsidence, but only if the ground is al}eady
weak or under stress. Stover and others (1983) list earthguakes
between 1849-1980 large enough to be felt by humans. Quakes too
small to be felt are not apt to cause sudden damage to scil or
structures. Nine local quékes have been large encugh to be felt
in the Espafiola Valley (Table A-1; Appendix XIII). Larger quakes
have occurred elsewhere in New Mexico and may have been felt in
the Espafiola Valley (Northrop, 1976; Sanford and others, 1972;
Sanford and others, 1981). For example, the Cerrillos earthquake
of 1918 shook Espafiola with an estimated Modified Mercalli
intensity of IV-V (Olsen, 1979). The largest of the local guakes
is classified V on the Modified Mercalli Scale (Appendix XIII),
below the threshold of damage to all but extremely poorly
constructed structures. It appears unlikely that the cracks and
subsidence pits are due to earthquakes-during the period of
record. Because most of the subsidence pits and damage have
appeared during the past 25 years, they could not have been
caused directly by earthquakes. Conceivably, cracks could be
caused or extended by prehistoric guakes, but only if the ground
was already weak or under stress.

Possible evidence for prehistoric earthguakes includes some
soft-sediment-deformation structures in two young deposits.
These structures, however, also can be formed without earthquake
shaking so the evidence is equivocal. The first examples called

flame structures (see Trench Log ESPH-10 in Appendix II), were
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exposed at a depth of 3 feet in a trench near ‘the Yelvington
residence. "Flame structures show curved, pointed tongues of mud
projecting upward into an overlying sand layer. Because of
unequal loading and liquefaction, the mud layer has moved up in
the form of tongues into the overlying sand layers overloading or
unequal loading is adjusted by mainly vertical movements leading
to the sinking of the sand layer in the form of lobes..."
(Reineck and Singh, 1980, p. 85). Earthquake shaking can lead to
liguefaction of mud layers and cause settling of the overlying
sand.

The second example of soft-sediment deformation is exposed
in a large artificial arroyo cut northeast of the municipal water
tank northeast of Espafiocla Vvalley High School. The young
sediments are in an eolian dune with primary depositional
laminations sloping up to 48 degrees to the northeast (Fig. 5).
These laminations are cut by slump structures and small faults
dipping up to 44 degrees to the northeast. Most slump structures
in the exposures, however, are due to collapse of insect and
rodent burrows. Some structures appear to be the result of
animal footprints. While earthgquakes could have triggered the
slumping and faulting, the steep angle of laminations show that
the deposit rested at an unstable angle beforehand so that any
event could have caused the movement.

In summary, no evidence has been found indicating that young
active faults and earthquakes in El Llano have caused cracking
and subsidence. Geophysical interpretations and geological

extrapolation suggest the presence of two buried faults beneath

El Llano, but the extent of influence of these faults on the
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Figure 5. Photograph of small faults cutting windblown
deposits northeast of high school. The faults are the
light-toned, wind-etched "veins" cutting across bedding.
Light-toned "blobs"™ are insect burrows termed "krotovina".
Open vertical cracks are due to erosion of the exposure.
Geology pick for scale.

%1
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overlying alluvial deposits is equivocal. The zone of soil
cracks and subsidence is more extensive and does not run strictly
parallel these faults. Ground sﬂaking from nearby earthquakes in
historic time does not appear to be a likely cause for the
cracks, and it is not correlated with the formation of subsidence

pits.
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10.7 Precipitation ‘

The precipitation data discussed in this section were
compiled from the New Mexico Climatological Data 1850-1975 (Gabin
and Lesperance, 1977) and Climatological Data, New Mexico
(National Oceanic and Atmospheric Administration, 1951-1980).
The collecting station was located in Espafiola at an elevation of
5,643 feet (36°01' latitude, 106°03' longitude). Recent (1984-
1985) Espaficla precipitation data were supplied by Philip Barck.
The present collecting station is located in Espanola at 5,643
feet (36°00' latitude, 106°05' longitude). The mean monthly
precipitation for Espafiola based on compilations made between
1895-1984 is listed in Appendix XVIII (Fig. A-1). In addition,
the precipitation data are plotted on figures A-2 and A-3 in
Appendix XVIII. The normal monthly precipitation pattern shows a
gradual increase from January to June, a sharp increase during
July and August, and a gradual decrease from September through
December. Figure A-3 (Appendix XVIII) shows the 1984 monthly
precipitation. The wettest month during/l984 was October when
2.93 inches of precipitation were recorded. On three days during
that month, the amount of precipitation was greater than 0.5
inches. Storms of this intensity very likely produce substantial
runoff, ponding of water in preexisting ground depressions, and
accelerated subsidence of underconsolidated soils.

In El Llano the increase in human habitation and concomitant
increase in structures (Fig. 4) has, in places, significantly
disrupted previous drainage patterns (arroyos). The greater
accumulation of water may have contributed to the subsidence

features (ground depressions) adjacent to some structures.

10-16



Therefore, during the unusually intense October 1984 storms,
excessive runoff may have ponded in these local depressions,
inf;ltrated to underconsolidated subsurface soils, and

accelerated the compaction and consolidation of these soils.
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70.8 Karst

No evidence for local solution subsidence features has been
. found during geologic and geophysical field investigations or
from consultation with geologists, hydrologists and geophysicists
working in the region. Soluble rocks do not occur within
thousands of feet of the land surface in the El Llano area, and
solution-subsidence depressions or void fillings have never been
noted in the basin or valley £fill (i.e. Santa Fe Group and

overlying river and arroyo deposits).
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«10.9 Mining Activities

Two hypothetical effects of mining activities could cause
cracks in the ground surface and subsidence. The first is
collapse of mine tunnels. This hypothesis can be ruled out
because no mining has occurred beneath the El Llano area.

The second hypothesis is that cracks and subsidence in the
El1 Llano area are due to femoval of gravel near the Rio Grande.
Several problems arise concerning this hypothesis. First,
removal of gravel is small (20 feet deep at most) and localized.
Second, 1in order for gravel removal to cause cracks and
subsidence in El Llano, tensile stresses (forces tending to pull
materials apart) would have to be exerted over a distance of
7,000 feet through relatively loose soil and gravel (Fig. 6)-
The soil and gravel are not strong enough to transmit tensile
stresses over such a long distance to form cracks in the E1 Llano
area. Tensional c¢racks generated by gravel removal should form
between gravel clasts (pebbles and cobbles) immediately adjacent
to the gravel pits if at all (depending on how steep the walls of
the pits are and a number of factors concerning the physical
properties of the gravel deposits). Formation of the cracks and
subsidence pits in El Llano appears to be physically impossible
by thils proposed mechanism.

A slightly different wversion of the second hypothesis would
be that the soil between EL1 Llano and the Rio Grande was moving
toward the guarries and the river as a giant earth slide (Fig.
7}. The cracks and subsidence pits would then be considered

features where the slide was breaking away from a more stable
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headwall. Removing gravel would be similar to removing the toe
of the slide, causing further movement to the west. The problems
with this hypothesis include 1) the extremely small slope over
which the slide would have to move, 2) the apparent lack of a
suitable slide surféce along which slippage could occur, 3) the
lack of offset (down to the west) on the cracks in EI1 Llano, and
4) the lack of other landform features which should be found from
the toe to the top of the slide if the whole area had moved to
the west. Each of these points could be discussed in detail, but
the conclusion is that large-scale landsliding brought on by

local removal of gravel is not physically possible in this case.
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10.10 Expansive Soil

This section intentionally left blank.
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10.11 Areal Subsidence as a Possible Cause of €racks

During the course of the investigation, ground cracks were
noted in several areas. Some of these cracks ére closely related
to subsidence features while others show no obvious relationship.
Large cracks are depicted on the geologic map (Appendix V) and
others are depicted on trench logs (Appendix 1I) and detailed
topographic survey maps prpendix XVII). The purpose of this
section is to discuss the significance of what appears to be
areal subsidence.

Circular cracks around the Moya subsidence pit are obviously
related to local settlement. They appear as vertical cracks near
the surface. Their depth is not known, but they may extend at
least to the depth of increased moisture, which is approximately
55 feet.

A crack on the Yelvington property trends approximately
northeast for a distance of 125 feet. The log of a trench across
this crack shows a nearly vertical crack in layers of moist silty
sand and clay. The crack is less than 1 inch wide and £illed
with clayey material. Portions of the crack show evidence of
fine-grained material being actively transported. Also noted in
the trench were worm castings at a depth of about 1 foot and a
"nest" at 9-15 inches below the surface (Appendix II). The
filled cracks and other subsurface relationships indicate that
the crack is largely inactive beyond approximately 1 foot below
the surface. However, in dryer times of the year the crack may
open to greater depths. A geophysical refraction line across

this crack does not show any offset at depth (Appendix VII).
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A 2-inch wide crack north of*the Vigil residence trends
approximately northeast, subparallel and adjacent to the
abandoned acequia. It can be probed to a depth of about six
feet. 1t appears to be relatively young because no infilling
material can be noted (this crack was not excavated).

Other cracks were noted in excavated trenches near the Moya
residence. Most appear .to be older cracks now filled with
sediment. A number of cracks contain organic material and insect
remains. Others are closely associated with animal burrows
{(krotovina).

A trench was excavated at the extreme west end of the Valdez
property to examine the nature of a crack or hole that reportedly
took large volumes of water when irrigated. The owner apparently
attempted to £ill the feature with sand but couldn't "plug” it.
Upon excavation a thick clay interval was found to overlie clean
sand. No active or otherwise open cracks were noted although it
appeared that some cracks were present in the overlying clay
layer. It appears that the irrigation/water flowed into an
extensive network of desiccated cracks in the clay laver. At 8
feet depth the water soaked into a clean, well-~sorted sand (SP)
layer, which continued to the 11.5 foot depth of the trench (see
Appendices II and XII).

In summary, most of the cracks appear to be tensional with
less than one inch separation. Some, such as the ones west of
the Moya residence, are related to local areas of subsidence
(collapse?). Still others are related to desiccation of near

surface clay layers.

There is little evidence to suggest the cracks caused areal
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subsidence. They are produced by a number of causes rather than
a single cause. Some of the tension cracks may be caused by
stresses that arise ﬁue to extensive irrigation west of the El
Llano aceguia in contrast to the general lack of irrigation,
except in localized areas, east of the acequia. Most of the

observed cracks in El Llano and vicinity appear to be a result,

rather than the cause, of areal subsidence.
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10.12 Organic Matter at Depth as a Cause of Subsidence

The hypothesis that compaction or oxidation of organic
matter buried beneath El1l Llano céuses subsidence and cracking may
be discounted because none of the drill holes encountered

extensive layers of organic matter.

10.13 Subsidence Along a Buried Bluffline of the Ancestral Rio
Grande

If subsidence and cracking were caused by different amounts
of compaction on either side of a buried bluffline, the bluff
line would have to pass through El Llano. Neither the seismic
refraction or reflection lines nor the drill holes indicate that
the bluffline passes near the cracks. A layer of Rio Grande
gravel was encountered in all deep drill holes in the El Llano
area; therefore, the bluffline, if present, must be farther

east.
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10.14 Collapsible Soils

Collapsible soils are areally extensive in New Mexico and
have been reported previously in northern New Mexico (Lovelace
and others, 1982). There have been a number of structures
condemned, voluntarily abandoned, or extensively damageg by
collapsing soils in close proximity to those now condemned.
Among these are the San Juan Bingo Hall, a New Mexico State
Highway building (Alcalde), the Espafiola High School, and houses
in E1l Llanc and on Indian lands to the north. Many laboratory
data gathered to date are consistent with collapsible soils
(8ection 11.0). In addition, geophysical profiles showing near-
surface low-velocity zones and geologic deposits that are young
and poorly consolidated also support this hypothesis. The
documented contrast in collapse potential of near-surface soils
in close proximity highlights the potential for differential

subsidence.

Collapsible soils typically weaken and reduce in volume

subsequent to wetting. If kept dry or near their natural

moisture content, the soils maintain their structural integrity
and can support not only their own weight but the added weight of
surface structures. It appears that only selected localities
have become wetted significantly and subsequently have settled.
A reasonable approach to mitigating the problem would be to
greatly reduce the water infiltration rate in the area (Section
12.0).

In conclusion, the geologic, geophysical, and laboratory
testing to date heavily support the hypothesis that surface

subsidence causing utility line distress and damage to surface-
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based structures 1s caused by collapsing soils. This
preliminary, but fundamental, conclusion will be evaluated
further as additional data are finalized.

The following section describes in greater detail the nature
of collapsible soils. Numerous characteristics of these problem

soils, many of which are present in the £l Llano area, are cited.
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11.0 COLLAPSIBLE SOIL

Collapsible soils generally consist of loose, low density,
dry, fine- to medium-grained material that compacts appreciably
when wetted. They have been studied in California, the
midwestern United States, South Africa, and Russia, but they have
been recognized only recently in New Mexico. Collapsible soils
may exist in the Rio Grande valley from El Paso, Texas, to
southern Colorado. They most likely originated as debris flow
and eolian deposits. In addition, colluvial and residual soils
weathering from silicic igneous rocks along the rift valley
margins also may be collapsible. The recent structural damage to
houses, utilities, highways, and other structures in New Mexico,
possibly due to collapsing soils, has prompted a number of
geotechnical investigations. Based on these studies and previous
research, the geologic and engineering properties of collapsible
soils will be outlined. Also, using field and laboratory tests,
methods to recognize and predict the location of collapsible
soils will be described. Present so;l stabilization and

treatment procedures also are outlined.

11.1 Geologic Properties of Collapsible Soils

The collapsible soils of the Rio Grande Valley are mostly
low gradient alluvial fan mud and debris flow deposits. Each
deposit dries significantly before the overlying layer is
deposited and thus the original layer is buried by subsequent
flows without being wetted or consolidated under its own weight.
When water percolates through this collapsible layer,

rearrangement of the soil grains occurs producing a denser
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compacted layer. This, combined with the applied load of a

structure, often results in differential settlement.

11.1.1 Mud and Debris Flows

Mudflows have been described by Blackwelder (1928), as "a
thick film of muddy slime wviscously rolling over a gently rolling
plain". Debris flows are similar but coarser grained. They
consist of a gravelly to sandy mass contalning enough silt and
clay to make them slippery when wet. Mud and debris flows can
spread out several miles on an alluvial-fan surface carrying
large boulders and filling in preexisting arroyos. Therefore,
they tend to overlap and bury stream sand and gravel deposits.
With subsequent incision of new stream channels the loose, dry,
clayey, and collapsible deposits occur as interfluvial areas
beneath knolls and ridges between the present-day arroyos. If
present in the arroyos the sediments are usually wetted by
intermittent stream flow, compacted, and thus they are no longer
susceptible to collapse. However, thosé same deposits in the
interfluvial areas remain dry, uncompacted, and vulnerable to
collapse.

It is the textural characteristics of these deposits that
identifies them as collapsible soils. Large intergranular voids
result from sand, silt, clay, and water settling into a low-
density packing arrangement with the grains being held in place
by the clay bonds after the material has dried. The clay bonds
preserve the void space that otherwise would be sgueezed out if |
the clay was not present. Collapsible soil deposits in the San

Joaquin Valley, California, contain approximately 12% clay.
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(Bull, 1964).

Significant volumes of bubble cavities that formed when air
is trapped during and after deposition afso create a very loose
open-structured collapsible soil. Other voids may be produced by

buried desiccation cracks and decomposing vegetation within the

flow.

11.1.2 Other Types of Collapsible Soils in the Rio Grande Valley

Some residual granitic soils near the base of the Manzano,
Sandia, and Sangre de Cristo Mountains alsc have been observed to
compac¢t when wetted. Chemical weathering produces thin clay
films around quartz and feldspar grains giving the soil a
relatively high apparent dry strength. The collapsible structure
results from the leaching out of the soluble and colloidal matter
from these well-drained soils which create an unstable grain
arrangement (Brink and Kantey, 1961). The short, intense summer
cloudbursts and abundant water from the spring snowmelt in New
Mexico's mountains contribute to the ieaching and eventual
collapse of these residual granitic soils.

Wind-deposited soils of the midwestern United States have
been knowh to display a collapsible structure when loaded or
saturated. There are abundant deposits of dry, loose eolian
(wind-deposited) sands and silts in New Mexico, especially along
the Rio Grande. These sediments are usually well sorted, very
permeable, and porous. As water percolates through the soil tﬂe
chemically unstable minerals are weathered to clay. This results

in a loose intergranular packing of sand grains bridged by clay

aggregates. Upon additional wetting the clay aggregates disperse

11-3



&

and no longer support the sand grains. The latter then move into
vacant spaces producing a denser packing arrangement. Calcitic
and dolomitic minerals actiné as cementing agents also can
support the sand-grain structure until they are dissolved from

the s0il and reprecipitated at depth (Lobdell, 1981).

11.1.3 General Distribution of Cocllapsible Soils

Collapsible soils are likely to be found from the proximal
to distal parts of alluvial fans where mud and debris flows have
covered the fan surface. Patches of collapsible soil are found
in undulating alluvial-fan topography near the tops of the knolls
and seldom in the hollows or near arrovyos. Generally, they are
not found in the Rio Grande floodplain because the river has
reworked the soil and destroyed the characteristic loose, dry,
collapsible soil structure. Also, drainage of the soil mass is
important because areas with a high water table will have soil
that has already been compacted by wetting. Conversely, well-
drained areas with very deep water tablés are prime areas for

collapsible soils.

11.1.4 Factors Affecting Formation of Collapsible Soils

Factors influencing the physical and chemical properties and
distribution of collapsible soils on an alluvial fan are: 1)
ratio of water to solids at the time of deposition; 2) time
duration between successive mud and debris flows; 3) local
variations in topography; 4) thickness of mud and debris flow
deposits; and 5) the amount of vegetation at the time of, and

subsequent to, deposition. Landscape position is significant
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because it affects runoff and infiltration. Runoff from higher
areas markedly increases the depth of wetting in soils in
topographic lows thus rendering them non-collapsible.
Conversely, such runoff decreases moisture in the soils upslope
and on topographic highs producing moisture-deficient collapsible
soils.

Microrelief can also.greatly affect moisture infiltration.
In small depressions the depth of moisture infiltration is much
greater than in soils lacking these surface features.
Consequently, the depth of wetting to precompact the so0il can
vary significantly within just a few feet laterally (Gile and
others, 1981).

The amount of soil development on the alluvial-fan surface
depends on the freguency of mud and debris flows. A high
frequency of mud and debris flows (every few hundred years)
inhibits soil development and prevents the soil from
congolidating under its own weight. This rapid burial preserves
delicate textural features and increases éﬁe possibility of soil
collapse upon later wetting or loading. In contrast, a low
frequency of mud and debris flow deposition (every several

thousand years) gives the soil a chance to precompact under its

own weilght, which inhibits the formation of a collapsible

structure.

11.2 Engineering Properties of Collapsible Soils

11.2.1 Field Tests
Evaluation of collapsible solils is complicated by the

difficulty of assessing marginal sites and by the rapid rate of
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* settlement occurring when a source of water such as a broken or
leaky underground conduit develops. In addition, these scils are
site-gspecific~--the soil type, surrounding geology, climate,
vegetation, topography, and the nature of wetting and_loading are
all so variable that few working models for collapsible soils
can be formed.

Thorough geotechnical investigations should include
hollowstem auger boreholes with undisturbed sampling and "split-
spoon" sampling with standard penetration tests. Trenches should
be excavated, logged, and sampled. There are a number of guick
and easy tests for recognizing collapsible soils in the field at
the surface, in trenches, or at depth from split-spoon samples.
The "sausage" test involves obtaining a hand-sized block of soil,
trimming each piece, breaking it into two pieces, and trimming
each piece so they are of equal volume. One specimen is wetted
and molded in the hands to form a damp ball. If the volume of
the damp ball is smaller than the undisturbed piece then collapse
may be suspected (Jennings and Knight, 19;5L

A simplified soil dispersion can be done either in the
laboratory or the field. This procedure requires dropping a 2-
gram soil clump, at its naural moilsture content, into a beaker
with 125 ml of distilled water and recording the time it takes
the soil to disperse. Collapsible soils commonly disperse in

approximately 25-30 seconds (Sultan, 1971).

11.2.2 Laboratory Tests
Most workers use grain-size analyses, dry density, moisture

content, Atterberg Limits (liquid and plastic limits), specific
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gravity, standard and mecdified consclidation, clay mineralogy,
soil structure analysis, and direct shear strength tests to
identify and characterize collapsing soils. Because no single
test truly identifies these soils, a combination of all the data
generated from the abo?e methods is used for the evaluation.
Table 1 lists the average estimated values and characteristics,
for collapsible soils .in northern New Mexico. Not all
collapsible soils have soil parameters within these limits.

Table 1l: Average estimated values of laboratory test data for

collapsible soils in northern New Mexico.

Grain size distribution poorly to well graded sands
to silty-clayey sands

Dry density 75-95 pounds per cubic foot
Porosity 30~-45%

Moisture content 4-10%

Percent saturation <603

-~

Atterberg Limits (Liquid & Plastic

Limits) 0-40/0~20
Specific gravity 2.50-2.65
Clay mineralogy smectite, illite
mixed-layer illite-smectite
kaolinite
Soil structures clay aggregates bridging sand
and silt grains; loose
structure

An example of combining test data to identify collapsible
soils is by using liquid limit and dry density values as shown in

Fig. 8. Soils plotting above their specific limiting density
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{(the density at which their consistency is near its weakest
condition when saturated) are collapsible while those plotting
below it are noncollapsible. This is illustrated in Case I (Fig.
8) where the void space in éhe soil is greater than the amount
sufficient to hold the liguid limit moisture content. Thus,
saturation of this so0il results in a minimum of consistency
enhancing the collapse of the soil structure. In contrast, if
the void space ig less than the amount sufficient to hold the
liguid limit moisture content as in Case I1II (Fig. 8), the soil
will alwéyé be in the plastic state and have greater restraint
against particle shifting even when 100% saturated (Gibbs and
"Bara, 1967). Soils for Case II are either collapsible or
noncollapsible, depending upon\sﬁecific gravity of the soil

grains.

11.2.3 The Collapse Mechanism
11.2.3.1 Cohesive soil

Cohesive foundation soils that are suspected to be
collapsible should be as wet as possiﬁle when loaded to prevent

the development o©of a "new" dry strength that may result in
collapse later. Most cohesive soils used as base and subbase for
foundations and highways are compacted to a moisture content and
density greater than their optimum moisture content (OMC).

Soils compacted below their OMC usually aren't sufficiently
saturated to disperse the flocculated clay aggregates that form
bulk& peds grouped in a loose "cardhouse" structure around sand

and silt grains (Fig. 9). Wetting the soil above their OMC

induces collapse as the clay aggregates are dispersed, losing all
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their dry strength. In essence, the clay aggregates act as
grains themselves binding the larger éilt and sand grains
together. When moisture is less than the OMC the flocculated
clay aggregates have a high shéar strength that resists
distortion during compaction which results in large air-filled
interpedal channels (Barden and Sides, 1969). When wetted
further or upon aﬁplication of a load the clay peds lose all
their dry strength which results in a shear failure between éhe
larger sand and silt grains and thé clay aggregates. The larger
grains, now with no intergranular support, slide past one another
deforming the weakened clay peds. The sand and silt grains move

into vacant space producing a large volume reduction.

11.2.3.2 Partially saturated cohesionless soils

There are three main causes of grain contact instability in
cohesionless soils that can lead to collapse: 1) an increase in
the sheér force (T) from increased saturation without a
corresponding increase in the normal force (P) between the grains
from the overburden load; 2) a decrease in P without a
corresponding decrease in T (the normal force could be decreased
eithex by the dissipation of any initial capillary.stress or by
an increase in pore pressure); and 3) a decrease in the angle of
friction between the grains following saturation (Burland, 1965).
These forces are illustrated in Figure 10.

Any single grain within a soil mass is exposed to a normal
force and a shear force. The displacement of a grain either by
translation or rotation can occur as a result of a slip at the

grain-to-grain contact points. For a grain to be in equilibrium
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Figure 10. intergranular normal (P) and shear (T) forces
in saturated and partially saturated soils (from
Burland, 1965). . :
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at every contact point the ratio T/P must be less than or equal
to U. Therefore, when saturation occurs (increasing the shear
force but not the normal force of the grains) the T/P ratio
overcomes the angle of friction between the grains, resulting in
grain slippage or shear failure.

It should be noted that wetting a partially saturated soil
under a load need not lead invariably to collapse. The soil will
eventually come to equilibrium with its overburden pressure as a
result of seasonal wetting and drying cycles. A structure could
be erected on the soil under wet conditions éo that settlement
occurs as each load’increment is applied. Here rapid settlement
due to subsequent loading is unlikely. It is only when loads are
aﬁplied to soils with low natural-moisture content that
subsequent collapse during wetting is likely to occur (Burland,

1965} .
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11.2.4 Stabilization and Treatment of Collapsible Soils
11.2.4.1 Compaction and fl&oding

As discussed earlier, many contractors precompact the base
of a foundation or highway to achieve an optimum moisture content
and density. To insure that no further collapse occurs the soils
are wetted slightly more than their optimum moisture content
(oMC). Stabilization methods for collapsible soils beneath
Interstate 25 near Algodones, New Mexico, included 1) deep
Plowing or ripping and wetting the soils above their OMC and
compacting with a vibratory roller; 2) placing reverse sand
drains with ponding facilities and supplying sufficient water to
initiate collapse, followed by vibratory roller compaction; 3)
vibrofloatation; and 4) dynamic densification using the impact of
a free-falling weight (Lovelace and others, 1982).

Near the Indus River in India, where irrigation canals were
cracking and settling, another method for stabilizing collapsible
soils, involved saturating the soils before construction. This
was accomplished by designing soakage channels beside the future
canal which produced soil compaction underxthe canal liner.
Permeable sand filter layers were installed in each channel to
facilitate the saturation and compaction process (Hag, 1976).

Similarly, in the San Joaquin Valley, California, the San
Luis Canal has undergone settlement from collapsing soils since
its construction in the late 1950's. Bara (1972) found that
subsoil movement continued long after the wetting operations
ceased because of the low permeability of the fine-grained soils.
It was then concluded that structures should not be built for 3-6

months after wetting operations had been completed. Wetting the
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soilé was done by drilling water injection wells and packing them
with gravel.

Methods of ponding and sprinkling water on collapsing soils
of mudflow origin were used near Interstate 70 in western
Colorado to induce settlement (Shelton and others, 1976). They
concluded that loading of the soil should take place as soon as
possiﬁle after'wetting because additional settlement can occur
long after the area has been prewetted and later loaded. If the
socil has a chance to dry after wetting, without being loaded, it
can attain a new dry strength. A second wetting, with or without
loading, could produce appreciable additional collapse.

To make sure collapsible soils can withstand the stresses
equal to or greater than the final structure load, even while
they are wetted, contractors may dump surcharge £ill over the
construction site and leave it for several months before
building. In Romania, where 11% of the surface area is covered
with collapsible loess scoilsg, hydraulic structures such as
underground conduits and pumps are located at a distance (2-3
times the thickness of the collapsible soil layer) away from the
irrigation canals. Waterproof pipes are used to prevent wetting

the surrounding soils (Thorton and Arulanaden, 1975).

11-15



11.2.4.2 Landscaping considerations

| Often the primary cause of settlement beneath residential
homes is from excessive watering. Designing a landscape that is
compatibledwith the southwest climate (one which requires little
watering), often protects against differential settlement due to
collapsing soils. Any grass or trees planted should be placed at

least 15 feet away from the house foundation.

Site drainage protection to carry runcff away and above-
grade plumbing usually eliminate potential soil wetting and
ponding that may cause settlement. Of course, provisions must be
made to prevent freezing of water lines. Roof runoff should be
- conveyed away from the house by overhanging eaves and by a 1/2 to
1 foot layer of gravel underlain by a plastic moisture barrier
around the structure perimeter. Alternatively, French drains
around the house can be used to carry the runoff away and prevent
ponding. Finally, the house should be built 1/2 to 1 foot higher
than the surrounding natural soils and landscape to facilitate

runcff away from the structure.

11.2.4.3 Foundation design and excavation

If the zone of collapsible soils is shallow they can be
excavated and replaced with a more competent engineered £ill.
Unfortunately, collapsible scils are often deeper than 10 feet
which makes excavation uneconomical. In this case foundations
should be designed so they can withstand some settlement without
sustéining structural damage. If the suspect soils exist at a
considerable depth, piles can be driven down to a depth below the

collapsible layer to give the structure adequate bearing
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capacity. Sometimes this demands expensive foundation
underpinning to depths up to 125 feet as was the case with the
Montessa Detention Facility in Alﬁuquerque, New Mexico (Woodward-
Clevenger and Associates Inc., 1973). Driving piles not only
stabilizes the foundation but also precollapses and densifies the
surrounding soils to improve subsurface conditions.

Many foundations built upon collapsible soils are designed
for "permissible" settlement. This is done by using continuous
strip footings in a grid system (Fig. 11) rather than using
conventional isolated footings. The foundation grid system is
composed of reaction beams formed by placing footing and load
ﬁalancing beams in the longitudinal direction. The load
balancing beams are reinforxrced to make the system rigid and to
minimize vertical displacement (Clemence and Finbar, 1981).

Proper design‘of the stem walls, the joints in the exterior
walls, and the partitions of the structure also protect against
damage from settlement. There should be positive separation
between the slab and the stem walls by using expansion joint
material. Sultan (1969) found that the most severe foundation
failures from collapsing soil in Tucson, Arizona, occurred in
houses constructed with unsupported concrete blocks and adobe.
Houses constructed with common brick suffered the least damage.
Damage consisted of the corner-down type, upward heaving near the
middle of the walls, slight rotation of the stem walls,
horizontal translation outward, and a slight rotation of the
corners about a vertical axis.

The damaged houses in the Tucson area were constructed in

the early spring after heavy rain had saturated the ground. The
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Figure 11.

Continuous footings.
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load of the houses on the saturated soil caused collapse.
Because of the additional load transmitted by the sloping roof,
the stresses at the corner of a house are greater than along the
rest of the longitudinal footings. 2As a result, the corners are
expected to settle more than the rest of the house. In the
summer, with little rain and high temperatures (up to 100°F), the
foundation soils shrink. Soils near the house corners,"receiving
less moisture from roof runoff than the soils along the sides of
the houses, should then be expected to shrink more, thus
producing the corner-down-type damage. When the soil is wetted
by rainfall or watering it swells more under the middle of the
'foqtipg than under the corner due to the smaller load along the
sidés of the house. It is clear that houses built without
structural continuity in the footings or reinforcement in the
footings and stem walls are prime targets for differential

settlement from collapsing soils.

11.2.4.4 Chemical treatment and grouting

The primary purpose of treating collapsible soils chemically
is to increase their bond strength and to diminish the clay
. dispersive power of water, which may percolate throﬁgh the soil.
This is sometimes done by treating the soils with chemicals that
flocculate the clays between the sand apd silt grains, such as
Ca{OH)y (lime), CaS04, FeSO4, or AlS04. Grouting with Portland
cement also stabilizes the clay binder in the soils and cements
the larger grains togéther more effectively. A 1:3 ratio of lime
to water mixture is injected into boreholes around the future

foundation to the depth of the collapsible zone. As the lime
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common misconceptions about collapsible soils, which need
clarifving: one is that these soils only consist of sands and
silts with some clay-forming bridges between the grains.
Although this is true for eolian and loess soils, it is not an
exclusive condition. Many colluvial soils also exhibit collapse
potential as do most loose fills, regardless of clay content or
scil type. 1In addition, many dry clays also collapse at high
applied pressures (Burland, 1965).

Another misconception is that all soils of low density (<95
pcf) are considered collapsible. Again, although this statement
might apply to some loose eolian and mudflow deposits, it is not
‘correct for all soils. The clay content and type will influence
both the dry density and, most importantly, the natural water
conteﬁt and degree of saturation, which are not even considered
in this false generalization.

Finally, a fhorough study of tﬁe geologic origin of the
sediments in a specific area is not sufficient for identifying
collapsible soils. Although collapsing soils are commonly
associated with loess, eolian sands, and mud and debris flow
deposits, they also are known to be present in residual,
colluvial, and other alluvial soils.

The above misconceptions as well as the amount of damage
collapsing soils have caused to engineering structures clearly
demonstrate the need to use overall, precise, multidisciplinary
method in identifying and treating these soils. The combination
of geologic and soil mapping and field and laboratory testing
using the methods aescribed in this report is required for a

thorough evaluation of collapsing-soils. Data generated from
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reacts with the silicic and colloidal silicic acids in the soils,
a calcarous-siliceous binder forms between the sand and silt

grains. . This strengthens the intergranular bonds and decreases

their tendency to collapse abruptly.

11.2.4.5 Thermal treatment

In stabilizing collapsing solls the Russians have used two
thermal methods for a long time: the first conéists of blowing
hot air under pressure into the soil through heat-proof pipes and
boreholes, the air having been heated to 600-800°9C in special
furnaces; the second method, which is preferred over the former
method in construction work, involves burying fuel in the
_collapsible solils. Fuel combustion takes place in sealed
boreholes with control over temperature and chemical composition
of the combustion products. The heat transfer into the
collapsible zone increases the soil's cohesion, compressive and
shear strength, and arrests the differential settlement under
applied load and increased moisture conditions. The combustion
process usually changes the scoil color from a natural pale vellow
to various ghades of brick red (Litvinov, 1960). To our

knowledge, this method has never been used in the United States.

11.3 Discussion

In identifying, testing, and treating collapsing soils one
cannot overlook their geologic origin, engineering properties
(sucﬁ as grain size, density, moisture content, saturation,
Atterberg Limits, and consolidation), and the role of clay and

soil structure in the collapse mechanism. There are several

11-21



testing might be used to form an overall "collapse index" for

soils in the area studied.
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12.0 PREVENTIVE AND MITIGATIVE MEASURES—EL LLANO AND VICINITY

The above discussions strongly suggest that inadequate
foundation preparation before construction and moisture increase
in foundation materials subsequent to construction is a major
cause of the utility and structural distress in El Llano and
vicinity. 1In areas yet to be developed, relatively inexpensive
and routine measures can be implemented to minim%ze damage. In
contrast, in areas that have already been developed, the damage
is much more difficult to mitigate. Associated with these
difficulties are increased costs.

The following discussion is therefore divided into two
parts. In the first part preventative measures that can be
implemented iﬁ undeveloped areas are discussed. In the second
part mitigative measures that can be employed in areas already

developed are discussed.

12.1 Preventive Measures in Undeveloped Areas

There are large areas in the El Llano vicinity that are
certain to be developed in the near future. These areas range in
size from single family dwelling to housing tracts. Other
development, such as additional utilities, roads, buéinesses, and
schools, should be anticipated also.

In site exploration for these developments, careful
attention should be given to testing for collapse potential.
Selected technigues that proved useful in this study included
drilling, sampling, laboratory testing, seismic refraction,
geologic mapping, and aerial photograph analyses. In-aréas found

to have collapse potential, sites should be given maximum



compéctive efforﬁ to depths determined from drilling and
geophysical study. To densify foundétion materials prior to
construction, a number of techniques may be utilized depending
upon loading constraints and cost factors. Among those commonly
used are surcharging, overexcavation and backfill, pre-wetting,
dynamic compaction and vibroflotation. Special consideration
should be given to maintenance of water and sewer lines and to

establishing positive surface drainage away from structures.

12.2 Mitigative Measures in Developed Areas

Generally, it is considerably more difficult and expensive
to mitigate or repair already damaged areas. In the El Llano
afea, repairs are even more complex due to the étructurally weak
adobe~-type construction which is common.

Mitigative measures can be divided into two types. One type
seeks to restore a damaged structure to its original condition
and the other seeks to stabilize foundation scils at depth such
so that no further damage will occur.

An important in-progress aspect of this study is to develop
a technique to inexpensively stabilize socils. Three research
plots referred to as geotechnical ground-stabilization study
(GGSS) areas were established in collapsible soils south of the
high school. Attempts are being made currently to induce
settlement through controlled injection of water into the soils
in an attempt to simulate a leaky utility line or septic tank.
The position of the controlled wetting zone for one of the
iﬁjection areas (GGSS-1) is shown in Figure 12. Of greatest

i

interest is data on rates of settlement and whether tHe data
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gathered within the GGSS areas can be extrapolatéd to the
surrounding region. The objective of the work is to develop a
technique that may be applied to existing structures elsewhere.
Although some settlement has been detected in response to the
ground wetting, results are too preliminary to draw conclusions
pertaining to the efficacy of the stabilization technique. The
entire geotechnical ground stabilization study will be described
in the final report.

Stabilization of collapsing soil by preventing infiltration
of moisture is a less difficult task. In many cases, damage can
be halted by removing the prime ingredient required for
set£lemént——water. The direct relationship between moisture and
settlement has been established through the procedures and
techniques described previously. Removal or retardation of
moisture influx seems to be the easiest goal to achieve.
Associated with the drier soils will be an increase in bearing
strength. The following describes relatively inexpensive
techniques that should be applied to all existing and planned
structures in collapse-prone areas.

1) Positive drainage.

Surface contours adjacent to structures should be
established to enhance surface runoff. Any depressions
should be filled to prevent standing water. The
depression west of the Moya residence and other
depressions that exist should be backfilled to the
original ground contour. All depressions associated

with the older acequia, referred to in Appendix XV,
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should be filled.

2) Maintenance of water lines.
Water lines in the El Llano area are not in good
condition. The metél pipes are, in places, known to be
or suspected-to be leaking. Consideration should be
given to replacing water lines with flexible (plastic)
pipe. The pipes leading to and from the community
water tank should be excavated, inspected, and replaced
if found to be leaky.

3) Rain gutters.
Eaves that allow roof runoff to drip onto foundation
materials should be modified. Most houses do not have
rain gutters or gutters in good repair. Rain gutters
should be installed and the water should be collected
at down spouts and directed away from foundations. The
gutters and down spouts should be inspected closely at
léast annually for damage from ice and wiﬁd.

4} Landscaping.
Desert landscaping should be encouraged and lawn
watering should be discouraged. Drill holé data
indicate a much greater than normal depth of wetting at
houses with "well maintained" lawns.

5) Surface drainage.
Culverts and cement-lined ditches should be installed
to minimize sheetwash following rainfall or snowmelt.
They should be cleaned and repaired regularly to assure
that they function as designed. The ditches should

enhance drainage toward the existing acegquias.
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6} Septic tanks.

A Septic tank use should be discontinued in favor of a
centralized system connected to the Espafiola sewage
system. All pipes used in the system should be high
strength and connections should be welded to prevent
leaks. The pipes should be checked regularly for leaks

or other signs of stress.



13.0 PRELIMINARY APPLICATION OF AVAILABLE DATA TO CIVIL
ENGINEERING NEEDS

The potential for collapsible soils exists in many parts of
New Mexico where similar geologic settings occur. Some areas
have already sustained damage similar to that in El Llano, and
other areas are very likely to sustain damage in the future.

An important aspect of this study is the possible
application of procedures, technigues, and data developed in
these other areas. As discussed in Section 11.0, a standard
procedure for studying collapsible soils is not possible due to
differences in geologic history from place to place, which result
in changes in gradation, density, soil structire, and goilagsg
-potential. The effort put f&fth'for this study has provided an
approach to studying New Mexico's soill collapse potential. The
techniques being developed to stabilize these scils are
applicable to many other areas.

An important section of the final report will be an
evaluation of the efficacy of the technigues used. The
techniques providing the best data should be considered for use

in other collapse-prone areas before to development.
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14.0 RECOMMENDATIONS FOR FURTHER WORK

As discussed in Section 1.0, this is not a site-specific
study. To fully evaluate collapse potential at individual houses
will require additional borings and laboratory testing. This
work should be done by private consultants. OQur area-wide study
of collapsible soils was aimed at gathering widely spaced data.
Fortunately, it was possible to gather some information at
damaged houses. It is hoped these data will aid the homeowner or
his/her agent in fully developing the necessary site-specific
repair recommendations.

Additional research is required in developing techniques to
.predict collapse potential. The standard geotechnical
exploratory methods do not work well in predicting collapse.

Some states (not New Mexico) require an engineering geologic
report before site development. The report (for example CDMG,
1975) must detail the exploratory methods used and discuss the
bearing of geologic factors upon the intended land use. The
reports must consider the minimum requirements of Chapter 70 of
the Uniform Building Code (ICBC, 1982). It is reasonable to
assume that if such studies had been completed in the El1 Llano
area, the collapse potential would have been identified much
earlier. The state-wide implementation of engineering geologic
‘study requirements before site development would regquire
legislative action. A significant advantage, were this to be
done, 1is that data gathered statewide could be compiled centrally
by state agencies concerned about geologic hazards and their

effects on engineered structures.
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APPENDIX I

Available Final Boring Logs



FT 1S NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

/ LaBoRATORY DATA _/ BORING : ESPDH-1
& ~f P DATE DRILLED: 12~17-84
6; -/ &«3’@ S LA/ EQUIPMENT USED: CME 55
N SNATSRY S 5 A S v/ LOCATION: NE4SE*SWysec. 25T21NRSE
S JEUS e S SR 6L Sy @/eLevation: 5713
& S &S SRS S ST IS S/ 5/ rotan pepTh: 68
SOIL DESCRIPTION  Gravel/Sand/Fines (°/s)
5710.5/2.5| 5 | 12 |- |19 | wp|p | su %ﬁ%ﬁﬁ Silty Sand  4/73/23
5708 |5 | 5110 |- [Nv|wp|p| sM (%33 silcy Sand 1/82/17
5705.5 7.5| 12 | 15 |~ |20 |welp | s K%l si1cy sand 2/67/31
5703 Do | 5 |22 |-~ l19/Neip | sm {¥%% si1ey Sand 0/62/38
5702.5010.5{ 5 | 39 |-~ |69]34/D | MH Px.dSandy Silt 0/34/66
5700.512.5| 7 | 31 |- |32 |12|p | sc EEed clayey Sand 0/55/45
5698 |15 | 6 |26 |- |45|20(p | c1 o sandy Clay 0/44/56
5695.507.5| 7 (23 |-~ |2816 |D| ML bExexlsandy Silt  0/40/60
5693 |20 | 8 | 16 |- |22 |welp | su (¥ sitey Sand 22/49/29
5690.502.5| 6 | 17 |~ |45]|20D ': H Clayey Sand  0/60/40
5688 |25 | 12 | 10 |- |wv |wplp 4 x0Si1ey Sand _1/82/17
5685.507.5] 15 | 13 |~ |26 |6 [p | Scli%%si1ey Clayey Sand 0/76/24
5683 130 | 7 |15 |-~ |20 |Npip | su [¥itiAsiley Sand 0/68/32
5680.5p2.5| 17 | 7 |- |wv {wep |58 [ivfis1. siley sand  2/89/9
5678 |35 | 12 |10 |-~ |wy |welp |SER Fs1. siley sand  1/89/10
5675.557.5] 12 | 26 |-~ lwv |wep | sy EBEHsitey Sand 0/65/35
5675 138 | 12 114 |-- 119 INPD % #7siley Sand  0/75/25
5673 |40 | 11 |10 |-- |wv |NP[D ?5251. silty Sand _0/89/11
5670.542.5 16 |10 |-- [NV |NPD Silty Sand 6/74/20
5668 |45 | 12 110 |- |wv |we b | su i%%Asi1ey Sand  10/75/15
5665.5147.5 21 |13 [-- |wv iwp D | s ?fSiltv Sand  0/74/26
5663 150 | 19 |24 |-— 133 (13 | cL FZT1sandy Clay 0/46/54
5658 155 | 15 {11 |- [wv |wep | sm [F*iAlsitey Sand 1/73/26
655.557.51 12 | 6 |-- oo lwp o | s E¥%¥si1cy Sana 0re9/31
5653 160 |15 | 9 |-- |35 |13 D | s¢ EZHiclayey Sand  3/52/45
5650 [63_| 31 9 |-— NV [NPD | SM ":'.'?:‘Siltv Sand 0/69/31
5648 165 | 22 | & |-— |Nv {wpD | sM [¥i%:Xsiley Sand 0/82/18
5645.5167.4 21 s 1. vy lup In PPy RSy Silry Sand.  0/90/10
NOTE &+

Approximately 100 feet west of Moya Residence in Subsidence Plt

NV=no value
N P=non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOQURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



LLABORATORY DATA /\
=

BORING: ESPDH-4
DATE DRILLED: 12-20-84

A~/ o &
s /o /e ,33’4/ /S £ LY EQUIPMENT USED: CME 55
S NTARTSS 5‘5‘? o S AT o s . /LOCATION: SE%SELSWysec. 25T21NRSE
¥ L [F L S Q NSOy AR T SIS & /ELEVATION: 5718
§/EL St SRSEIYS S S
G SSRGS SIS &/& o /ToTaL DEPTH:  67.5

w SOIL DESCRIPTION  Gravel/Sand/Fines {°/a)
i—
8¢ 5713 | 5-71 - U
w = o
=2 |5710 le-10l —— | 7 [ 101 [wv| welu|su (x5 siiey sand 2/77/21
<g 5704 l14 9 D e
%2 5699 [%21] —— | o | 100\ wv|welulon EeiHsiiey sand 0/73/27
22 |s604 |*“36| —- U
oF = <
5815689 (31 —— | 7 | 99 |wv|wely ¥¥iA Silty Sand 0/84/16
o~ - i
_'o: 5684 3436 — 17 96 | 281 11U i Sandy Clay 0/43/57
oW - Rt
= % 15679 3941 s 8 109 | NV | NP |U e Silty Sand  0/84/16
o h b= X
S s674 [*as| - | 8 | 100 | v welu siley Sand 0/85/15

< - TR
2, [5669 #951] = | o | 95 |wv]welu i siley Sand  0/81/19
92 5664 P36| — | 10 | 102 | wv |welu Wvi¥siley sand  2/71/27
[ag _ R
%S 15659 Pogll — | 5 | 107 | v | welu i1s1. silty Sand  14/79/7
WO =
£0 5654 P%G6] —- U
=
<2 5652 | 66 | 41 D
-
I
= 0
om

s
n o
=
io
£y

=
&g
w =
CCLou
T 0

o
Zh
Ze
%
Ze
EQ
4=
83
8¢
e
722
Lo noTES: ) ]
D Approximately 20 feet west of ElL Llano community water tank
&
©
Sh=
"]S NV=no volue
W3 N P=non-plastic

=
==

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT

BORING LOG



BORING: ESPDH - 6
DATE DRILLED: 12-26-85

> EQUIPMENT USED: CME 55
S LOCATION: NWkSELSWsec. 25T21NREE
ol ELEVATION: 5703
& TOTAL DEPTH: 45
w SOlL DESCRIPTION  Gravel /Sand/Fines {°/a)
= I——
gﬂ 5702 |1-3 | ~--j10 88 | 311 11 CL [I=7=I4 Sandy Clay 0/42/58
wE
s 5698 i5-7 —_— -
RNy
E% 5695 18-101 = 3 101 NV NPLE L SM f«k:x* Siley Sand 7/78/1S
=) - I I
gg 5689 M16 — {10 94 | NV| NP|U | SM (560 Yery silty Sand _0/68/32
2215684 31 - u
E<g - b Xotste
58 5679 2426 -~} 5 104 | W | Np| Ul sM %% Silty Sand 0/85/15
O =t - [ s —
S lse60 P36 - 23 | 96 | ea) 33lulcn FE) cray os38/60
© W - RPN
Z I 15664 3941 -~ 1 5 111 | NV| NPIU{ SM “f-‘f;-"- Silty Sand 0/86/14
o
@ 15659 | 44 | 26 D
o3
L2
oo
a =
w O
=
T3
-
i1}
o
N
a5
=W
Oom
>
wy
=y
go
<3
=
e
w >
&
T
1]
4
g
54
42}
e
58
25
S
oo
E
=
22
O NOTES:
3; Southwest of Espinosa Residence, 75 feet east of Acequia
5
a
3
“'g NV=no value
w = NP=non-plastic
==
FZ

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES

EL LLANO SUBSIDENCE PROJECT

BORING LOG



/ LaBoRavoRy paTA  / BORING: ESPDH-7

R A ~ & DATE DRILLED: 12-26-84
O{.\" > /o ,.‘:3’({! f’o}b@, A ,@Suh 4 EQUIPMENT iJSED: ICME 55
N & /3 S/ & £ ‘;w /S 5 LocAaTIoN: NEY%SEY%SWksec.,25T21NR8E
F S EAT e 85 SRl o TP Seewmion 57071
I SRR S SESEIETE S/E &/ rora vepTh: 50
SOIL DESCRIPTION  Grovel /Sand/Fines (%/s)
5705 [2-4 U
5702 {5-7 ]
5697 |12 y
5694|1217 U
5686 |°133 U
5683 124 {20 | 3 | ~- D
5678 12731 U
5673 |>*36 ]
5668 | %1 U
5663 |"*%6 U
5658 |49 |17 | 4 D

SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE
IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

NOTES:
o Approximately twenty feet west of Voight House.
Oci Organic layer at 26.5 feer submitted for age date.
S
g NV=no value
L:;:Ja N P=non-plasiic
-2

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANQ SUBSIDENCE PROJECT
BORING LOG



DATE DRILLED: 12-26-84
EQUIPMENT USED: CME 55
LOCATION: SE%SE%SWL&SEC.ZSTZJ.NRSE

&,
S/ELEVATION: 5712
& /TOTAL DEPTH: 50
SOIL DESCRIPTION  Gravel/Sand/Fines {°/a}
g ls710 | 2-4] - | 16 | 78| 61| 30|u| Ma [l clayey Silt  0/23/87
b= e = —x
£ |5707 5-7 -—— | 22 92 | 75| 40|U | MH {50tx=s] Silt 0/30/70
25702 10 | 23 1 — D
Th-

o [5698 [ "T6l —- U
olse93 19| 30| 1 | - D
g e TR
S 5688 26| —— 6 96 | 24| 3|U | SM [tk Very silty sand 0/62/38
“lses3 [P31) - | 6 | 95|26 |we|u| sm KiiEd very silty sand 0/62/38

- K_ X=X
215678 P736) —— | 9 | 95|29| 9|u| My |3 Very sandy silt 0/46/54
Clse73 P21 -~ | 4 | 99 |wv|wplu| s F%3H siley sand  1/81/18
<
15668 |46 | 28 | 1 |--- D
=
Ol5663 |49 | 50 | 17 | —- D
5
=
o

NOTES:
In Gutierrez Field Approximately two dundred Feet West of Middle Road

1T 1S NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE C

NV=no value
N P=non-plastic

THE LOG OF SUBSURFAGE CONDITIONS SHOWN HEREQN APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANQO SUBSIDENCE PROJECT
BORING LOG



BORING: ESPDH-10
DATE DRILLED: 12-28-84

S\ J; -~ QJ‘;’.&
e\ = & $'§ » A RS EQUIPMENT UseD: CME 55
) o~ ke
S S SESE T £ AT S 5/ OCATION: SEESERSHIsec. 25 T21N R8E
g q‘“‘? (¥ Qt-l e S/ VIS¢ SRS §55’ $/ELEVATION: 5716’
& % P g
& )& ER S SSSK JEIS E/E £/ roraL peeTn: 40
SOIL DESCRIPTIQN Grovel/Sand/Fines {(°/a)
oo 2= 3

Glszie l2=41 —— | o182 | 2615 |ulw, (o FoF Very sandy silt  0/42/58
m 5700 |s-70 ——| 131 87 | 28| g |lul cr FEssiley clay 0/37/63
2[s707 | 9] 9 — D

l4=
o {5702 16 —— u
215697 | 19] 30 D
= 2 TR
215692 3l &1 96 | Nvl NPlU| SM PEefSiley Sand 0/77/23
h = BRI
» 12687 2%0 - 6| 88 | 25| NP|U| SM .:{-t’f:k.-_;g-’Very silty sand 0/60/40
E 5686 30| 41 — ~~ | =—=| ==|D| —— No recovery
o
~ 15682 | 34| 29 — D
<
w 15677 | 39| 43 — D
= R
o
]_.

NOQTES:

IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDI

Approximately fifteen feet east of Felipe Valdez residence

NV=no value
N P=non-plastic

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESQURCES
EL LLAND SUBSIDENCE PROJECT
BORING LOG



BORING: ESPDH-15
DATE DRILLED: 1~3-85
EQUIPMENT USED: CME 55
LOCATION: SEXNEXSWY4sec.25 T21N R8E
ELEVATION: 5713°
TOTAL DEPTH: 41!

SOIL DESCRIPTION Gravel /Sand/Fines {%/s)

5711 Jo-4| ——| 5 t1o01 | wviwe Ju[PEm Fi i 4ene1ly sitey sand  2/88/10
5708 |5~7 | - U .

5706 |9-11 —— | 8 |100 | wvlve |ul sm FEE¥si1ty sana 0/66/34
5699 1114 — | 15 | 95 [ 31110 |u| oL EE"Tery sendy clay 0/40/60
5694 |137| - K U

5689 |°35 | — | 10 | 87 | 28] 5 |u| ML LSWery sandy silt 0/43/57
s684 %36 | 4| os | wvlwe lul s “:""‘Sllty Sand 2/83/17
5679 P4zl =1 3| 98 | wvlwe |u| sm FEi¥kiiey sand 0/85/15
5674 32? — 2 {104 | wv|we {u PPEu .-"_::::-:":"'.'281ight1v Silty Sand 2/90/8
5672 | 41| 37 — D

NOTES: . ]
Approximately 240 feet east of Espinosa residence in Espinosa field.

IT 15 NOT WARRANTED- TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

Sertlement monument installed

NVzno value
NP=non-plostic

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES OMLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT

BORING LOG



IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT QTHER LOCATIONS AND TIMES,

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE -

INDICATED.

/ LABORATORY DATA 3 BORING: ESPDH-18

DATE DRILLED: 1-7-85

EQUIPMENT USED: CME 55

& LOCATION:SE%SESSW4Sec. 25 T21N R8E
éb ELEVATION: 5723

TOTAL DEPTH: 30.5

SOIL DESCRIPTION  Gravel/Scnd/Fines {°/)
L]

5721 {2-4| - o 1 87 131 |12 lulsc k== cClavey Sand 1/57/42
5718 15-7| —— U
5714 |9 15 | 12 | - D

14- ]
5709 116 | —— 9.1 94 Inv_[NP U gM ERT¥]  Siltv Sand 0471129
5704 ho | 12| 7| - D "

24- THOK
5699 26 | —- 8 195 INv InNe |pl oM PRAEN gi1fy Sand 0/80/20
5694 (29 118 13 |~ D
NOTES:

50 ft east of Manzanares residence near fence.

NVzno value
NP=non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESQURCES
EL LLANO SUBSIDENCE PRQJECT

BORING LOG



IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONE AND TIMES.

THE LOG OF SUBSURFACE CONDITIONS SHOWN HERECON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

80RING: ESPDH-19
DATE ORILLED: 1-7-85
EQUIPMENT USED: CME 55
LOCATION: SE4SWY4SWsec.25 T21N RSE
ELEVATION: 5682' :
TOTAL DEPTH: 551

SOIL DESCRIPTION Gravel/Sand/Fines {*/.)

5680.51_ 4 1 —— | 14 [ 1121271 7 lulsc B850 Clavey Sand 0/63/37

5674 51301 ==
5669.51212

5664. 955870 —- 5 1112 18| NP SM ﬁﬁ%ﬁ; Silty Sand 0/80/20
5659. 9755
5654, 55501
5649. 545"
5644.5 40"
5639. 925 —— | 7 | 107 | wv | we

5635 47 | —— —
63497180
5629.9°2:°

5627 | 55 | ~= | 13 | -

[}

3

i
Sig

SM [N Silty Sand 0/80/20

St [ si.siley sand 0/88/12

)

1
i
O le |la e (lale |a g |a g

NOTEsgln Gutierrez land north of A, Valdez residence. Water monitoring

well installed. wWater level at 5619 ft elevations as of 3-6-85.

NV=no value
NPz=non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



/ LABORATORY DATA \" BORING: ESPDH- 21
& DATE DRILLED: 18-85

/S Q EQUIPMENT USED: -
&~ CME-55
S? NAY & &JS O LRy O
NWNIA S8 S/ & 5 A /5 5/ -OCATION: SEXSWaSWhSec.25 T21N RSE
X JEUF Y 85 S s ST SIS /eLevaTion: 56501 ‘
s /S S SESEIETS S S '
Q QLY o S LLOIRTHY S &/ & /TOTAL DEPTH: 50!

SOIL DESCRIPTION Gravel/Sand/Fines (°/o}

5679 1431 [ 34 | — n

5675 51 16 | 10 | - D

5672 8 21 2 —_— D

56 66 14| 20 | 15 | —= D

56 65..504.5| 20 . D
15—

5665 §17.5 - U
2.5 HaH

5657.55%55 - 3 1107 | nv|nel|UlsM ‘,,"',::s. Silty Sand  0/82/18

X

5652503071~ 1 7 | 100 |18l we|ulem ES%¥ siltv sand /70730
30—

F650  B2.5| = U

i B7.5 )

56 42.5H40 - 6. 109 | WvinNp|U|lSM L*5%% gilty Sand  0/86/14
- ha- T '
5636 5 ~ 1 34 [ 102 |wv|nploloy P sivey sand 2777721

5633 | 47 -1 24 | —= D
47.5 YoRr
5632. 550 - 5 1125 | NV INP|U|SM EX*l giltv Sand  o/87/13

NOTES:
Bpproximately 30 feet south of A. Valdez residence.

IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES,

NVz=no volue
NPznon-plastic

THE LOG OF SUBSURFACE CONDITIONS SHOWN HERECON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESOQURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



ACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION' AND AT THE DATE
IT 1S NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURF

INDICATED.

BORING: ESPDH-22
DATE DRILLED: 1-8-85
EQUIPMENT USED: CME 55

LOCATION: NE%SE%SWsSec.25 T21N RSE

&’
ELEVATION: 5'715 '
TOTAL DEPTH: 31°
SOIL DESCRIPTION  Gravel/Sand/Fines (%/a)
Fo X
ey ,
c713 12-4 -- |8 90 v | nplulsm [¥53%] silty sand 0/68/32
5710 | 5-7 ~- U
bohe i
5706 [9-11 -- | 4 94 |Nv | np| ul sm [k silty Sand 0/79/21
s701 B4 .
L9~ ' ey
5696 | 27| .- 111 90 {32 {13l ulsc [&3S5-34 clayvey Sand 0/55/45
5691 124] 16 | 11 - D
g9- TR
5686 | 31| -~ | 6 89 [NV | NP U} sM BxtH silty sand 0/61/39
NOTES:

West of A. Trujillo residence, approximately 10 feet from back
doorx. Settlement monument installed.

NV=no value
NPz non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
El. LLANO SUBSIDENCE PROJECT
BORING LLOG



IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

BORING: ESPDH-24
DATE DRILLED: 1-8-85
EQUIPMENT USED: CME 55
LOCATION: NE4SELSWsec.25 T21N RSE
ELEVATION: 5710°
ToTAL DEPTH:  50.5'

SOIL DESCRIPTION  Gravel/Sand/Fines (°/a)

5708 |2-4| - | 10 | 82 |28 | 7 |u| wmy [ZE] sandy sile 0/34/66
5705 |5-7 | -- U

5701 [9-11) -- | 18 | 72 |58 |28 |U 7] Silty Clay 0/32/68
5696 (16" | = | 3| 99 |w e |u 181, Silty Sand_ 0/94/6
5691|131 | - U i

5686 |35 | ~- | 2 103 |wv [wp |U| sM [a¥E] silty Sand 3/83/14
5684 | 26| 27| 1| —- D '

5676 %35 | =~ | 4| 95 | |we |u| su B¥% silty sand 0/76/ 24
5661 49| 37t — | -~ | =—|== |D| =~ | = | ¥Wo Recovery

NOTES: On upper flats west of depression in Moya's field.

Settlement monument installed.

NV=no value
N P=non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURGCES
EL LLAND SUBSIDENCE PROJECT
BORING LOG



LOCATIONS AND TIMES.

SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER

THE LOG OF
INDICATED.

/ LABORATORY DATA /t" BORING: ESPDH-25

S A & DATE DRILLED: 1-9-85
2 () Ry g
> > /o & FIE S L Ry EQUIPMENT USED: CME 55
S /& 3 5.\%{3 @éo = ~ Y /& /LocATioN: SWiSWySERsec.25 T21N R8E
F S EIF L SN R T SIS SleLevation: 5724
& &L OS de f o A IRGL IO S
G SSRGS LS LIRSS &/ & /ToTaL DEPTH: 123
SOIL DESCRIPTION Gravel/Sand/Fines (°/a)
5723 1] 13 — D
5719 51 11 - D
5716 8| 41 - D
5710 | 14| 35 —_ D
5700 |7 ' SP= i
12— 3 1117 I NV | NplU -SM FsiiiS1, Silty Sand 12/77/11
07117 . —
| 57, i
L5704 (20,5 1]
57 0L.5/22.5 —- — D
56 2;— e
99 |27.5] - 4 | 102 | 20 NPjU | SM I%*yh siley Sand 2/76/22
5696.5{27. 5 - )
5694 13975 ~~ | 4 | 96| wv| welu|su [%ixd siley Sand 0/77/23
5691.5132.9 -— — D
5689, 13779 - U
5686.5/37.5] —- - D
634 |40- WREDLXY
2684 149 g .. 3.1 114 | NV | NPIU | SM  PryeXd Siley Sand 5/78/17
56.8L5042,.5 —- - D _
5679 8775 — 7 | 105] WV | NP|U | sM [5%i¥M Silty Sand 0/77/23
676,547 == - D
5674 13979 - U
5671.5(52.8 - — D
60— TR
5664 16o.d —— | 3| 115 nv| we|u | s PS4 silcy Sand 0/76/24
5661, 562,59 —— — D
XK
s6sg %87 | -- 21 115] nv} WPlU| M 27| Silty Sand 0/81/19
56.5/67 - —— D
5644 | 80| 38 — D
[ 5634 | 901 55 — D
5624 1100 36 — D
(5614 [110] 28 — D

NOTES: pape 1 of 2
Approzimately 40 feetr west of highway on extreme east end of Felipe
Valdez's land. Water monitoring well installed.
Water level at 5615 ft. elevation as of 3-5-85,

NV=no value
N P=znon-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLAND SUBSIDENCE PROJECT
SORING LOG



BORING : ESPDH~-25

DATE DRILLED:
EQUIPMENT USED: CME 55
LOCATION: SWkSW:SKEksec.25 T21 N RSE

ELEVATION: 5724'

TOTAL DEPTH:

/LABORATORY DATA f;’

1-9-85

123"

SOIL DESCRIPTION

Gravel/Sand/Fines {°/.}

No Recovery

123| REF

5604 | 120| REF

5601

'SIWIL ONV SNOILY207 H3IHLO Ly SNOILIONOD 3JVHHNSEBNS 40 3AILVLNISIHA3Y 38 Ol JALNVHYTM LON

Page 2 of 2

NOTES:

St Ll

refusal

no value
non-plastic

REY
NV=
NP=

"G3LVOIONE

3LvQ IHL LV ONV NOLLVOCT 9NIHOQ 21410348 3HL L¥ ATINO §3171ddV NO3IYWIH NMOHS SNCILIONOD 3Iovd¥nsans J0 9071 3HL

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES

EL LLANO SUBSIDENCE PROJECT

BORING LOG



IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

LLABORATORY DATA < BORING: ESPDH-26
o DATE DRILLED: 1.9-85

> &~ L R EQUIPMENT USED: (ME 55
L N & FOyAINS g o b () p—y
SNV SN 5 S & LOCATION: SE4SE¥SW3Sec.25 T21N RSE
& S ELR S S ST FEIE S/E S/rotal vepTie 30.5
SOIL DESCRIPTION  Grovel/Sand/Fines {°/.)
e s
5712 b_a | = 9 95 |20 NP | uism Fu¥d Silty Sand  0/71/29
5709 B-7 | - —
xX X =
5705 B-11| - 8 93 132111 | uiMn [X.5] Sandy Silt  0/47/53
14—
5700 16 - i1
10— ]
5795 21 - 5 96 19 NP U Silty Sand 6/64/30
24
5790 26 - 2 103_1_ 7 [wp 11 S1. Silty Sand 1/93/6
5785 25 40 1 D
NOTES:

Approximately 50 feet east of A. Vigil residence, in front of mobile home.

NV=no value
NPz non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
ELL LLANO SUBSIDENCE PROJECT
BORING LOG



UBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

F SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE
IT IS NOT WARRANTED TO BE REPRESENTATIVE OF S

THE LOG O
INDICATED.

BORING: ESPDH-27
DATE DRILLED: 1-10-85
EQUIPMENT USED: CME 55

SOIL DESCRIPTION  Gravel/Sand/Fines (%/s)
l_.
5710 5 - 6 a0 22| nplU Silty Sand 0/78/22
2....
5709 |45 — 2 94 | nvi NP Silty Sand 0/80/20
- .
5706 _17.51 == 13
5701 |10 -— 1 8 - D
10.5 SP— e
5700 §|=12 | ~=| 20 | 88 | nv! NP|U| gy it] S1. Silty Sand. . 2/88/10
16—
5695 [1a8.58 == U
5692.5/18.5% -—- G - D
5691 20 - 10 —— D
20.5 s
5690.5(=23 - 13 100 201 Np|U | SM [k gilty Sand 0/64/36
5688 23 . 1 - D
- |25.5 By -
5685.5(-20 bk 20 3 330 1110 e =T Sandv Clay 0/42/58
5683 28 - 9 1 == D
30~
5681 3.5 —= U
5679.5131.,5  —~ 6 == D
5675.5135 .5t == 11 i D
36~ o v
5675 3.5 _—— | 5 102 | vl NP U i sM a3yl silty Sand 0/81/19
5672,5138.5] —- 11 - D
40'_ ..ff'"?:'i I
671 (42,51 — 3 110 wy | NP|U | SM ¥5§2§;'Slltv Sand 2/82/16
668.5142,5| —— 3 . D
£666___|45 — 1 3 | == D e
45.5 oy
H665.51-48 -= 3 00| myl np|U 1 sM  Iexi-x'l Silty Sand 0/81/19
56563 148 -— | 4 —~— D
NOTES:

Approximately 30 feet north of A. Vigil residence.
gondex casing installed to 42' depth.

NVzno volue
NPz non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLAND SUSSIDENCE PROJECT
BORING LOG



THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TiIMES.

INDICATED.

/ LABORATORY DATA ¥

BORING: ESPDH - 28

B VAR 3 DATE DRILLED: 1-9-85
~ A/ R EQUIPMENT USED: CME 55
F /& Sl S5 KK o
S NI AT SR A S Ad /S s/ LOCATION: NW4NE%SWs sec.25 T2IN RSE
AT ofo S/ N §_§ SR §<39 $/ELEVATION: 5702
G &SR EN NG SESHEIFTE S/ S/ rotaL bEpTh: 50.5
SOIL DESCRIPTION  Gravel/Send/Fines {°/a)
5700 l2-4 | - )
SP-
5697 15-7 | -— | 2 1101 |Nv |NP |U| SM S1. Silty Sand  0/94/6
5693 {9-11 —- U
14— WL
5688 | 16 -~ |31 | 87 |nv [wp |uj sM_[R¥% si1ty sang 0/65/35
19- '
5683 21 = U
24~ sg— X
5678 | 261 - 31106 |wv Ine lu[75M sl 81, Silty Sand  0/92/8
5673 129 |17 |23 | -- D
5668 |34 113 |28 | - D
5663 1309 1 1] 8 — D
44- ==
5658 46 | —— 20 93 137 |1p |U | CL ='="=4% Silty Clay 0/16/84
5653 [49 |20 |29 | - D '
NOTES:

Adjacent to driveway at El Llano Beauty Salon.

NVzno value
NFznon-plostic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT

BORING LOG




BORING: ESPDH-29
DATE DRILLED: 1-37]1-85
EQUIPMENT USED: CME 55
LOCATION:NE%SE%SWiSec.25 T21N RSE
ELEVATION: 5714
TOTAL DEPTH: 55!

SOIL DESCRIPTION  Gravel/Sand/Fines {°/.)

1~ Rl
5713 5 | -- |14 94 (22 |np | u| sm ] sitty sand 0/50/50
5..
ng .5 | -- 4]
5704 L0 —— 17 —_— D
13- KR
5703 3.5] =~ i2 100[23 | NP § U] sM [Fxhatd Silty Sand 0/70/30
15~
5699 h7.5| —— ]
5694 ba | -— |19 - D
20.5 TR X
5693.51-23 [ - 17 105129 |9 | U] SM pA%N sSilty Sand 0/59/41
25
5689 [27.5| ~— U
30~ R
5684  [32.5| == 15 103119 | WP | Ul SM g:wixd Silty Sand 0/65/35
579 35 == 13 —— D
- 35.5 ko e
5678.5L38" | —— 13 111NV | NP | U] SM [¥.4% Silty Sand 2/67/31
10~
5674 ko g -— U
5 SR
5669 laz.51=- |11 106NV | NP | U| SM FoXex+] Silty Sand 0/88/12
5666.5[a7,.5] —— —— D
5664 |50 - 24 — D
51-- PR
5663 153,51 ~— 11 110NV I NP | U} SM F&.%3 Silty Sand 3/71/26

NOTES:

In field west of Moya residence on north side of subsidence pit.
Installed Sondex casing to 47 feet.

IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES,

NV=nao value
NP=non-plastic

THE 110G OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC 8ORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICQ BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



BORING : ESPDH~30
DATE DRILLED: 1-10-85
EQUIPMENT USED: CME 55 .
vocaTion: NE}SE%SWysec.25 T21N RSE
& /ELEVATION: 5718" .
N '
&/ TOTAL DEPTH: 40.5

SOIL DESCRIPTION  Gravel /Sand/Fines (°/s)

5716 fo=4 | — | 4 | 92 w |wp |u| suPEEY siley Sand 0/77/23
5713 57| —— i
cona IL| ~=| 19| 84 |57 |20 {v| o "= sandy Clay 0/42/58
5706 |'1e | — | 6| 89 |24 |wp |u| su i siley sand 0/51/49
5699 |31 | —- 1 v
5694 | 24| 22| 2 | — D
5689 [237| — | 14 | 83 (40 |17 |u| oo silty clay 0/25/75
s684 1332 | = | 3 |103 [17 |wp |U| smfe%i] siley sand 0/82/18
5679 139| 78| 1| — D

NOTES' In field between Middle road and highway, approximately 25 feet

from Middle Road

IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

NV=no value
N P=non-plasiic

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



THE LOG OF SUBSURFAGE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

BORING: ESPDH-31
DATE DRILLED: 1~14-85
EQUIPMENT USED: CME 55
LOCATION: SE%SE!4SWYsec.25 T2IN R3E
ELEVATION: 5714
TOTAL DEPTH: 110!

SOIL DESCRIPTION  Gravel /Sand/Fines {%/a)

5713 1975 | — 21 | 84 | 55|27 |U] CL [E=7q silty Clay 0/20/80
5709 375 | o
10~ s
| 5704 i; o 5 1103 | NVINP 23 8ilty Sand 0/79/21
5699 7.5 = 2 113 | wv|np_|U 151, Silty Sand 9/83/8
0- 5
5634 (97, 5| == 17 1105 441022 |U Silty Clay 0/33/67
5689|597 u
30- e SRk
5684 [33 5| — 5 [107 | NVINP_|U {SM EXo%u¥ Silty Sand 1/85/14
5681 | 33 | — 4 | —— D
39— N3
5675 "33 |- 6 1103 | NV INP |1l | SM w3 Silry Qand /87713
4 Q. o Tl '
2665 31 —= 5 1105- | NV NP |1y | SM 21 81. Silty Sand 6/86/8
5655 159 |21 SN IS I I 2 i —- | No recovery
5645 | 69 |36 6 | — D
5635 | 79 129 24 1 - D
5625 |89 [32 18§ == n
5615 199 |94 17 | —=
605 [109IRFF | 24 | ~— D

OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

10 -
5604.5 g REF 15 =

NOTES: Approximately 7 feet from Felipe Valdez front porch on -west side of

residence. Installed water monitoring well with Sondex casi t
65 feet. Water level at 5627 ft. elevation as of 3-6-85. e e

IT 1S NOT WARRANTED TO BE REPRESENTATIVE

NV=no value
NPz non-plastic

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



/ LABORATORY DATA % /BORING: ESPDH-32

S &/~ 3 /DATE DRILLED:" 1-10-85
& /ol Qe SQUIPMENT USED: CME 55
S > S D s foy W LRy & . :
NV ST S 5 A oS 5/ \0CATION: SEHSERSWsec.25 T21N RSE
§F SRS S S N8 s R0 S @/ELevaTion: 5716
Y JE& A QLG SOSEIRYS SME '
& SSRGS DS SLCTASYS /& o /ToTAL DEPTH: 36~ -
SOIL DESCRIPTION vaelf:Sqnd!Fines {°/a}
5714 |2-6 1 ——1 6| 83 128 | 4 |u| . [xoe sandy Silt 0/46/54
5711 [5-7] - U .
5707 19-11 -~ 51 86 |24 |np |ul sm K#%%Y silty Sand 0/72/28
14— R
5702 {16 —=| 3| 98 [NV |NP |U} sM pEiN Silev Sand 2/82/16
5697 197 -- ]
2%‘ kxx*x" - :
5692 |“36 1 --| 4 | 93 |17 |wp |ul sM [x¥:%d silry Sand 0/75/25
5687 | 29| 19| 5| — D
34— RS
5682 361 ~-| 5| 92 [wv |Np |U| SN [kl Silty Sand 0/68/32

F SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES,

NOTES:

IT IS NOT WARRANTED TO BE REPRESENTATIVE O

In northwest corner of Gutierrez field approximactely 30 feet east of
Middle Road. Sondex casing installed.

NV=no value
NP=non-plastic

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESQURCES
EL LLANQ SUBSIDENCE PROJECT
BORING LOG



Z LABORATORY DATA / BORING: ESPDH-33

¥ DATE DRILLED: 1~14~85
L qb" EQUIPMENT USED: CME-55
S A L/ o /LOCATION: NWNELSEksec.26 T21N RSE
'\J,;P /0 O 1
SRS F/57 §/ELEVATION: 5656
SIS S/ &S/ToTAL pEPTH: 3515
SOIL DESCRIPTION  Gravel/Sand/Fines {°/a}
5654 |2~4 - 11 79 371 10U | ML F;x;; Sandy Siltc . 0/19/81
X5
5451 |5=17 - 15 0 AQL 12110 | MO, ‘*;"-:*‘ Sandv Silt 0/34/66
5647 19=11| ——
8647 1476 —— 5 1 91 1 8ilty Sand 0/79/21
19—
5637 21 —— 4t 98 4 81. Silty Sand 0/90/10
24—
5632 26l == { ,
29— SP=, il .
5627 31 = 7 11160 | Ny | Nplu P~ 8gM ik 81, Siley Sand 0/91/9

5622 | 34 | 6 26 | ——

E CONDITIONS AT OTHER LOCATIONS AND TIMES,

l

NOTES: pApproximately 30 feet south of Calle Gallegos in field between
Gallegos residence and McCurdy road.

F SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

1T IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFAC

NVzno value
N P=non-plastic

THE LOG O
INDICATED,

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT

BORING LOG



IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

/LABORATORY DATA & BORING: ESPDH-34

S &/ S K, DATE DRILLED: 1-11-84
N LA/ SIEN X EQUIPMENT USED:  CME-55
NAYAR YV AT S~ /LOCATION: NWLNEYNEysec.l T20N RSE
F /2 F Y s The L, SIS S ' see
Py & AT o S s/ & §§ _§~§§sg: T/ $/ELEVATION: 5723
IS & S SRS SIS S/ &frota peerne 51
SOIL DESCRIPTION Gravel /Sand/Fines (°/.)
B o ]
5721 [2=4] == 18 192 129-| 101U 8¢ k=~ Clavev Sand 0/60/40
5718 | 5-7{ —— U
SR
5714 9;;1 — 117 (88 lwviwp| Ul sM %gﬁzéz Silty Sand 0/57/43
5709 | Vgl —— | 8 |94 119 |np |u| s [%%3) siley Sand 4/73/23
5704 | 197 — U
5699 | 24 9 14 — D
29—~ K
5694 3Ll - 101 |17 |NP | U %1 8ilty Sand 0/77/23
39- k
5684 411 = 20 94 (31 {11 U Sandy Clay 0/38/62
49~
5674 L I - e e e P IT ] e Na Recoverwy
NOTES!

In field south of Yelvington residence, approximately 80 feet west
of highway. Sondex casing installed.

NV=no volue
N P=znon-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANDO SUBSIDENCE PRQJECT
BORING LOG



[ LABORATORY DATA /; BORING: ESPDH-35

S A - & DATE DRILLED: 1-15-85

N & ¥ S L RS EQUIPMENT USED: CME~55

S S S e A - = 3,

£ /S S F/& N 5 kS &G gv/ LOCATION:NE%SERSWaSec.25 T21N RSE
S S &SRS E SESEIETE S/E S/ rotaL pEPTH: 495

SOIL. DESCRIPTION Gravel /Sand/Fines {°/a)

5719 2=4) —- 4 [+ 23 | NP| U} SM Silty Sand 0/83/1%
5717 | 4-6l == | 13 105 | Ny | nNp| U] aM Silty Sand 0/87/13
5713 B-1g0| =-- 4]
13- gl
5708 léf-} - 15 75 40 ) 15i ulcl =1 cCclay 0/12/88
5703 19 - - - e | == U] == —— No Recoverwy
5702 19 38 b - D '
5697 (24 | 19 | 10 | -~ D
D8- e ]
5693 10 —— 5 96 120 | wvl 0| sM_[v*.xA Silty Sand 0/72/28
R3-
56883 35 - u
38—
5683 4%0 —— 9 86 311 7 ol Ml Sandy Silt 0/37/63
5678 laa 5] ~= | a 98 | 24 NP | [ SM Silty Sand 4/72/24
D

5673 48 |REF 4 -

NOTES:
Approximately 60 feet east of highway at junction with Middle Road.

IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

REF = refusal
NV=no value
NP=non-plostic

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES,

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

/LABORATORY DATA /?:P BORING: ESPDH-36

2 " P DATE DRILLED: 1-15-85
o 9 \:-\ Y lur. .
&f TS L & EQUIPMENT USED: CME-55

S DS e N ~ b &

S S/ EESE S 5 A /S o/ LOCATION: NWhNWySWsSec. 25 T2IN RSE
AT N TR ST S5 F/ELEvATION: 5680"

< o

& &S SR S SISKIJEGE S/ 5/ToTaL pEPTH: 50. 50

SOIL DESCRIPTION  Grovel/Sand/Fines {%/a)

L
5678 l2-4| - | 3 95 INV_INP | U gm P Silty sand 0/85/15
5675 |5-7 —= U
R
5671 19-11 -- | 5 92 |20 _|nNP | Ul sM  RKi%cE] €31ty Sang 0/75/25
14- -
5666 | 16 | - Ul
19~ RS
5661 221 — 113 94 |27 Inp Ul sM ;;"-‘;-’:;?‘ Silty Sand 0/63/37
- -x 4,
5656 [26 | -— | 15 | 99 P8 inp | ulsM Pt sitey sang V/63/37
5651 | 29 | 7 33 | D
seas P4T | - Teked
36 -1 28 {93 Np | Ul sM XXoxl Silty Sand 0/70/30
5641 [ 39 | 26 17 | _—— D
5636 |44 | 23 12 | —- D
5631 149 1 13 | 16 | == D

NOTES:
Approximately 75 feet east of Gallegos salvage yaxd.
Water monitoring well with Sondex casing installed.
Water level at 5631 ft. elevation as of 3-6-85.

NV=no volue
NP=non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



/LABORATORY DATA / 3 BORING: ESPDH-37

Q ~/ - 5 DATE DRILLED:  1-15-85
Q zi‘? R~ A Ry EQUIPMENT USED: CME-55
S D S e S A ALY & L colcnd
N TA <$§ & Q./Q. - ~ $ & A & LOCATION: NE%SE*SW¥sec.25 T21N R8E
«}y cf‘% (< ;‘5 o& A ,,,\°§§ _g:&gﬁ’cgo N 69 L/ELEVATION: 57217
3 1
& &SRS SIS IFTSE S/E S/rotaL oeeTh: 295

SOIL DESCRIPTION  Gravel /Sand/Fines (%/a)

5719 [ 2-4] —~ | 4 | 102 18| welu| sm Eﬁ%?f Silty Sand 0/74/26
5717 | 4-6| —— | 5 91 { NV | wplu | sM [#S53k] siley Sand 1/74/25
5715 | 6] 13 |10 - D
5713 | 8] 12 | 3 - D
5708 [F375| — y
5703 [1%%0] —- | 4 03 | wv | e |u | su EH5¥ siley Sand 0/72/28
5698 (23| 17 | 1 —— D
5693 |28 | 13 | 4 D

NOTES:

IT 1S NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES,

Approximately 60 feet east of highway across from Trujillo residence.

NV=no value
NP=non-plastic

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



1T 1S NOT WARRANTED TO BF REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES,

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED,

/LABORATORY DATA / & ' BORING: ESPDH-38

Q AN ¥, DATE DRILLED:  3-27-85
s /a & R S L Ry EQUIPMENT USED:  CME-55
S /SIS SE S AT S o/ ocation: SWARSEGsec. 26 T2IN RSE
5 A‘? x < o‘; & /Q \0 DA A S‘?c«, Q’Q\S) Q)o ELEVATION: 5654" -
Y S E A O e $ROSEILTS SIS '
G S SRS DS ST TEYS o/ o /TOTAL DEPTH: 45.5'
SOIL DESCRIPTION  Gravel/Sond/Fines (/)
5652 2-4 | - | 18 | 95 | 77| 45|u| v [===] si1ty clay 0/39/61
5649 {5-7 | -~ | 27 | 86 | 78| 43|v | sc [ZEa] Clayey Sand 0/52/48
5645 {9-14 — u
14— SP= [ .
5640716 | — 6 1107 | NV | NP{U | “gy {riid SL. Silty Sand 0/90/10
5635 To; | -~ U
- L |
5630 %42 | ~- | 19 |103 | 21| we|u | su {FRE] silty sand 0/83/17
5625 29 10 35 e D
5201 34 ) 28l 30 | 0
| sa15.1 39 9 28 —_ n
| 56100 44 1 351 23 | - D

NOTES:
On Alarid property approximately 100 feet east of McCurdy road.
Water monitoring well installed.
Water level at 5626 f£r. elevation as of 3-6-85,

NV=no volue

N P=non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESQURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED.

BORING: LSPDH-39
DATE DRILLED: 1-15-85
EQUIPMENT USED: CME-55

LOCATION: NEYSELSWisec.25 T21N RSE

oy )
& /ELEVATION: 57187 '
o}S‘TOTAL pEpTH: 103'
SOIL DESCRIPTION  Grovei/Send/Fines {*/.}
5716 {2-4] - | 4 190 |wv |wp|u| sM zziég?Siltv Sand 0/78/22
s714 [a6l o= | 6 |92 |23 |we | ul sv [Aidsitey sand 0/60/40
5710 B-10] —- U
5705 | *35] = ! 14 |74 46 119 | U| ML *Eg:*§Silt 0/14/86
s700 | 1851 —- U
5695 | 23| —- | 10 |86 |37 14w = Sandy Clay 0/48/52
5600 | 255l — | 12 |78 {35]13| v 1silty Clay 0/21/79
5685 |33 | 47 | 1 | - D
5680 |38 | 14 | 5 | —- D
5675 |43 | 32 | 1 |-- D
5670 | 48 | 23 2 | — D
5660 |58 | 29 | 8 | - D
5650 { 68 | 50 | 1 D
5638 | 80 | 45 | 14 | —- D
5628 | 90 | 26 |12 | —- D ,
5618 | 100 1 D
NOTES:

Approximately 40 feer east of Moya residence. Water monitoring
well witlh Sondex casing installed.
Water level ar 5621 ft. elevation as of 3-7-85,

NV=ne volue

NP=non-plostic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



IT 1S NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND :AT THE DATE

INDICATE.D.

BORING:

ESPDH-40

DATE DRILLED:1-16-85
EQUIPMENT USED: CME~55

s O@? o/ LOCATION: SWNWsSWysec.25 T2IN R8E
5’ Q/ELEVATION: 5682"'
&/TotaL pEPTH:  51.5'
SOIL DESCRIPTION Gravel/Sand/Fines {*/s}
PR

5680 | 2-4| —— 6 95 | NV {NP|U | SM .(".f:.;:‘fié‘Silty Sand 0/77/23
5677 |5-7| —— 125 1103 |48 |28|U | CL E£=-{Sandy Clay 5/44/51
5673 {9-13 —- U

l%— ) RN P
5668 | 16| —— | 10 | 99 {24 |NP|U | SM [¥i%Silty Sand 0/74/26
5663 |297| — U
5658 |%38| ~- | 34 | 88 |82 |47u| cm F——clay 0/15/85

20—~ —_————
5653 |237] — |32 | 92 |61 |30fu| ca E=Hclay 0/2/98
5648 [34 | 15 | 18 —-— D
5643 |39 15 26 - )
5638 |44 | 19 7 — D
5633 149 | 17 | 18 —— D
5631.550.5 15 | 23 - D

1

NOTES:

On Bellas Drive, approximately 40 feet south of Martinez residence.

Water monitoring well installed. Water level at 5633 ft. elevation as

of 2-21-85.
NV=zno volue
NP=pnon-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT

80RING LOG



SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE
IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF
INDICATED.

L LABORATORY DATA / BORING: LESPDE-42

& &) A & DATE DRILLED: 1-17-85
&) SR~ X EQUIPMENT USED: CME-55
S A TRV S 5 (&
N -2:\; S TSI > & S/E 5/ OCATION: NE%SEHNEYsec. 23 T21N R8E
¥ s 5 .
S & (¥ Q‘."éf;\oo A j‘égé: Yo & ¥ Q/ELEVATION: 5686
& SSRGS DS ST IS &/Y o/ToTAL DEPTH:  65.5°
SOIL DESCRIPTION  Gravel/Sand/Fines [/}
IR
5684 1241 —— 7 1101 [nv {we | gl ou BRI Silry Sand 1/87/12
S681 | 5-7{ —= 11 _ '
5677 |9-11f —- 3 96 |NV NP [ U JS1. silty Sand 1/93/6
s672 | Y| - _ U
5667 | 97| - | 5 | o8 |wv |we U Silty Sand 0/78/22
5667 232 o 3 {106 [KV |NP| U “:|s1. Silty Sand 0/90/10
5657 BZQ 29 | 14 ) .
sas2 [ 36 —— | & 1103 | wv|np| uleM B3N silty Sand 0/85/15
5647 PA1| —— u
Vil RoPReE
5642 " "46] —— 8 96 | 21 [ NP| Uj SM %"y Silty Sand 0/68/32
5637 149 | 37 | 20 D
5627 159 | 25 1 26 D
5622 | 64 |REF | 25 )

NOTE S: Approximately 500 feet east of San Juan Bingo parlor.

REF = ref
NVzno value
NPznon-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE
IT 15 NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

THE LOG OF
iNDICATED.

/ Lasoratory pata / BORING: ESPDH-43
DATE DRILLED: 1—18-83

E s/
L S S £ EQUIPMENT USED:  CMi--55
S NARY TRY/ AR . ;
E P EF IS & > LOCATION:NW4NE%SEY - Sec. 36 T21N R8E
- A Q .
Py ‘3‘* (S o/ \;’ Al ,,\6?!: SR ELEVATION:  5744"
& ) &SRS ST T TOTAL DEPTH: 41°

| SOIL DESCRIPTION  Gravel /Sond/Fines {*/.)

5742 {2=4| —-

9 92 | wv| wp|U Silty Sand 1/73/26
5740 14~6| --1 5 | 91 | 16| NP|U Silty Sand 0/75/25
5736 {8-10| -- i
5731 |13z —— | 7 | 98 | w| nu Silty Sand 0783717
5726 1 '30) -1 4 li03 | wv| ne U i s1. silty Sand = 0/89/11
5721 |%35] - U
5716 | 235] —=1 9 | 95 | 17| we u] su §§§§§ Silty Sand 0/79/21
5711 %35 -] 6 | 99 | wv| mHw smA@%ﬁEf Silty Sand 0/80/20
5706 | 385 -- U
5704 (40 | 4L} 6 D -
5703 {41 | 41} 2 D

NOTES: Approximately 150 feet north of LEspanola High School, adjacent to

school driveway.

NVz=no volue
NPz non-plastic

NEW MEXICO BUREAU OF MINES AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING LOCATION AND AT THE DATE

INDICATED,

/LABORATORY DATA /h BORING: ESPDH-44

S A 3 DATE DRILLED: 1-18-85
N ‘o \.? Y 5 : 1
> - & FO D A, X EQUIPMENT USED: CHE-55
NS é" ,5'53‘-" 5‘5‘? - 5 ALY S o/ LOCATION: SWeSEXSEY Sec. 36 T2IN R8E
ol q’s‘ (Y o/ 0‘} AN ,,,\°§')§ SRIE §§ g/ELEVATION: 5725 '
& &SGR G ST JFTE S/ S/TotaL oEpTH: 4345
SOIL DESCRIPTION ‘Gravel/Sand/Fines {°/.)
5723 |24} —— | 8 | 8026 | 8| ul sc =7 clayey Sand 0/58/42
5721 | 4 | —- 7 - U
5718 7 30 —— D
5713 112 20 1 —_ D
17- ‘ T35
5708 | “1qf| —- 4 92 | NV | NP ] U] 8M kiali] Silty Sand 14/67/19
s703 | 2%, - U
27— ST
5698 | “99| —- 6 99 |16 |NP| U| SM Frxix] Silty Sand 0/78/22
5693 | 32 21 4 —_ D
5688 { 37 15 8 —— D
6 — D

5683 | 42 7

NOTsszApproximately 20 feet north of Spiers residence south of Lspanocla
Eigh School

{T IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.

NVzno value
NP=non-plastic

NEW MEXICO BUREAU OF MINES AND MENERAL RESQURCES
EL LLANO SUBSIDENCE PROJECT
BORING LOG



APPENDIX II

Trench Logs



GROUND SURFACE

FEET
- 0
Y N M -c;
"',:.',.1) SILTY SAND / CL
¢ 1B LA AL T
L) X %
F - ! C
;,g‘)’,SILTY SAND _wn_‘_l-l
Pt O gl I T T P - 2
- 4
1) SM-SGC, FINE-MEDIUM GRAINED, ABUNDANT ROOTS, MASSIVE, MOIST TO VERY MOIST,
MEDIUM DENSE, LOW PLASTICITY. '
! 2) SM, DISSEMINATED CARBONATE GIVING LIGHTER COLOR, SCATTERED ROOTS, MASSIVE, - 6
SLIGHTLY MOIST, MEDIUM DENSE TO DENSE, LOW TO NO PLASTICITY, WEAK TO
- MODERATE DRY STRENGTH.
I
."8) 8P-SM, FINE GRAINED, SCATTERED ROOTS, MASSIVE, DRY TO SLIGHTLY MOIST, LOOSE
TO MEDIUM DENSE, NO PLASTICITY. i 8
NOTE: VERTICAL CRACK SIX FEET NORTH OF PIT. ' l
‘ |
- } 1A SOIL SAMPLE LOCATION -10

{SEE LAB DATA IN APPENDIX IID)
|

| __

: : 152 —12
- i \ .
: TRENCH FLOOR
NEW MEXICO BUREAU OF MINES LOGGED BY G. JOHNPEER | :
AND MINERAL RESOURCES 12-4-84 |
EL LLANO SUBSIDENCE PROJECT SEE ACTIVITY LOCATION MAP FOR TRENGH LOCATION

. : LOG OF TRENCH ESBH-1 |




EAST
GROUND LEVEL .

- X X=X *

xxix’x"x:g",",","xix x x__x:xxxxx;xx:i“x*xx:x
- x %

LAYEY S'LT.:(:‘-:":’::: x—x
XX X

E AN
S TN B e

TY SA

S
XL AR

NOTES:

1) ML-CL, SILT TO CLAYEY SILT, MASSIVE, MOIST TO VERY MOIST, SOFT TO’
FIRM, LOW TO MODERATE PLASTICITY. .
: ‘t

2)7SM-SP, SILTY SAND, MASSIVE, MO!ST,\NO PLASTICITY, LOOSE TO MEDIUM;‘:DENSE.
3) SP, FINE TO MEDIUM GRAINED SAND WITH GRAVEL, MOIST, LOOSE.

4) SM, SAME AS LAYER 2 ABOQVE. - '

NOTE: GREEN GRASS FROM MOYA LEACHFIELD SIX FEET TO EAST OF TRENCH

! ® 2A=SAMPLE LOCATION"
(SEE LAB DATA IN APPENDIX OD

7" ¥~ _TRENCH FLOOR

NEW MEXICO BUREAU OF MINES
AND MINERAL RESOQURCES . LOGGING BY: G. JOHNPEER |
EL LLANO SUBSIDENCE PROJECT 12-4-84 |

LOG OF TRENCH ESBH-2 SEE ACTIVITY. LOCATION MAP FOR TRENCH LOCATION
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'FOR TREILICH LOCATION

LOGGED BY G. JOHNPEER
12-4-84
SEE ACTIVITY LOCATION MAP

NOTES

a

1) ARTIFICIAL FILL, SAND TO SILTY SAND

VERY MOIST.

2} CL, CLAY, FIRM, MOIST TO VERY MOIST.

8) SW-SP, SAND WITH GRAVEL AND COBBLES

MEDIUM DENSE, DRY

NEW MEXICO BUREAU OF MINES

AND MINERAL RESOURCES
EL LLANO SUBSIDENCE PROJECT

"LOG OF TRENCH ESBH-3
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" NOTES:

1) ARTIFICAL FILL, SILTY CLAYEY SAND WITH CHARCOAL, METAL, AND
{GLASS FRAGMENTS, MEDIUM DENSE, MOIST TO VERY MOIST, SCATTERED
.ROOTS, MASSIVE LOW PLASTICITY. ,

2) SM-SP, SILTY SAND, FINE TO MEDIUM GRAINED, MEDIUM DENSE, DRY, FEW

! ROOTS, MASSIVE, NON—-PLASTIC. ™ i
1
3) CL, CLAY, SOFT TO FIRM, MOIST.- !

NOTE: TRENCH IS IN CENTER OF A SECOND, APPARENTLY ojLDER, SUBSIDENGE FEATURE.
i ® 4A = SAMPLE LOCATION

"«{SEE LAB DATA IN APPENDIX III)
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NEW MEXICO BUREAU OF MINES 12-4-84 i

.AAND MINERAL RESOURCES SEE ACTIVITY LOCATION MAP FOR TRENCH LOGATION :
EL LLANO SUBSIDENCE PROJECT . : /
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‘NOTES:

1) ARTIFICIAL FILL, MOIST (FROZEN), LOOSE, ABUNDANT ROOTS, SCATTERED PORGELAIN, GLASS, AND METAL FRAGMENTS,

.SCATTERED CRACKS.

2) SP-SM, SLIGHTLY SILTY SAND, MOIST, LOOSE TO MEDIUM DENSE, POORLY LAMINATED, SCATTERED CRACKS, FINE-

TO COARSE-GRAINED GRAVEL AND FINE-GRAINED.COBBLES, AND LENSES OF SANDY GRAVEL AND GRAVELLY SAND.

3) sP, CL'EAN‘SAND, MEDUIM MOIST, MEDIUM DENSE, NOTE SINGLE FLATTENED CLAY LENS AND SCATTERED CRACKS.

4) CH, CLAY, MOIST, FIRM, HIGH PLASTICITY, 2 INCHES THICK.

-5) SM-ML, SILTY SAND TO SILT, MEDIUM MOIST TO'DRY‘ (NOTE MQISTURE -BOUNDARY), MEDIUM DENSE SLIGHTLY PLATY
AND POORLY LAMINATED SCATTERED FINE-GRAINED GRAVEL, CRACKS, DEFORMED CLAY STRINGERS, NOTE SINGLE

LENS OF MOIST SILTY SAND WITH AN UNDULATORY UPPER SURFACE.

6) SP-SM, SLIGHTLY SILTY SAND, MEDIUM MOIST TO DAY (NOTE MOISTURE BOUNDARY), MEDIUM DENSE, FAINTLY
LAMINATED, SCATTERED CRACKS AND CLAY STRINGERS.

7) SC, CLAYEY SAND, DRY, MEDIUM DENSE, LAMINATED, SCATTERED CRACKS.
8) SP-SM, E‘;L!GH_TLY SILTY SAND, DRY, MEDIUM DENSE, CROSS-LAMINATED, SCATTERED GRAGKS.

9) SP, CLEAN SAND, DR’Y,‘MEDiUM DENSE, DISCONTINUOUS, SCATTERED CRACKS AND FINE-GRAINED GRAVEL.

10) ML, SILT, DRY, FIRM, LOW PLASTICITY, WELL-LAMINATED, SCATTERED CRACKS AND- 1 INCH THICK INTERBEDS OF
CLEAN SAND.

11) SP, CLEAN SAND, DRY, MEDIUM DENSE, SCATTERED CRACKS.

12) SP-SM, SLIGHTLY SILTY SAND, DRY, MEDIUM DENSE, SCATTERED CRACKS, GRAVELLY SAND LENSES, AND
CLAY STRINGERS, NOTE SINGLE 3 INCH DIAMETER CLAY-FILLED KROTOVINA.

13) SP, CLEAN SAND, DRY; MEDIUM DENSE, WELL-LAMINATED, ABUNDANT CLAY STRINGERS, SCATTERED GRACKS
AND GRAVELLY SAND LENSES, NOTE SINGLE 5 INCH DIAMETER CLAY-FILLED KROTOVINA.

14) CL-ML, CLAY, DRY, FIRM, LOW PLASTICITY, MASSIVE, SCATTERED GRACKS.

LOGGED BY M. HEMINGWAY

1-24,26-865
NEW MEXICO BUREAU OF MINES
SEE ACTIVITY LOCATION MAP

AND MINERAL RESOURCES |
FOR TRENCH LOCATION
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NEW MEXICO BUREAU OF MINES
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: FINAL
NOTES:"

1) SC, CLAYEY SAND, VERY MOIST, LOOSE, ABUNDANT CHARCOAL

'FRAGMENTS AND ORGANICS. ~ -

SLOUGH

2)-8M, SILTY SAND, DRY TO MEDIUM MOIST (NOTE MOISTURE BbUNDARY)‘.
ND - .
Looss TO MEDIUM DENSE, SGATTERED LENSES OF SANDY. GRAVEL ®98= SOIL SAMPLE LOGCATION

i ' {(BEFORE CAVING)
3) SP-SM, SLIGHTLY SILTY SAND, MEDIUM MOIST, LOOSE. i (SEE LABORATORY DATA

IN APPENDIJIX 111}
4) 8C-CL, CLAYEY SAND, DRY TO MEDIUM MOIST (NOTE. MOIST RE BOUNDARY), MEDIUM DENSE.

l
5) SW-GW, GRAVELLY SAND, GRAVEL FRACTION FINE -TQ MEDIhM GRAINED, ROUNDED TO
_SUBROUNDED, DRY, MEDIU‘M DENSE.

- | - |
. 8) SM, SILTY SAND, DRY, MEDIUM DENSE; ‘
' (

NOTE: DUE TO INSTABILITY OF TRENCH WAI.LS TRENCH EAST: OF PLANKS WAS LOGGED FROM THE SURFACE.:
TRENCH EXCAVATED ACROSS TRACE OF GEOPHYSICALL‘J’ INTERPRETED FAULT.

.LOGGED BY: G. JOHNPEER, M. HEMINGWAY

g AND D. BOBROW-
NEW MEXICO BUREAU OF MINES ' - 4~30-86 "
AND MINERAL RESOURCES
EL '
LLANO SUBSIDENCE PROJEGT SEE ACTMTY "LOCATION MAP’
LOG OF TRENCH ESBH-9. ‘FOR TRENOH LOCATION.
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Laboratory Data Compilation Tables



DATA COMPILATION YABLE
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Test

Cepth Tested Sample Density Atter=
Hole of By Type {pect} tioisture  berg Siove Analysis (¥ Passing) vecs
Ka.  Sample B=Buread U=Undisturbed War COry Content Limits No. Moo How Moy Koo Moo Moo Mo, No. Mo Soil
{fe.} Fafox D=Disturped (%) B, PL 34 1/2" 3/B' 4 10 20 40 &0 65 80 100 120 200 Descripticn
Hebwy Dept .

ESDOH-] 2.5 £ o - - 12 1% HP 100 96 9% 9% 9% - 9 - - 6 = = 23 silty sapd [51)
3 F b - - 10 ur NP 100 100 100 9% 99 - 94 - - 64 - = 17,1 siley sand (M)
7.5 F D - - 15 20 NP 100 100 LO0 98 98 - 92 - - &8 - = 0.6 milty sand (&)
10 B D - - 22 13 NP 10¢ 100 0 = 100 - a7 - - 74 - = 37.6 silty sand (S}
10.5 P D - - 39 69 34 100 100 10O - - = 100 - - a7 - -~ £5.9 sandy silt (I81)
12.5 P [+] - - 3L 32 12 100 100 100 -~ 100 - 9 - - 72 - - 44,6 clayey sand

{s€)
15 P D - - 2% 45 20 100 100 OO0 ~ 100 - 95 - - 8 = = 56,1 sandy clay (CL}
17.5 F D - - 23 24 6 100 W00 o0 - 100 - 97 - - 83 - = 59,0 sandy siit (L}
20 P 3] - - 16 22 KP 100 . 78 78 18 - - - &2 - ~  29.4 silty sand (1)
22,5 F P - - 17 45 20 160 )00 100 00 99 - 05 - - 80 - = 40.4 clayey sand
{sc)
25 P D - - 10 N WP 100 100 100 99 99 - 94 - - 63 - = 16.8 silty sand (Q1)
27.5 F D 13 26 6 100 100 0 -~ 100 - of - - 54 - = 24.2 silty-clayey
sand {R1-5C)
o F D - - 15 20 NP 100 100 100 100 99 - 93 - - 12 - = 3l.6 silry sand {R1)
32.5 F D - - 7 K¢ NP 100 100 100 98 95 -~ 70 - - XM - - 9.0 slightly silty
sard {SP-R1)
5 F D - - 10 NV NP 100 100 100 99 97 -~ B - - 3@ - = 9.5 alighrly silry
sard {$P-31)
3.5 ¥ i - - 4 NV NP 10G 100 200 -~ 100 = 99 - 9  « = 34.7 silty sand {S1Y)
39 g T - - 14 19 wp 100 100 10 10 99 = 91 = = 56 = = 24.7 silty sand {SHi}
40 F D - - 10 NV NP 100 10O 100 100 99 - 7 - - 40 - - 10,9 slightly ailcy
sand (SP-21)
42.5 F o - - 10 ¥V NP 100 100 ST 94 9 - 69 - - 33 - - 20,3 silty sand {S1)
45 F ] - - 10 NV NP 100 98 93 90 a7 - 62 - - 27 - - 15.3 silvy sand (31}
47.5 F P - - 13 Ny NP 100 100 100 w0 99 - 82 - - 45 - ~ 255 siley sand {S1)
50 P bl - - 24 33 13 100 100 100 100 %9 - 97 -~ = 8 - = 5).6 sandy clay (CL)
55 [ 1] - - |§4 NV NP 100 100 00 93 99 = 90 - - 6] - = 26,1 siley sand (5]
515 v ] - - 8 22 WP 100 100 00 -~ 00 - 99 - = 8 = = 3l siley sad {51)
60 ¥ D - - 9 35 13 100 100 98 97 97 - 94 - - 77 = = 4.6 clayey sand
{s2)
€2.5 F D - - - - - - -
€3 F D - - 9 N P 100 100 10 - 100 = 9% = = 66 = = 30,9 silty sand (S}
65 ¥ o - - 4 Y 100 100 100 - 100 = 9% = = 64 = = 17.5 sllty oand (=1}
6.5 v 1] - - S WoNe 00 100 100 ~ 100 = Bl - = 3 = = 10.4 slightly alicy
sand (SB-51)

ESPDH-2 2.5 F D - - 8 20 WP LOO 100 100 =~ 100 -~ 96 - = 86 - - 475 silty sand (SM4)
S F o - - 7 25 4 100 00 100 - 10 - 9 ~ = 88 -~ = 49.6 silty sand (S}
5 7 o - - 4 Kv KPP 100 100 100 - 10 = 92 - = 6 = = 25.% silty sand (52}
19 ¥ ] - - 7 29 8 100 1100 100 - 100 - 9 - = B9 = = 45.6 clayey sand (SC)
12.5 r ] - - 4 17 §p 100 100 100 - 00 = 92 - = 67 = = 23,6 sllty sand (1)
15 F ] - - 6 NV NP 100 100 100 - 100 - 98 - = 8 = = 14,2 silty sand {f1)
1.5 3 o - - 7 27 10 100 100 10 - 100 =~ 95 - =~ {2 - - .1 l(:la))vey sand

SC
20 F b - - 8 26 NP 100 100 99 99 99 - 97 - - 93 - - 64,5 sandy silt {tL}
22.5 F o - - 14 54 26 100 100 100 = - - 100 = = 92 = = §8.5 sandy clay {CH}
23 [ D - - " - - - -
25 F D - - 6 248 100 100 100 - 100 - 99 - = 92 = = 39.0 silty sand (S5}
21.5 F D - - 3 WowP O 9% 9% 95 93 - 91 - = 82 = = 47,2 silty sand (&9}
30 F D - - 3 HY NP 200 100 100 = 100 - 9 - - 1 - - 23.4 silty sand (2%}
2.5 3 D - - 6 24 @p W0 9% 9% 95 9% -~ 9 - - 82 - =~ 4.2 silty sand (S}
35 F D - - 6 N0 100 10 W0 10 99 w 97 - - 9 - - 3.2 ?ta)).'ey sand
sC
375 ¥ D - - 3 NV NP 100 100 100 = 100 - 97 - - n - - 23,0 ailty sand (S}
40 ¥ D - 1 NV NP 100 100 100 100 9 - 72 = = 2B ~ = 7.4 slightly silty
sand (Sp=gti})
42.5 P p - - 2 HY NP B3 83 8 74 6a - 45 - - 28 - = 10,2 slightly silty
sand {SP-51)
45 P D 5 Nv NP 100 100 100 100 99 - 92 = = 72 = = 239 silty sand {&1)
47.5 F D - - 2 NV ORP M0 100 100 99 96 - 68 - - 23 - - 6.0 slightly silty
gand [SP-&i)
50 F D - - 2 N P 86 79 77 N &2 - 46 - - 22 - - 13.4 ailcy sand (&)
51.5 F o - - 8 30 10 100 100 10 100 99 - 96 = = B5 = = 531 sandy clay (CL)
55 F D - - 16 55 26 100 100 100 -~ 100 - 9 - - 92 - = 69,2 sandy clay (QI)
57.5 F D - - 4 17 WP 160 190 100 100 %% - 89 - - 6] = = 26,1 ziley sand ()
0.5 B D - - 100 1060 160 92 BF 77 61 25 - 19 % -] 1.3
62.5 B D - -~
65 B D - - 100 100 100 100 96 B 75 40 2 200 T 2.6
™ t] D - - - - - -
EseCid=3 2.5 B D - - - - - - -
5 B 1] - - - - - - -
7.5 B o - - - - - - -
10 3] i - - 100 100 W00 98 99 93 a0 4 - 3 2 1 0.2
t2.5 B [+] - - 100 100 100 190 0 97 25 ] - 3 3 1 0.2
15 o D - - - - - - -
17.5 L) D - - W00 KO0 100 100 93 9% 91 72 -~ 55 46 13 4.7
20 B n - - L - - - -
22.5 e 1] - - - - - -
25 ] Er] - - - - - -
21.5 ] ] - - 100 100 100 100 4% 9 9 M - 62 5 14 4.3
10 B n - - - - - - -
J2.5 B D e - 100 100 100 9% W 97 83 €7 - 52 43 22 124
35 B D - - - - - - -
37.5 b [} - - 100 100 100 100 98 86 69 40 ~ 18 16 3 1.5
40 B D - - - - - - -
15 B [ - - 100 100 180 10 99 83 76 48 - 22 24 10 4.2
N n n -

L
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Test
Hola
No.

Depth
of

Sample

{fe.)

Tested Sarple Density

By Type (pef)  tedsture
BaBureau U=Undisturbed Wer Dry Content
F=Fox DxDisturbed (%)

Hsbay Dopt

Atter-

berg

Limita
L Pl

3

172

Ho.

/e 4

Ha.
1o

Ko
20

Siave

30

Analysis (1 Passing)

Ha.
&0

Ha.
65

Ho,
80

Ho.

100 140

uscs
Ne. Saik
200 Description

ESPLti=4

ESPCi-5

ESPDH-G

ESPCH-7

ESPCH-8

ESPDH-9

5=7
8-10
19-21
24-26
29-31
34=36
39-41

4951

1
28
25 25

YEEETERE 3IE

g
MOVYRDO= Y-
CEEEE

LI I I T U I
g

mmEMmoTETE 2 mamEmmTImo g

- 101 E}
- 94 10

NP
Ky up

™

- 104 5

- 11 5

- k]
- 92

61 30
75 40

B

cDEbCcES Toccocco cCco& (=Y = = cCERCQccC €C CcccococCcaonan
1
+
W O O =Rm R

MWW RE Y oMo EEBE mmmgr

24

=
1

3
85 26 np
9

moom

- 95 29

- 99

wEm

L= v =4 (=]
1
1

LS

[ I |
LI I 3
[RELFEI ST

EorZticoEertooeRmEEESwT
UL DCDUUOUDCDODUDUCCCCEEC

[ N T I N I N N B A |
2 T T T I IR T A |
-
~

109
100
100
100
100

100
100

1C0
100

100
o8
100

100
100
100

100
100

100
100

100

100

98
100
100

109

100
100

100
1a0
4]

100

100

93
1¢0
100

e

100
100

100
100
100

99

jLiq]

a7
100
100
100

100
100

100
100
100

96

LI I I I O I | oLk

LI O I I |

[N 2 T T 2 U T T T O T T T T N O O IO )

97

13
99

94
5
g5
L

[ 200 T N N U I T N N N NN N N T N R T B N |

LI I I I L I |

LI T S |

[T T T T T T T I I N I I RO A SO N I N |

1 I T O N T N § 1 T T U S I Y N O U IR N A A 4 [N I N N N U T I AR N T N T N O N N B BN NN |

[ N T A T T O O O A |

{ N T O R T N B B O |

82
22
a7

54
47

N
85

79

50

LI T T N O I IR U A I B B B I | | S T I A I I D 7 R R N N N U N O B R B I 4

1r1 51t

r

R S DI B A I |

| T T T U TN N N N A A SN N A T NN N R B B I | L T T I I I D 2 R RN N I N N N RO N NN B A )

+

| T Y T T T T T I S D Y N IO N N I |

21.2 siley sand (Sh}
26,6 silty sand {S1)

16.0 silty sand {S1)
57.4 sandy clay (CL)
16.1 siley sand (R}
14.5 stity sand {1}
18.5 ailey sand {(S1)
27.2 silty sand (S}
7.1 sligntiy silsy
sand (SP-21)

1.5 sapdy clay (CL)

4.6 silty sand (91}
32.3 very siley
zand ()

14.8 silty sand {Q1)
62.2 clay (CH)
13.8 afley sand (21)

86.6 clayey silt (1H)
69.8 sile {iH) -

37.9 very silty
sand (SH)

very stlty sand
[£=41]

very sandy silt
L)

38.1
54.1

18,3 silty cand (1)
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Test
Holo
Ho.

Depth
at

Sample

{ft.}

Tested
By

Fafox
Hetbwy Dept

Sanple

Denaity
TYE {paf}

Baurean UsUndisturbed Wet

D=Disturbed

tioisture
Dry Content
(%]

Atter-

buzg

Limits

Ko
L PI /3% 1Lf2" 38" 4

-]
10

Sieve Analysia (1 Pauslag)

Ko. to. Ka. bo.
2 40 60 &5

No. Ho. HNo,
80 100 140

uscs
Hon soll
200 Descriptica

EsPDa-11

ESPOH-12

ESPLH-13

ESPDi~14

ESPDI-15

ESPa-16

26.5-29

14=16

24-26
29-31

RERET
<4

R ODmm m

o e

CECEmMEONmE TR DYDY

EmmmEmEmmTg R mmREmmw

whmDpMEmMETTE

e

LR -

mmm me

ccgcgoc c

oo

CoC & GCEaQUSCSCe pmoeccodpdEcecs cceaqgcoe

f= R4 = N ol - L= ] ° SCCc ©g

CoUChCCcCCcpoacaeesEaoaa

10l

100
95
87
a5

104

o h

(-]

31

25

12

26
n

n
G

w
al
28
w
w

5
)

ue
NP

HE
10

WP

NP

100
100

100
190

100
100
100

j1e]
100

100
1cQ

100
100

100
100
100
100
o

100
100

100
100

95

100
10
100
100
100

100
100

100
100

100
100
100
-]
o8

1co
98

100
100

gl

100
100
k00
91
96

79 - -

26 - -

97 - -
57 - -

¥uo- -

57,7 very sandy
silt {1L)
63.3 o1lty sand {CL}

22.5 silty sand (&)
39.7 very siley
sand (S}

10.4 slightky sflicy
sand [SP-S1)

34.3 silty sand (S1)
60.0 very sandy
Slay (CL)

§7.1 very sandy
aile (L)
16.9 sflcy sand (S}
14.9 pilty sand (1)
8.1 stagntly silty
[ENARE BT H
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Teat
Hole

Depth
of

Mo, Sample

(&)

Tested Sangle Density
{pcf)

F=Fox DaDisturbed
Hetiwy Dept

By Type bolsture
Bzguread Us=Undisturbed Wot vy Content
§3]

Atter-

berg

Limics
P

LL

a

2 /e 4

NO.

o,

Ho.

Sieve Analysis {t Pasaing) uscs
¥a. Ho. Mo, 8okl

10 20 40 60 65 80 100 140 200 Descripticn

ESPOH-17

ESPLE=18

ESFH-19

ESPDH-20

ESPCH-21

ESPLE-22

ESPLE-23

o] BEEmoms'mEOm mm o

94
95

e
L

112

peacoccccocQooC cCcogoa C vooCcccococosgacaocco

[~ AL AR R R R R LR Ry ] TMEomDE

102

oo cCcccoc
i

[ S I I |
LI I I I

L]
[
[=]
25

o mEmMoOmEDaEe P mmmo Mom
I [ )

bl
cw S CcCcoo cCocCcocCcCcCoooOYo9

mm m o
(I I B I |
IR |

CEGREEMLRTLITERR
ppoDECCcCCTwbTo

13

14
10

15

24

)8

18

18

12

e

wp

13

Hp

100

100

100

100

100

180

100
100

100

100

100

100
100
100

100

100

100
100

00
100

00

100
100
i)

100

100

100

100

100
100

100
00
W00

100

100
100

120
1)

100
120

100

100

97
100

93

B3

96

86

99

28

n

a2
kL]

5%

67

A9

T4

56

B%

77

- - 42,0 very clayey
sard (50)

- - 29.4 silty sand {2H)
- - 20.1 silcy sand (81}

- = 20.3 silty sand (1)

- = 19.8 siicy sand (K1)

- - 8.7 slightly sllty
sapd (SP=54)

- - 32.0 silty sand (81}
- = 21.2 silty sand {80}

~ =~ 45.2 very clayey
sand (S1)

- = 2.9 very silty
sand (1) .

- = 19.5 sllty sand (21)



OATA COMPILATION TABLE 8ol 18
Test  Bepth Tedted Sampla Denajty Atter—
Hole of By Type (pet} loisture berg Siave Analysis {3 Pasaing) uses
Bo.  Sample Bafureau UsUndisturbed Wer Dry <Content Iimits e Mo, Mo, M. Mo . » No. Ho. Mo Soil
(fe.) F=Fox D=Disturbed [€}] B PI 34" 1/2" 378" 4 10 20 40 60 65 B0 100 140 200 Descripcion
Habwy Dept
ESPDH-24 %—-; ;‘ g - 8z 10 20 7 100 100 100 0 100 - 100 - - 45 - ~  65.9 sandy silt (ML)
9-11 ¥ u - 72 18 56 B/ Q0 100 100 100 100 - 180 - - 9 - - 67.7 silty sand (CL}
14-16 ¥ v - 9% 3 NV NP 100 100 100 100 99 - 83 = = 27 = -~ 5.6 slightly ailty
sand (SP-22Y)
19-21 B u
%2—26 g g - 103 NV NP 100 98 9 97 %% - 83 - - 49 - = 13.7 ailty sad (8]
34-136 F U - 95 4 HY NP 160 100 100 100 9% ~ 93 - = B4 - = 237 silty sad (1)
ESPL¥I=25 1 8 D - - 14 ‘
H ) D - - 4
1 B D - - 1
14 i} D - - 2
1617 ¥ u - - n?
17 3 D - - 1
20=22.3 )21 u
22.5 B D - - 1
25=27.5 F U - 102 4 20 NP 100 100 99 98 9% - B4 -~ = &0 - = 202 siley sand (1)
7.5 8 bl - - 3
J0-32.5 F u - 96
32.5 B 3] - - 1
15=37.5 B u
7.5 B D - - 1
40,42.5 F u - 115
42.5 =) D - - 1
43-41.5 F u - 105
7.5 8 D - - 4
50-52.5 B u
52.5 4 D - - 4
G0-62.5 F u - 115
62.5 8 D -~ - 3
367 T L] - 115 Z W WP 100 100 160 100 100 - 8 = - 47 - = 18.9 silty sand (2)
£7.5 2 ] - - 2
=] B D - - 10
90 B I+ - - z
100 B D - - 12
110 33 iv] - - 15
120 B D - - 19
ESPLE-26 é—t\ 4 u - 95 2 WO g I W w0 - % - - T8 - - 29.4 silty gand (S}
=7 B8 4]
9=11 F Y] 9 8 32 11 100 100 10 100 100 - 97 - - a7 - - 53.3 voery sandy
silt {mL}
14-16 B o
19-21 2 3} - 98 5 19 NE 100 98 97 94 92 - B - - 64 - - 30,3 silty sand {S1)
24=26 F 3] - 103 2 WY WP 100 00 1M 93 S8 - - - 26 - 5.5 slightly silty
- sand (SP-R1)
29 3] o - - 1
ESPCH-27 2-1.5 F u - 94 2 WY WP 100 100 100 X0 100 - 9 - -~ 67 = = 20.0 silty sand (g1}
5=7.5 8 3]
10 a8 D - - 8
10.5-12 F u - as
16~18.5 B a
18.5 B D - - 9
20 B D - - 10
20523 F D -~ 109
2 B ] - - 1
25-28 F o - 98
28 B D - - 9
30-31.5 : 4]
31.5 i p - -
35.5 B D - - 11
36-38.5 P u - 1oz 5 N NP 100 100 100 100 190 - 91 - - 54 = ~ 18.6 silty sand {31)
38.5 B I\ - - 1
40-42.5 F 4] - 1o 3 W OKP 100 100 100 98 8T - 3/ - - 45 - ~ 16.4 silty sand (31)
45 a b+ - - 3
45.5-48 3 o - 106 3 W ONP 100 100 100 100 HOO - 93 - - 52 w - 1B.A silty sand (1)
Rt I b - - 4
ESPDH=28 57 F U - 101 2 NY NP 100 100 100 100 93 - 5 - - 18 - - 3.6 slightly silty
sand (SP-R1)
-1l B U
14-16 F u - a7 11 HY Hp 00 100 100 100 10D - 98 - B4 - = 35.1 very silcy
sund (821)
19-2} i3 v
21=26 3 L} - 1566 a NP OGO 100 W0 100 99 - N - - b B - 7.8 slightly silty
sand {SP-51)
29 B b - - 23
34 B D - - 28
39 a I - - a
& Aty 3 L - 93 A Y S TR LV S (VAR 1E O LTV R 1] = - - ur - ~ B sty clay (€1
n - -

1l



DATA COMPRATION TABLE

4 al 18
Test  Depth Tested Sample Density Abter~
Hole of By Type [pcf) toisture  berg Sieve Analysiz (% Passing) uscs
tio,  Sample Beflureau U=Undiscurbed Wet Bry Content Limits Mo, Bo. MO« Ho. Ho. Ha. No. Ho. Mo. HNo. Soil
{fr.) Feiox D=Pisturbest (3) L pI 3/4" 1fzv 3/a" 4 10 20 30 60 65 20 100 140 200 Desceiption
Hety Dept
ESPRN-29  1=2.5 v u - 94
§5-7.5 8 U
10 B D 17
1-13.5 F u - 100
13-17.5 B v
20 11 D - - 19
20.5-23 F ) - e 17 29 9 100 100 100 100 100 - 88 - - &7 - ~  40.6 very silty
sand {Sm)
25-27.5 : u
35 B D - - 13
35.5-18 F 3} - 111
40-12.5 B u
45-47.5 3 u - 106
471.5 B ] - - 5
59 B [ - - 24
51-51.5 F L) - 110
ESPLH-30 §-:4, g ::1‘ - 92 2 W NP 100 100 10D 100 100 - 92 - - 60 - = 23,2 silty sand (31}
9=11 P u - 84 19 §7 29 100 1C0 100 180 100 - %8 - - 79 - - 52.9 very sandy
elay (CL}
14-16 P u - 89 [ 24 NP 100 )00 100 10 100 - % - - 9 - = 48.1 very ailty
gand {I1)
19=21 B v
24 B D - -
29-31 F 1] - 83 14 40 17 100 100 100 100 100 - 99 - - 95 - = 74.8 sllty clay {CL)
34-36 F U - 103 3 17 we 100 100 00 99 08 - 8 - - &1 - = 18.3 ailcy sand (St}
19 B D - - 3
ESPCH-3E ;—%.g F u - 84 21 55 27 100 100 100 100 100 = 100 - = 86 - -~ 80.1L silty clay (CL)
-7 B u
10=12.5 ® u - 103 5 v NP 100 100 100 100 100 - 97 - - 70 - - 20.9 sllcy sand (S1)
15-17.5 F u - 13 2 BV NP 0 97 957 91 B - 50 = - 231 - =  B.3 stightly silry
sand (SP-221}
20-22.5 1 U - 305 17 44 22 100 100 100 100 100 - 59 - - 9 - ~ 66,7 silty clay (CL)
5-27.3 B v
0-32.5 F u - 1107 5§ B WP 100 200 00 9 98 -~ %0 = -~ 4 - ~ 14.1 silty sand (SN)
33 B ] - - 4
39=41 F u - 103 & KV NP 100 0 100 100 9 -~ 7% -~ = 33 -~ = 13.1 silty sand (M)
49-51 4 u - 105 5 NV NP 100 97 9% 94 91 - &7 - - 31~ - 8.4 slightly silty
aand (SP-81)
59 B D - -
silg (L)
&9 B D - - 6
79 .1 P - - 24
&89 B ¢} - - ht:]
¥ n D - - 17
109 B D - - 24 -
109.5 B D - - 15
ESPDH-32 2~ F u - 83 ] 28 4 100 100 100 00 100 - 98 - - 93 - ~ 53.6 very sandy silt
1
5~7 F U 5 24 NP 160 100 100 00 100 94 - - 62 - -  2%.5 silty sand 1L
S=1k F v - 86 El 24 Kp 100 100 100 100 100 - 94 - - B2 d -  27.5 silty sand &1
14-16 F u - 93 4 By wP 00 100 99 9a 97 - &9 - - 56 - - 16,0 silty sand 21
19-21 :] L]
24=26 1 v - 93 4 17 Hp 100 100 100 100 100 -~ 9% - ~ 82 - = 25.% silcy sand &1
29 B D - - s v
34-36 F u - 92 5 WM 0 100 10 13 W - 91 - - Bl - - 32.0 vory siity samd
a1
ESPDN-33 2.3 F v - M on 37 10 100 100 190 100 100 - 99 - - 97 - - 8.2 sllgh\(’.l}' sandy
sile {HL}
5-7 F U - B3 15 40 12 100 100 100 100 100 - &7 - = 88 - - 66.2 sandy silt (S1)
2-11 B u
14-18 F u - 91 5 NV NP 100 100 100 100 ¥ - 90 - - Bl - - 21.1 gilty sand {&1)
19-21 F u - k] 4 Ny nP 100 100 100 100 100 - W - - 41 - - 9.9 sligntly silty
sand 5P~
24-26 u
2321 13 u - 110 7 Byt 100 100 1 100 9 - 0 - - 27 - - 9.2 sliyntly saley
sard (sP-21)
34 o D - - 29
ESPRE=34 2y F u - 92 18 23 10 100 100 10 100 100 - 98 - - 831 - - 40.4 very clayey sand
5C
5-7 ] u
S-11 L4 u - 88 17 N w2 100 100 100 100 100 - 97 - - 88 - = 42.6 very silty sand
an
14-48 ¥ u - vi i 19 Hr U0 93 98 96 93 - B4 - - €9 - - 23.4 siley gapd 5
19=-2] B v
24 B o - - 4
29-31 F u - 101 9 17 Kp 100 100 100 100 99 -~ 93 - - 59 - = 22,6 silty sand =1
39-41 F u - 93 20 311 100 o 1100 100 100 -~ 95 - - B - - 62.2 sanly clay



BATA GOMPILATION TABLE

7ol 18
Test  Repth Tested Sample Density Atter-
Hote of By Typa (pcE) toiseure  bezg Sieve Analysis (1 Passing) uscs
Ha. Sample BaBureaqa WUsUndisturned Wet Dry Content Limits . No. Mo. o, Ho. Ho. Na. Mo. Moo Ho. Seil
{fc.) FwFox P=Disturbed (%) LL PI 3/4' 1/2* 3/8* 4 10 20 40 &0 & 80 100 140 200 Description
ft=itwy Dept
ESPEH=35 2-% ¥ u - 94 q 23 MNP OO 100 100 100 ¢ - 92 - - 56 - - 16.6 stlty sand St}
;—6 F u - 105 el BV ONP 100 100 100 100 10 - B3 - - 45 - = 12.5 silty srd S
-10 u u
13-15 F u - 7% 15 40 15 100 100 100 180 100 -~ 100 - - 98 - =  B8.2 Clay CL
19 8 [»] - - 1
94 B D - - 10
gg—gg F U - 96 5 20 NV 100 100 100 10O 10¢ - 97 - - 79 - = 28.3 silty sand St
- n u
368-40 F u - B6 9 n 7 100 100 160 100 100 -~ 99 - - 95 - = 63.3 sandy silt {rL}
43=44.5 P u - 98 4 24 NP 97 97 9% 2% 94 -~ 81 - - &0 - = 23.5 silty sand (SY)
18 B D - - 4
ESPLH-36 g-:l" ¥ u - 95 3 NV NP 100 100 100 ic0 99 - B85 - . - = 15.2 silty sand (21)
~ B U
Klia El; g - 02 5 20 ©P 100 100 w00 100 W00 - 97 - - 72 - ~  25.1 silty sand {&1)
15-21 F 4] - 94 13 27 NP 100 0 100 100 o0 - 9 - - 78 - = 36,7 very siley sand
{s)
24-26 3 9] - 9% 15 28 NP 100 100 100 100 100 -~ B8 -~ - 60 = = 37.1 very silty sam
{21
2% 8 o - - 1
34-38 13 u - 93 28 Ny NP 100 100 100 100 100 - 3B - - 80 - - 30.3 very silty sand
sy
39 a b - 17
3 B ] - - 12
4% B V] - - 16
ESPCH=]17 2-4 F y - 102 4 18 wp 100 100 MO0 100 9% - 47 - - 62 - - 25.8 milty sand (1)
46 F u - ol 5 NV NP 100 100 00 99 88 - 86 - - 58 - =~ 24.8 silty sand (=1}
6 B D - - 1a
8 B 1] - - 3
13-15 -1 ¥
LB8~20 4 v - a3 5 Ny NP 100 100 100 100 180 - 100 = - 87 - =  27.7 sllcy sand 31
23 B D - - 1
8 B D - - 4
ESPI-38  2-4 F u - 95 18 77 45 100 100 10 100 WO - 99 - - 83 - =  §&l.4 silty clay {Gl}
5-7 F u - 86 27 78 43 w0 100 180 oo 100 - 95 = - &9 - = 48.0 clayey sand (SC)
9=11 B u
15-16 F u - 107 6 NV NP 100 100 100 100 100 = 89 = - 38 - - 9.7 slightly silcy
sand (SP-8I1)
19-21 B U 36
24=26 F u - 103 19 21 NP 100 100 100 100 10D - 7o~ - - = 17,0 silty sapd {21)
29 n B - - kL3
34 B D - - 2
39 B D - - 28
) 2 i - - 23
ESPCH-39 24 ¥ u - 90 4 NV/]I'P 100 100 100 MO0 100 - 9 - - 77 - -  21.9 silty sand 1
4-6 F i) 92 ] 23 NP 100 100 00 100 100 - 98 - - a7 - - J0.4 very silty sand
(=)
8-10 B u
13-15 F v - T4 14 46 19 100 00 100 100 100 -~ 100 - - 97 - ~  B6.4 silt {IML}
18-20 B T .
23-25 F u - g 10 37 14 100 00 100 100 100 - 9 - - @3 - = 52.4 very sandy clay
(=5
28-30 F u - ™12 35 13 0 100 100 00 100 - 93 - - 93 - - 79.3 silty clay (CL)
33 B o - - 1
3 ¢} ] - - 5
43 8 D - - 1
48 B D - - 2
58 2 D - - a
68 ] D - - 1
80 ) 33 - - 14
Bl B fal - - 12
ESPH—0 24 F U - 95 ) N OKE 100 100 0 100 10 - 94 - - &7 - - 22.6 $ilty sand {Si}
5-7 ¥ ] - 103 25 48 28 100 97 97 95 9% - 8 - - M = = 50.8 very sandy clay
fcL)
9-11 ) u
14-~16 F v - 9 10 24 WP 100 100 100 100 100 - B - - 48 - = 25.9 pilty sand (1)
19-21 L} u
24-26 P 4] - 83 34 82 47 100 100 100 100 100 = 100 = - 9 - ~ B4.8 clay {Qi)}
29-31 F &) - 92 32 6F 30 00 100 100 100 100 - 100 - - % - - 97.8 clay (cH)
3 [ D - - 18
39 B D - - 26
44 a D - - 7
-+ B D - - 14
50.% ] 1] - - 23



DATA COMPILATION TABLE sl 16

Test  Depth Tested Sample Tensity Atter=
Hote  of Gy Type {pet) Ioisture berg Sieve Aralyais (i Passing) uscs
bo. Sample  B=Bureau UsUndisturbed Wet Dry Content Eimits No. Ma. bo. MNo. Ho. Mo, Mo. Ho. Ho. HMo. Scil
{fe.) ?Fﬂa;m DaDisturbed {%} LL  PL 374" 172" 3/8" 4 10 20 40 €0 65 B0 100 140 200 Description
=] pt N

ESPt-L 24
B-10

18-20
20
28-30
33«10
48

58

68

78

B3

93
108

ERoDEREPUECDREED

ESPOH-12 24
5-7
9-1}

g
£
5
8

100 100 99 og - 82 - -~ 39 - - 12,3 siley sand 81

m o

- 96 3 NV NP 100 100 99 99 93 - 79 - - 22 - - 5.8 slightly silty

sand SP-31
14-16
1o-21
24-26

- 28

5 00 100 100 160 100 - 98 - - - - 21.6 silty sand (S4}
- 196 3 v

100 100 100 100 10 - 97 - = 49 = = 10.0 slightly silsy
sand (SP-G1)

cCcc oo oo oooCccoecCc

oM
ES
5%

9

3436
3541
-6

- 103 4 NV NP 100 100 100 100 100 - 89 - - 40 - = 15,3 ality sand (31)

Lo RN -
1
&
o
E
g

100 100 100 100 - 95 - - 65 - - 32,4 very silty sand
1)

49
59
&4

e w

- 92

100 100 190 9 99 - 97 - - 7 - - 25.9 siley sand {31)
- 91

ESPoi—id 24

45 100 160 100 100 W06 - 98 - - &8 - - 24.8 silty sand (1)
8-10
13-15

18-20

- 98

100 100 100 100 100 - 98 - - 1 - = 16,7 silty sand (R1)
- 103

100 100 KOO 100 100 - 99 - - 50 - = 10.5 slightly silty
sand {SP-Sf}

PR e
o
25 A%

23-25
28-30
33-35 NV NP 100 100 100 10 99 - 94 - - N = = 19.9 sflsy sand {21}
38-40

41

1
i
-~ o -

ESPH-4  2-4

r
<]

26 8 00 100 100 K0 9 - 97 - = 83 - - 42.0 very clayey sand
()

L
'

1
b
n

N¢ WP 97 95 93 g 19 - N - -~ 52 - - 19.1 ailty eand (R))
16 P 100 100 100 100 100 - 98 - - - ~ 22,3 silty sand (1)

[ I B )
1

opopScco C© pohEoccoeCc geceR oCo cCcco

ESPCE=45 4

1
-
WO SO ES Be

b
]
52
=
pPoEcEDCDEED [ -l R T m wmowAaEgm m W)

feB=d-R-RuleRvi-i=]]




DATA COMPWATION TASLE 9a te
Test  Depth Tested Sample Denafsy  Hatural Attern
liole  of By Type {pct) loisture berg Steva Analysis (3 Passing) UsCs
Ho. Sample PBeBuzeaq UsUndisturbed Wec Dry Content Limits No. Ho. Wo. Mo, No. Mo. Now Bo. No. Soil
(fc.) Parox DaDistuzrbed (%) L B 10 20 40 & 65 80 100 140 200 Descripticn
H=lwy Dept
ESi=1A 0.5 D 8
18 1.9 B 10
1c 5 D 10
10 6 D &
1E 12 D 13
ESBH-28 1 b+ 20
B 5 D 5
x 6 o 13
20 it )] 26
ESBH-3A 2.5 D [
B 5.5 V] 2
X 6 D. 9
D 1l D 19
ESit=iA 4 D 5
48 8.5 [¥] 9
4c 11 D 24
EShii=7A 0.5 [
B 2.2 D
€ 9.5 D
ESEH-9A L v} 20
98 8 D 2
ESHH-10A 0.5 1) a7
08 1 B 16
10C 2.5 B 32
10p 3 1] 18
10F 4 ] 31
10rF & o 13
106 7 D 13
104 8 o 30



DATA COMPILATION TABLE 10 o 14

Test  Depth Tested Sample Densiky  Matural Rrter-
Hole of By Type {pef) Moisture berg $1eve Analyais (1 Passing} LECS
to. Sample  BeBureau Us=Undisturbed Wet Dry Content Limits to. Na. Mo, Ba. Ho. Ho. Ho, Ko, No. Ho. Soil
(fe.d Patox D=Disturbed %) £L PL 34" 1/2" 3fg"4 10 20 40 60 65 80 100 130 200 Cescription
Halhiy Dept
ESPHA-1  O-6 V] 2
13-19 o 6
19-22.5 o [}
25-01.5 D 12
37.5-40 b 5
4.5 o )
54.5-60.5 D 11
652.5-65.5 D 1L
T0=76 b 4
B2.5-64.5 ] 12
£9-93 ] 3
93-102 D 5
110 D 4
ESPHA-2 11,75 D . 19
12.5 D 19
13 D 20




DATA GOMPILATION TADLE

11 of 18

Teat
Hole
Ho.

Deptn
of

Sarple

(fe.}

Tesced Sampla Densiry

By Type {pet} tolaeure  berg
BaBureay UsUndisturbed Wet Dry Content Limits
Fafox D=Disturbed (1) £L  pI
Halfwy Dept

Atter~

I L2 3ee

Sieve Analysis {3 Paasing}

No.
20

o, Mo,

40

60

Ho.
65 &

Ho.

Ho.
200

usss
soil

bescripticn

GGSSI-1

GGSS1-2

Gasa-l

Gegr2

WoSs-3

G~

26,5
38
29.5

.8
2.5

160 100 100

w0 100

100

93 =}
9t 85

100 1o

PRORWOoDmEm

100 100 100

95

100 100 100

PR EEREE
-

112

oo ooa DCcocococ

100 100 20

%
BPRNMNBWDOVNERND O-NOOVD AW OREAN &

I

FROHCURYUOEECEOOERRDOPWEE OO Em
COO0O0DUD0oO0OUoOUoDODCoCDUDOO0OUTSSoUoD

PUODREEER
oO0oooCDooo
Gl de b W

™
MO S~ B OO I D S

DR ORI TR R W

EoR=R o~

COoOSoOoODOoDD o9EDoo0OCoD0ODUoORDUDUOODCUOUODDOD
o
bx]

(R RN N ENERRT LN

=3
—

100 97

¥ 98
100 100
100 100

100 100
8 n

95
99

86
92
95

45

49

19
3

0

3l

0

- 42

19

14 ;]
19 4
8 16
53 ac

55 23
15 7

13 e

3.9
1.7
7.9
14.8

1.7

3.2

2.6



DATA COMPILATION TABLE 12 o 58

Test  Depth Teated Sample Densicy Atter-
Hole of By Type {pcf} Holsture berg Sieve Analysis {4 Pasaing) bscs
Ho.  Sample B=Bureau UsUndisturbed Wet Dry Content Limitg ¥o. Ho. Koo Ko, Koo Moo Mo, No. Mo, Ho. so1l
{£6.) HF-::;D:: D=Disturked (%) L eI 3fe" 1f2" 3fs" 4 10 20 40 €0 65 B0 100 40 209 Description
! pr

7
7
6
2
4
15
18
ol
3
21
23
23
24

G- 4

~
-

PR ocUuoooursStoie @©

DPDU0DOU DoDopDoODoUUooCo

DO nR

casst? LS
4

Qe G OV LN~ =l

B
15
PO RFL ORI DT

et

COUDUODOUDUCSoOROEY 00O U0OUDUODUDUOTUUODOCOD
[
-3

[X]
&
wn
CUDCTODDRRPODEE O RE

X
F
poErprREEREI S
oS YRooDOoOCUC
-
=)

GonsS-2 2= Y0 89 7

97 92

]

y

]

-
FRErsoDoDUEIE
DTS oCoUCOoaC
ot
mwE ot



DATA COMPILATION TASLE 13 of 1§

Test Depth Tasted Sarple Density Atter=
Bole of By Type (pcf) toisture berg Sieve Analysis (% Pasaing) Uscs
Ho. Sample  Bsfiureau UslUndisturbed War Dry Content Limizs o, Ho, Hao. Mo, Mo, No. No. Ne. Mo, bo. Soil
(Ee.) F=Fox D=Disturbed {3) L PL 3f4% 12 38t 4 10 20 40 6 65 80 100 140 Z0O Deseription
Hetiny Dapt
GOS58-3 24 B u 9l 85 7
4 B D 11
9=11 B u ¥ 21 23
4 B D 5
19-21 B 4] 100 9 4
24 B D 7
29=31 B u 93 85 10
kL) B I 10
33 B D 16
41 B b 18
665554 24 n u 94 88 7
4 8 3] 13
9-1t B u Lk 9 6
14 )4 D 6
19-21 B u 97 02 6
29-3L B 3] 100 93 -]
34 B I+ 10
39 B D 24
43 B D 16
GC585-5 24 B v 92 85 7
4 B o] 7
9-11 B u
14 B D 3
19-21 8 u
24 B D [
29-31 B u 93 a7 ?
33 B D 1
39-40 8 ¢
L ] 2] 15
49 8 D 7
GGess-6 24 ):) u al 84 a
3 B D 1L
9-11 B u 101 o5 6
14 B b 7
19 8 *] 3
19.7 B D 7
24~26 B u
29 B D 7
14-36 B u 91 83 10
39 B 3] 9
43 B 2] 14
19 B a4 12
GGSSs-7T 24 B u 93 8 5 4
4 B o 13
a-11 B i}
1 £ B ] 7
1921 B ] 97 92 -]
24 5] o 5
29 b D 7
34=36 B U
39 ] 2] 8
4 a D 18
49 B D 14
CGS85-8 2=4 B u
4 B D 4
9«11 8 u
14 B 2] 3
19-21 a u
24 )} i} 12
29-3L 113 u
3 B ] 12
3941 B U
41 ] n [
GGSSS-9 2=3 ] U
4 E:] n 4
9-11 B u
13 B D 3
19-21 B u
b2 1] +] ]
dieil 1) o
a1 s » [}
Jo—4i 1 u
+ 1 b ]
OG555-10  2-4 a u
4 B v] &
9-11 I u
13 B D 3
1v-21 B v
21 B D 8

EREET] n



DATA COMPRATION TABLE

14 a9t 16

Test  Depth
Hola of
Ho. Sample
{£x.)

Tested
By

Type
BaBureau UsUndisturbed Viet

PaFox
ety Dept

Sample

DsDisturbed

Dangivy

(pcf)  twisture

Ixy Content
{4}

Attora

berg

Limits

Lt

PL

3f4

1o

e

o
4

Ho.

10

Steve Analysis (i Pasaing)

Ho.
20

Ho. to.
40 0

to.

65

Ro.
o0

to. Na. Ko,
10¢ 140 200

uscs
Soll
Description

GGSSs-11 24
34

GOS83-13 24

GGSSS=14 4

GGESS-15 4

GGS55-16 4

ccesp-1 4

GGSSNP-2 4

oGs&P-3 4

Gosahp—~ 4

GEssp-5 4

GGaRit-6 9

PO DoRERPREOED DODDERERREE®E D@D OEe D

pPoDPEDETO DR EEHRD

Dok LEHOLE

PD EECEE oo

[N -

CoUCo YDUOUCD CUDST COUUDOD CDODOCCDUD DOODOEDD DODOUDD DDDCUCUDEDE DoDCcUSEopcocd ODCOCUCRC

SToo

ou oe

e
N &a kW

[~

fe —
OUODUP W FRDEOONE ~SOVWANWw L0 ® W W ® w & oA

br

Wl pQAUIUI @SS S OHDOM



DATA COMPILATION TABLE 15 ot 18

Test  Dopch Teated Sarple Dengity Arter—
Hole  of By Type {pct) toisture bezg Sieve Analysis (% Passing) uscs
No.  Sample BaBureau UsUndisturbed Wet Dy Content Limits Mo, Ho.o No. Ho. Ho. Ho.o Ho. Ho. Mo. Ko, Soil
{fr.} FuFox D=Disturbed {1} LL  PI  3f4" 1/2" 3/8" a 10 20 40 & 63 B0 100 40 200 Description
HeHwy Dept
GoSRP-10 4 B D 3
14 2] b 5
24 B D 5
GoSRP-11 4 B D 3
14 B D 4
24 B D 5
GCSSHp-12 4 8 D 5
14 B D ;]
24 B D 5
G5sP-13 4 B o a4
14 1] 0. L]
24 a o a
GGSHP-14 4 1 D 3
14 B o ]
24 B o 6
WERP-15 4 8 ] 4
4 B D 4
24 B D 5




APPENDIX 1V

Vibration Monitor Data-Not Finalized



APPENDIX V

Geologic and Hydrologic Maps-Not Finalized



APPENDIX VI

Sondex Data



Sondex Data Sheets

The Sondex settlement probe system consists of a portable
Sondex probe (cable, reel, detector), integral readout, and
corrugated polyethylene casings. Metal rings are installed
within the corrugated casings at approximately 5 foot intervals.
The Sondex probe (detector) provides a signal (buzzer) when it is
lowered within the casing and passes through a metal ring.
Simultaneously, the integral readout peaks when the detector is
centered at a metal ring. The corrugated casing is installed in
a manner as to minimize the lateral tolerance with the
surrounding subsurface soils.

The figures that compose Appendix VI illustrate the
decreases or increases in distance between metal rings installed
in the casing. The ring spacing refers to the differences in
subsurface depth between two consecutive metal rings. The
initial black dot for each ring interval (R;-Rg, Ry-Rj, R3-Ra...)
is datum for that particular interval. As the subsurface soils
collapse, causing the casing to telescope, the distance between
consecutive metal rings decreases. This is illustrated on the
data sheet for Drill Hole G.G.S$.8.5.M-3 ring spacing interval Ry-
Rge If the subsurface soils expand (clay-rich soils) the casing
expands and the interval between consecutive metal rings

increases (e.g. Drill Hole G.G.S.S.S.6, interval R3-R2):



RING SPACING

SONDEX SETTLEMENT DATA

DRILL HOLE ESPDH-27
R-Ror——0——9—9—» * .
.
Ro-R . +—n_@ . .
Rgz-Rp [———8—0—3 . »>
R4-R3 ———0———9—0—8 Y
R5—R4 ———8 .8 o L L
RS"RS e ——————— & 98 ] .
Ry-Rg——@——%—0-—¢ *® *
—_
Rg-Ry ——&——eo—0_9 @ .
I
—— ErRROR gar | O feet
B VERTICAL SCALE
Ro= DATUM
Ry-Rg R,,RZ,RZ,...fIR_IING NUMBER
) . . . Surface elevation (1) !
I~ 2-1 3-1 4-] 541 6-I| 7-1
DATE
New Mexico Bureou of Mines

April 15,1985



RING SPACING

Rg-Rg

SONDEX SETTLEMENT DATA

New Mexico Bureau of Mines

DRILL HOLE ESPDH-29
...-—_.....-.._._..__..._._W ® ®
——*— o9 3 L *
——o—0—o—g-— o P
b —g—o—o—® re .
t————o—0—9o @ 2 4
— 6 —o—0 ¢ - >
el — & ———— B L L
—0—0—®—o ¢ ® -
T
— ERROR Bar | 00 Foet
B VERTICAL SCALE
Ro= DATUM

- o e & & .o Ry,R2,Rs5...=RING NUMBER

. . Surface elevation (1)
I-1 -1 34 4 -] 5- 6-I| 7-

DATE

April 15,1985



RING SPACING

SONDEX SETTLEMENT DATA
DRILL. HOLE ESPDH-31

—_
Ri-Ro ® o9 ®
Rop-R| [ &——¢g—9— - *
R3-R2 & *—® & —&
Rs4-Rz & 8 L4 &
Rs-Rga & B B ® L 4
RS"R5 * ® & » Y
Rg-Ry & e . ®
I
— ERROR sar | O3feet
T VERTICAL SCALE
Ro= DATUM
Rs-Rg *—eo—o o . R1,R2,R3...=RING NUMBER
5714
. . . , Surface ellevotion () )
1-1 2-1 3-i 4~ 5-1 6-1 7=
DATE

New Mexico Bureou of Mines

April 15,1985



SONDEX SETTLEMENT DATA
DRILL HOLE ESPDH-31

Rio-Rg & *—@ &
R” -R‘o L 9 L J .
Riz-Ry » *—e ® L
Riz-Ri2 —8- o &

® —te

Z —_—

2

HRirRi3 L *—o ®

o

= -

o

Rig -Ris * -
L
Ri7 -Ris
I
— ERROR sar | 0> feet
T VERTICAL SCALE
Ro: DATUM
Rig-Ri7 Ry R2,R3.*RING NUMBER
5714
. ) . .. _Surface elevation (ft) )
I-1 2-1 3 4-| 51 G- 7-1
DATE

New Mexico Bureou of Mines

April 15,1985



RING SPACING

SONDEX SETTLEMENT DATA
DRILL HOLE ESPDH-32

Rl'RO & L ry & ]
- —e
RZ R[ ° Py -——@
R3-R2 —& — * - L 2
Ra-Rz & g & 4
—_
R5_R4 * . [ ] — %
-~
1
R7-Rg
Rg-Ry
I
— ERROR Bar | 00 feet
T VERTICAL SCALE
Ro= DATUM
Re-Re RyRz,R5..RING NUMBER
) , ) . Surface elevation () )
-1 2~ 34 4-| 5-1 6-1 T-1
DATE

New Mexico Bureau of Mines

April 15,1985



SONDEX SETTLEMENT DATA
DRILL HOLE ESPDH-34

RING SPACING

R;-Rg *—eo—» L I
RZ'RI L
- L o e
R3-R; *
™ ° e
Re-Rz . ¢« 2 8 ——g—
—_
Rs-Rg s - WU —
RG—Rs L - [ S— N
Rg-R- ® o e & o
I
—— ERROR BAR 05feet
T VERTICAL SCALE
R0=DATUM
Rg-Rg o )  J— — & R,,Rz,Rz...=RING NUMBER
. . ) . Surface e]evotion (£4) .
f-1 2-1 3- 4-| 5-| 6-1 7-l
DATE

New Mexico Bureau of Mines

April 15,1985



RING SPACING

SONDEX SETTLEMENT DATA
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Shallow Seismic Survey
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January 10, 1985

Introduction - During the period of December 18-21, 1984, a
shallow seismic program was recorded in the northeastern
outskirts of Espanola, New Mexico, for the New Mexico Bureau of
Mines and Mineral Rescurces. The program included two reflecticn
seismic lines totaling one mile in length (see Figure 1) and
three shallow seismic refraction lines totaling 2850 ft in

length (see Figure 2). The purpose of the survey was to
investigate the subsurface geology of the area in order to aid
the engineers in determining the causes and possible remedies for
surface subsidence problems experienced in the vicinity.

The reflection survey and results will be discussed first because
the reflection data provide larger-scale background information
for the more detailed refraction survey.

Reflection Method - The seismic system used is a single-vehicle
operation specifically designed for shallow (generally, less than
3,000 £t of depth) reflection investigations. The ssismic energy
source is a parented "soft" weight of 400 1lbs dropped 6-1/2 ft to
the ground. The receiver array consists of six groups of
receivers attached to cables towed behind the seismic truck, with
group centers at distances of 66, 131, 197, 262, 328 and 394 f=
behind the impact point of the dropped weight. ZEach receiver
group is made up of five Mark Products GL-21 10 Hz dreg gecphones
spaced 13 ft apart inline, for a group length of 66 ft. The
recording instruments are a six-channel E. G, & G. Geometrics
Nimbus ES1210F system with frequency filters and G724S digital
recorder. Both anmnalog and digital recordings are made at each
drop point. The digital recordings are for two seconds with a
sample rate of two milliseconds and out-60 Hz filters on
recording. Nectch filters (60 Hz) are used at all times. Drop
points are spaced 33 ft apart along the line being recorded,
producing 160 recordings per mile and 6007% common depth point
stacking

IS

The seismic data processing is carried out on an IBM PC computer
using software written specifically for data recorded by this
seismic system. Steps involved included transéription from
cassette to the computer, quality verification and editing,
calculation of weathering depths, velocities and corrections from
refraction breaks, removal of refraction breaks, groundroll and
air wave noise by trace normalization and a velocity filter, 600%
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CDP stack, correction to a datum of +5900 ft, a dip filter
enhancing coherent events dipping less than about 30 degrees
either way, 15-30 Hz frequency filters and VA/WT plot. A suite
of one-octave frequency filter comparisons was made for selection
of the final bandpass filters. Two seconds of data were
processed.

Reflection Results - The final 6007 record sections form
Enclosure No. 1. The field and processing parameters are
summarized by the title block. The two lines are displayed
together, with a gap at the position of the offset between them
(see Figure 1). East is to the right and west to the left., As
can be seen, the data quality is good at very shallow depth and
becomes poorer with increasing depth.

-

Reflection Interpretation — Enclosure No. 2 shows the final
seismic section as interpreted by the writer. Five prominent
seismic events believed likely to be bedding plane reflections
are colored with yellow. Interpreted faults are shown as steep
green lines.

The first (shallowest or earliest in time) yellow horizon is
considered probably the top of the Tertiary Santa Fe group. Its
depth probably varies from about 50 ft to about 100 ft.

The major elements affecting this horizon are, from right (east)
to left (west): (1) a shallow syncline (overlying an apparent
deeper graben), which from topographic evidence appears likely to
trend northwest, (2) a gentle anticline, centered at about DP 35
on Line ES1, which appears to be draped over a deeper horst, (3)
a slight rise centered at about DP 90 on Line ES1, which may be
more likely a buried hill or ridge than a tectonic feature, (4) a
minor fault, down to the east, with displacement probably less
than 25 ft, at about DP 53 on Line ES2 and (5) a second minor
fault, down to the west and perhaps of slightly greater
displacement, at about DP 30. There is at present no evidence
that either of these faults penetrates the overlylng Quaternary
strata to reath the surface.

The second (next deeper or later) yellow event shows the same
general features as the shallowest yellow horizon except that the
syncline and drape anticline on Line ESI1 are more pronounced,
there is evidence of a rapid westward deepening from the drape
anticline to the west end of Line ESI; and the displacement of
the small fault at about DP 53 on Llne ES2 appears to be reversed
{possibly suggesting strike— -slip or lateral motion). This second
yellow horizon is considered probably an 1mportant 11tholog1c
change wicthin the Tertlary.

The third deepest (or latest) yellow horizon roughly conforms to
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the second in that here the anticline centered at about DP 35 on
Line ES1 appears clearly to be a horst, and the most 