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EXECUTIVE SUMMARY

In response to a request from Navajo Refinery of Artesia, New Mexico, K. W. Brown
Environmental Services investigated the occurrence of a large area of free phase hydrocarbon
that extends for several thousand feet east of the refinery. The hydrocarbon plume is a concern
because local groundwater supplies are used for drinking and irrigation sources. Furthermore,
field and orchard crops are located within the plume area and in the likely path of plume
movement. A study was necessary to determine if free phase and dissolved hydrocarbons from
this release have impacted these uses and activities, or may potentially impact them in the
future.

The free phase hydrocarbon plume extends east from the refinery under mostly agricul-
tural land, flows under Bolton Road and extends several hundred feet into a pecan orchard.
Another portion of the plume was found to trend southeastward from near monitor well KWB-6
and extends beneath cultivated fields on the south side of US Highway 82. Plume boundaries
were delineated by monitor well drilling and by the drilling of exploratory boreholes. Because
spring planting was already underway, no exploratory boreholes were drilled in the fields im-
mediately east of the refinery and no data are available concerning the plume in this area. The
apparent product thickness of the plume varied considerably over the area but ranged from 2.0
to 4.5 ft in the vicinity of monitor well KWB-6 and borehole B-87. The actual thickness of the
free phase hydrocarbon is enhanced by artesian conditions in the near-surface saturated zone.

The product detected in the monitor wells and boreholes appears to be a light hydrocarbon.
Specific gravity analysis of a product sample bailed from a monitor well, together with analy-
sis of the dissolved phase component, indicates the hydrocarbon likely is a weathered
gasoline.

Although the area of hydrocarbon extends over approximately 170 acres and includes free
product in much of the area, no contamination of drinking water wells within the plume area
was detected. Only trace levels of volatile aromatic hydrocarbons (i.e., benzene, toluene, ethyl-
benzene and xylenes [BTEX]), at levels less than applicable federal drinking water or state
groundwater standards, were found in wells used for irrigation or nondrinking water use.

Dissolved phase hydrocarbons were detected in several water samples. Several domestic
and irrigation water wells had trace levels of toluene and xylene. Two domestic wells outside
the plume area showed trace levels of toluene (less than 1.1 microgram per liter [ppb]) but re-
sampling or duplicate sample analysis did not verify the contamination. One of two irrigation
wells with trace levels of contamination was outside of the plume area and had concentrations
of toluene and xylene totaling 1.4 ppb. A potential source for these hydrocarbons is “drip” oil
used to lubricate the turbine pumps that lift water from deep wells used for irrigation. Analysis
of this “drip” oil found toluene and xylene, but no detectable concentrations of benzene or
ethylbenzene. This oil also was composed of heavier components than gasoline or diesel fuel.
Conversely, a sample from an irrigation well next to the refinery detected benzene and ethyl-
benzene totaling 3.8 ppb, and toluene and xylenes at similar levels which is more indicative of
a gasoline or diesel fuel. ‘

Background water quality of the impacted zone varies between 3,100 and 4,700 milligrams
per liter total dissolved solids (mg/L TDS) with calcium, magnesium and sulfate being the ma-
jor constituents. There is no evidence that the hydrocarbon discharge has increased the quan-
tity of TDS in the near-surface saturated zone. Average total dissolved solids concentrations of
the deep artesian aquifer and the producing zones of the valley fill aquifer in the study area are
2,700 and 1,900 mg/L TDS, respectively.
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The water saturated zone nearest the surface was found at depths from 17 to 31 fi. In the
study area, the zone varies from slightly to highly artesian with water levels in most monitor
wells and boreholes rising from a low of several feet to a maximum of 10 ft after drilling. The
artesian effect was due to the confining nature of the clay and fine grained sandy clays that
overlay this upper saturated zone. The permeable sediments in this zone consist of clayey
sands, silty sands and some gravels.

Aquifer tests conducted as part of the study show hydraulic conductivities ranging from
175 to 293 gallons per day per square foot. The measured hydraulic gradient averaged 0.0045
ft/ft, generally easterly, but with an east-southeasterly component south of US Highway 82.
The average linear velocity of groundwater movement is estimated to range between 0.53 and
0.88 ft per day, or 194 to 321 ft per year. The time for water to travel from the east side of the re-
finery to 200 ft east of Bolton Road is estimated to be from 11 to 18 years. Due to various retar-
dation mechanisms such as sorption by clays and other sediments, the rate of free phase hy-
drocarbon movement is less than that of water.

The origin of the water in the near-surface zone is unknown. Possible recharge sources in-
clude: (1) one, or both, of the unlined fresh water fire ponds on the refinery property, (2) Eagle
Creek upstream of the US Highway 285 crossing west of the refinery, (3) recharge from land-
scape irrigation in the urban park which extends for several miles in the Eagle Creek channel
west of the refinery, and (4) return seepage from irrigation immediately east of the refinery
complex.

A possible discharge area for the near-surface groundwater is the river terrace deposits on
the west side of the Pecos River about 3 miles east of the refinery. Topographic map examina-
tion shows an area of marshes and, further south, drainage channels that are above current
river levels. Since the impacted zone is under artesian pressure in the study area and because
the deeper aquifers have a lower potentiometric head, there is a possibility of downward flow
of groundwater if the clay confining layers are discontinuous.

In contrast to the conclusions of some earlier studies, the geologic evidence indicates the
subsurface in the area of the refinery is composed of about 300 ft of valley fill alluvial sedi-
ments and is not a bedrock outcrop of the gypsum-dominated Seven Rivers formation.

No agricultural activities have been impacted by the hydrocarbons from this release. Agri-
cultural impacts in the future, if any, are expected to be minimal. Impacts that may occur
would be limited to the stability of mature pecan trees which may not be able to extend tap
roots below the 17-ft depth where contamination exists. The absence of deep tap roots may not
provide adequate wind protection. This would affect only the largest trees and then only if the
grove was thinned so that individuals were able to grow exceedingly large.

Recommendations of this study are:

1. Frequent testing of drinking water wells located within the plume of contamination, or
alternately, installation of a replacement water supply.

2. Installing hydrocarbon recovery systems at the leading edge of the plume in the Bolton
Road area and south of US Highway 82. Conditions at both locations favor a trench
system which can be designed to recover oil and minimize water recovery.

3. Continued water level monitoring. -
4. Additional monitor well installations and investigation of the next lower saturated

zone to provide additional data on horizontal movement and vertical extent of
contamination.
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1.0 INTRODUCTION AND SCOPE OF WORK

In October 1991, staff of Navajo Refinery became aware of a large free phase hydrocarbon
plume on groundwater adjacent to the east side of the refinery and extending eastward for sev-
eral thousand feet. The surface land use in the area of the plume includes several homes and
businesses, and a large area of commercial agriculture, including row crops and a young pecan
orchard. The extent of the plume, location of human activity, and deep and shallow water wells
within the plume area, dictated an extensive investigation to define the current and future im-
pacts caused by hydrocarbons in the groundwater, and the likely fate of the free phase and dis- -
solved contaminants.

The objectives of the study were to: (1) identify the most sensitive areas that have been, or
are likely to be affected by the contamination and, (2) define the near-surface hydrogeology and
its relationship to deeper fresh water zones. To perform this investigation, a scope of work was
proposed and accepted by the refinery. The workplan included efforts in several scientific
areas including soil science and hydrogeology.

The initial work involved a reconnaissance visit to the refinery to collect available infor-
mation which included previous studies in the area and interviews with local landowners. In-
formation necessary to evaluate area soils, geology and near-surface hydrology was obtained
from the U.S. Soil Conservation Service, U.S. Geological Survey, and the New Mexico State
Engineer Office. During a meeting and subsequent visits with landowners, land use and crop
histories were discussed and water samples were obtained for hydrocarbon and selected inor-
ganic chemical analysis.

Field investigations defined the nature and extent of the near-surface saturated zone in the
area east of the refinery. Monitor wells installed adjacent to drinking water and irrigation
wells provided water quality data and background information on water level elevations prior
to the beginning of the irrigation season. Information from these wells also provides early
warning on possible water quality impacts due to the movement of the hydrocarbon.

Further onsite investigation focused on the need to better define the location and apparent
product thickness of the free phase hydrocarbon plume. An intensive boring program using a
hollow-stem auger provided information on the presence of hydrocarbons in the shallow zone
immediately below the surface soils. The information obtained included product thickness

measurements and the extent of soil impact above the saturated zone.
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This report details the investigation procedures, and the study findings are reviewed and
discussed. The conclusions of this study provide a strong scientific basis to guide future efforts
at the site. The recommendations provide specifics on action needed to protect sensitive recep-
tors, recover hydrocarbon, and proceed with additional work to define the relationship be-

tween the contaminated zone and other protectable groundwater.
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2.0 PHYSICAL SETTING

The Navajo Refinery is situated in the Pécos River Valley in Southeast Eddy County, New
Mexico (Figure 1). The refinery is located on the east side of the city of Artesia about one-
quarter mile east of the intersection of U.S. Highway 82 with U.S. Highway 285, and is approx-
imately four miles west of the Pecos River. Eagle Creek, an ephemeral watercourse, flows
through the northern part of the refinery and empties into the Pecos River about one mile
north of the Highway 82 river crossing. The Artesia area is located inT 18 S, R 26 E, NMPM
Eddy County. Activities for the current study were conducted in the south one-half of Section 9,
the southwest one-quarter of Section 10, the northwest one-quarter of Section 15, and the
north one-half of Section 16.

2.1 REGIONAL GEOLOGY

The Pecos River valley consists of Quaternary alluvial sediments that can be up to 300 ft thick.
Beneath these sediments are Permian age sedimentary rocks that comprise the northwest shelf
area of the Permian Basin. These rocks are composed of the Artesia Group, the San Andres
formation and older Permian rocks. The Artesia group consists of (in descending order) the
Tansill, Yates, Seven Rivers, Queen and Grayburg formations. The remaining older rocks be-
neath the San Andres include the Glorieta Sandstone and the Yeso formation. Kelley (1971) in-
cludes the Glorieta Sandstone within the San Andres in the area of the refinery. Collectively,
the thickness of the Permian age rocks beneath the valley fill in the vicinity of the refinery ex-
ceed 2,000 ft (Welder, 1983).

The regional setting and geology have been described by numerous authors in previous re-
ports to Navajo Refinery (i.e., IT Corporation, 1989) and further review is not provided in this

report unless germane to the investigation.

2.2 BASIN HYDROGEOLOGY

The hydrogeology of the Roswell groundwafer basin has been the subject of numerous investi-
gations over the past 90 years with groundwater studies beginning in the 1900’s. Pioneers in
the study of hydrology who have contributed to knowledge of this area include O.E. Meinzer,
C.V. Theis, M.S. Hantush and C.E. Jacob. Their work in the Roswell basin assisted in the
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Figure 1.

Site location map.
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development of many of the techniques of aquifer analysis in common use by modern hydrol-
ogists, including methods used to analyze the aquifer test results presented later in this report.

Various authors have used differing terminologies to describe the groundwater system in
the Roswell basin. As used by Welder (1983), the Roswell groundwater basin consists of an
eastward-dipping carbonate aquifer overlain in the eastern part by a leaky confining bed
which in turn is overlain by a shallow aquifer. The shallow aquifer is composed mostly of al-
luvial valley fill sedimentary material (Lyford, 1973) and is in hydraulic connection with the
Pecos River along much of the eastern basin boundary. In Welder’s study, the alluvial valley
fill aquifer was referred to as the “shallow aquifer” while the deeper, carbonate aquifer is
called the “artesian aquifer.”

However, the current study investigates a near-surface water-bearing zone in the valley fill
aquifer, apparently limited in vertical extent, that is shallow with respect to the surface and
also exhibits artesian properties at some monitor wells. To avoid confusion and for consis-
tency, the deeper carbonate aquifer will be labeled the “deep artesian” aquifer while the water-
bearing zones of the shallower, alluvial valley fill aquifer will referred to collectively as the
“valley fill” aquifer. The water bearing zone investigated as part of this study will be referred to

as the “near-surface” zone or “first saturated” zone.

2.2.1 Deep Artesian Aquifer

The deep artesian aquifer is closely related to the San Andres Limestone and generally consists
of one or more water-producing zones of variable permeability located in the upper portion of
the carbonate rocks. However, in the Artesia area, the producing interval rises stratigraphi-
cally and includes lower sections of the overlying Grayburg and Queen formations. Beneath the
refinery, the depth to the top of the producing interval is about 670 ft and the aquifer thickness
is about 440 ft (Welder, 1983).

The Seven Rivers formation and the other members of the Artesia group are generally con-
sidered confining beds, although some pumpage occurs from fractures and secondary porosity
in the lower Queen and Grayburg members. Although locally important, Welder (1983) esti-
mates that only 10% of the total volume of groundwater produced in the Roswell basin is from
confining beds. '

The deep artesian aquifer was first declared an “underground water basin” in 1931 by the
New Mexico State Engineer Office (SEQ), and later SEO orders expanded state control to the val-
ley fill aquifer. The designation of an aquifer as a declared basin requires users to obtain
drilling permits and apply for the appropriation of water for irrigation and industrial use.

Domestic users (i.e., homeowners, ranchers, small businesses) can apply for a permit that al-

6/5/92




K. W. Brown Environmental Services Navajo Hydrocarbon Plume Investigation

lows minimal use (up to 3 acre ft per year) for domestic consumption, and lawn and stock
watering.

Further discussion of the deep artesian system is presented with the results of the well sur-
vey in Section 5.3.1.

22,2 Valley Fill Aquifer

Quarternary alluvial deposits of sand, silt, clay, and gravel are the main components of the
valley fill aquifer. These sediments are about 300 ft thick in the area between the refinery and
the Pecos River. Lyford (1973) researched these deposits and describes the three principal units
in the valley fill as quartzose, clay, and carbonate gravel.

The quartzose unit is considered the primary production unit in the valley fill aquifer.
Away from the Pecos river, the unit consists of fragments of sandstone, quartzite, quartz,
chert, igneous, and carbonate rocks. The fragments range from medium grained (1/4 mm) to
pebble size (16 mm), and commonly are cemented with calcium carbonate (Lyford, 1973). By
contrast, in the vicinity of the river, the unit contains principally medium to coarse, unce-
mented quartz grains.

Silt and clay deposits in the valley fill aquifer are not continuous, but occur as isolated
lenses, generally overlying the quartzose unit. Although the clay unit is not identified by
Lyford as occurring in the Artesia area, most logs of wells located immediately to the north and
east of the refinery show considerable thickness of clays, or clay mixtures (e.g., “clay and gyp”.
“gumbo”’). Thickness of these clay/gypsum mixtures range from 20 ft to 160 ft. The intervals of
occurrence differ from well to well and thin zones of sand or gravels are interspersed in the up-
per 100 ft. Many drillers seeking deep artesian water drill through the valley fill zone and log
large sections of the intervening zones as “clay and gyp”. The lack of detail makes it difficult to
correlate specific zones of coarse grained sediments within silt and clay deposits. However,
drillers wanting to complete wells in the valley fill, tend to be more careful in their descrip-
tions and small changes in lithology are likely to be recorded. Although both types of drilling
logs were reviewed, the detailed logs were much more useful for construction of geologic cross-
sections.

The carbonate-gravel unit described by Lyford (1973) blankets the other valley fill units
and forms a fairly uniform slope from Permian rock outcrop areas on the west side of the val-
ley east to the Pecos River flood plain. The unit generally consists of coarse gravel along major
drainages, and calcareous silt and thin masses of caliche in interstream areas.

Welder (1983) believes the carbonate-gravel unit includes the Lakewood, Orchard Park, and

Blackdom terrace deposits described in detail by earlier authors and summarized by Kelley
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(1971) in his study of the Pecos Valley. The Lakewood deposits, the lowest of the three terrace
units, essentially are the current alluvial sediments in the flood plain along the river. Lake-
wood deposits consist of sandy brown silt with lenses of gravel and some localized caliche in
higher parts.

Sediments of the Orchard Park deposit are 5 to 25 ft higher than those that make up the
Lakewood terrace deposits, while west of Artesia, sediments of the Blackdom terrace are 40 to
60 ft higher than Orchard Park deposits.

After examination of drillers’ reports, Welder (1983) reported that valley fill wells will tap
from one to five water producing zones. Thickness up to 170 ft have been reported for water
production zones, but most are less than 20 ft. Producing zones are principally sand and gravel
separated by less permeable lenses of silt and clay. However, Welder does not present informa-
tion on the depths at which these producing zones are likely to be found.

The general direction of groundwater flow in the valley fill aquifer is easterly toward the
Pecos River, then southward subparallel to the river. Above Artesia the river has been a gain-
ing stream for most of the period of record (Welder, 1983). However, between 1938 and 1975,
heavy pumping near Artesia reversed the hydraulic gradient. In the vicinity and immediately
east of U.S. Highway 285, water in the pumped zones of the valley fill aquifer flows westward
(Welder, 1983, Fig. 16). The original flow direction is unlikely to be reestablished as long as
heavy irrigation pumping continues.

2.2.3 Near-Surface Saturated Zone

The agricultural land at Artesia is a part of the Orchard Park deposit. The Orchard Park is de-
scribed as a thin veneer (up to 20 ft thick) that overlies older alluvium and consists of silt and
sand, with some thin clay lenses and pebbly beds. Chalky caliche is common in upper areas of
the deposit.

During this study, both the caliche and thin pebble beds were observed while drilling moni-
toring wells and borings, which confirms that sediments with Orchard Park characteristics
are located in the study area. However, thick, extensive clay zones were found in these deposits.

In the area of this study, fine to coarse grained water saturated sediments are found imme-
diately beneath the clay zones. In this report, this zone is referred to as the near-surface satu-
rated zone and extensive discussion on its-characteristics and water quality are presented in

subsequent sections.
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2.2.4 Water Well Survey

Numerous deep artesian and shallow valley fill water wells are in service in the vicinity of the
study area. Most are used for farm irrigation, but others serve domestic and industrial users.
Wells used for domestic purposes are mostly completed in the valley fill and are mainly used
for lawn and yard irrigation although some serve as a drinking water source for residences.

Although previous efforts to locate well records had been performed, for this study KWBES
sought to complete the record of wells in the area south of Eagle Creek in Sections 9 and 10, and
south of Highway 82 in the north one-half of Sections 15 and 16. Toward that goal, additional
logs and well location maps were acquired from the SEO in Roswell to supplement logs already
provided by refinery staff and previous consultants. Landowners in the study area were inter-
viewed to verify well records and to acquire additional information. The results of the survey
are discussed in Section 5.3.1 and copies of the water well records and landowner survey results
are provided in Appendices A and B, respectively.
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3.0 WELL INSTALLATION, DEVELOPMENT, AND SURVEY

Information presented in this section describes the installation and completion of monitor
wells by KWBES personnel during field activities conducted February 10-20, 1992.

3.1 WELL INSTALLATION

Twelve monitor wells were installed and completed on land owned by Navajo Refinery and on
adjacent properties. The purposes of the monitor wells were to provide hydrologic information
(aquifer characteristics and hydrologic gradient) on the first near-surface water saturated zone
in the area of suspected hydrocarbon contamination, and to provide water quality and water
level information for areas immediately adjacent to possible contaminant receptors (i.e.,

water wells used for domestic or irrigation use located within or near the contaminated area).

3.1.1 Monitor Well Locations

Locations for the wells were selected based on information provided by previous Navajo bor-
ings and the presumed direction of groundwater flow. The prefix KWB is used to denote these 12
wells on Figure 2. Wells KWB-3, KWB-4, KWB-5, KWB-6, KWB-8 and KWB-9 were located within
30 ft of existing water wells to provide information on possible hydrologic connection between
the zone of saturation nearest the surface and the deeper zones in the valley fill and artesian
aquifers where the pumping wells are completed. KWB-7 was placed at a location assumed to be
downgradient from the contamination to act as an indicator of further contaminant move-
ment. In addition to providing information on possible interzone fluid movement, Wells KWB-
3 and KWB-9 also serve as downgradient detectors of early contamination.

Six wells, KWB-1A and KWB- 1B, KWB-2A and KWB-2B, KWB-3A and KWB-3B, were placed in
pairs to conduct aquifer tests. These three well pairs are located in diverse areas outside the

contaminated area to better define aquifer characteristics.

3.1.2 Well Drilling and Construction

Installation of the wells was performed by Precision Engineering, an environmental drilling
firm headquartered in Las Cruces, New Mexico. A CME 75 Hi-Torque hollow stem auger rig was

used to drill each well boring. Tools and augers were cleaned at the refinery steam rack before
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Figure 2. Facility base map.
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being used to drill other wells. Well casings are constructed of schedule 40 PVC with flush
threads and 0.010 machine slot screen. Four-inch casing is used for the pumping wells, KWB-
1B, KWB-2B, and KWB-3B, and for well KWB-4. The other well casings are 2-inch in diameter. A
4-inch casing was not available for installation at KWB-6 although free product was
encountered.

Monitor well completion involved CSSI 16-40 silica sand being tremied into the annular
space around the well screen to a point at least 2 ft above the screen. A bentonite seal was then
placed above the sand pack by pouring 1/4-inch Volclay pellets into the annular space until a
thickness of 2 ft or more was achieved. The bentonite was allowed to hydrate overnight and
then 3,000-psi concrete mixed with 5% bentonite was placed from seal to surface. The well head
assembly for all but two wells consists of an aboveground locking steel casing. Well head
assembly for KWB-3A and KWB-3B consists of steel flush mount casings with bolted caps. Con-
crete pads were constructed around each well with maximum dimensions of 4 ft by 4 ft by 4
inches. Where interference with agricultural activities was a problem, the pads were built to oc-
cupy a smaller area. Specific construction details for each well are included with the well com-

pletion logs presented in Appendix C.

3.1.3 Monitor Well Logs

Continuous soil samples were obtained from all but three borings using a 5-ft split core barrel
recovery system. Wells KWB-1B, KWB-2B, and KWB-3B were advanced without sampling but
were visually classified using auger cuttings. This was considered acceptable since the paired
wells, KWB-1A, KWB-2A, and KWB-3A had been continuously sampled and were located within
12 ft. The auger was advanced into, and through, the first water bearing zone, then continued to
at least 1 ft into a less permeable soil strata. All soil removed from the borings was placed on
plastic sheeting for later collection and disposal by Navajo Refinery personnel. Philip
Cadarette, a KWBES geologist, completed a boring log based on cores and cuttings recovered for
each well (Appendix C).

3.2 WELL COMPLETION

3.2.1 Well Development

A 2-inch submersible pump was used to purge at least three well casing volumes of water. Elec-
trical conductivity (EC), pH, and visual estimation of turbidity were parameters monitored

during the purging phase to ensure stabilization was reached. Water and other liquids purged
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from each well were collected in 55-gallon drums provided by the refinery. This practice pre-
vented any surface contamination by possibly tainted groundwater. Navajo personnel col-

lected the drums and disposed of the fluids in their refinery wastewater system.

3.2.2 Groundwater Sampling

Groundwater sampling from each well began after development and a short recharge period.
Groundwater samples were retrieved with a dedicated, disposable bailer and placed in appro-
priate containers with preservatives used where necessary. Monitor wells KWB-1B, KWB-2B,
and KWB-3B were not tested due to the proximity of their paired wells that are screened over the
same intervals. Each sample was logged on a chain-of-custody form and packed in ice for
shipment. The ice chests were sealed and transported by Federal Express to Inter-Mountain
Laboratories, Inc. (IML) in College Station, Texas, for analysis.

IML performed analyses for benzene, toluene, ethylbenzene and xylenes (BTEX), major
cations and anions, conductivity, and pH. Copies of IML’s testing results, their quality control
checks, and chain-of-custody forms are contained in Appendix D. Results of the sampling are
discussed in Section 5.3.4 on groundwater quality, which includes a table containing a compi-

lation of results for each monitor well.

3.3 LOCATION SURVEY

A land survey of the 12 monitor wells was performed in March 1992 by John D. Jaquess &
Associates, of Roswell, New Mexico, NM license 6290. The survey team measured three eleva-
tions on each well: top of steel casing, top of concrete pad. and natural ground surface. The sur-
vey was referenced to existing benchmarks and the prepared plat shown in Appendix E.
Follow-up measurements were made to determine distances from the top of the PVC well pipe to

the steel casing top.
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4.0 EXPLORATORY BORINGS

Information presented in this section describes the exploratory boring program undertaken by
KWBES personnel during field operations, March 1 through 10, 1992. The objectives of this
program were to better delineate the areal extent of hydrocarbon contamination, determine
apparent product thickness, and extrapolate contaminant volume and direction of flow. This
information will assist refinery, consultants, and regulatory personnel in decisions on prod-

uct recovery, methods and location priority.

4.1 BORING LOCATIONS

Twenty-eight boreholes were advanced on properties adjacent to the Navajo refinery under the
supervision of KWBES personnel. Locations for these 28 borings were selected based on subsur-
face information provided by 66 borings undertaken by Navajo personnel in October, 1991,
and the 12 monitor wells installed by KWBES in February, 1992. Figure 2 presents the location
of all 94 borings and the 12 monitor wells.

Although the borings were expected to be completed before spring planting, several farmers
decided to cultivate crops which have an early planting date. Because fields were already under
cultivation, no borings were augered west of B-85 to the refinery and no subsurface informa-
tion is available for that area.

Also, the two northwest-southeast rows of borings (B-74 to B-77 and B-78 to B-81) were
augered through the bottom of shallow irrigation trenches. This was done at the request of the
farmer since in other areas of that field alfalfa was already beginning spring growth and
drilling was restricted. Normally, boring in such locations should be avoided due to concern
about possible downward migration of contaminants resulting from infiltration along the
boring pathway. In this instance the zone was known to have already been severely contami-
nated and possible risk of slight additional contamination was outweighed by the subsurface
information acquired. Nonetheless, the holes were carefully backfilled and compacted to pre-

vent later surface subsidence at their locations.

4.2 BOREHOLE DRILLING

The drilling was performed by Pool Environmental Drillers headquartered in Roswell, New

Mexico. A Mobile Drill hollow-stem auger rig was used to advance all borings. Typical borehole
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completion involved advancing the auger flights until the first saturated strata was encoun-
tered. The borehole was then allowed to remain open overnight to accumulate groundwater and
floating product. The next day a digital oil/water interface meter was used to determine thick-
ness of product by reading depth to product and depth to water. Upon completion of measure-
ments, the boreholes were backfilled with the excavated soil by refinery personnel under
KWBES supervision. The contaminated soil was placed in the hole first followed by clean cut-
tings from the upper portion of the hole. This was followed by compaction of mounded soil by
driving over the soil with a pickup truck.

Details on drilling the boreholes are discussed in Section 5.38.3. Information presented in
that section includes data from this investigation and information from earlier Navajo boring

operations.

4.3 BOREHOLE LOGGING AND SAMPLING

Philip Cadarette, a KWBES geologist, developed a geologic log for each boring based on observa-
tion of auger cuttings (Appendix F). Because of the large surface area to be investigated and be-
cause the auger was to be advanced only a short distance into the saturated zone, cores of the -
boreholes were not obtained. Soil contamination was indicated by gray to blue-gray colored
staining of the cuttings accompanied by a strong hydrocarbon odor. As an aid in quantifying
contaminated soil, bag samples of stained cuttings were collected and checked with a photo-
ionization detector (PID) for volatile vapors. Additionally, randomly collected, contaminated
soil samples were packaged. placed on ice, and shipped to IML in College Station for hydrocar-
bon analysis.

IML performed analyses for benzene, toluene, ethylbenzene and xylenes (BTEX). A discus-
sion of the results of the soil sampling is presented in Section 5.3.3 together with tables sum-
marizing results for the six samples, and the highest PID readings for each boring. IML's sam-

pling results for six soil samples and the quality controls are included with Appendix D.
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5.0 RESULTS OF THE INVESTIGATION

This section discusses the results of the geologic and hydrogeologic portions of the study and
presents the interpretations and conclusions of the investigation. Detailed discussions of the

specific investigation activities were presented earlier in the report.

5.1 SOLS

5.1.1 Introduction

Due to the agricultural use of the land found at the study area, this area was previously mapped
at high intensity by the U.S. Soil Conservation Service (SCS). The mapping of these soils was
verified by a soil scientist with KWBES and found to be consistent with the mapping as it ap-
pears in the soil survey (USDA-SCS, 1971). The soils mapping for this area is presented in
Figure 3. Within this area a rotation of cropland uses, and pasture or hayland uses are em-
ployed. Irrigated crops which are grown include chile, cotton, winter small grains, and pecan
trees. Irrigated pastures and haylands produce alfalfa and incl;_lde sheep and cattle operations
at certain times of the year. Additional information on agricultural uses was provided by
landowners during interviews prior to the start of field work. Summaries of the landowner

surveys are provided in Appendix B.

5.1.2 Solils in the Area

There are predominantly two soil series located in the study area. These are the Reagan loam
with O to 1% slopes (Re) and the Pima silt loam with O to 1% slopes (Pe). A small inclusion of
Upton gravelly loam on a O to 9% slope was found just outside of the study area near the barn
centrally located on the Armstrong property.

The Reagan and Pima series are deep soils derived from calcareous alluvium. Both soil
series form weakly cemented caliche layers but contain very little gravel. These soils have a
high water holding capacity and good nutrient status. Both series can be used for intensive crop
cultivation, but are not listed as Prime Farm Land as defined by USDA due to high potential for
soil erosivity.

The Reagan loam unit occurs on 0 to 1% slopes in the uplands area west of the Pecos River.

These soils are deep, well drained loams with moderate permeability, high water holding
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Figure 3. Soil location map.
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capacity, and slow runoff. The rooting zone varies from 6 to 10 ft with some calcareous nodules
within this zone. Due to the semiarid environment, these brown loamy soils are low in organic
matter and, without good ground-cover, are susceptible to wind erosion.

The Pima silt loam soil tends to occur in low lying areas on 0 to 1% slopes on flood plains
and in association with drainageways. These soils are deep, well to moderately well-drained
soils that are subject to periodic flooding and slight deposition. These soils may have a slight
increase in clay content but still maintain 6 to 10 ft of good rooting depth. Pima soils in the
study area tend to have a reduced permeability and a higher silt content. Water may drain
slowly from this map unit, possibly limiting equipment use in some areas, but is unlikely to
cause serious deposition or adversely impact crops or pastures,

To facilitate the drainage of Pima soils, a drainage ditch was excavated during the 1920’s at
the edge of the fields on the Joy property and, after a jog to the east, continued north onto the
Chase property. The drainage ditch was 4 to 6 ft deep and probably extended further north to
connect with Eagle Creek. The likely location of the drainage ditch is shown in Figure 3. This
ditch is no longer in use and was filled and covered in the early 1950's. The surface location of
the ditch has become obscured with the passage of time and cultivation. 4

The Upton unit contains greater than 15% gravel and overlies a hard caliche. These soils
are typically found on small ridges or outcrops, generally are very shallow, tend to be infertile,
and are not suitable for intensive crop management. The Upton gravelly loam is primarily
managed for nonirrigated rangeland or some irrigated pasture conditions. Rooting depths are
typically limited to less than 10 inches. These soils tend to have low water holding capacity
and are subject to moisture deficiencies during periods of drought. Wind erosion may be a prob-

lem especially during the establishment of cover systems.

5.1.3 Vegetative Impacts By Hydrocarbons

Field crops which are grown in this area include chile, cotton, small grains and alfalfa.
(Alfalfa is generally thought of as a pasture crop, but, based on the rotation used in the study
area by the various farmers, will be considered a field crop.} The other major crop in the study
area is pecans grown in an orchard on the east side of Bolton Road.

Of the crops mentioned, alfalfa and the pecan trees are the only crops potentially impacted.
This impact would be to create an oxygen deficient zone associated with the subsurface hydro-
carbon contamination. A root above a hydrocarbon impacted zone may travel laterally above
the zone of the impact or penetrate the zone. Although roots can not penetrate a zone that is in

a totally anaerobic (oxygen deficient) condition (Mengel and Kirby, 1982}, the presence of hy-
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drocarbon impacts does not necessarily mean complete anaerobic conditions. If parts of the
system remain aerobic, it may be possible for some roots to penetrate the layer of impact.

If penetration does occur, the root likely will become oxygen deficient and die since plants
are not able to assimilate hydrocarbons. Root uptake of moisture and nutrients requires root-
soil contact. Hydrocarbons in the soil may surround and permeate the root but can not be
translocated throughout the plant due to the size of organic molecule and the lack of ionic
charge associated with the molecule which facilitates movement. As a consequence, hydrocar-
bon which has permeated the root system remains and eventually deprives the root of oxygen,
impeding the growth of the root.

The depth of the liquid hydrocarbons usually is important in evaluating the potential ef-
fect of hydrocarbons on plants. During the current study, hydrocarbons were found no higher
than about 17 ft below the surface. But, based on soil staining observed during the borings, cap-
illary forces or past product levels have resulted in hydrocarbons as shallow as 7 ft, in the past.
However, the depth of the hydrocarbons does not appear to be an issue since these crops are be-
ing flood irrigated which means all of their water requirement is applied surficially. Further-
more, these soils are moderately to slowly permeable and water can be expected to infiltrate
slowly. Most moisture is maintained near the surface which encourages surface versus deep
root growth.

Of the crops currently grown in the study area, only alfalfa and the pecan trees potentially
could be impacted by hydrocarbons as a result of deep penetration to procure more water. It is
unlikely alfalfa roots have or will penetrate 17 ft. If alfalfa was planted dryland this might be
an issue, but, since the crop is surficially irrigated, such deep root penetration (17 ft) would not
be necessarily good for plant survival and yield. Since the crop is rotated with the other crops
every few years, surface irrigation and crop rotation may preclude development of deep root
systems. This same reasoning also applies to other field crops.

The only possible vegetative implication concerns the pecan trees where tap roots will pen-
etrate in excess of 15 ft in the soil. With surface irrigation, the main function of the pecan’s tap
root is not for moisture or nutrient uptake but for structural stability. Based on the soil in the
study area, which contains significant silt and clay fractions, stability should not be a prob-
lem. This statement could be subject to revision should the pecan trees be managed differently.
This different management style would include the thinning of the pecan grove and not prun-
ing or topping the trees on a regular interval. This would allow the trees to become larger. If the
tap root is unable to penetrate the hydrocarbon zone for the reasons given above, large trees

may become slightly top heavy creating the potential for the trees to blow down in heavy wind.
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5.2 NEAR-SURFACE GEOLOGY

5.2.1 Introduction

One of the objectives of the study was to review available geologic information to ascertain the
characteristics of the near-surface formations. One of the specific questions to be answered

was whether the Seven Rivers formation exists beneath the refinery at depths as shallow as 15
to 20 ft. The conflict arose with the presentation to Navajo, in earlier consultant reports, of in-

formation purporting to show the existence of such a zone.

5.2.2 Occurrence and Lithology

The lithology of the Seven Rivers formation, as described by Kelley (1971), consists of reddish
gypsum, mudstone and thin dolomitic beds in the northern section of the basin with the gyp-
sum becoming more carbonitic to the south as the formation approaches the buried escarp-
ment of the Capitan reef. In a figure showing distribution of Artesia Group formations, Kelley
(1971, Fig.7) placed the western limit of the Seven Rivers formation about 7 miles west of the
Artesia, which, if correct, would locate the formation beneath the refinery. However, in an
east-west cross-section located near Spring Lake 4 miles south of the refinery, Welder (1983,
Fig.4) places the western edge at the approximate location of Highway 285.

Whether the Seven Rivers formation thins and disappears in the vicinity of the refinery, or
10 miles to the west is irrelevant if the formation is only present at depth. Neither Kelley (1971)
nor Welder (1983} indicate that exposure of the formation occurs at or near the surface. Kelley
(1971, p. 32) estimates alluvial gravels up to 300 ft in thickness overlie the Seven Rivers forma-
tion, while Lyford (1973) and Welder (1983) present information indicating a similar thick-
ness. Figure 4 shows locations of cross-sections from reports by the latter two authors. The
cross-sections, shown in Figures 5 and 6, show a thick valley fill sequence of sediments above
the consolidated Permian rocks. In the vicinity of Artesia, the total thickness of the fill mate-
rial is estimated to be in excess of 300 ft. Not all the valley fill is saturated. Figure 4 also pre-
sents an estimate by Welder (1983} of the 1975 saturated thickness of the valley fill in the
Roswell basin.

Examination of several logs from water wells within one-half mile of the refinery show
apparent wide disparities in geology. The near-surface portion of logs of wells being drilled to
the artesian aquifer (900 to 1,200 ft) commonly shows numerous thick sections, some up to 100

ft, of “gyp and clay” with occasional thin zones of sand. However, logs of shallow wells (to 300
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Figure 4. Map showing 1975 saturated thickness of the valley {ill, and Roswell basin
cross-sections, Artesia area, New Mexico.
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Figure 5. Regional cross-sections A-A' and B-B'.
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Figure 6. Regional cross-section C-C'.
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K. W. Brown Environmental Services Navajo Hydrocarbon Plume Investigation

ft) nearby, are much more detailed and show several sand zones from 3 to 14 ft in thickness
surrounded by rocks of much lower permeability. Reliance on the artesian logs could lead to an
erroneous conclusion that a consolidated rock formation occurs near the surface. The logs
from valley fill wells provide a much more accurate picture of the sedimentary features above
the Permian formations.

Rock outcrops with attributes somewhat similar to those attributed to the Seven Rivers
formation can be found in soils mapped as the Upton series for this report. The Upton soils
consist of calcareous, gravelly soils that developed in old alluvium derived from sedimentary
rocks. Caliche and cemented gravel is found at depths as shallow as 20 inches (USDA-SCS,
1971). Outcrops of caliche occur frequently near the surface of the valley fill near Artesia.
Those nearest the refinery occur in the east center of the Armstrong farm south of the refinery
and on the north side of Highway 82 about one-half mile east of Bolton Road. In his description
of the valley fill terrace deposits, Kelley (1971) also describes chalky caliche as being common
in the upper part of the terrace deposits. Although caliche is commonly thought of as being
composed entirely of calcium carbonate, in zones where alluvial deposits have evaporitic par-
ent material, the cemented matrix can be gypsum gravels or pebbles. Possibly, under ideal con-

ditions, the matrix can be bound by anhydrite cement making the entire structure gypsiferous.

5.2.3 Summary

The weight of geologic evidence does not support the statements made by earlier consultants re-
garding the near-surface occurrence of the Seven Rivers formation. The valley should be con-
sidered alluvial in nature with discontinuous sands, silts, clays, gravels and conglomerates of

varying thickness and extent occurring as the fill material.

5.3 SITE HYDROGEOLOGY

5.3.1 Water Well Survey

The survey of the water wells in the study area was conducted and completed with the coopera-
tion of the homeowners and the SEO, Roswell. The locations of the wells are shown on Figure 2
and summarized in Table 1. Copies of the logs for the four sections east and south of the refin-
ery are reproduced in Appendix A. Wells are completed in both the deep (artesian) and the shal-
low (valley fill} aquifer in the study area. Most wells classified as “domestic wells” are com-

pleted in the valley fill. However, one deep well (RA-4798) in the study area, plugged in 1956
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Table 1. Water wells in study area — Section 9, Section 10, Section 15, and Section 16.
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K. W. Brown Environmental Services Navajo Hydrocarbon Plume Investigation

after being drilled as an oil exploration hole, was reentered and completed as a domestic water
well in 1963. This well is currently in use as a drinking water well for a family living at that
location.

Drillers logs for wells in the immediate vicinity of the refinery show zones of artesian
water beginning at depths of 880 ft and continuing to about 1,225 ft. These logs show the pres-
ence of “limerock” with water in fractures or solution zones, which are rock types typically en-
countered in carbonate formations.

The potentiometric surface in the artesian aquifer rises close to the surface in the absence
of pumping. Some wells were reported to have flowed at the surface this winter for the first time
in memory of local observers (Boyer, 1992 and Fresquez, 1992). Without pumping, the artesian
aquifer discharges upwards to the valley fill aquifer through the slightly to moderately perme-
able confining beds of the Grayburg, Queen and Seven Rivers formations. Because of irrigation,
water levels in the artesian aquifer have generally declined. SEO water level records since 1926
document an elevation decline of about 75 ft with 70 ft occurring since 1950. For comparison
purposes, the yearly readings are taken during the winter after irrigation ceases.

In 1975 the deep aquifer’s water level elevation near the refinery (referenced to Mean Sea
Level) was approximately 3,309 ft (Welder, 1983). The west Coll well (RA-313), undergoing re-
pair and measured by KWBES on January 30, 1992, had a depth to water of 35.8 ft, or an eleva-
tion of about 3,330 ft MSL, which is 21 ft higher than in 1975. Similar results were seen for
1992 measurements at the Artesia recorder well (18.26.05.333), 5 miles south of the city center.
The water surface was at 3,308 ft MSL in 1975 and 3,331 ft on January 28, 1992, an increase of
23 ft. Despite recent increases in water elevations, it is important to note that artesian water
levels can fluctuate considerably during the irrigation season, Water levels for the Artesia
recorder well fell nearly 90 ft between February and July 1990 {measured by the U.S. Geological
Survey: Boyer, 1992, and USGS, 1992).

The water level elevation at the Lanning shallow recorder well (18.26.06.44221), located
near the Artesia recorder well, was 3,288 ft MSL in January 1992. This represents a water level
elevation increase of 3 ft above the level reported by Welder (1983} for 1975. In the study area,
the Gurley well (RA-3156) was measured on January 30, 1992 and depth to water was 43.1 ft.
This water level elevation of 3,307 ft MSL was about 6 ft higher than that estimated by Welder
for the year 1975. '

Water levels in the valley fill aquifer are subject to the same seasonal variations as the
artesian aquifer, but with much less total change in elevation. This is probably due as much to
the difference in the way artesian aquifers respond to pumping as to differences in pumping
quantity. For 1990, water level elevations in the valley fill aquifer varied nearly 23 ft between

early March and late September.
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In addition to finding recent significant increases in water levels, the water well survey
documented another source of oil contamination in both the shallow and deep aquifer that
may be common in the area. The high capacity irrigation wells use deep well vertical turbine
pumps to lift the water from the perforated interval to the surface. Either water or oil is used to
lubricate the bearings in the high speed shaft powering the pump sections deep in the well. In-
terviews with the landowners and one pump installer (Pete & Sons, Artesia) revealed that be-
tween one quart and one-half gallon of lubricating oil per day is used to lubricate the bearings.
“Drip oil” is commonly gravity fed to the pump column through an oil line from a small tank.
If provisions are not made to provide an automatic shutoff, the oil is fed continuously unless
manually stopped. Therefore, use of oil-lubricated pumps commonly results in oil leakage and
contamination of the well (USDI-BOR, 1985]).

During the survey, several irrigation wells with turbine pumps were found to have oil on
top of the water table. This oil did not have the odor or color of free product found in several of
the monitor wells and boreholes. On January 30, 1992, RA-4196, a valley fill “domestic” well
with a submersible pump located immediately north of RA-307 (a deep well), was found to have
oil on the water which precluded measurement by the electric depth to water meter. Sampling
was not possible due to equipment in the well, but the oil on the meter probe had the same
characteristics as pump oil in a nearby container. A sample of drip oil was obtained from the
pump installer and tested for volatile organic hydrocarbons. While high in toluene (18,000 ppb)
and total xylenes (27,000 ppb) no benzene or ethylbenzene hydrocarbons were found above the
7.000 ppb detection limit. Further comparison and analysis by IML determined that the pump
oil does not have the chromographic characteristics of either gasoline or diesel products. The
laboratory sample results are presented with the other water and soil analyses in Appendix D.

Because pump oil was already present in several wells on the northeast corner of Bolton
Road and Highway 82 and none of the three wells was used a drinking water source, no monitor
wells were located at that site.

Better housekeeping practices are needed at some well sites. At one well, used motor oil and
filters were discarded in an old stock tank. At one domestic well used for drinking water,
chickens were using the well house for shelter and warmth during the winter months. If well
surface and sanitary seals are not intact, such practices can introduce contamination into the

well (e.g., chemicals, hydrocarbons, bacteria, human and animal wastes).
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5.3.2 Monitor Well Lithology and Observations

Monitor wells were drilled and completed as discussed in Section 3.0. This section discusses
the results of the drilling program, the occurrence of free product in the monitor wells, and
possible sources for the water in the saturated zone. Depth to water, product, product thickness
and corrected water levels are shown in Table 2. Drilling logs of the monitor wells are provided
in Appendix C.

5.3.2.1 Sediment Lithology

Geologic sediments encountered while installing monitor wells were mostly fined-grained,
especially near surface, but increasing coarse material in thin beds was encountered at depth.
Sandy clay is the predominant material to depths of 15 to 20 ft where pebbles and thin seams of
gravel are found. Fine grained material and thin beds of coarser material alternate until at
least 40 to 50 ft, which were the depths of the deepest monitor well borings. However, even the
coarser grained material was usually in a matrix that included fine grained clays and silts.
Gravel zones ranging from 2 inches to 15 ft (KWB-2) in thickness were observed, but the median
thickness appeared to be 1 to 2 ft. Some small (1/2-inch) gravels, but no gravel seams were en-
countered in drilling KWB-4 or KWB-5, the two wells closest to the eastern side of the refinery.
The three cross-sections of the investigation site’s soils presented in Figures 7 through 10
illustrate the complexity of valley fill deposition. Correlation of strata between monitor wells
is difficult with the exception of the first 10 to 15 ft of soil that consists of brown sandy clay to

clayey sand. (The fourth cross section {D-D'} shown on Figure 14 is discussed in Section 5.4)

5.3.2.2 Monitor Well Fluids

During the drilling of the wells, several borings encountered hydrocarbon stained and/or hy-
drocarbon saturated soils. Staining was observed in KWB-4, KWB-5, KWB-6 and KWB-8. Except
for KWB-4, staining began at 14 to 16 ft. KWB-4, which is the closest monitor well to the refin-
ery, had staining beginning at about 8 ft. The soil cuttings of these four wells exhibited a strong
hydrocarbon odor.

Water was encountered at various depths ranging from 17 to 31 ft. The water was slightly to
highly artesian in that it usually rose into _fche wells to an elevation several feet higher than
when first encountered. The increase above first saturation ranged from 0.1 ft in KWB-7 to 10.2
ft in KWB-5. Although well placement in the hole was designed to avoid liquids above the
screen, upon subsequent measurement, one well (KWB-5) was found to have liquids above the

screened interval but below the bentonite seal.
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Table 2.

Groundwater elevations at the Navajo Refinery.
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Figure 7. Location of facility cross-sections.
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Figure 8. Facility cross-section A-A'.
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Figure 9. Facility cross-section B-B'.
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Figure 10. Facility cross-section C-C'.
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Upon completion, wells KWB-4 and KWB-6 (and likely KWB-5) were found to be located
within a plume of free product. KWB-8 was located in a zone of dissolved phase contamination.
Two days after completion KWB-6 was observed to have 3.2 ft of product in the well (February
19, 1992) and wells KWB-4, KWB-5 and KWB-8 had hydrocarbon sheens. On March 10, the prod-
uct thickness in KWB-6 had increased to 3.3 ft, and 2.1 ft of product was observed in KWB-4
which previously did not exhibit free product. No product was observed in KWB-5 as the fluid
level, which rose 10 ft after drilling, remained above the top of the screen. KWB-4, KWB-5, KWB-
6 and KWB-8 were all installed adjacent to operating water wells to monitor water levels and
ascertain the existence of contamination that may pose a threat to users of the wells. Wells
KWB-4 and KWB-5 are adjacent to irrigation wells while KWB-6 and KWB-8 are next to wells

used for domestic consumption, including drinking water.

5.3.2.3 Source of Water

The water potentiometric map of the site is shown in Figure 11. The potentiometric contours
on this map show general west to east movement of groundwater from the area of the refinery.
Evidence of groundwater movement eastward from areas located further to the west of the re-
finery can be seen on the potentiometric surface map of this saturated zone prepared for
Navajo by IT Corporation (1989, Fig. 3-9). On that map, the contours also show west to east wa-
ter movement, but with contours on the north side of the refinery curving north, in the direc-
tion of the Eagle Creek channel.

The study results do not show evidence of a gradient reversal in the near-surface saturated
zone in the vicinity of the refinery. However, deeper zones in the valley fill may have been af-
fected by pumping as described earlier (Section 2.2.2).

Examination of these maps and knowledge of the area provides several possibilities to ac-
count for the presence of water in the saturated zone near the surface. One of these includes
recharge from Eagle Creek at locations west of the refinery. For several miles west of Highway
285, the creek bottom is used as an urban park and is a likely source of recharge at times when
runoff events cause flow in the creek. At other times, water from park irrigation may infiltrate
beneath the soil zone. Either possible source of recharge would lead to elevated TDS as water
migrates through near-surface unconsolidated soils.

Additional sources may include seepage from Navajo's unlined freshwater fire water
ponds, or downward percolation of unused irrigation water where not restricted by low vertical

permeability of intermediate sediments.
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Figure 11. Groundwater contour map.
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5.3.3 Results of the Test Boring Program

The combined Navajo-KWBES test boring program augered 94 boreholes. The Navajo borings
were done in October 1991, and the KWBES borings were completed in March 1992. Table 3
summarizes these data and includes available information from the Navajo portion of the bor-
ing investigation. Tables 4 and 5 present photoionization detector (PID) readings taken during
sampling and laboratory analysis of several soil samples. Boring logs for the KWBES holes are
presented in Appendix F. Locations for both sets of borings are shown on Plate 1.

The boring program detailed both the lateral and vertical extent of the contamination.
Although the general areal extent of the problem was known from the preliminary work by
Navajo in Fall 1991, the KWBES work more clearly delineated the boundaries and determined
the thickness of the deep soil profile affected by the hydrocarbon. The boring program estab-
lished that free phase hydrocarbon extends over a large area east of the refinery to the vicinity
of Bolton Road. Specifically, the leading edge of the free product is believed to be about 200 to
300 ft east of Bolton Road in the pecan grove (a distance of about 3,300 ft from the refinery). The
free product has an approximate maximum lateral width of 2,250 ft along a north-south line
extending from the vicinity of B-82 on the north to B-70 on the south. Using these approxima-

tions, the area of free product contamination is estimated to be 170 acres.

5.3.3.1 Apparent Product Thickness

From measurements taken during the boring program, product thickness was estimated for the
allected area. However a number of factors affect the thickness of product in a well or auger
borehole and, without interpretation can lead to erroneous conclusions. Therefore, product
thickness should be referred to as “apparent” product thickness until verification or calcula-
tion of actual values.

The apparent product thickness mapped from the boring and monitor well program is
shown in Figure 12. The map was produced by the “Surfer” computer program from Golden
Graphics and is generated using the borehole and well locations, and the measured thickness
{for boreholes) 16 to 24 hours after drilling. Figure 12 shows a zone of high product thickness in
the vicinity of KWB-4 and KWB-6, and in a series of boreholes extending generally easterly
from B-88 to B-91 and southeasterly from B_—_'84 across Highway 82 to B-71. Boreholes east of B-

91 and southeast of B-71 showed product sheens but no large accumulations.
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Table 3. Boring and monitoring well product thickness at the Navajo Refinery.
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Table 4. Results of borehole photo-ionization detection measurements, Navajo
Refinery, March 1992,
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Table 4. Results of borehole photo-ionization detection measurements, Navajo Refinery,

|I

March 1992,
Depth PID
Boring (ft) (ppm)

B67 28 to 29 545
B6G8 26 to 27 612
B69 28 t0 29 520
B70 27 to 28 998
B71 1810 19 826
B72 24 to 25 159
B73 -- -
B74 16 to 17 650
B75 21 to 23 545
B76 21 to 23 47
B77 26 10 27 372
B78 15t0 16 633
B79 17 to 18 435
B8O 10to 11 553
B81 12t0 14 : 470
B82 13to 14 455
B83 1810 19 9
B84 15t0 16 530
B85 9to 10 12
B86 11to0 12 740
B87 11to 12 675
B88 14to 15 273
B89 26 to 27 1,116
B9O 14to 15 575
B91 14 to 15 574
B92 16 to 17 1,529
B93 21 to 23 561

B94 25 t0 26 background (1 ppm)




K. W. Brown Environmental Services

Navajo Hydrocarbon Plume Investigation

Table 5.

Results of borehole soil analysis, Navajo Refinery, March 1992.

38
6/5/92




Table 5. Results of borehole soil analysis, Navajo Refinery, March 1992,

Soil Samples
B71 B74 B85 B87 B89 B92
Anderson-5 Coll/ALF-1 Coll/NS-4 Coll/EW-1 Coll/House-1 Chase-3

Sample depth 251 22 ft 21 &t 211 201t 211t
Benzene (mg/kg) 50 133 34 ND 20 29
Toluene (mg/kg) 95 227 93 ND 74 69
Ethylbenzene (mg/kg) 79 236 92 ND 44 89
p. m-Xylene (mg/kg) 130 417 1,539 ND 73 106
o-Xylene (mg/kg) 45 145 52 ND 27 41

ND — Not detected at 0.1 mg/kg.
Note:  Copies of laboratory forms with detection limits are shown in Appendix D.
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Plate 1.

Facility base map.
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Figure 12. Apparent product thickness map.

6/5/92




437

[ PTL]

#13

#6
° #9
L ]
#3 #10
[ ]
#4
.
#2 @]/
¢ l
L.

764

& RA-1892

B8

w
'y

Be
427 oo

ny

AD-1923

B77
(]

#32

KW

/0'@

)

EXPLANATION

Kvs  Monitor well
. Boring location

@  Water well — shallow valley fill aquifer
®  Water well — deep, artesian aquifer
o  Open casing — no information

- 0il/gas exploration well converted

to water well

Location in 1/4 1/4 section unknown

ra-397 State Engineer Office well number,
Roswell Artesian Basin

Section corner

Age of well, record on file SEO,
no RA number assigned

Apparent product thickness contour
\
Boring and water well locations

approximate based on field observations
and existing records.

Monitor well locations surveyed 3/92.

AD-1917

RA-4798 (35591
B-gb-

=

SECTION S ) #36p
pfﬁRA—-mal SECTIDN 10
SECTION 16 ‘I #408 “31 SECTIDN 15
#44
893 afo #52 I__@y
'nu,s ¢ #57
‘ #49 *
" o« P 4se  #S8
#46 . L4
AD-1908 2
@ #23
#22 . H24 . ! .
. KWB-24 . #25 % KWBES ‘ Apparent product thickness map.
KWB-2 :
 for: JECT: 622092001-237 (PRODTHIC)
G. G. Armstrong & son preparee PROJEC
400 . 400 1200 Fas S ’ NG LOCATION: _ARTESIA, NEW_MEXICO
00| _ K , ’\ = .Q_,?gi@, APPR: DATE: _5/11/91
i S — : : °ﬁﬂv DRAWN BY: SSA SCALE: AS_SHOWN
I ' DATE: 5/11/92 | FIGURE: _ 12




6

K. W. Brown Environmental Services Navajo Hydrocarbon Plume Investigation

Determination of actual product thickness in a confined aquifer, as described by Kimberlin
and Trimmell (1988), requires determination of a number of parameters including total appar-
ent product thickness and top of the confining layer (Figure 13). Total apparent thickness is de-
termined by multiplying measured product thickness by product specific gravity (PT x Sg).
However, this thickness can not be determined unless oil in the borehole has reached equilib-
rium with oil in the formation (i.e., oil is present in the borehole or well to its total apparent
thickness in the formation). Only one measurement was taken during the short period the
boreholes were open and the extent to which the oil reached equilibrium is uncertain. The fact
that oil in the two monitor wells continued to increase in thickness from February 19 to March
10 indicated that the oil had not reached equilibrium one month after drilling.

A second problem is determining the top of the confining layer. In the area east of the refin-
ery, the soil profile (with the exception of some thin discontinuous gravel seams) exhibits
mostly gradual changes in vertical lithology with changes from clayey sands to sandy clays oc-
curring over a distance of several vertical feet. This makes clear definition of the top of a con-
fining bed extremely difficult. In the vicinity of boreholes B-92 and B-93, very little change in
water levels occurred above where water was first encountered during drilling. Since the water
appears unconfined at these locations, the product thickness (0.5 to 0.78 ft) may either be rep-
resentative of thickness in the absence of confining pressures, or may be thin because the main
product plume has not yet reached that location.

In summary, variations in observed product thickness, lithology and confining pressures,
greatly increase the complexity of actual product thickness determination. For that reason,
further analysis was not pursued during this first phase of the investigation. If desired, KWBES
can continue to examine this problem in an attempt to better define conditions affecting the
actual product thickness.

5.3.3.2 Soil Staining

Soil staining extended over a considerable thickness of the soil column. This gray to blue-gray
staining of the soil extended well above the current saturated zone in many borings, and is usu-
ally indicative of fluctuations in past water levels. However in this situation, there actually
may be several causes, none related to water level changes.

Near the refinery in KWB-4 and B-89 staining was present as shallow as 8 to 12 ft below
ground surface although the current potentiometric surface is at a depth of 24 ft. There is some
evidence that at these two locations the higher elevation of staining is due to hydrocarbon ex-
isting at a higher level in the subsurface at some time in the past. KWB-4 shows staining at
about 8 ft with stain and odor disappearing from 15 to 16 ft and returning below that level. The
soil is a sandy clay with a pebble bed at 18 {t. The log of B-89, located 300 ft southeast of KWB-4
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Figure 13. Oil-water relationships in a confined aquifer.
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shows a stained sandy clay overlying a stained clay at 13 ft. The sandy clay was dry but had a
strong hydrocarbon odor, while the clay soil below was moist. Additional clay zones with some
thin lenses of coarser grained material were encountered down to total depth of the boring.

From the information derived from KWB-4 and B-89, it can be concluded that fluids con-
taining hydrocarbons did exist at a depth of 8 to 12 ft at one time. However, the presence of a
dry, coarse material and an uncontaminated intermediate clay zone suggest it was a transient
event that moved laterally from the refinery into these zones (vs. upward saturation from a ris-
ing water table) and did not remain long enough to penetrate deeply into underlying clays in
KwWB-4.

Staining was also found at relatively shallow depths in other wells away from the refinery.
Staining was found from 6 to 11 ft below ground surface in the west to east line of boreholes
from B-88 to B-81. However, a different mechanism is believed to have caused the hydrocarbon
staining in this area.

These borings have thick clay zones and were found to be under considerable artesian pres-
sure compared to some other locations. Clays were 8- to 15-ft-thick above where fluids were
first encountered. The fluids were typically found at depths from 17 to 23 ft along this line of
borings. Under slightly artesian conditions, fluids (water and product) rose from 3 to 6 ft above
the depth they were first encountered.

Under atmospheric conditions, a soil composed entirely of clay will absorb fluids (product
or water) due to the attractive forces in the capillary pores and will hold the moisture indefi-
nitely. This results in fluids in the capillary zone above the water table. When fluids other than
water move into the capillary zone, their presence can be ascertained by a color change in the
clay. When the fluids are under artesian pressures, these natural pressures are supplemented by
the additional hydraulic pressure of the upward pressing fluids causing a rise in moisture
above the level due to capillary forces alone.

Supporting evidence of the impact of confining pressures on hydrocarbon movement in
clays can be seen in boreholes B-92 and B-93 which also had clay lenses (though thinner) and
where the elevation of the water changed very little from where it was first encountered. Even
though product was seen in both of these borings, staining at levels much higher than where

product was first encountered was not observed.

5.3.4 Results of Water Quality and Free Product Testing

Water quality analyses were performed on groundwater samples collected from domestic wells,

irrigation wells, and the monitor wells installed by KWBES. Additionally, analyses were per-
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formed on a sample of the free product collected from a monitor well and on a sample of the
pump oil used in the deep well turbine pumps.

Inter-Mountain Laboratories, Inc. (IML) performed analyses for the volatile aromatic hy-
drocarbons benzene, toluene, ethylbenzene, and xylenes (BTEX), major cations and anions,
conductivity, and pH. Results of all groundwater analyses and quality control checks are con-
tained in Appendix D. Table 6 contains a compilation of sample results for the water wells and
pump oil, and includes the New Mexico Water Quality Control Commission (WQCC) Ground-

water Standards. Monitor well results are presented separately.

5.3.4.1 Water Well Water Quality

In the study area, all operable water wells used for domestic purposes were sampled. Domestic
use does not necessarily limit use to a residence. In the study area well RA-4196 is used to pro-
vide water for nonirrigation use in the commercial pecan operation. Groundwater samples
from irrigation wells were obtained when feasible. However, the latter wells had been out of
service since the previous fall and it was necessary for the owners to arrange to have them
turned on. Because of the depth of the wells and the fact they were used solely for frrigation, the
decision was made to sample these wells only where acquiring a sample was convenient.
Review of the BTEX results for the landowner water wells shows that four of the wells have low
levels of dissolved hydrocarbons. Wells RA-2050, 2568 and 3156 have toluene and/or xylene
close to the detection limit of 0.2 micrograms per liter (or parts per billion, ppb). Sampling of
the fourth well, RA-313, detected low levels of benzene and ethylbenzene in addition to toluene
and xylene. However, with the possible exception of RA-313, the information at this time does
not indicate that hydrocarbons in any of the other three wells are associated with the free
product plume adjacent to the refinery.

Wells RA-2568 and RA-3156 are completed in the valley fill aquifer and used for domestic
purposes. Toluene, with a state groundwater standard of 620 ppb, was identified in both wells
but at concentrations of 1 ppb or less. The Armstrong well (RA-2568) provides water for domes-
tic uses including drinking. It was sampled only once, but toluene was detected and verified in
the duplicate sample analyzed as part of the quality control program. Neither well is believed
to be affected by the hydrocarbon problem under investigation in this study. The Armstrong
well is upgradient and outside of the free product plume of contamination in the near-surface
saturated zone as determined by a Navajo boring (#21) and the direction of groundwater
movement (Figure 11}.

Toluene was detected in the Gurley well (RA-3156) during the January sampling but not in
the resampling done in March. As a result of the first detection of contamination at the Gurley

residence, borehole B-94 was augered at the upgradient corner of the property (Plate 1).
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Table 6. Results of water well chemical analyses, Navajo Refinery,
January/February 1992.
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Groundwater was encountered at a depth of 25 ft, but no odor or indication of hydrocarbon
staining was noted at that location. Although this water well is used for lawn and garden use
only, it should be watched since the well is downgradient from the southeast edge of the hydro-
carbon plume.

Low levels of non-benzene hydrocarbons were also detected in well RA-2050. This deep
artesian well had toluene and xylenes detected at minimal levels. This well was sampled after
repair, and after being dormant for several months. Like most deep well pumps in the area, this
one uses drip oil to lubricate the downhole equipment. However, equipment on this well in-
cludes a regulator valve that prevents discharge of lubricating oil to the well when the pump is
cycled off.

At RA-313, the possibility does exist that the well may be minimally affected by the type of
free product found at the site. RA-313, a deep artesian well with a turbine pump used for irriga-
tion, is located immediately adjacent to the southeast corner of the refinery and about 40 ft
from KWB-4 which has several feet of free product. This is the only water well where benzene
and ethylbenzene were detected, although at minimal values. The benzene level of the sample
was 1.7 ppb (vs. 10 ppb NM Water Quality Control Commission groundwater quality standard
and 5 ppb USEPA drinking water standard).

The sample was taken during a period when the well was undergoing inspection as a result
of complaints of oil in irrigation ditches. On October 28, 1991, a representative from the State
Engineer Office conducted a leakage test between 80 and 400 ft below the land surface using a
meter to detect vertical flow. The depth to water at the time was 62.7 ft. A video camera also in-
spected the casing and did not detect any obvious holes.

During the time period between the casing test and the OCD sampling on January 30, 1992,
the well was open except for a temporary cover placed over the open hole. At the time of the
sampling, the well was not purged because of its size and depth and the water sample was ob-
tained after several bails with a clean bailer. No odor was detected nor was a sheen noticed on
the water. The well was not resampled and was placed back in service shortly after the KWBES
sampling. The source of the hydrocarbons is unknown, but their effect on use of the water from
the well is minimal. At these concentrations and with the absence of free product, there will be
not an impact on the use of the water for irrigation. However, the issue should be investigated
further if oil is observed that can not be attributed to pump lubrication leakage.

It should be emphasized that the two shallow valley fill wells (RA-2723 and RA-4798), cur-
rently used by the tenants on the Coll and Chase farms for household purposes, including
drinking water, show no evidence of any hydrocarbon contamination although free product
and/or dissolved phase hydrocarbons were detected in their respective monitor wells (KWB-6

and KWB-8). However, because of the serious hydrocarbon contamination at these two loca-
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tions, these water wells should continue to be monitored on a regular basis if they remain in
service.

Water wells sampled for BTEX were also sampled to determine general water chemistry pa-
rameters to compare with those obtained from the monitor well sampling (Section 5.3.4.2).
Wells completed in the valley fill generally had overall better water quality than the deeper
artesian wells. The average total dissolved solids (TDS) for the six valley fill wells was 1,903
milligrams per liter (mg/L) while that for the four deep wells was 2,672 mg/L. However, one
deep artesian well (RA-313) had the lowest value of TDS while another artesian well (RA-2050)
had the largest. Constituents measured in individual wells varied considerably between wells,
even within the same aquifer. For example, chloride varies between 18 mg/L and 536 mg/L in
valley fill water and between 21 mg/L and 1,420 mg/L in the artesian aquifer. Sulfates are high
in both aquifers, ranging between 428 mg/L and 1,580 mg/L. While two wells, RA-2568 and RA-
2723, appear to be receiving water from the same zones of the valley fill aquifer, the other val-

ley fill wells appear to be be completed in zones with differing water quality.

5.3.4.2 Monitor Well Quality

Results of water quality testing of the monitor wells are shown in Table 7. Monitor wells KWB-
1B, KWB-2B, and KWB-3B were not tested due to the proximity of a paired well which is screened
over the same interval. Volatile aromatic hydrocarbons were detected in each of the nine mon-
itor wells except KWB-1A. However, BTEX levels detected are at, or just slightly above, method
detection levels of 0.2 ppb in wells KWB-2A, KWB-3A, and KWB-9. Low level contamination in
KWB-3A was confirmed with a duplicate sample. KWB-7 values were from 5 to 10 tirnes the de-
tection level. The remaining four wells were grossly contaminated with benzene values ranging
from 1,400 ppb in KWB-4, to 33,100 ppb in KWB-6. Total BTEX levels ranged from 4,700 ppb in
KWB-8 to 51,600 ppb in KWB-6. Three of the four wells (KWB-4, KWB-5, and KWB-6) are located
in the plume of free product (as determined during drilling) while KWB-8, at the easternmost
edge of the plume, had a sheen (less than 0.06 inches) detected. NM WQCC standards for BTEX
(shown on Table 6) are exceeded at these four wells.

Major water chemistry constituents are calcium and sulfate with significant levels of mag-
nesium, sodium, chloride and bicarbonate. The constituents reflect the wide diversity of the
source rocks that make up the surface alluvium. Gypsum provides calcium and sulfate, lime-
stone provides calcium and bicarbonate, and dolomite provides calcium, magnesium and bi-
carbonate. The high concentrations of total dissolved solids, which average 4,100 mg/L for
KWB-1A, KWB-2A, and KWB-3A, reflect the near-surface occurrence of the water. The water is
moving through unconsolidated soils and likely is impacted by both recharge from surface ac-

tivities, including irrigation drainage, and evapotranspiration if the water elevation is close to
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Table 7. Results of monitoring well chemical analyses, Navajo Refinery, February
1992. :

6/5/92




'O xjpuaddy Uf UMOYS 2Je SIW| UOROa3ap 3 suwiof K1ojesoqe] Jo sajdo) 910N
‘Qyuipeye fursn s3U2NIISUOD Jo WNS Aq PaIe[MO[RD ‘SPIOS PIAJOSSIP [0l — SAL
*1/81 Z°0 JO [9A9] UORDI3IP 1B Pa3d21ap 10N — AN

1724 SoLv €T¥C 980  8S0T 8681 8yl 62T 099% L90¢ jefelet 4 /8w pare[MoLed ‘SAL

99 0692 L8L 0SL1 0601 6.1 <9 A% LV¥ST 081 1992 /8w oeyng

474 8TV o€e A 6LT SLT 8ve 629 487 fele SLT /8w SpHOIYD

¥SL 9¢eT ¥79 88¢ (217 9gL LSL 929G LYE 8¢ €LE /8w Kyuireyre rejol,

Tl sed 612 8¥1 £0T 8c1 01 6.2 00¥ 124! 580 1/8wt wmnypos

1 € 9'0 6'0 80 (A 1 Tt S'8 1% g 1/fu wnjssejod

LTl 192 981 ¥02 g8\ 1441 911 zol 862 1€3% 6.8 /8w umisauge

081 TS89 9.7 Ly 162 013 161 092 889 LLY LLS /8w wnpred

01€Z OlZS Oege  0€se  Ol¥be ovSe 01€T 08.Le 09¥%9 3884 %28 wo/soyur Aunonpuo)

Tl Tl UL €L TL |99 z'L L9 'L L 'L ‘n's ud

an - €0 €0 00¢ 1 0081 006 00L aN T an /8 sus|AxX-0

an - To To 008 (Al 00€9 00€% 0091 aN g0 an /81 sus[hx-ur ‘d

an - an aN 0011 (Al 001¢ 000¢ 006 aN €0 an /81 suszuUaqIAYId

anN - L0 1 0001 (4 00€8 000¥ 00€T an ¥0 anN 1/8d suanfog,

aN - aN aN 0031 g1 00IEE 00ZIT  00FI zo 60 anN /81 suszuag
juelq paell, dnpg dnpve 6 8 L 9 S 84 ve Ve Vi sun jusMIsuo)

[1PM Supojuo

-Z661 Arenigay ‘A1sugoy ofeaepN ‘sosA[eue [eofwayd [am SULIojfUOUI JO SYMSSY *2 S[qEL




K. W. Brown Environmental Services Navajo Hydrocarbon Plume Investigation

the surface. If downward movement is impeded by clays, dissolved solids remain in the near-
surface zone and may concentrate further due to these impacts. Eventual removal under these
conditions is through lateral movement and downward seepage in zones where clays are thin.

Sulfate concentrations in KWB-4, KWB-5, and KWB-6 are much lower than in the other
wells. This probably results from sulfate reduction due to oxygen depletion caused by the
change from aerobic to anoxic conditions in free product plume. Sulfate in KWB-8 at the east-
ernmost edge of the plume has only a sheen of free product and does not yet appear to be greatly
affected by a change in the oxygen environment.

In wells KWB-1A, KWB-2A and KWB-3A, background concentrations of total dissolved
solids, sulfate, and, with one exception, chloride all exceed NM WQCC groundwater standards.
There is no evidence that the plume has contributed major water chemistry constituents (e.g.,
sodium, chloride) to the groundwater. Minor constituents and trace elements (e.g., nitrates and
heavy metals) were not tested. Changes to inorganic water chemistry appear limited to those
resulting from oxygen deficiency discussed above.

5.3.4.3 Free Product Testing

Two distinct types of free product were identified through the water quality testing program.
The first is pump or “drip” oil associated with lubrication of the deep well turbine pumps, and
the second is the light hydrocarbon detected in the monitor wells and test borings. While con-
firmation of identity through laboratory analysis was necessary, observant onsite personnel
detected differences in color and odor.

Laboratory analyses of a sample of “drip” oil provided by a local pump installer were per-
formed by IML, College Station. The sample was analyzed for BTEX, and for chromographic
similarity to gasoline and diesel oil. Also, a sample of product from KWB-6 was analyzed for
API gravity and other characteristics (but not BTEX) by the refinery. The results of the dis-
solved phase BTEX analysis of the water sample from KWB-6 were used in the comparison.

The pump oil was from a container labeled “Farmland (Brand) Lubricants, Drip Oil 200"
manufactured by Farmland Industries of Kansas City, Missouri. The analysis, with a detection
limit of 7,000 ppb, did not show benzene or ethylbenzene present but toluene and xylenes were
present at 18,000 and 27,000 ppb, respectively. The comparative analyses by IML determined
that the sample contained hydrocarbons in the range of C18 to C30 whereas both gasoline and
diesel are lighter. Gasoline components are.-'considerably less than C18 and diesel does not
have components heavier than C24.

The sample from KWB-6 analyzed by the refinery had an API gravity of 52.7 which is
equivalent to a specific gravity (Sg) of 0.768 at a temperature of 60 degrees Fahrenheit. By com-
parison, Sg of gasoline ranges from 0.68 to 0.74, that of diesel fuel from 0.82 to 0.94, and Sg of
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lubricating oil ranges from 0.88 to 0.92 (Colt Industries, 1979}. Although a chromographic
comparison with gasoline or diesel was not performed by IML for the KWB-6 sample, examina-
tion of the refinery API data supports a conclusion that the free product in KWB-6 is a light hy-
drocarbon, most likely a weathered gasoline. The large amount of benzene and ethylbenzene in

the dissolved phase sample support that conclusion.

5.3.5 Aquifer Testing

5.3.5.1 Introduction

Three aquifer tests were conducted from March 4 to 10, 1992, to determine the hydraulic prop-
erties of the near-surface saturated zone in the vicinity of the Navajo Refinery. The locations of
the wells used in the aquifer tests are presented in Figure 2. These locations include wells on
Navajo-owned land east of the refinery, the Armstrong property south of the refinery, and the
Joy property southeast of the refinery. The wells used during each test are presented in Table 8.
The following sections document the test procedures and present the results of each aquifer

test.

Table 8. Wells used during the pump tests in the vicinity of the Navajo Refinery.

Property Pumping well Observation well
Navajo KWB-1B KWB-1A
Armstrong KWB-2B KWB-2A
Joy KWB-3B KWB-3A

The performance of each pump test involved the temporary installation of a submersible
pump with the associated plumbing and the installation of data collection instrumentation
into selected wells. The test was conducted by withdrawing water from a 4-inch diameter pump-
ing well and recording the water levels in an adjacent 2-inch diameter observation well

screened at a similar depth.

5.3.5.2 Test Preparation

For each aquifer test, a 2-inch diameter (Redi-Flo) electric submersible pump was used to with-
draw water from the pumping well and diséharge the water into a nearby field. Lﬁnited dis-
charges to the field were not considered detrimental to test results because the fine-grained na-
ture of the surface soils minimized downward seepage, and because of the artesian nature of the
aquifer as demonstrated during monitor well drilling. Also, the results of the monitor well

sampling showed that, at most, only trace levels of dissolved organics were present in the mon-
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itor wells. Power to the electric pump was supplied by a gasoline-powered generator. A pump
controller and a flow-meter were used to regulate and determine the pumping rate during the
test.

To collect the necessary data, an automated (In-Situ Hermit 1000C) data logger was used to
collect water level measurements via pressure transducers in the pumping and observation
wells. The pressure transducers in the observation wells were placed at a depth within the
screened interval of the casing, below the expected level of drawdown. The pressure transducer
in the pumping wells was placed at the top of the pump, below the expected level of drawdown.

Prior to the start of test pumping, a maximum pumping rate was determined by performing
a step-drawdown test. During a step-drawdown test, the well is pumped at progressively higher
rates until it is deemed the water-bearing zone could not produce the volumes of water neces-
sary to maintain a higher pumping rate (i.e., the level of drawdown was such that the water

level was drawn below the pressure transducer).

5.83.5.3 Test Procedures

The aquifer test consisted of three phases of data collection: background, pumping, and recov-
ery. In the first phase, water level measurements were collected from both the pumping well -
and the observation well prior to the start of any pumping. Data collected during this phase are
useful for identifying static water levels in each well and the influence of barometric pressure,
if any, on the water levels. The background data from each pump test are presented in Appendix
H-1. In the second phase, water level measurements were collected from both wells after pump-
ing was started. Data collected during the pumping phase are evaluated to determine the hy-
draulic properties of the uppermost water-bearing zone. The pumping data from each pump test
are presented in Appendix H-2. In the third phase, water level measurements were collected
from both wells after pumping was stopped. As with the pumping data, data collected during the
recovery phase are evaluated to determine the hydraulic properties of the uppermost water-

bearing zone. The recovery data from each pump test are presented in Appendix H-3.

Armstrong Property

KWB-2B was used as a pumping well, while KWB-2A was used as an observation well. The collec-
tion of background data began at 4:18 pm on March 3, and continued for approximately 885
minutes (14.8 hours). The test began at 7:21 am on March 4, and continued for a total of approx-
imately 30 hours. The pumping phase of the test ended at 2:47 am after 1,165 minutes (19.4
hours). The wells were allowed to recover for a period of 610 minutes (10.2 hours). The constant

pumping rate was approximately 2.1 gallons per minute (gpm).
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Joy Property

KWB-3B was used as the pumping well, and KWB-3A was used as an observation well for this
test. The collection of background data began at 2:42 pm on March 5, and continued for 975
minutes (16.3 hours). The test began at 7:36 am on March 6, and continued for a total of approx-
imately 29 hours. The pumping phase of the test ended at 1:36 am after 1,075 minutes (17.9
hours). The wells were allowed to recover for a period of 670 minutes (11.2 hours). The constant

pumping rate was approximately 4.6 gpm.

Navajo Property

KWB-1B was used as a pumping well, while KWB-1A was used as an observation well. The collec-
tion of background data began at 4:15 pm on March 7, and continued for approximately 2,325
minutes (38.8 hours). The test began at 7: 29 am on March 9, and continued for a total of ap-
proximately 28 hours. The pumping phase of the test ended at 1:02 am after 1,030 minutes (17.2
hours). The wells were allowed to recover for a period of 640 minutes (10.7 hours). The constant

pumping rate was approximately 6.7 gpm.

5.3.5.4 Test Results

Analytical methods were used to evaluate the results of the aquifer test for determination of
transmissivity (T) and storage coefficient (S) of the near-surface saturated zone. Hydraulic
conductivity (K) of the saturated zone was obtained using the transmissivity and dividing by
the screened interval (assumed equal to zone thickness). Before applying the analytical
methods, graphing of the test data was required. Time values (f) were plotted on the horizontal
axis while drawdown (s) was plotted on the vertical axis. The graphical results of the pumping
and recovery phases of the aquifer test, together with the background data, are shown in
Appendix H.

Review of data graphs for background readings obtained prior to each test (Appendix H-1)
shows that only slight fluctuations (less than 0.09 ft) in water levels were observed in the ob-
servation wells. Small water level declines were observed in KWB-1A and KWB-3A while a
slight rise (0.03 ft) was observed in KWB-2A. There were no obvious large scale fluctuations
(such as diurnal pressure changes) observed during the background period that would require
adjustments to the pumping data

At a constant pumping rate of approximately 6.7 gpm, maximum drawdowns of 6.9 ft and
0.60 ft were recorded for KWB-1B and KWB- 1A, respectively, on the Navajo property. At a con-

stant pumping rate of approximately 2.1 gpm, maximum drawdowns of 15.5 ft and 0.03 ft were
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recorded for KWB-2B and KWB-2A, respectively, on the Armstrong property. At a constant
pumping rate of approximately 4.6 gpm, maximum drawdowns of 11.2 ft and 0.46 ft were
recorded for KWB-3B and KWB-3A, respectively, on the Joy property. While pumping of KWB- 1B
and KWB-3B had only a slight influence on their respective observation wells, pumping of
KWB-2B had minimal influence on KWB-2A. Water levels in KWB-2A remained essentially con-
stant during pumping, and changes observed in this well approximated and could not be differ-
entiated from background readings. Graphs of drawdown versus time for the pumping and re-
covery phases of the pumping and observation wells are shown in Appendices H-2 and H-3.
The graphical time-drawdown plots for observation well data obtained during the pumping
and recovery phases were used to determine transmissivity and storage coefficient. Only
transmissivity was determined from pumping and recovery data obtained from the pumped
wells (“B” wells). Prior to analysis of the pumped well data, data values were corrected to elimi-
nate the effects of vertical flow in the formation near the pumping well. The test methods uti-
lized to analyze the observation and pumping well data are discussed below while Table 9 is a

summary table showing the average of the test results for each well.

5.3.5.5 Discussion of Results

A variety of analytical methods were used to estimate the aquifer characteristics at each well.
Not all were found to be applicable for analysis of these data and, after comparison with results
{from other methods, were eliminated from use in the evaluation.

The pumping phase of each test was analyzed using both the Theis equation (type-curve
matching) and the Cooper-Jacob equation (Jacob straight-line method). The curve matching
procedure involves matching plots of W(uj versus u and drawdown (s) versus inverse time (1/1)
on log-log scale paper. The Jacob straight-line method involves plotting drawdown (s) versus
time (f) on semilog scale paper. Examples of both are shown in Appendix H-2. Due to minimal
drawdown in the observation well on the Armstrong property (KWB-2A), only water level mea-
surements recorded for the pumping well (KWB-2B) were analyzed.

Transmissivity is a measure of the ease with which fluids can pass through a saturated
aquifer. Due to this fact, an aquifer with a high transmissivity will produce a broad cone-of-
depression extending from the pumping well and have a large radius of pumping influence.
Conversely, an aquifer having a low transmissivity will produce a cone-of-depression which

remains relatively close to the pumping well and have a small radius of pumping influence.
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Table 9.

Summary of aquifer test results.
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The value of storage coefficient also determines the shape of the cone-of-depression. Un-
confined aquifers typically have storage coefficients in the range of 0.02 to 0.30, while con-
fined aquifers have storage coefficients on the order of 0.005 or less (Fetter, 1988). An aquifer
with a low storage coefficient, for a given pumping rate, will generate more drawdown than an
aquifer having a higher storage coefficient (Freeze and Cherry, 1979). A low storage coefficient,
indicating a confined aquifer, causes the cone-of-depression to extend over a wider area than
would be the case in an unconfined aquifer.

The values for transmissivity (T) and storage coefficient (S) calculated by the Theis equa-
tion for aquifer test data are based upon a graphical solution of the data. The following equa-
tions are used to determine T (per day per foot) and S (dimensionless),

4,
polASOW @ o Tur
s 1.87 r2

where

@ = constant pumping rate (in gallons per minute)

W = well function of u

s = drawdown (in feet)

u = well constant

t = time since pumping started (in days)

r = radial distance from the pumping boring (in feet)

The Theis equation assumes nonsteady, radial flow in a confined aquifer without vertical
leakage from overlying or underlying confining beds, and a constant well discharge. ’

The Cooper-dacob semilog method, a modification of the Theis equation, assumes a small
value of u [<0.05). The values of transmissivity and storage coefficient calculated by this equa-

tion are also based upon a graphical solution and make use of the following equations,

264
T= 0 and S= 0—3T2——t2
As r
where
Q = constant pumping rate (in gallons per minute)
As = change in drawdown over one log cycle
to = intercept of the straight line at zero drawdown (in days)

r radial distance from pumping boring (in feet)
Because ris measured from the center of the pumped well, a value for the storage coeflicient can
not be calculated for a pumping well. V

Using the Theis equation (type-curve matching), transmissivity values of 3,840 and 2,640
gallons per day per foot (gpd/ft), and storage coefficient values of 1.7 x 10-3 and 1.6 x 103 were

calculated for observation wells KWB-1A and KWB-3A, respectively. KWB-2A had only mini-
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mal response to pumping. Pumping well values of transmissivity using the Theis equation
ranged from 82 to 334 gpd/ft.

Only early time data were used in the Theis evaluation. Data points for both observation
and pumping wells usually varied from the Theis curve after only one minute of pumping and
always before 10 minutes of the test had elapsed. The reason for this deviation and its implica-
tion for aquifer behavior is discussed later in the section.

The deviation from the Theis curve also affected values of transmissivity and storage coef-
ficient calculated using the Cooper-Jacob equation. Values of transmissivity using this method

- were generally two to four times larger than calculated by the Theis equation, and they were
not used further in the evaluation.

The recovery phase of the test was analyzed using the Theis recovery method. The calcula-
tion for the recovery phase involved plotting residual drawdown t/t on semilog scale paper,
where t equals the time since pumping started and t’' equals the time since pumping stopped.
Residual drawdown (s') is plotted on the vertical axis as before and t/t is plotted on the horizon-
tal axis. Transmissivity is calculated using the Cooper-Jacob method with As’ used in place of
4s. This method can be used only to calculate transmissivity since it is based on a time ratio
obtained from the test values. Values of transmissivity calculated from water level recovery -
data for the observation wells were 4,420 and 3,920 gpd/ft for KWB-1A and KWB-3A, respec-
tively. Although pumped well recovery data were used in calculating transmissivity, several
values were obtained for each borehole. For reasons explained below, these results were not
used further in the evaluation.

Difficulty was experienced in analyzing data collected during the test and this led to use of
several other procedures to assist with interpretation of the results. The most difficulty was
encountered in evaluating data from the pumping wells, although some data from the observa-
tion wells were also troublesome.

The major problems were caused by (1) aquifer behavior that deviated from the assump-
tions which allow use of the Theis and Cooper-Jacob methods, (2) casing storage and borehole
configuration effects in the pumped wells, and (3) vertical flow components in the pumped
wells.

As mentioned above, the plotted data for all tests deviated from the Theis curve after about
a minute of pumping. The deviation showed less drawdown than would be predicted from use of
the Theis equation alone. Comparison witﬁﬁ other analysis techniques led to use of the
Hantush-Jacob Leaky Aquifer method for analysis of test data (Fetter, 1988). The Hantush-
Jacob method is similar to the Theis method in that a curve matching technique is used. How-
ever, in place of a single curve, a series of curves representing differing leakage factors are
compared with the test drawdowns.
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A “leaky aquifer” is a semiconfined aquifer that receives water through overlying mate-
rial. Such situations are common in alluvial valleys where deeper sand and gravel zones are
overlain or underlain by finer grained material with a lower hydraulic conductivity. The finer
grained material is considered a semiconfining layer or an “aquitard.”

Review of the boring logs for the pumped wells at the Navajo site shows finer grained mate-
rial located opposite or above the screened interval. Though finer grained, this clayey sand or
sandy clay material is still permeable though much less so than sands or gravels. When a well
is first pumped, water moves to the well through the most permeable sand and gravel zones. A
short time later, water from the finer grained material is transmitted to the more permeable
zones. To provide easy analysis, it is assumed the leaky zone acts only to transmit water and
that no water comes from storage in the less permeable confining zone. However, this assump-
tion is only valid for early test data. In the Hantush-Jacob analysis, deviations from the type-
curves occurred about 10 minutes into the test for both observation and pumped wells.

Data matched using the Hantush-Jacob method resulted in transmissivity values of 4,040
and 3,400 gpd/ft for the KWB-1A and KWB-3A observation wells, respectively, and values be-
tween 72 and 349 gpd/ft for the pumped wells. Storage coefficient values for the two observa-
tion wells were 1.9 x 10-3 and 1.6 x 1073, respectively.

“Leaky aquifer” conditions are also the reason that data plotted for analysis using the
Jacob-Cooper straight line method showed one or more deviations from a single straight line.
Only the early data are representative of actual aquifer characteristics. Later data are usually
interpreted to show a “recharge” boundary which actually is the effect of slow drainage of water
from fine grained aquifer sediments. However, the straight line method is not valid for early
time periods (before u is less than 0.05). Therefore, the method seldom can be used to analyze
“leaky aquifers” since the “recharge” effect is usually observed before u becomes less than 0.05.

Casing storage and borehole configuration greatly affect pumped well data analysis. If the
pumping rate is low compared to well diameter, much of the early water pumpeci from the well
actually comes from storage in the casing. This was most evident in KWB-2B which was
pumped at only 2.1 gallons per minute during the test. Additional effects were caused from the
dewatering of the well casing to below the top of the screen. When above the screen, the decline
in the artesian water levels reflect only the water volume pumped from the casing. When levels
decline below the top of the screen, additional time is required to lower the water since bore-
hole volumes have increased to include the“‘sand pack outside the screen. This will appear to
slow drawdown which, in the absence of borehole effects, would indicate the presence of a more
permeable zone. The combination of casing storage and borehole configuration makes analy-

sis of pumped well pumping and recovery data difficult. However, in this instance the effect is
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overshadowed by the large difference between observation and pumped well values of trans-
missivity as shown in Table 9.

The final difficulty in use of the pumped well data was due to the necessity to correct for ver-
tical flow effects in the unconfined aquifer in the vicinity of pumping well. Though normally
an easily applied correction (Driscoll, 1986), it was complicated here by the change in status of
the pumped wells from artesian to water table conditions during the test. The change occurred
when pumping water levels dropped below the top of the aquifer confining bed, and aquifer de-
watering began. Although the correction was applied to the entire data set for each pumped
well, its effect on water levels was slight during the first few minutes of pumping before signifi-
cant drawdown occurred. Therefore, it did not affect the results calculated for this test.

The test results showed significant differences between aquifer characteristics for the ob-
servation wells and the pumped wells. Observation well values of transmissivity were about 10
times pumping well values for each paired well. At first the reason for this difference was be-
lieved to be poor communication between the pumped and observation well. This would make
the pumped well data more representative of actual well data. However, when both sets of
transmissivity values are used in average linear velocity calculations (Section 5.4.1), the ob-
servation well values are much more representative of the actual aquifer characteristics.
Therefore, the cause of this difference is apparently related to the amount of development of
the pumping well. Although purged to clear sediment and turbidity, the wells apparently need
further development to remove fine grained material outwards of the screen that prevents effi-

cient movement of water into the well bore.

54 FATE OF CONTAMINANTS

The fate of the hydrocarbons at the site is dependent on a number of hydrological and soil
characteristics. These include the rate and direction of groundwater movement in the
near-surface water zone, the lateral continuity of this zone, the vertical permeability and di-
rection of vertical gradient of the lower confining bed, and the degree of retardation to move-

ment provided by the upper clay confining zones.

5.4.1 Flow Direction and Velocity

The direction and average rate of water movement in the near-surface saturated zone was de-
termined fromm measurements recorded at the monitor wells. Water level observations for
March 10, 1992 (shown in Table 2} were plotted to determine the direction and hydraulic gradi-

ent (Figure 11). Based on these data, the direction of flow is generally easterly. Direction and
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gradient range from N 91° E at 0.00456 ft/ft along a line from B-88 easterly to Bolton Road, and
from N 116" E at 0.00444 ft/ft along a line east-southeasterly from KWB-6 to B-71. These two
major directions of flow ‘coincide with the major concentrations of apparent free product
shown in Figure 12.

An average linear velocity for groundwater movement (often called “seepage velocity™) was
calculated using Darcy’s Law with the gradient information shown above, hydraulic conduc-
tivity measurements previously presented in Table 9, and an estimated porosity.

Porosities of alluvial material can range from 25% to 50% for sand, and 40% to 70% for
clays (Freeze and Cherry, 1979). However, sand-clay mixtures commonly have much reduced
porosities due to the finer grained materials occupying the void spaces between the larger par-
ticles. With the assumption that the largest portion of fluid movement is through the coarser
grained, but poorly sorted, sediments penetrated by the monitor wells, a porosity of 0.2 is esti-
mated for use in the velocity calculation.

The average linear velocity is calculated as:

v=Ki/7.5n
where:
v = average linear velocity (feet/day},
K = average hydraulic conductivity of the water bearing zone from Table 9
(gallons/day/square foot),
i = the hydraulic gradient (average 0.0045 ft/ft), and
n = 02

Using the above parameters, and K calculated using the observation well data, velocities
range from 0.53 ft per day to 0.88 ft per day with a mean of 0.70 ft per day. Using pumped well
data, velocities range from 0.012 ft per day to 0.072 ft per day with a mean of 0.042 ft per day.

To determine whether pumped or observation well values of hydraulic conductivity should
be used to determine flow velocity, the distance from the refinery to the easternmost location
of known dissolved phase contamination (KWB-8) was used together with both of the average
hydraulic conductivities to calculate a time of travel. For the distance of 3,400 ft these times
are 13.3 years for the observation well data and 222 years for the pumped well data. Since the
time calculated using pumped well data is unrealistic, use of the observation well data is neces-
sary. Therefore, it will require between 11 and 18 years for water to travel a distance of 3.400 ft.

The differences in results show the importance of using at least one observation well in
each aquifer test. Although the pumped wells were developed sufficiently for withdrawing the
amount of water necessary to conduct the test, they apparently do not produce water efficiently
enough to make the drawdown data reliable for use in aquifer flow calculations. Given the na-
ture of the water-bearing zone, it is likely that fine-grained sediments in the vicinity of the

wellbore and sandpack are preventing efficient transfer of water from the saturated zone to the
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well. Additional well development efforts would be required to make the pumping wells more
eflicient if water level measurements from these wells are to be used in calculating aquifer

parameters.

5.4.2 Continuity of the Near-Surface Saturated Zone

Information from the KWBES monitor well logs and the available drillers logs for area water
wells was used to construct a cross-section showing shallow permeable sediments from KWB-4
east to the vicinity of the river. Logs for a KWBES monitor well and a water well are plotted to-
gether where a KWBES well is paired with a water well. Although the elevation of a permeable
zone may be offset for monitor-water well pair, well logs for all but one well pair well show a
near-surface permeable zone eastward from the site.

The exception was the KWB-5/RA-314 pair. The monitor well log shows clayey sand from 15
to 29 ft followed by 2 ft of sandy clay. Saturated silt is found from 31 to 38 ft with clay below.
The log for RA-314 indicates that “clay and gyp stratas” exist from 10 to 56 ft. However, as dis-
cussed earlier, drillers of deep artesian wells commonly noted only water zones of substantial
thickness on their way to the deep saturated portions of the formation.

From the KWB-6/RA-2723 pair eastward, a continuous gravel bed is noted on the drillers
logs and a similar permeable zone of clayey sand and gravel was seen during the drilling of the
monitor wells. The gravels shown on the water well logs range from 5 to 10 ft in thickness, but
at RA-1300, 2,000 ft east of the KWB-3/RA-3353 pair, the permeable zone expands to 20 ft in
thickness and is logged as water sands, sand and gravel, and water gravels. The log at this well
notes a 12-ft-thick section of clay beneath the permeable zone and above an additional water
sand. Sequences of clay and sand continue downward until the wells’ total depth of 210 ft is
reached.

Eastward, the first permeable rocks would likely be nearer the surface. Where the surface
topographic gradient is steeper than the apparent gradient of the subsurface gravels, an east-
erly thinning of surface sediments occurs as the river flood plain is approached. Although well
RA-2749 appears to have a caliche zone within 5 ft of the surface at about the elevation of the
permeable gravel zone, caliche commonly includes cemented gravels as well as fine grained
materials. In addition, sands are shown at 18 ft, immediately below the caliche zone on this
log.

5.4.3 Vertical Permeability and Gradient

Groundwater in this first near-surface saturated zone has the potential to migrate downward to

lower water-bearing zones. The monitor wells completed during the first phase of this study
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were drilled into and bottomed in fine grained sediments of clay, sandy clay, and clayey sand.
The thickness, extent and continuity of these fine grained materials is unknown, but drillers
logs of wells such as RA-1300 (Figure 14) show alternating zones of sands and clays of varying
thickness in the first 100 {t beneath the surface.

Although not measured at this site, hydraulic conductivities for clays commonly range be-
tween 0.001 ft/yr and 0.5 ft/yr. Because of the artesian conditions seen in the monitor wells
and borings, the clays encountered in the study area are effective in preventing upward fluid
migration and should be similarly effective in preventing downward flow where they are thick
and continuous. Since the petroleum hydrocarbons are lighter than water, only dissolved
phase hydrocarbons have the potential to migrate downward through the clays.

In addition to permeability, downward migration of dissolved phase hydrocarbons is de-
termined by the difference in hydraulic head between the uppermost waterbearing zone and the
next lower permeable zone. The difference in hydraulic head over a vertical distance defines
the vertical gradient. Water level measurements made in January show a negative (downward)
vertical gradient. The difference in elevation between water levels in KWB-4 and artesian well
RA-313 is about 14 ft while the difference between KWB-9 and valley fill well RA-3156 was
about 20 ft. In both cases water levels in the monitor wells were higher than in the water wells:
Therefore, the potential exists for downward water movement between the near-surface satu-
rated zone and lower zones if pathways for movement exist.

Natural pathways allowing fluid migration would be locations where the clay is discontin-
uous or missing. Other pathways include artificial penetrations such as water wells and oil ex-
ploration boreholes. Although both water and oil wells are cased through near-surface zones,
problems such as casing corrosion, or heavy pumping (which can cause sand removal next to
pipe perforations, followed by surface subsidence around well bores), can allow downward mi-
gration of surface fluids. However, no evidence of surface subsidence was seen during the water
quality sampling performed on the wells in the area. The impact of irrigation and domestic

well pumping on the monitor wells installed to detect water level changes remains to be seen.

5.4.4 Retardation of Hydrocarbons

In addition to area geology and the hydrologic factors of permeability and gradient that deter-
mine the fate of the hydrocarbons, the natural characteristics of the upper clay confining bed
act to capture the free product and retard its eastward movement. The extent to which this has
occurred, and will continue to retard movement of hydrocarbon, was not modeled during this
first phase of the study. However, staining was observed to occur for several feet in clays above

the zone where water and free product was first encountered. This indicates that hydrocarbons
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Figure 14. Facility cross-section D-D' of uppermost permeable zone.
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have migrated a considerable distance upwards under both capillary forces and pressure of the
confined water. Therefore, clays in the confining bed, as well as those in the water zone itself,
act to retard both free product and dissolved phase hydrocarbon movement to less than the av-

erage linear velocity calculated in Section 5.4.1 above.

5.4.5 Possible Discharge Locations

Although there is the potential for downward vertical migration, either where clays are absent
or along the outside of wellbores, the information available to date indicates that only east-
ward lateral movement of contaminates is occurring. As mentioned in Section 5.4.2, the sur-
face sediments above the permeable zone thin to the east. From the refinery eastward toward
RA-2749, the topographic elevation drops at a gradient of 25 to 30 ft per mile. This allows pos-
tulation that some water from the near-surface saturated zone may discharge at the surface
prior to reaching the area of the river channel. Lending support to the hypothesis of some sur-
face discharge is the marshy area located in the center of Section 11, one-half mile north of
RA-2749 (Figure 15). The elevation of the marsh is about 10 ft above the elevation of the Pecos
River channel in this location. In the area of the marsh, there is a noticeable drop in surface el-
evation from west to east, and east of the marsh the surface gradient markedly flattens with
less than an 8 ft change in elevation over the 1.5-mile distance on the flood plain east through
Section 12 to the river channel. Similar marshes and some surface water ponds are seen along
the west side of the river south of Highway 82 to the area of Spring Lake (T18S, R26E, NE/4
NE/4 Section 3), a distance of about 4 miles.

Some of the water in these marshes no doubt originates from the river. This occurs via up-
stream infiltration of river water into the alluvial fill followed by movement through the fill
for later downstream discharge. However some marshes and ponds appear to be at higher ele-
vations than the river alluvium and must have some other supply of water. The likely source is
discharge from the near-surface saturated zone plus any surface return flow of irrigation
water. Discharge from this zone not intersecting the surface moves into, and commingles with,
the saturated sediments of the Lakewood terrace deposits which were previously described.

If groundwater flow direction does not change between the east end of the study area and the
river, the likely areas of discharge are to the river alluvium in the SE/4 NE/4 of Section 14 and
the W 1/2 of Section 13. These areas are just east of the location where the slope of the surface
sediments changes, indicating the contact between the Orchard Park and Lakewood terrace de-
posits. East of the contact, river alluvial sediments are exposed at the surface and caliche is

generally absent. While topographic maps and Soil Conservation Service maps show no direct
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Figure 15. Likely areas of groundwater discharge,
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evidence of a discharge at the surface at this location, depth to groundwater is 10 ft or less based
on topographic map examination and work done by previous consultants for Navajo Refinery.

The average linear velocity determined in Section 5.4.1 could be used to calculate the esti-
mated time for groundwater to travel to this possible zone of discharge. However, this number
should not be used for calculating free or dissolved phase hydrocarbon movement because of
the retardation effects described above and because the hydraulic gradient and/or hydraulic
conductivity may vary over the approximately 1.5-mile distance between the east end of the
study area and the postulated discharge location.

Groundwater in the possible area of discharge, including the marsh in Section 11, was not
investigated during this first phase study, but water quality information is available for the
adjoining sediments and the river. Previous observations by consultants and by regulators for
the NM Oil Conservation Division have documented that the background quality of the water
within several feet of the surface in flood plain sediments near the river is in excess of 5,000
mg/L TDS and commonly approaches and even exceeds 10,000 mg/L TDS. The river itself has
been documented by the U.S. Geological Survey as exceeding 10,000 mg/L TDS during periods of
low flow (Geoscience Consultants, 1987).

Although New Mexico groundwater with total dissolved solids of 10,000 mg/L or less must
be protected from contamination in excess of the state groundwater standards, water in the
near-surface saturated zone and in the shallow river alluvial sediments is not currently used
or expected to be used for drinking water. Therefore, while protection for these areas is neces-

sary under state regulations, emphasis must be on preventing contamination of currently used
drinking water.
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6.0 SUMMARY AND CONCLUSIONS

The first phase of this investigation verified the free and dissolved phase hydrocarbon in the
study area and approximated the current extent of contamination. The study documented the
locations and sampled the water wells in the study area that might be at risk from the hydro-
carbon. The results of the study found that two wells located in the plume of contamination
that are used for drinking water do not exhibit detectable levels of contamination. Finally, the
study established the hydrologic characteristics necessary to provide information on ground-
water movement and possible discharge locations for the near-surface saturated water zone.
The fate of contaminants in this zone is dependent on rate and direction of travel, continuity
of sediments in the zone, vertical permeabilities, and degree of retardation of the pollutants.

Specifically, the following conclusions result from the investigations condﬁcted during the
study:

1.  The presence of free product with characteristics similar to weathered gasoline was
verified for a significant area east of the refinery including a small area east of Bolton
Road.

2. The monitor well and boring program determined the extent and apparent product
thickness of the free product over most of the study area. The areal extent of the ap-
parent free product is approximately 170 acres. A maximum apparent free product
thickness of about 3.3 ft was found in KWB-6, and about 4.5 ft was found in boreholes
B-78 and B-87 located approximately 1,300 ft north of Highway 82. The zone of free
product continues eastward to a location about 200 ft east of Bolton Road.

3. A second finger of the plume appears located east-southeast from KWB-6 to the vicin-
ity of borehole B-71 south of Highway 82. Maximum product thickness of 2 to 3 ft was
found in boreholes in this area.

4.  Of the six monitor wells installed adjacent to the existing water wells, free product
was verified in two monitor wells, and two other monitor wells had greatly elevated
levels of dissolved phase hydrocarbon (BTEX). In one monitor well, the water level
rose above the level of the screen, precluding direct determination of free product.

5.  Of the four water wells located inside the plume of free product or dissolved phase hy-
drocarbon, wells RA-2723 and RA-4798 (adjacent to KWB-6 and KWB-8) are used for
domestic purposes, including as a drinking water supply. No BTEX above acceptable
laboratory detection limits was detected in either of these wells.

6. Low levels of dissolved phase hydrocarbons were detected in four water wells sampled
during the study. Hydrocarbons in one of two irrigation wells were characteristic of
the pump oil used as a lubricant for the downhole equipment. Hydrocarbons in a sec-
ond irrigation well located within the plume detected dissolved phase hydrocarbons
(including benzene) at levels below those established by the NM Water Quality Control
Commission. Toluene at levels slightly above the detection limit was found in two
domestic wells, one used for drinking, outside the plume area. However, its presence
was not confirmed in a follow-up, or duplicate sample.
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10.

11.

12.

13.

14.

15.

16.

One water well (RA-4196) was found to contain free oil at the water surface. Although
not sampled directly, the characteristics of the oil (color and odor) are similar to
pump lubricating oil used in an adjacent well (RA-307) and found stored in a con-
tainer next to that well. When sampled at a later date after pumping, no dissolved
phase hydrocarbon was detected.

Some wells completed in the deeper aquifers (both artesian and valley fill) may be
contaminated with oil from leakage of lubricating oil from turbine pumps used in the
deep wells. If the pump setting and drawdown are below the bottom of the unperfo-
rated casing or if casing leaks are present, the lubricating oil can migrate into the
aquifer during nonpumping periods.

An examination of the published hydrogeologic information does not support the
contention by an earlier study that the refinery is located on a surface outcrop of the
Seven Rivers formation. Although this geologic formation may exist at depth beneath
the refinery, there is ample hydrogeologic information, including reports and water
well logs, to support the conclusion that the refinery is located on an unconsolidated
terrace deposit overlying the valley fill deposits of the Pecos River Valley.

In the vicinity of the refinery, a near-surface, water saturated zone from 3 to 18 ft in
thickness was found at depths from 17 to 31 ft. The lithology of this zone is predomi-
nantly clayey sand with lenses of small gravels. The zone exhibits artesian properties
with water levels in the monitor wells rising 0.1 ft to 10.2 ft from levels where first
encountered.

The hydrogeologic characteristics of the first saturated zone, as determined by pump-
ing tests, showed hydraulic conductivities (K) ranging from 175 to 293 gal-
lons/day/square foot. This is considered to be in the range of hydraulic conductivities
for silty sand.

The average hydraulic gradient was found to be 0.0045 foot/foot (24 ft/mile) as deter-
mined by water level elevations. The direction of groundwater movement at locations
about 1,300 ft north of Highway 82 is N 91° E (easterly), while movement in the vicin-
ity of KWB-6 is N 116° E (east-southeasterly). The hydraulic gradient, together with the
hydraulic conductivity and a porosity of 0.2, calculates to an average linear velocity
(“seepage velocity”) ranging between 0.53 and 0.88 ft per day.

The source of water in the near-surface saturated zone may be recharge from Eagle
Creek west of the refinery, leakage from the refinery freshwater fire water ponds, or
downward seepage of unused irrigation water where not constrained by low vertical
permeability sediments beneath the soil zone.

The near-surface saturated zone is not used as a source of drinking or irrigation
water. Currently operating wells that are located in, or adjacent to, the plume area are
completed at depths greater than 230 ft except for one well (RA-3156) on which no in-
formation is available.

All monitor wells were bottomed in fine grained sediments of clay, sandy clay, and
clayey sand. The two wells with measurable free product are completed in clay and
sandy clay sediment.

In addition to horizontal movement, differences in potentiometric levels between
water in the first saturated zone and water levels in wells in both the artesian aquifer
and the valley fill show the potential for downward movement of water. However,
since vertical permeabilities of confining zones are likely quite small, the major
threat from water level differences is downward movement alongside water well cas-
ings or movement into a casing in the event of a corrosion leak.
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17.

18.

19.

Movement of free phase hydrocarbon into the overlying clay confining bed by capil-
lary and artesian pressures, and dissolved phase hydrocarbon contact with clays in
the saturated zone, will cause some retardation of the hydrocarbons. Because of this,
time-of-travel calculations using the average linear or “seepage” velocity would over-
estimate the velocity of movement and underestimate the time necessary for contam-
inants to reach the postulated discharge area.

Based on examination of the monitor well logs and drillers logs of the water wells, it
appears that the near-surface saturated water zone continues eastward to the vicinity
of the river where it discharges to the surface in marshes, or commingles with water
present at shallow depths in the alluvial sediments.

Agricultural activity is unlikely to be affected by the presence of free product. Crops
and residential vegetation are irrigated from the surface and, because of the thick,
heavy clay layer beneath the upper soil zone, do not penetrate deeply into the subsur-
face. An exception are the pecan trees which have a deep tap root for stability. Since
roots can not grow in an absence of oxygen, there may be a potential impact on large
mature trees of substantial height. The potential impact would be limited to rendering
the trees less stable in severe winds, and would not affect their growth.
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7.0 RECOMMENDATIONS FOR IMMEDIATE AND LONG-TERM ACTIONS

The results of the study lead to the formulation of recommendations for immediate and longer
term actions to be taken in the area of contamination. Immediate actions are those necessary
to protect the health of the residents that may be affected by the hydrocarbons and to begin
physical efforts to slow plume migration by product capture. Long-term actions include addi-
tional investigation efforts, groundwater modeling of the contaminant movement, and design

of product recovery systems for optimum placement of wells.

7.1 RECOMMENDATIONS FOR IMMEDIATE ACTION

Hydrocarbon free product was found at, or in the vicinity of, two wells used for drinking water,
and at wells used for irrigation or other nondrinking water use. Although no contamination of
drinking water was detected, the following immediate measures are recommended and consid-

ered necessary to provide protection to the health of the residents and their property.

1. The drinking water used by persons at the two farm residences should be monitored for
dissolved phase hydrocarbons (BTEX) no less than once every two weeks. Monitoring
should be by a method capable of detecting contamination. Testing for dissolved phase
hydrocarbon should be performed once each month. Connection with an alternate
water supply for drinking and domestic uses would alleviate the necessity for frequent
testing.

2. Nondrinking water wells used for irrigation or other uses and located inside the plume
area should be tested for contamination monthly during the growing season. Testing
should also include the Gurley well where toluene was detected in the initial sampling,
but not verified in a second sample.

3. Product recovery should be immediately initiated at KWB-4, KWB-6 and in the vicinity
of borehole B-91. New, 6-inch recovery wells will be necessary at the latter two loca-
tions. Before a decision is made on the type of equipment to be installed for recovery ef-
forts, the wells, including KWB-4, should be bailed free of product and recovery moni-
tored to provide an indication of the type of pump system most efficient at product
recovery.

4. Water levels in the monitor wells should be measured monthly to determine whether
the pumping of nearby irrigation or domestic wells has an effect on the monitor wells.

7.2 RECOMMENDATIONS FOR LONG-TERM ACTION

Long-term recommendations for action are suggested to provide information for optimum de-
sign of product recovery systems and to better determine the fate of the nonrecoverable

hydrocarbons.

69
6/5/92




K. W. Brown Environmental Services Navajo Hydrocarbon Plume Investigation

An additional 4-inch monitoring well should be installed 800 ft north of the KWB-3,
KWB-3A pair to provide information on possible hydrocarbon movement at the east
edge of the pecan grove. Additional downgradient wells should be installed if extensive
contamination is present at this location.

An additional monitor well should be installed near the location of B-94 to provide in-
formation on possible hydrocarbon movement of the southeast finger of the plume.

At least three monitor wells should be installed to determine extent and thickness of
the lower confining layer beneath the near-surface saturated zone, and to allow sam-
pling and evaluation of the hydrologic and water quality characteristics of the next
lower saturated zone. To avoid creating an avenue for possible downward migration of
contaminants, deeper monitor wells should be drilled outside the area of the current
free-product plume.

Systems for hydrocarbon plume control and product recovery from groundwater com-
monly include one or more of the following types of installations: recovery wells, re-
covery trenches, and hydraulic barriers. Recovery wells and trenches can either be ac-
tive with pumps for water drawdown or passive with only oil skimmer equipment in-
stalled. Trenches are most effective where the plume exists along a broad front and
where the water potentiometric surface does not vary in elevation in the area of the
trench.

Particular emphasis should be given to location of recovery systems near the existing
water wells, east of Bolton Road, and south Highway 82 near B-71. These areas are at the
leading edge of the major portion of the free product, and recovery will prevent move-
ment of free phase hydrocarbons into uncontaminated sediments. If depth to product is
not a constraint to installation, a north-south recovery trench should be located at the
west side of the pecan orchard, and another installed perpendicular to the direction of
flow in the field southeast of B-71. If artesian conditions exist in these locations, pas-
sive skimming of floating product from the trenches will be effective, alleviating the
need to pump large volumes of water to recover free product.

In locations where capture trenches are not installed, groundwater modeling using ex-

isting information, and the information from the baildown tests recommended above,
should be performed to determine the optimum system or combination of systems to be
used. Groundwater modeling was not performed as part of the first phase investigation.

Also important, but of lessor priority, is installation of recovery systems in the vicin-
ity of boreholes B-78 and B-85 to B-87. This area had the largest apparent thickness of
product, but is located away from water wells and sensitive agriculture lands. Product
capture in this location is desirable because the direction of groundwater movement in
that area is toward Bolton Road and the pecan grove, and capture in its current location
will avoid additional soil and water contamination as the plume moves toward Bolton
Road.

Additional work to define the existence and extent of hydrocarbon in the area from
boreholes B-84 and B-85 west to the refinery should be conducted. Borehole drilling was
not performed in March 1992, because cultivation in these fields had already begun.
Additional borings should be made in the fall after harvest of crops has been completed.
If borings show extensive free product hydrocarbon, additional recovery systems will
be necessary in that area. .

To better define the hydrologic conditions of the near-surface saturated zone, the status
of the current monitor wells on the refinery property should be reviewed and an eleva-
tion survey made of selected wells to tie into the land survey established for monitor
wells KWB-1 to KWB-9. This will allow better definition of the upgradient source of the
water through the preparation of an area-wide potentiometric map.
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. 9. Additional field work should be undertaken to better define the groundwater discharge
location of the near-surface saturated zone that is postulated to be found at or near the
surface in Sections 11, 13 and 14. The work would consist of borings, and possibly tem-

porary monitor wells, between the existing wells and the possible discharge location to
establish lithology, water levels, and water quality parameters.
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Form WR-23 LQ/M? — .§,7C STATE ENGINEER OFFICE '

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed

Section 1 (A) Owner of well LJ /) K{XM /)

Street anﬂ Number.... v _
City X‘f\’/(.()} Stat(;7 1)/“/ W/,(// A

Well was drilled under Permit No and is loca in the

0L Yo Vil id & $f Sectipn.... Z -Twp. 17 Ree. GZT&
(B) Drlllmg Contractor. LLLL,/M %&Lﬂ License Nouz
Street and Nymber. yaxiy 77'1,0m <l

City f‘ G liiod Ll Statem%

Drilling was commenced SN .ﬂ }
Drilling was completed Jj/‘“ 195 K.
(Plat of 640 acres)
Elevation at top of casing in feet above sea ?veli \ Total depth of well / 3 & g_
State whether well is shallow or artesian [ / /fw/ g\ Depth to water upon completlon_lé_#__
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in Description of Water-Bearing Formation
- From To Feet
1
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in, ft. in Top Bottom Feet Tfl;e Shoe From To
AN g 30 | Mnsarg
i IS L
57
N 4
g | a¥ g I£0 H‘ 077 éa,//,,
Section 4 RECORD OF MUDDING AND CEMEN'l{NG
Depth in Feet Diameter Tons No. Sacks of
From | To Hole in in. Clay Cement Methods Used
|
Section 5 _ PLUGGING RECORD
Name of Plugging Contractor. License No.
Street and Number City. State:
Tons of Clay used. ..o —.Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19

Plugging approved by: ' Cement Plugs were placed as follows:

Depth of Plug
Basin Supervisor " | From To

FOR USE OF STA‘TE rﬁmﬁ
R JJ ..n

No. of Sacks Used

Date Received F EB 1 Y ]uaa
OQFFICE
) VIEC

GROVND VAR

File No.g¥/2.= 7 =

Location No, /2.24 Q..:s‘/_f: P




Section 6

LOG OF WELL
Fr]::f th in Fe;to T;::c;lel:s Color Type of Material Encountered
q) 7 )4 Aiuf/ A
H rg ?@ Q/di’d« ”/KRJ
SO . L4 VNI I 4,
4| o 194 W jt o
196 L 29\2,9 [L&ﬁ Dbl A0V
9\9\]/) 13 1;2 ,?LS Zﬂ
5 |+ 245 o,mﬁ Ak
7\4’:5 ! (;Zgl:l lul 7
290 | 4 | 205 (Lol | ”>W¢MW/)
205 ! 5 7/7 (W, (FaN 2] rj
A | W | 45p 4,
dsp | .. 1 580 1/1» ok diw
5% |, | 5gsa Al |
F¥5 | 4, LD O b
Zpuz/) 1! /.7 4/} /g Iw,g_/
Cﬂ/-!-ﬂ Il b gi @} /410/)\'101
/025 ot / 4 q @4 (?/(1/\’!\/&-«')
a9 1l . 720
a0, 748 0Ly iy
725 | 755 2y
755 | | o el Ao,
7_/g 1) 1) ']YD /Z/@/\/}éj
280 | v | 794 Clay
5] o | Fig e R
/0 i %‘L @l()/ @QALIQJ
2a) | 1, 1943 ) ,
Gan | o /094 Liile Aokt
10957 //c()S“ W Lenniy
ilog | - 135 | ety M
) 195 5K g1l

;,:l é[gerslgnea hereby, ez}é}iés that, to the best of his. ﬁgﬂeg/ge fn(é/beli

rect record of the above described well

g/th foregoing iy;a true and cor-
J{ 6) Jj Va4 P4

“Well Driller




Form WR-23 STATE ENGINEER OFFICE

WELL RECORD

INSTRU(_:TIQNS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well Mrs., E. E, Coll

Street and Number

City Artesia State _New Mexico
Well was drilled under Permit No....RA=313... ...........and is located in the
SE__ 1 SE 1y SW _ 3 of Section..2 . _Twp. 17 ____Rge. 26
(B) Drilling Contractor... Myron Bruning License No..oo.....__
Street and Number Box 881
City Artesia . State New Mexic o
Drilling was commenced....._.Qct. 1 19.40
Drilling was completed Oct.311 19.40
(Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well // 92 7
State whether well is shallow or artesian_..artesian Depth to water upon completion..____._______
Section 2 PRINCIPAL WATER-BEARING STRATA
No. M_ Thickness in Description of Water-Bearing Formation
B From To Feet
1
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in. 1t. in Top Bottom Feet Type Shoe . From To
10 40 8 800 drive
123 50 8 104
the alove casing is set in one s{ring
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used )
20 qaok;x of ¢ement usged in settihg casing Halliburton
[
Section 5 PLUGGING RECORD
Name of Plugging Contractor. : License No
Street and Number City. State
Tons of Clay used .....e...e....Tons of Roughage used .....omroceemece. _Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
o Depth of Plug
Basin Supervisor No. From To No. of Sacks Used

FOR USE OF STATE ENGINEER ONLY ]

Date Received .o

File No.. RA=313 . USe..we ... . ... Location No, L A7.26,9,344




Section 6

LOG OF WELL
“?:‘pm in Fe:‘t;) T;::c;:::s ‘Color Type of Material Encountered
0 8 soll
8 18 clay
18 2 fine sand
21 A 80 clay & gyp stratas
80 195 gyp & clay stratas
195 285 gyp
285 320 red sand
320 685 gyp stratas & red sand
685 720 rock
720 800 - red bed
_800 860 rock stratas & red bed
870 872 red bed
872 895 rock, i soft
_895 204 rock, 3 hard
casing sqt !
904 931 rock
931 972 rock, streaks of artesian water
972 1020 rock
1020 1035 rock, streaks of artesian watef
1035 1070 rock
1070 1085 rock, .streaks of artesian water
1085 1157 rock, maybe some water

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well.

~=8~--= Myron Bruning

‘Well Driller




')
N !
(This form to be executed In triplicate)
Date of Receipt..
Name of permittee, ..... ﬁ_‘g Yo "“al‘i tLon- 'GG
- Street or P.O., Aprtesia City and State. Y "‘62
Well location and description: The..@ptaglian.... well {3 located in...gW %, --g@® %,
. ,(shallow .or mulpn) . °
C 1, of Section 9 Townnhln I?_ Range.......... 26—, ..... ; Elevation of top of
casing above sea level, ......eoeroee... feet; dlameter of hole, JO— IQ ........ inches; total depth ...119.6....-~-1eet':
YR
depth to water upon completion, .. feet; drilling was a....Bog 8
and completed..........J.....l‘.g.....r..I ....................... 19...55..; name of drilling contractor......’.:’.ymﬂk.ﬁmﬂl.ﬂg.._._.-.._._._...

f

2, Princlpal Water-bearing Strata: . T

Depth In Feot
0

To Thickness {  Description of Water-bearlng Formation
: No. 2 f zﬁ! ST - Tt
" No. 2 H
N ¥
No. 8 s C
betmeon 960" and 1196 ars gaveral wator strodag.
No. 4 : .
No. § -

8. Casing Record:

. " Digmetor Pounds Threads Depth of Casing or Liner Feet of e Perforations
L . !.-in lnches 3 per ft. per Inch Top Bottom Coasing Type of S8hoe « From

with swedge nippie

t

401! lenght. of casink get .. . ..

casing cemented, bottom to top, outside, 597 sks cement,
by. .bhentbn.. Cemenhing co
I0 casing shoe on pottom or 10" pipe.

4. If above construction replaces old well to be abandoned, give location: 1, Y, YA
of Section , Township. Range. ; name and address of plugging contractor,
MWy 'i~% - gate of pluggl 3 19. ; describe how well was plugged:

e

E g Hiooer B‘ww i

JAN 25 1753

. . CFFICE
ARTESIAN WELL SUPLVIAOR
TROSVELL, NEW 12ICO

N A N VD -




¢ | !
[T ST
T Tttt | . Description of Formation
) 10! soll A
T clay & gyp stratas
"I 1y " gyp & ciay h 5
R T R o
210 St leye T
o sanu
Fr3097|™ " | gyp rock
357 red clay
. Y of B P sand .
418 8yp & sand
gy red bed ‘
v ~515 8YP rock
009 &yp & sand
057 .| . .jred sand ...
‘ TH9 . red beu & gyp rock
e L 790 | 4 rock
_____ 797 sand
895 sand stratas & strsaks ot rock
901 rock, . casing set
ggg .zggksand
! 1196 . |rock : o
s rolanaings o]

re

ot

ct‘recofd» of the above described well.

--The undersigned hereby certifies that, to the best of his knowledge and bellef, the foregoing is a true and cor-

Instructions

- This form shall be executed, preferably typewritten, in triplicate and filed with the State Engineer’'s Office at Ros-
well, New Mexico, within 10 days after drilling has been completed. Data on water-bearing strata and on all forma-
tons: encountered should be as complete and accurate as possible.




Form WR-23 STATE ENGINEER OFFICE

WELL RECORD _ o X
STRUCTIONS: This form should be executed in triplicate, preferably written, and submitted to the
earest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and

i ‘accurately as possible when any well is drilled, repaired or deepened. When this !onn is , as a pluggin
’j record, anly Section 1A and Sect:on 5 need be completed. B _ Ppluge 3

Section 1 - . e
3 (A) Owner of wrr@tt X
. ) Street and Number. ' . .
- Jcity I.n Vegas, Sng, New Mexico 3
~ T Well was drilled under Permit No - and is located in the
« MM Viuw Y Yof Section...s.__'l‘vvp___JJ_.Rge__ze._
. o (B) Drilling Contractor___ﬁ..n._mmm__.__ License No._
- 3 Street and Number.
7 City su‘e =
i Drilling was commenced.._________._oaob.:_la,.__; 19 09
Drilling was completed Decenber 4, - 19 03
(Pt of 840 acres) . - original flow: 376 GPM -
Elevation at top of casing in feet above sea level 2 Total depth of well 1008 £t
*j State whether well is shallow or artesian Depth to water upon completion -
" Section 2 PRINCIPAL WATER-BEARING STRATA -
2 Depth in Feet | Thickness in B /
i No. T Peet Description of Water-Bearing Farma'unn
1 1at flow at 880 ft.
2 2nd flow at 940 ft.
l 3
4
5
I Section 3 RECORD OF CASING
. Dia Pounds Threads Depth Perforations
‘ ’ m | in | Top | Bowem | ot | Tope Shee From To .
¢’ . o 18528
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks ot
Trom To | Hole in In. Clay Cement Methods Used
y
: <
i

1 Sectons 3 PLUGGING RECORD by

= Name of Plugging Ctmtuctnr License No. N

N Street and Number s Gity. State____

] Tons of Clay used Tons of Roughage used Type of roughage R
Plugging method used. >4 Date Plugged. 19
Plugging approved by: 2 Cement Plugs were placed as follows: N

i =z
. . Depth of Plug a
- ™ No. =T No. of Sacks Used 2
FOR USE OF STATE ENGINEER ONLY
Date Received
J . BT R L s . .
[ Fe No(Z:-75) PA- 402 y - focation No. 1 200 0 o,

il

bon d

¥ N




Section 6 LOG OF WELL
Depth in Feet Thickness ,
From To in Feet Color Type of Material Encountered
_n Sandy loam 3355
3 Clay 23352
8. 15 Gyp rock q' 2¢=
1y 21 Gyp rock >335 i
21 29 Clay 332y - -
29 43 Clay 232:/7 .
a3 " s | oumbo 330y :
1 |- 89 " . lsand 33cy
_59 89 : Gumbo 327)
89 91 F Gyp rock 2269 = ,
0 109 _ Gumbo sz - B
109 120 Sand = 240 1> Z
120 136 Gunbo 2 =0z i
156 241 Gyp rock L5 '
241 246 Sand 2,00 .
246 391 Gumbo 2367 M
391 408 Hard shell rock
408 47} Sott shale g
41} 498 Sand :
453 589 Sand
582 602 Shale }
602 648 Sand {
648 661 Hard lime stone
_661 191 Soft rock . ;
791 810 Shale !
810 828 Gray lime rock
828 633 Gray lime rock :
£:3 852 'Soft shale rock K
&52 875 Hard lime rock
875 | 1003 Hard lime rock N 8
The undersigned hereby certifies that, to the best of his knowledge and beiief, the foregoing is a true and cor- '?
rect record of the above described well
G. R. Dublin
Well Driller : e
:
4 s
i k

AU Y -1 D= SRy
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Form WE-23

v,r-, r\ F"‘”"" inn

STATE ENGINEER OFFICE
WELL RECORD

INSTRUCTIONS "This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

record, only Section 1A and Section 5 need be completgd

Scetion 1

DY
(A) Owner of well yak e

)

AN (/ e

Street arﬂd}(Nu. ber .t _ .
City \ L { (T State \ZLLL{Z._\ZI\_.. LQ; 4
Well was drilled under _Permlt N& A LD -.and is located in the
2 M] .. N VJ} Y. Nl / 'Xof Sec _*_j/ Rgeaz
(B) Drilling Contractor 2L\ _(C I /L(_ & "4.41 License No.Z4/ _3_
Street a_h fmber ///[ [ /T)[? /)Lm/
City L8 ¢ smu?/)?ﬂ
Drilling was commenced \ eIl 19.é —
il (e s L3
Drilling was completed 417 124,
(Plat of 640 acres) -
Elevation at top of casing in feet above sea lj vel Total depth of well / / /S/ )
State whether well is shallow or artesian l ’/ 4! (6' Depth to water upon completion.. ... -
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in " Description of Water-Bearing Formation
From To Feet
1
e
3
i
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in. ft. Top Bottom Feet Type Shoe From To
T a0 5/ X5Y “‘L/L.'M[)QMW
I o 1A NF Vo K At l,/;w ,
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement i Methods })Ised 4
} N A
o ) —
Uemem Lo lzu/,r Menden/
L4
I
Section 5 PLUGGING RECORD
Name of Plugging Contractor.. License Nowoo .
Streét and Number City. State
Tons of Clay used ......_......_....'Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
Basin Supervisor No. Fom T o No. of Sacks Used
FOR USE OF STATE KNGINEER ONLY >
Date Received i3l :ij.uuui... T
|8 WU 21834 sl
File No K&' (2. Use k%/'\/&y Location No. /J_&ﬁ M}_ P




Section 6 LOG OF WELL
nﬁ:m in Fe;to Tll;ic:.:zs Color Type of Material Encountered
(N
o e 5 : /
3 | n I& et
15 | Yo U
30 ) 85 /O/Qﬂdib
A T NYES A .
115 ) HS0 C«Qﬂlﬁl‘[/‘o oM
460 | , |75 Uhydr ity 0
4761 o | 595 /(N
VEQ’S 1 4)4& 'C.L 0 {
LA L v L4p Ve
bao | s 180 B f()uJﬁ (,Zm
rIaQ ' jéﬂ 5 (V}r-c‘.b /
']‘L i 7(7@~ ”ULLV} LAZ LAY i
0 ir }?Qé Q’&U ﬂ/): b4y "/QCAH/
ng ’! X35 ZHd) Bocdl
3;3«357 ' ¥SA b | Qpad & WLy
gSa | n X 5% . CAlh g /@mm,b
4L X117 U 0 on e (Tng B ,U/Ajt/;?ﬂ)
a9 | 9 f 2l Ly
Qo | . Qe _ B foyy s gl be 1o
Q'/;}'D 1 !OIQL:I ey /Z,.wmu ) (}
109.9\ n 1030 Y A’ Ké’)n«gﬁ 1l //},1 SN
1030 y! 1030 (ane) :
loSo . 105] %»XV }é anis
l(ﬂS’] 1! IOg} )
JOZA | ! J090 7’&0’&01//*4 m/
1090 | » o3 A eapu
1108 " 11> ?Uo,ﬁ 2N ey
WS | //,50 bnu?/ o
[)Fol _» YEY/] ,(nf: e g

ThJ Lﬁejmgned hereb}l !ertlfges that, to the best of his léxowle ge and’ be‘h\'q the foregoing is a true and cor-

rect record of the above described well

\ooLr

Yz Mm«ﬁu

Well Driller




Ny

~—

B T

Form WR-23 STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as compietely azd
accurately as possible when any well is drilled, repaired or deepened. When this form 1s used as a pluggi=g
record, anly Section 1A and Section 5 need be completed

Section 1
{A) Owner of well H. G, Southworth
Street and Number :
City -Artesia State New Mexico
Well was drilled under Permit No.__RA-768 and is located in the
8" _V‘ NE 15 5% 3, of Section._ 2 Twp 17 Rge 26
(B) Drilling Contractor__Myron Bruning License No.
Street and Number Box 881
City o Artesis State New Mexico
Drilling was commenced  September 20 . 19.43
Drilling was completed ____November 5 19.43
(Plat of 840 acres) -
Elevation at top of casing in feet above sea level Total depth of well 2[4
State whether well is shallow or artesian Artesian :Depth to water upon completion
Section 2 PRINCIPAL WATER-BEARING STRATA
No. _ﬂr_r::__ m‘;.:::’ ia Description of Wutx-%rﬁ Formation
1
2
3 / .
3
Section 3 [\ RecoRro o casine®
Dis Pounds Threads ' M " Pertarations
in. . in Top | Bottom Feet Trpe Szoe Trom To
13" 0,0, 50 A7) 8 80 ) lset in one stding joined
10 3/4 /0.0 40 ’(‘ 8 708 l_)riv&)); with sledge nipple.
)—{total length §75
ion 4 RECORD OF MUDDING AND CEMENTING
Depth 1o Feet - | Diameter Tons No. Sacks of T
From ~To Hole in tn. Clay Cement Methods Used
13 3/4 540 pumped in dy plug
)
Section 3 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number — Gity. State
Tonsof Clayused_____ Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
. Depth of Plug .
Basin Supervisor No | T — No. of Sacks Used
FOR USE OF STATE ENGINEXR ONLY
. Date Received
} . N
: File No. RA-768 Use Location No,17.26.9.323




Section 6 = LOG OF WELL
ECTI oy - B - @
‘0 3° iis s : __aoil
s 30 a2 sandy gyp & clay
30 80 Tl . - _sapd &k gyp - AVE-46 Beawzi 5.7.,_/
80 290 I . gyp & sandy clay B .
290 383 e gYp & sandy clay
385 720 : red sand & gyp stratas
720 " 7388 - 1
778 870 red bed & rock stratas
870 873 lime rock
casing|set ) y
878 880 water rock / 7 T
880 1214 limerock uve>:1 streaks of water rock \

total de;ih of 1%11 i3 1214 feet,
I
!

The unaersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-
rect record of the above described well

«=8=— .. Myron Bruning - |
‘Well Driller }




WELL RECORD

FiLc No. _BA-1Lbo

INSTRUCTIONS: This form should be typewrttten, and filed in the office of the State Engineer, (P:0. Box 1079) Santa Fe, New
Mexico, unless the well is situsted in the Roswell Artesian Buin. in which case it should be filed in the office of the Artesian Well

Supervisor, Roswell, New Mexico. Secti

§ should be

ed only if an old artesian well has been plugged. All other sections

should be answered in full in every case, regardless of whether the well drilled is ahaliow or artesian in character. This report must be
subscribed and sworn to before a Notary Public.

SEC. {
N HER
RO S SO SR IO R - .
) O ]
: : vl ' Owner of well ¥. J. Jackson
Lot oNWer g 3N -t
t o o ' Street and Number .
P SR AR T QU g HL —_
A ' R Post Off'co Artesia, Naw Mexico
PR B . .. Tho
o E ] Well was drilled under Permit No. RA-1 and
1 H H U H ! P 2.
it R e S e R B inthe_ S¥  x_ WU , ME i ofSection 3
-=t-SW--pomcposbo-§E-mi-e-]  Township 118/ - . Range 26B.
i -E- - ‘i B R --E.--l--- Drilling‘Contractor _ R0® L, Newberry and ¥. P, Black
| ] ' t '
HEE HE Y - Street and Number
(Plat of 640 acres)
Locate Well Accurately * Poet Offlce
Drilling was ced Tebruary 10 19 Drilling was completed Yobruary 26th 1941
Elevation at top of casing in feet above sea level )
State whether well is shallow or artesiun Shallow 3ZO
S.EC. 2 PRINCIPAL WATER-BEARING STRATA
No. 1, from to » Thickness in feet , Formation
No. 2, from to + Thickness-in feet , Formation
No. 3, {rom to , Thickness in feet __ ., Formation
No. 4, from to , Thickmens in feet ____ | , Formation
No. §, from to , Thickness in feet ., Formation
SEC. 3 ECORD OF CASING
DIAMETER POUNOS THREADS NA F | FEET OF TYPE OF PERFORATED PURPOSE
IN INCHeS | PER FOOT | PER INCH MANUFACTURER CASING SHOE FROM T0
12% A7) 202
10 1 %8\ 106
Pipé 11t with tordh ,6 slits per cirecls.
SEG 4 RECORD OF MUDDING AND CEMENTING
DIAMETER OF NUMBER OF SACKS u 0 USED SPECIFIC GRAVITY TONS OF
HOLE IN INCHES OF CEMENT OF MUD CLAY USED
SEC. § PLUGGING RECORD OF OLD WELL
Well is located in the ¥ X )of Section ________* _, Township N
Range i . Namae of plugging contractor

' Street and Number

Tons of clay used

Post Office

Tons of roughage used - ’

Type of roughage

Was plugging approved by Artesian Well Supervisor

Cement plugs were _pheed as follows:

No. 1 was placed at

No. 2 was placed at

No. 3 was placed at

No. 4 wu-plmd at

No. 6 was placed at

foet - Number of sacks of uced
feet Number of sacks of used
feet Number of sacks of t used
feet Number of sacks of t used
feet Number of sacks of cement used

K7L O

roveR) 17,26,9,3) 3

/ /év 7 //K..




LOG OF WELL

SEC. 6 \
FROM ( DEPTH 10 ¢ NN PRET ) ' THICKNESS IN FEET CLASSI® X OF FORMATION
35 - 80 : hs - ) Yallow Sandy Clay.
£0 110 ) Piok Clay
110 130 20 Bad S.rd - water .
130 150 0 Red Sandy Clay.
150 170 20 Yollow, sandy clay
170 196 26 ‘Bed eand clay, some ;:
196 210 lu Pink ¥ater Sand
210 225 15 ¥hite water Sand =
225 245 2 Red Sandy Clay
aus 260 15 Watar Sand
260 285 25 Red Clay
285 320 35 Water Sand, bottomed
at red clay.
T
i
{
- i
\ !
] | ;
i T
i
! -
I, do solemnly swear that, to the best of my knowledge nz::

the foregoing information is a true and correct record of the well for which report is hereby made, insofar as can be detesm:.: v

all available records.

SUBSCRIBED AND SWORN TO BEFORE ME this

. Al

day of

D, 19

My Commission Expires

Notary Public

Strest and Number

Post Cffi-e




STATE ENGINEER OFFICE

o WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1

(A) Owner of well New Mexico Refinery
Street and Number % _John_Boyd
City Pina Blanca, _ State ._.New Mexico
Well was drilled under Permit No. RA-1533 and is located in the
Bik 2 Ii‘/gst MaigIAAddn. %4 of Section 9. Twp. ... 17 _Rge._ . 26...
(B) Drilling Contractor. License No.........___ —
Street and Number
City State
Drilling was commenced February 2, 19..37
Drilling was completed Februsry 12 19..37_
(Plat of 640 acres)

:,Elevation at top of casing in feet above sea level Total depth of well ... 258 £t

%State whether well is shallow or artesian Depth to water upon completion..__________

: Section 2 PRINCIPAL WATER-BEARING STRATA

No. Depth in Fect Thickness in Description of Water-Bearing Formation
S From To Feet

RECORD OF CASING

 Pounds Threads Depth Feet Type Shoe Perforations
1t. in Top Bottom From To

246

RECORD OF MUDDING AND CEMENTING

" Depth in Feet Diameter Tons No. Sacks of
' ~From To Hole in in. Clay Cement Methods Used
[
Section 5 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number. City State
. Tons of Clay used....—cTons of Roughage used... ... Type of roughage
Plugging method used : Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
oo Depth of Plug
Basin Supervisor No lwom T To No. of Sacks Used

.. FOR USE OF STATE ENGINEER ONLY

Date Received

i,

File No,. RA-1533 Use Location No.._17.26.9,




Section 6 LOG OF WELL
Depth in Feet Thick :
p;omp in e;O inlcF:eetss Color Type of Material Encountered
o | 1w | Soil
10 20 Sandy clay (some water)
20 180 Yellow clay
180 238 Sand, gravel and clay (possibly some water)
238 258 Water sand and gravel

The undersigned hereby certifies that, to the best of his knowledge
rect record of the above described well

and belief, the foregoing is a true and cor-

Weil Driller iu

e
IV




Py

INSTRUCTIONS: This form should be

U

WELL RECORD

Flo NOoenveesmsesieiecesvovonsenn

typewritten, and flled in the office of the State Engineer, P. O. Box 1079, Santa Fe,

* . New Mexico, or in the office of the Artesian Well Supervisor, Roswell, New Mexico. Section § should be answered only if an

~old artesian well has been plugged.

other section} should be answered in full in every case, regardless of whether the

1
well drilled {s shallow or artesian lnni}‘xaracter. This report must be :ubscribed and sworn to before a Notary Public.

M T R Owner of well....Britton-Goll
S . .-..:--. cedmetmob] et and Number . .
4 & & | Street and Number.... loute-—-1--Box-30
et o NWeege e |-m 3 -N -3
. ! st Post Office . Artestay-Hew-Mextco
acpecpactocfoccactacgend
: ! : ] ' Well was drilled under Permit No RA 2698 and
L) ¢ ]
N H P is located in the.3j.......
peeajposjeos .-.---'---:--7--
: ' M Township. 17.9
Jowah o » andened )¢ f
-t-sK FooE
emdaclwdactacpacpaciaad Drilling Contractor
: i R
ek 4 S Street and Number..
| (Plat of 640 Acres)
' Locate Well Accurately Post Office........ -
rtestey w-Mextco
Drilling was d Forl: v 258 19. 51 Drilling was completed
‘Elevatlon at top of casing in feet above sea level
State whether well 18 shallow or artesian..................... She1t UW",".'"ST, oo WEYT -
‘ Total depth of welL.....,..}g‘.e ............ feet,. Whater level upon completion of well. b o — feet below land surface.

Sec. 2

PRINCIPAL WATER-BEARING STRATA

formnﬂnn

.No.‘l, from...1.8. to. ‘ 30 Thickness in teet_..i..z........_.........._., GyD
No. ;_2. from....se_..,....._ ....... to....--.--eo ~~~~~~~~~ , Thickness 1n teeL...Bo... evemeessreassasnaay Formatlon...c,l.:‘.;‘y_...&...GFg..v..é1.._”...
t t
No. 8, trom.}.56_ .................. L t;o_.... -, Thickness in fee Formation GEEVEY
No. 4, from to. Thickness in feet Formation
No. 5, from to. , Thickness in feet Formation.
Sec. 3 ‘RECORD OF CASING
Diameter Founds Threads Name of Feet of Type of Perforated
in Inches| per Foot| per Inch Manufacturer Casing Shos From To Purpose
2 Be oo ) oy 4 S0
Li1v] IOt
surfsce wetepl
. [k 1 Yoad damondt o
7 <2 ALV ROETO o0
wcllgreqaéremlntt.
_Sec. 4 RECORD OF MUDDING AND CEMENTING
: Diameter of Number of Sacks Specific Gravity Tons ot
Hole in Inches of Cement Methods Used of Mud Clay Used
Sec. 5 PLUGGING RECORD OF OLD WELL
A 74 14 of Section Township.

Wel‘l is located in the

Range.

Street and Number.

Name of plugging contractor.

Post Oftice.

Tons of clay used

Cement plugs were placed as follows:

d at.

feet. Number of sacks of cement usefl..}:

No. 1 was pl

No. 2 waa placed at

t us

No. 3 was placed at

feet. Number of sacks o{

feet. Number of sacks of cement us

No. 4 way placed at

&

feat. Number of sacka of t

No. § was placed at

ICE

feet. Number of sacks of cement usé

G -2677

iA!l—TRS.&N WELL SB“"RV‘!‘OH
ROSWELL, NEW MEXICO

(over)

N TR 2 N7




R
L

LOG OF WELL

j

“ FROM (Depth in Feet)

THICKNESS IN FEET CLASSIFICATION OF FORMATION

TO (Depth in Foet)

0 18 18 Topsoll & Clay
~ Eanled Ll L e

an \
< 2 I2 ayp v

=z oo 2%
1~ 15 (4% vligy

50 ‘80 30. rayel & Clay

An 1x0 . S0 —

: 30 —50 -Sard rook ——— —-
130 140

?

do sol ly swear that, to the best of my knowledge and

bellet, the foregoing ln!ormnuon is a true and correct record of the well for which report is hereby made, insofar as can
_be determined from all avallable records.

‘BUBSCRIBED AND SWORN TO BEFORE ME this Signed
-.day of AD, 19 Position
Notary Public Street and Number
My Commission-Explres. Post Office




[ 70T WELL RECORD - mes—— -

IN,STRUCTIONS: This form should be typewritten, and flled In the office of the State Engineer, P. O. Box 1079, Santa Fe,
New Mexico, or in the office of the Artesian Well Supervisor, Roswell, New Mexico. Section 5 should be answered only if an
old;' artesian well has been plugged. All other sections should be answered in full in every case, regardless of whether the
1 drilled is shallow or artesian in c'haractex'. This report must be subscribed and sworn to tefore a Notary Public.:
. ! :
i 1 : : e ! Owner of well Brittaon.Coll
L O O U Y
--:- ..I.--. 1. ; f . Street and Number. Rt- 1 BOX 30
- ’ 1 3 I : :
"‘i"?{w K O “.E 7 post office Artesia New Mexico
wopemopacton ...:.--:;-.%-.-
! 4 ¢ 1 ¢ | Well was drilled under Permit No RA-2723 . and
2 1 e i .
[] ] H ! ] ’
' ! R i is located tn the..SE. . .. Yoo SV Y SE___3% of Section...9.. ..
teeposdeclectonmegootas - . ! !
! ] . ] U ’ ‘
SRR § TN T ""‘.’"S.E“‘:"" ) Township....L7..Jouth . Range ... 2._6,-.EAS.Q,.._.u..._._.__.-.
] [}
S . o e-}asbecio-d Drilling Contractor Blount. & .Col)
'm . [ : :
- H H e S , Street and Numb Rt.. 1 Box 30
(Plat of 640 Acres) .
1 ... Locate Well Accurately { Post Office Artesia New Mexico
Drilling was d July 9. 10..51. Drilling was completed..JJULY. 23 1951 .

. _El:ei'auon at top of casing in feet above sea level

Shallow..,. Domestic

Sh':;te whether well is shallow or artesian.

To:tal depth of well z18 foet. Water level upon completion of well 40 feet below land surface.
‘ Se'c. 2 ' : “PRINCIPAL WATER-BEARING STRATA
" Nd, 1, from 2480 . t0...318 Thickness in feet......78.........., Formation.SANRA.-L0C K i
_ Nd. 2, from...... to ; Thickness in feet Formation
' No. 8, from to ) Thickness in feet Formation
. Nd, 4, from to. - Thickness in feet. Formation
N ‘ 6, from. to. ; Thickness in feet Formation
Sec. 3 S RECORD OF CASING
. ;Dlameter Pounds -Threads ! Name of Feet of Type of Perforated Pu
in Inches|{ per Foot| per Inch | . Manufacturer Casing Shoe From wo rpose
7" ol : 240
5"'0D Perforate 85 Liner
Sec. 4 _ RECORD OF MUDDING AND CEMENTING
Diameter of Number of Sacks ' Speclfic Gravity Tons of
Hole in Inches of Cement Methods Used of Mud Clay Used
?

Se‘s:. 5 . : PLUGGING RECORD OF OLD WELL

i
V-’e‘ll.,ls_located in the Y% % % of Sectlon Township.

Rang Name of plugging contractor.

suiegt and Number. Post Office.

Tons of clay used Tona of roughage used Type of roughage

; : . Was plugging approved by Artesian Well Supervisor?.... ...

Cex'nent plugs were placed as follows:

No. 1 was placed at feet. Number of sacks of t used

No.vz was placed at 3 feet. Number of sacks of t used

No. 3 was placed at. : feet. Number of sacks of t used

No. 4 was pl d at feet. Number of sacks of t used

No. § was placed at feet. Number of sacks of t used

" - (over)

/?#'5?7//23 e B YL AV e I




e ™ » ) A ! ,
Sec..6 ('\ ) LOG OF WELL Lo o
-~ From (Depth in Feet) To (Depth ln'Feet) H¢ Thickness in Feet o Classification of Formation 3
el 00
tybao bt o i
).
OHdity e ot e . [P : . . I .
0 = 30 Surface_.& clay
Jn =40 arnvn1 & ES¥p
40 - 164 - R ' lelay & gyp
164 - 200 S 1 - = sand_rock
200 - 225 B I - loose sand
225 - 260 o ' - - shells & clay
260 - 274 . a I : clay
274 - %18 | sandrock & clay
1
ar . E A :
e
. B \
- Y Y N T N
Tapetn? ‘ i
_ ! » 1
P [ R j '
; i .
R i
| ‘ ‘
“BeTI - : T §
= : |
; : i
: : ;
!

1, do solemnly swear that, to the best of my knowledge and
". belief, the foregoing information i8 a true and correct record of the well for which report is hereby made, insofar as
can be determined from all available records.

SUBSCRIBED AND SWORN TO BEFORE MI this Bigned ML’W

. s AD, 19527 posttion /u:////u
s/

" Notary Public 3 Street and Number.Z J.Lée: r @ﬂ B
ﬁy Commission Expires/.&. aug WL Py Post Ottch ..._7..&44/ Ww

s PP




»n -

#(m form to be executed In triplicats)

WELL RECORD

Dats of Recalpt
Name of permittee, Jo C. Ctleman k4
i BtreworP.0. . BT 1, BOY 307 . City and stte Artesis, Nem N ;
- 2
1 Well Jocation and description: The ..hnllox_w.n o} -
» H
A < * :
Y 3L of Sectt 9 Township _J,'ls_._, lhnn ._&QE____ Elevation of top of
l: -
O casing above ses Jevel, , foet; lameter of nom ___8__ incbes; eom depth, _.:LO*_. foot;
]
depth to water upon completion, — 25— foet; drmlnx was mtnc‘d .L.a.y_JJ_______.* 1954
!
1 and completed _2aQ._19 1854: vame of dﬂmn: contractor Ml&aw—-&saty——s-
-
. 1102 Yershant - . addres, Ar.nenin.,.ﬂen.ﬂaxina_; Driller’s Licenss No. 3D 62 _ =~
,! 2 Principal Water-bearing Strata: - . '
Deptd i Fest Thicknses ’ Description of Water-bearing Formation
From Te
l No. 1 .
i 65 70 5 Send-
No. 2
j<t0] 1y A _Sand
} No. 3
-- - No.. 4
- No. 8
. 3. Casing Record: T
H Discmeter Pounds Threads Depth of Casiag or Iines Fost of ' Perforation
: f e inches por f3. per med Top Bosttomn Casing Tyre of Shoe Prom | Te
£Ip 172 1 - 100 . _Nonw-—— — 65— G4
1]
3
o
i
P & If ebove construction replaces 014 well to be abandoned, give locath %, %, — § .
a |
- : : - 4
of Bection _. ‘Township Range ; pame and address of pluzging cpntractor, '
3 2
: .
L4 ‘1. !
-
Rate of plugring 10____; Sescribe bow well was plugged:
—r— :
= >
N ) T j‘

- o JUN 28 1954 .

OFFICE —_

3
- GLOUND WATER SUPERVISOR l ..
[ mwnn. NIW NEXCO ol
LAY s, - DAL .
. .. ..;.;;,‘,:. & = . ) v




R & —— -—- . - i
N?IT S SRR
X - -5:' :— _ . . - . — - ..—-
B. Log of Well: )
) Deptd Ju Foeb .
Wrem Te | =} Description of Permation -
0 - | k| Top Soi} : 1357
3 10 7 Cleschia 3350
10 26 16 . Bed Clay 222y !
N R . e ¥ .
26 - - A2 16 Yollow Clpy -2 E -
-~ . o R -
A2 T 1 80 R 3 3/0 :
-
50 ° 65 15 Red_Ped s29%
65 70 s Yater Send 2595
90 ’ 80 10 Rea Clay T80
80 9 14 ¥ater Sand ey
94 130 6 Red Clay e
. 'S

. ecorrect record of the above described well '

Ths undersigned Dereby certifies that, to the best of his knowledge and belief, the foregoing is a true and

o H Yy

Licensed Well Dritip”
This form shall be execnjed, preferably typewritten, in triplicate and filed with the State Engineer's oim. at
Roswall, New Maxico, within 10 days after drilling has been completed. Data on water-bearing strata and on all

formations 4 should be as plate and te as possibl
N P t
\ .
v
.
.
el s G 4 :.:.rggm\uhg .

i
cd
i
J




STATE ENGINEER OYFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably tyﬁn tten, and submitted to the
nearest district office of the State )fineer All sections, except Section 5, be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
_record, only Section 1A and Sectxon 3 need be completed.

" Section 1

} Form WR-23

(A) Owner of wen_.cocu—c'waﬁ——'——-————
Street and Number_-__Rox_232 - — — .

State

|

City _Loce liills

4
arla oy

l’h % \n.v % r‘|°‘

LY S

7‘ * Street and Number_Hox "R 1102 ¥erchont

- 7 City trtesta N State _Leu_L.exico__
. .: Drilling was mmmpnen{l Auzust 28

i Drilling was completed__S®, tember 2 <19 51‘

(Plat of 840 scres)
Elevation at top of casing in feet above sea level -

-

Total depth of well 125

State whether well is shallow or artesian €221l ayp. . Depth to water upon mpleuowi*

Section 2

PRINCIPAL WATER-BEARING STRATA -

No.

Depth in Feet Thickness in

- T Feet * "Description of Water-Bearing Formation
om )

an o £
2

105 13 h
C e o = =

" RECORD OF CASING

Depth Perforations

Top Bottom

Pousds Threads,

Type Shoe

»
3

b
s
]

in
e B2
— 2T E Y § FY

X1 ) b Mo ¥ 4 10 105 l?i
=4 TEJ 7T CoLEY

Section 4

RECORD OF MUDDING AND CEMENTING

Depth in Feet

Diameter Tons No. Sacks of

Methods Used

From To

Hole in in. Clay Cement

Section 5

PLUGGING RECORD

]
Name of Plugging €ontractor.

TREE R

License No.

Street and Numberf

Gity.

State.

Tons of Roughage used

Type of roughage

Tons of Chhy used
Plugging method used

Date Plugged _ 10.

Plugging approved by: f

. Cement Plugs were placed as follows:

Depth of Plug
No. T T T — No. of Sacks Used

"AUG 31 1955

OFFICE
GROUND V/ATE? TUBT2VISOR

w

Wi

LT ROSFUL NI¥ MTICO p‘

Uselfo> €

MEr

Location 'ﬁo. .LZZA Z_[Z_ZJ__:_ I -

R

Well was drilled under Pennit No._.u_;zs.g____nnd is located in the ; )

Y of Secﬁon——?——m——lzl-_nee._z&._
(B) Drilling Contractor_Y'411ard Bosty License Na_L_J.ﬁz_

'

i

b

L4 4y




Section 6 ' * LOG OF WELL ’ l{
hzm o Fe;: TEC;”: Color Type of Matertal Encountered ;
0 2 Brown Tap Soil - 2333
2 12 10 hite Cleachie 339z
—3? —50 138 Ged Clay - - : 2 27 i
50 60 | 10 3rowm - - Sand,. hgwing of. \tatex“ S vE g,y oci
_6a g2 | 20 | med Clay o 2e,
80+ - o2 12 brown. _ Is’at.er»Sand R N Y ' l
92 1 105 13 | Red ; Clay R P 7'
105 [ 1-3.0 18 Brown \'a;gn, s»gd % Gravel"' =23z
123 125 3 2 Red L CIay - c Y : !

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well - E

Well Driller p/4 |
. ;|
- il
3 2
;' ( '\
3 .
- !

By




- Form WR-23 )

RPN AR

— STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and

accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1

City

(A) Owner of well
Street and Number

Mrs. E.E. Coddl

Artesia, State __New Mexico

City

Well was drilled under Permit No.
e Vo BW_ Vs SE._ Y of Section.....9..___ Twp

(B)' Drilling Contractor. Sperry & Brunning. ... . . .. License No...oooooeeoeeee
Street and Number.

and is located in the
17 _Rge 26

(Plat of 640 acres)

State
Drilling was commenced March 15 19..23
Drilling was completed Mey 13, 1923

Original flow: 1024 GPM

Basin Supervisor

Elevation at top of casing in feet above sea level Total depth of well 1250 _ft
State whether well is shallow or artesian Depth to water upon completion
Section 2 PRINCIPAL WATER-BEARING STRATA
- ' No.- F:‘:,e:th in Fe;: Thicl;:::s in Description of Water-Bearing Formation
1
2
3
4
6
Section 3 RLCORD OF CASING
Dia Pounds Threads Depth Perforations
in, 1t in Top Bottum Feet Type Shoe From To
8 32 900
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Dilameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
]
Section 5 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number. City. State
Tons of Clay used.. . ... Tons of Roughage used Type of roughage
" Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
No. Depth of Plug No. of Sacks Used

From To

FOR USE OF STATE ENGINEER ONLY

Date Received

9.4307

File N °. Use

Location No....317.26.9.440.... .




Section 6

LOG OF WELL

e

SRR

m]::: th oo Fe;to Tihni c;:::s Color Type of Material Encountered . :

0 305 oil, clay, water sand and red sand 1

205 100Q Vhite lime '

1000 1100 feveral water stratas !

1100 1220 Vhite lime ;
1220 | 1225 ‘ater rock

1225 1250 VYhite lime

—Sperry & Brunning

The undersigned hereby certifies that, to the best of his knowledge and belief the foregoing is a true and cor-
rect record of the above described well.

Well Driller

W

DIRCENE S




\e8

,~ S
Form WR-23 b STATE ENGINEER OFFICE —_—

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5. shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1 . )
(A) Owner of well V. L. Gates
Street and Number
Citv .. Artesta, v oo State New Mexico
e Well was drilled under Permit No. RA=307_ . ___ and is located in the
SW__ vy SW 3 % of Section.. 10 Twp.._17S __Rge.....268E
(B) Drilling Contractor_Pearsaon.Bras. License No....oooooooo.. -
Street and» Number
City ....lake Arthur . State ... ... ...
Drilling was commenced.... 5=15=26. . .. ... . 19. ._
Drilling was completed. 6-28-26 19
(Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well 1263
State whether well is shallow or artesian_artesian___ _____ Depth lo water upon cempletion .. .. I _
Section 2 PRINCIPAL WATER-BEARING STRATA
. No, M;‘___ de;xe;ss in Description of W'ater-Bﬁaf(g Formation
»3%t  From )
1
2 P
3 4
P
4
, R —_——
Section 3 RECORD OF CASING .
Dia Pounds Threads pth T Perforations
in. ft. ‘ Ain Top Bottom Feet Shoe From To
123 < 452 _ I D
10 N 930 '
10 inch comesjup about 35 feet in 12% inch casiTg' no_seal,
gztion 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
)
Section 5 PLUGGING RECORD .
Name of Plugging Contractor. . License No...c.cooeee .
Street and Number. City. State
Tonsof Clayused___________Tons of Roughage used Type of roughage
Plugging method used _Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
Basta Su " No. “Fom T To No. of Sacks Used

FOR USE OF STATE ENGINEER ONLY

Date Received ' ———

File No.......RA=307 CeeUS€—o— . o .~ Location No......!J_-_Z._G-lO.-;?;*\{_’

]
-




-

T AR R

Section 6 LOG OF WELL
Depth in Feet Thickness B - ] -
Trom T5 in Feet Color Type of Material Encountered
0 20 8011 and gyp -
20 45 gravel . .
45 55 clay -
S5 60 ‘rock
60 75 _|___white gumbo _ B
75 94 white gumbo
94 118 ¥ white gumbo
118 139 ‘white gumbo
139 159 gumbo
159 177 gumbo
177 197 sand
197 217 sand_rock .
217 239 sand
239 2786 sand
276 295 <-- c gand shale
295 314 sandy shale
314 334 sand
334 353 rock
353 373 rock _
373 393 .__gumbo and rock caving
393 411 gumbo
411 432 sand B .
432 452 rock and sand . '
452 471 rock and sand o
471 491 red clay —
491 512 sand
512 531" sand
531 552 gumbo
552 572 __gumbo
. - 072 o 586 - clay and typ rock
- A 2 2 UL Y . U Y 23 2.8 b £ H 2 A Y
i 588" | e4s ‘ sand
645 664 clay
664 685 clay
685 705 sand
708 720 sand
720 740 sand rock
m 739 sand rock
759 779 sand rock
779 799 rock
799 818 sand rock
818 837_ hard rock
837 852 rock and clay —
852 871 rock
871 891 *.rock and sand )
891 908 clay and sand
908 928 _hard rock’
928 | 947 hard rock
947 969 — sand 4 or'rock 17 N
__9_69_ 990 - e hard rock

g s o CIP AN




T »..

71197 4l sand
197 217 0’ sand rock -
217 239 ___sand -
239 276 _sand
276 295 AF - sand shale
295 314 sandy shale
314 334 sand
334 353 rock
353 373 rock
__:i_7_3 393 gumbo and rock caving
393 411 gumbo
411 432 sand
432 452 rock and sand
452 471 rock and sand
471 491 red clay
491 512 sand
-_.512 531 sand
531 552 __gumbo
552 572 gumbo
572 586 clay and typ rock
. tee iy P av: 3 12 v e ofe |
586 645 sand _
645 664 clay
664 685 N\ clpy
685 705 - Eand
_705_ | 720 fpaad
720 740 N sand rock ) ]
740 759 /\ sand rock
759 779 'K‘ sand rock
__.179 799 rock .
__ 59 818 [ sand rock
818 saz| | © 1 hard rock
837 852 rock and clay
52 871 rock
Aﬂ 891 rock and sand
891 908 clay and sand .
__5s08 . 928 T hard rock E
928 ‘547 hard rock 1
947“— 969 -sand 4 or rock 17
969 990 - 7 / hard rock N A
_9%0_ | 100 hard _rock '____
1010 1067 hard rock
1067 1086 rough rock )
1088 1108 -~ first flow ./
1106 1124 rock
1124 1143 f 1imerock
1143 __1160 . \ umeroc'k
_1160 184 t 1 ' limerock .
1184 1202 limerock rough streaks
1202 1222 limerock rough streaks
1222 1242 limerock rough streaks
1242 1 1263 limerack rough streaks

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well

_Pearson Brothers

Well Dritthi ¢




Form WR-23

STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplica

record, only Section 1A and Section 5 need be completed.

Section 1

(A) Owner of well__Mrs,

te, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

Street and Number

City Carlsbad

SW

SW 1
(B) Drilling Contractor.

Well was drilled under Permit No

M., J., Sullivan
State __New Mexico
RA-397 and is located in the
Y4 of Section. 10.___Twp.. 17 __ Rge. 26
Pearson Bros. & Shrock I.icense No..W.D.5

Street and Number.

City Lake_ Arthur : State ._New Mexico
Drilling was commenced.... January 22 19.54
Drilling was completed February 16 19,54
(Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well 1095
State whether well is shallow or artesian Depth to water upon completion.
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in Description of Water-Bearing Formation
’ From To Feet
1
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
‘in. ft. in Top Bottom Feet Type Shoe From To
13 3/8 198' 8
10 607'10
8 235' 6] per liner
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
1
Section 5 PLUGGING RECORD
Name of Plugging Contractor License No...
Street and Number City. State.
Tons of Clay used e _Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
No. | —cpth of Plug No. of Sacks Used

Basin Supervisor

From To

FOR USE OF STATE ENGINEER ONLY

Date Received.__ February 7, 1955 . . |

RA-397 Use

File No

Location No,_.17.26.10.433




Section 6 LOG OF WELL
—Et%;‘ih_m Fe;to TE“;‘.:::* Color Type of Material Encountered
0 10 gravel

10 260 sand & gravel

260 328 clay

328 340 gsand

340 380 clay

380 485 gumbo & rock

485 515 sand

515 - 540 clay

540 560 sand

560 580 soft rock

580 599 clay lost circulation
599 640 gumbo

640 725 sand

725 787 gumbo

757 760 rock

760 780 gumbo

780 785 rock

785 798 gumbo

798 815 rock

815 830 __water rock

830 846 __rock

846 . 850 red sand

850 883 rock

883 905 soft rock

905 940 rock

940 965 red sand

965 975 haxrd rock

975 990 rough_rack

990 1000 hard rock
1000 1019 TOUgH TOcK
1019 1040 hard rock :
1040 1095 broken lime water rock

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-
rect record of the above described well

‘_==S-=-_ J. E. Shrock

Well Driller




Form WR-23

STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1

(A) Owner of well ’pv Sullivnn/gg{
Street and Number

City State .
Well was drilled under Permit No. and is located in the
— Y, SW.._ Y. ..SE. % of Section...19_ . Twp.17S____Rge. 26E
(B) Drilling Contractor......_. _..Gesler & Slacumb  License No......... S
Street and Number.
City State
Drilling was commenced July 27, 19.._oa
Drilling was completed 19
(Plat of 640 acres) ORIGINAL FLOW 900 GPM
Elevation at top of casing in feet above sea level Total depth of well 160017
State whether well is shallow or artesian Depth to water upon completion
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in Description of Water-Bearing Formation -
From To Feet //
IZd
1
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
- in. 1t. in Top Bottom Feet Type Shoe From To
8 g 783 783
4 0 244 244
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From™ To Hole in in. Clay Cement Methods Used
1
Section § PLUGGING RECORD

Name of Plugging Contractor.

Street and Number.

Tons of Clay used....

Plugging method used

License No
City State:
..... Tons of Roughage used Type of roughage
Date Plugged : 19

Plugging approved by:

Cement Plugs were placed as follows:

Depth of
No. epth of Flug No. of Sacks Used

Basin Supervisor From To

Date Received

FOR USE OF STATE ENGINEER ONLY

File No. K= 2095, - 23T Use Location No.__ 17.26.10.439




Section 6 LOG OF WELL
—ED.%h—‘L!'i,;%— T;lc::::s Color Type of Material Encountered
0 10 soil
10 22 gyp rock
22 34 sand
34 44 boulders
44 78 rock
8 . 120 gsand
120 302 shaleo
302 320 gumbo
320 340 clay
340 420 shale
420 480 rock
480 757 ghale
737 764 rock
764 789 rock
789 837 rock
837 886 shale
856 865 water rock
868 881 rock
891 956 shale
956 968 rock
968 988 shale
988 1007 rock

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor- ...

rect record of the above described well.

‘Well Driller




STATE ENGINEER OFFICE ‘ .

WELL RECORD *

RNSTRUCTIONS: This form should be executed in triplicate, ‘preferably written, md “submitted to the
rest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and

QP curately as possible when any well is drilled, reqnired or deepened. Wben thh form' h nsed as'a pluggmg e
¥ 7 %cord, anly Secuon lA and Secnon 3 need be comp - R R 137 ) .

g&sectionl 7 T

Form WR-23

e —

gt 0 i s o B i iy

=(A) Ownerof well _____
Wtreet and Number__

ﬂ» -

Nk s atmene.

A:mn.__'sm. ~ Naw Maxteal ..

a Tity
- Well was drilled undés Perait No==BA=13007 -/ ing 1y Jocated in the . 2. _ o
- J 80 v SE Yooy of Sectionoo 30 UTwp 17 Rge 28 T
} : ] (B) Drilling Contractor =~ .- R. & R Drilling Co.Ljcense No.— N
: 3 Street and Number T -
] City — State =
T ) Drilling was commenced ___ March 24, < war
! Drilling was completed April 2, < 1937
- (Plat of 840 acres) T .‘
Elevation at top of casing in feet above sea level . I T Total depth of well. 210 ft,

State whether well is shallow or artesian Depth to water upon completion

Section 2 _‘PRINCIPAL WATER-BEARING STRATA
3 No. n_””“‘ In !‘e;: mg‘::' = Description of Water-Bearing Formation
- ‘ - R
A 1 18° 1st flow
— 2 36 to 2nd flow ... .-
| 3
< 4 . - . . ) ] .
. -8 ' : .
‘ection:% RECORD OF CASING - - o ‘
: Dia | Pounds | Threads Depth ' . : © Perforations )
in. 18, In Top | Bowem | o Type Sboe From To
Section 4 RECORD OF MUDDING AND CEMENTING
e Depth in Feet Diameter Tons No. Sacks of ‘
g4 —+v= To | Holetntn. | Clay Cement . Methods Used
il Sections -3 PLUGGING RECORD :
2k Name of Plugging Contractor. : License No.___ '
3 Street and Number_= City. State__ -
* Tons of Clay used Tons of Roughage used Type of roughage _ A P
_},  Plugging méthod used_. i Date Plugged W . z
Phl!mlpprwedbr - ¢ N Cement Plugs were placed as follows: -~ . -*
~ - e e :;_' Depth of Plug - - . :
. Db Bpee - | ™| To No. of Sacks Uped -
FOR USE OF STATE ENGINEXR ONLY ) -
Date’ Received : ’ 4 Tl |
I e N I . N A SO
.-.‘f - ‘.'—:—_ . '~ L.‘ B . N -
Dty o Res ' LufeRer ¢ o
Pﬂe l‘_& - u.!m“—:?—-— 4—-‘-—’*[—'":—--’. -,-...:-r- Tl Seim




Section 6 B LOG OF WELL '
T Thickness
Depth in Feet in Feet . Color Type of Material Encountered
From 230, g

Gypsua rock

Water sand '’

DU et et

36 Gravel (water)  :-

fr!l |1c4 PN
40 | water- sana = ——’55—4‘-"-"

43

| ¥nite clay”

53 < 70 - Water sand ..
& , "
70 b (- : 324454 - | White: clay

76 80 < -} 8and

80 90 d Zx30 -| White clay
90 128 - 22,5 White clay '
1238 132 . - 72 0 B8and rock . N

132 143 White clay

143

150 U 2,9 Sand . -

130 157 2,23 Sand rock

157 173 165 Water sand

178 193 2,43 Yhite clay

193 208 2 /3% Sand rock

208 210 /35> |Water samd | T e - .

The u.ndersxgned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true
rect record of the above described well

‘R & R Drilling Co.

and cor-

PN ‘Well Driller
. -~
. -
-
By - )
3 .
'e 3 ’
’ -
3 . :
- AT s et A e LB R IR : o
‘ . ) - s e
i T e e SRR L T A . . g ) oy ' )
: T g NS 34 2,
AP y ‘ PR ;

ot 3".-: Ml

\m 2 o:.u" 'bD.~-~..~_~;,. S




Form WR-23 . STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well V. L. Gates
Street and Number
City Arteiia, State __.. New Mexica.
Well was drilled under Permit No.. .RA=1331 _________and is located in the
...... SW__Y4..SW... Yi..S¥.__ % of Section... 0. Twp... .17 __Rge. .28 _
(B) Drilling Contractor.....D. N, Gray License No.... .
Street and Number
City State
Drilling was commenced Decenber 1938
Drilling was completed January 19.39
(Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well 2718 ft.
State whether well is shallow or artesian Depth to water upon completion
Section 2 ' PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in " Description of Water-Bearing Formation
From To Feet
1
T2
3
T
Section 3 ' RECORD OF CASING
Dia Pounds Threads Depth Perforations
in. ft. in Top Bottom Feet Type Shoe From To
278
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
1
Section 5 PLUGGING RECORD
Name of Plugging Contractor. License No
Street and Number City. ) State:
Tons of Clay used ..........—...Tons of Roughage used - Type of roughage
Plugging method used i Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
Tiasin Supervisor Nolvom [ T | Mo of Sacks Used

FOR USE OF STATE ENGINEER ONLY N

Date Received

File No.. RA-1331 Use Location No.. 17.26,10.333




Section6 - LOG OF WELL

Depth in Feet Thickness

From To in Feet Color Type of Material Encountered
0 20 . Clay
20 27 Gravel
27 178 Clay
178 186 Sand
186 205 Clay
205 222 Sand
222 242 Clay
242 276 X Sand
278 278 Clay

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-
rect record of the above described well

D, N. Gray
Well Driller‘




ettt

—etew -

Form WR-23 BELD F S LOG STATE ENGINEER OFFICE

WELL RECORD /

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, anly Section 1A and Section 5 need be completed.

Section 1 .
ton : L : " (A) Owner of well_- Bruce Harris
Sﬁeet and Number. Box EL2 —
City Artesia State Ilew Mexico
, Well was drilled under Permit No_RA=4196 and is located in the
~ ) BW  , SW ¥ SY 3 of Section_ 10 Twp 17-5___Rge 26E
(B) Drilling Contractor ¥illard Beaty License NoWD=62
LY .
Street and Number. 1102 Merchant
City _ Artesia State NeW Mexico
Drilling was commenced A(I)I‘il 26 19 @0
Drilling was completed May 12 1.8
(Plat of 640 acres)
Elevation at top of casing in feet above sea level 2l Total depth of well 294 i
State whether well is shallow or artesian Shallow Depth to water upon completion__s_o_
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thicimess in Description of Water-Bearing Formation
: From To Feet
1 280 262 12 Sand & Gravel
2
3
4
s
Section 3 ' RECORD OF CASING
Dia Pounds Threads Depth “Perforations
in. 1t In Top [ Botem | o Type Sboe From To
770D 20 & Round | - 29{.' 26, Steel. 275 294
Section 4 RECORD OF MUDDING AND CEMENTING
Depth tn Feet Diameter Tons "No. Sacks of
From To Hole fn in. Clay Cement Metbods Used
gn
]
Section 5 PLUGGING RECORD
Name of Plugging Contr'gctor _ License No
Street and Number. i City. State
Tons of Clay used Tons of Roughage used Type of roughage
Plugging method used . Date Plugged 19,
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
= oo No. To No. of Sacks Used
YoR USE Of TAVE RISGHR ONLY
IT 1314110
Date

ERIELES N

ik RLoar Pl vl teestion vo. 17 200 FLL

.. N




Y1

Section 8 . ) . LOG OF WELL
Depth in Feet Thickness
Trom To in Feet Color Type of Material Encountered
3350 sa i
2 1. 2" Brown Top Soil 3392
25 23 Red Clay ag2s
30 5 Cray Gravel ~ - ', = - A N
40 10 Red | Clay o : :
70 30 Red Sandy Clay 470
‘140 70 Red -Clay 3270
160 20 Brown Sand 110
200 L0 Red Clay PP
240 4,0 Brown Sand o
250 | 10 Red Clay 2100
] 250 270 20 Brown Sand 3085
270 2€0 10 Red Clay voro
280 292 12 Brown Sand & Gravel . o5
4 292 294 2 Red Clay 3pee

e undersigned hereby certifies that, to the best of his lmowledge and belief, the foregoing is a true and cor-
record of the above described well

20
R R A L e
{ . . Well Driller -
|
Lo su- o RIETT ( L rma SRR L e S«\ ;—\




Form WR-23 STATE ENGINEER OFFICE

iy o o -
FILD ENAR. DG WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the

nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and

accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

record, only Section 1A and Section 5 need be completed.

Section 1 (A) Owner of well 41 K Z/ Lt Al 'AJ

Street and Number /614: , K 2

City ...(2Ahllxt ta 7 State . 21 L7

Well was drjlled under Permit Nofz/w/zf77f__and is located in the
2t/ v Aeedyy Y of Section... /&) Twp,/.? ........ RgeQé[V IP ,/7‘

! r

(B) Drilling Contractor.....4.. ..L;_M/’___.»_ License No.Zestel 2.8

Street and Number..._.... uz_&’/_(...sza htottes
o .
City / AZya o State
Drilling was commenced =77 ﬁ‘] 2.3 19._6_3
Drilling was completed (X 2 f) 19..&.3.
(Plat of 640 acres)
T
Elevation at top of casing in feet above sea level Total depth of well 29
State whether well is shallow or artesian £ 472 P34 <2l A -.Depth to water upon completion..._z S R
< dl
Section 2 PRINCIPAL WATE;'-BEARING STRATA
No. Depth in Feet Thickness in Description of Water-Bearing Formation
From To Feet "
P o J
!
ol 1}&4&&4/ oo Stto ' T <o’
2 .

3 ptiaenalldeitoe ] Lov aid coatl
A J Vi a2

5
Section 3 RECORD OF CASING

Dia Pounds Threads Depth Perforations

in. ft. in Top Bottom Feet Type Shoe From To
77
4
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
I
Section 5 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number City State:
Tons of Clay used ... Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
Basin Supervisor No. From T To — No. ot Sacks Used
FOR USE OF STA&‘E:@GINEER ONLY
I DI
Date Received ERIRENEE S LT w/
I8 WY 9-NnP o5

File No. I% 'Wfé’ Use DDW R Location No. | /2.2 6 ;ZQ;.;E >0




Section 6

LOG OF WELL

Depth in Feet

From

To

Thickness
in Feet

Color

Type of Material F:ncountered

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well

402 At

‘Well Driller .




record, only Section 1A and Section § need be completed.

torm WR-23 STATE ENGIN:in OFFICE , §

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

Section 1
(A) Owner of well Western Ventures, Ino, A, B. Harris
Street and Number
City State
Well was drilled under Permit No.... RA-3559 end is located in the
Yi_.SW_ 1. 8¥ 1 of Section.... 10 Twp.. 178 __Rge. 268 _
(B) Drilling Contractor..._Donnelly Drlg, Co, License No..o .
Street and Number. Carper Bldg.
City Artesia State _ New Mexico
Drilling was commenced.............. May 4 1968
Drilling was completed May 19, 1956
(Plat of 640 acres)
Elevation at top of casing in feet above sea level 3346-3354 DF _ Total depth of well !K59
State whether well is shallow or artesian Depth to water upon completion
Section 2 PRINCIPAL WATER-BEARING STRATA
No. M Thickness in Description of Water-Bearing Formation
From To Feet
! Not krown, driiled w/rotany.
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth ) Perforations
in. It in Top Bottom Feet Type Shoe From To
9 8/8 - 0658 Guide water ghut-ofif
7 20 1839 Guide Production dtring
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods ‘U”d
12 1/4 700 pump & plug
8 3/4 250 3 . i Pump and plug
1
Section 5 PLUGGING RECORD
Name of Plugging Contractor ' License No
Street and Number City. State:
Tons of Clay used............—....Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19

Plugging approved by:

Cement Plugs were placed as follows:

Basin Supervisor

Depth of Plug

From T To — No. of Sacks Used -

FOR USE OF STATE ENGINEER ONLY

Date Received August 17, 1856

File No._ RA-3359 Use.. OWD

Location No. 178,26%,10,+.33¢




‘Section 6 LOG OF WELL
T;’::’m—if_ri;;_ Thickness Color Type of Materlal Encountered
0 490 40 ! surface sand & gravel
40 615 578 sand & oxky clay
618 798 180 lime & anhydrite
798 878 80 stks, anhr, w/lm, & clay
875 298 122 Stringers sand & caly 1lime & anhydrite
995 1035 40 1ime
103§ 1123 78 anhydrite w/lm. stks,
1123 | 1168 42 1ine ’
1165 | TID
1165 1180 im, w/s3dy. 1lm. stks.
1180 1320 140 1m. & anhr,
1320 1341 21 1ime
1341 1347 -] 1ime
1347 1363 16 black Im. & sdy. 1lm. gray 1m,
1363 | 1430 67 1ime
1430 1464 34 gray 1m, hd, sdy. stks.
1464 1484 20 brown 1m,
1484 1513 29 1ime
1813 1576 83 brown 1lm, & sdy, 1m,
1876 1618 42
1618 1681 e3 1ime & sdy. stks.
1681 1732 81 1lime
1732 1783 81
1763 1838 87 8351104 . TD lime
1839 ™D

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well.

‘Well Driller




i‘orm WR-23 . STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS; This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and

accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed. ‘

Section 1
(A) Owner of well _Western Ventures, Inc. A, B, Harris No, 1
Street and Number Box 1021
City Santa Fe State New_Mexim
Well was drilled under Permit No....RA=33559 ________ and is located in the
— Yy SW._ Y __SW % of Section...10___Twp._17S___ Rge. 26E
(B) Drilling Contractor. License No.._
Street and Number )
City State
Drilling was commenced 19
Drilling was completed 19
(Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well
State whether well is shallow or artesian Depth to water upon completion
Section 2 PRINCIPAL WATER.BEARING STRATA
No. Depth in Feet Thickness in . Description of Water-Bearing Formation
From To Feet
1
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in, . in Top | Bottom ~| oo Type Shoe From To
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
!
Section 5 PLUGGING RECORD
Name of Plugging Contractor. Denton O0il Well Cementing Co. License No
Street and Number City. Artesia State__New Mexico
Tons of Clay used.........._..Tons of Roughage used Type of roughage -
Plugging method used Date Plugged__August 13 19 56
Pluggijfg ap ‘ Cement Plugs were placed as follows:

Depth of Plug

A Noo | -~
From To

No. of Sacks Used

(-/ FOR USE OF STATE ENGINEER ONLY

Date Received fl/// ,l/ é =z

1475 1560 20
1325 1300

1010 970
675 625

1

2

3 1150 1125
4

5

oo jon |

File No._RA-3559 Use_. 0il Location No,. 17.26.10.330




Section 6 - LOG OF WELL . N

Depth m Feet Thickness .
t .
o ~F in Feet Color ‘ Type of Material Encountered

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregomg is a true and cor-
rect record of the above described well

Well Driller




Form WR-23 STATE ENGINEER OfFICE

- 1~ .
INSTRUCTIONS: This form should be executed.in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1 % Sl
(A) Owner of well AN P ,ﬂ&ﬂ/&/é
Ay
Street and Number - L L

¢ .
City Faa R I T Y A 7./ ¥
Well was drilled under Permit No../ 14_‘—4,¢:_24de is located in the

2]y Uy, Y of Section./ﬁ.,..TW}p(/...yA:Rge«-_%.A_E._
Z M L

(B) Drilling Contractor. 1. - icense No.L.I/_‘{z_?:f
Street a?ZNu per......., &M Z 22

City Al sk State ... 277«
Drilling was commenced . L 19 0/ 2
Drilling was comipleted e IQ.A\.Q.

(Plat of 640 acres) ,
Total depth of well. ~2./.5

£ Depth to water upon completion .2 3

Elevation at top of casing in feet above sea Jevel

. State whether well is shallow or artesian.

Section 2 ’ PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in .Description of Water-Bearing Formation
Ny From To Feet
r 25 [ a5 /p e d
* _|P4 |37 4= ey
3 " -
4
e
Section 3 RECORD OF CASING
Dia Pounds | Threads Depth . Perforations
in. 1. in Top | Bottom | oo Type Shoe From To
27 ERVEL AV =Y AW 4 VETA
. \“_“ c . )
.
1
Section 4 RECORD OF MUDDING___ANb CEMENTING
Depth in Feet Diameter Tons | “No. Sacks of | L
From . To Hole in in. Clay Cement Methods Used Ct
T
I
) |
Section 5 PLUGGING RECORD
r
Name of Plugging Contractor License No
Street and Number City. State:
Tons of Clay used......... ... Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
- Depth of Plug
Basin Supervisor No. | —vrom I To No. of Sacks Used
FOR USE orsr&'f'ﬁ#u‘gnimﬁni ONLY
Looeludeitd
IS Ygunc s e
Date Receivedj'u']u il RN /
928 HY 42230 cgg
N
File No....... &A " Use__liom. Location No../ /- 26./0- /(0




Section 6

LOG OF WELL
Depth in Feet i
- : e; 4 Til:ci‘?:? Color Type of Material Encountered

Y 125 =25

25 135 |

g6 | 47

=4
AV EL AV E]

2727 77

—7 7ﬁ

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well

"Well Driller




‘ 4.‘7 - o Revised June 1972

,V
L
N Y STATE ENGINEER OFFICE A
. . 1) Wi
. o WELL RECORD HEL sn"'\- e
Section 1. GENERAL lNFOBMATIO_N } RS - .
Owner of well Lee Dilbeck Owners's Well No. _&Liﬁo__
Street or Post Ofﬁce Address - e S
Cny and State IV {')oyrn 8&[0 2
Well was drilled under Penmt No. RH:(S 550 . ‘ and is localed in thc A : !f
.W . . B e T TP U P S e e :
: _.W__d- N néﬁ_g % of Secnon_.__lo___ “Township 17‘L — Range - 2§. —NMPM.
b. Tract ch:______ of Map No. ____ S ?l !_he -
c. Lot No.*______#of Block No. E— of ihe
Subdivision, recorde¥ in e _Couniy.’
< - =
d. X= Z feet, Y= I feet, N.M. Coordinate System d Zone in
the _ =~ Gnant.
‘ly . N/ -~ -
(B) Dniling Contractor # & éni 1 ea License No. ID675
| Addues P.0. box 437 Antesia M SRI0 g sp prperio-  7re- ¥5/¢
"J Drifling Began _A=f=72 _ Completed __8={0-29 __ Type tools £ll/)/' Size of hole—_2” ___in.
. . o s e 125
Eievation of land surface or at well is_=0 T ft. Total depth of well fr.
{ Complcted will is B salow O artesian. Depth to water upon completion of well 50 ft.
Section 2. PRINCIPAL WATER-BEARING ST RATA
] Duepth in Feet Thickness Estimated Yiedd
J From To in Feet - Description of Water-Bearing Formahon (gallons per minute)
o5 120 25 Yaten Sand /0 :
: ] Section 3. RECORD OF CASING ]
Diameter Pounds Threads Depth in Fect Length Perforations
(inches) per foot per in. Top Bottom (feet) Type of Shoe From To
I 7" 29 b PLE / 125 126 PLE 90 120
Section 4. RECORD OF MUDDING AND CEMENTING
. Depth in Feet Hole Sacks Cubic Feet
l From To Diameter of Mud of Cement Method of Placement
-
J ) *
- L
e b d
s - '
] — ) i Section $. PLUGGING RECORD
-1 Plugging Contragtor > .
Address < Ne Depth in Feet . Cubic Feet £
Plugging Method i Top Bottom of C =
:;{ - Date Well Plugged - 1 - -
.} Plugging approved by: " ce =2 - )
RS e LRI 3 DR v Poee oL
State Engincer Representative 4 .

p— XA
:I " raenoRA- LSS0 S
/l T -

VLIS Froni E Lika v

")h ) F""‘h’l ,/ l,;)h/

I

bl

B RE N




Section 6. LOG OF HOLE
F'och th in Fec;o TC:::‘” Color and Type of Material Encountered
0 20 20 Jop Soil '
20 60 40 (alichkenr- { . la.u
60 85 25 :":JML_MSM
RN 1 98 /0 - (oarse Sand . ...
95 120 25 Yaten & Sand
20 1 125 5 Red Bed 70~~~ =" -~
P g - _ -
!: e e e e - - - . pa
s =
Section 7. REMARKS AND ADDITIONAL INFORMATION 7 =2
T faal ==
~ . ! = — i
B2 = g
3 e
- o w7
iz |
- - - g o o
R "} 34 HWIND byt E
.. . . - .. o e e ey ~

The undersigned hereby certifies that. to the best ol Ius knowledp md bcliet the fongolng isatrue and correct tecord f the nbove
- described hole.

INSTRUCTIONS' This for~ “hould be executed in tnplicate. pnfenb!y typewﬁnen. and 0 ;
of the State Engincer. Al ’

gt

tted to )’

pmprine dntrxct omec
on:, except Secuon $, shall be answered as  completely and ocwmely \i ssible when

drilled, repaired or dcepem. «Nen this form is used u a pluwng xecord only Section"l(a) md Section S n -ed be

nny wellis i‘}‘ e

,,‘d};\,w") #

L

oW s

g




(A) Owner of well

pob Smith

STATE ENGINEER OFFICE
. WELL RECORD

Section 1. GENERAL INFORMATION

Street or Post Office Address
; Boi 91
City and State

C/0o Ray Stephens

Revised June 1972

PR TR R P SV RIS

Owner's Well No. RA-7180

liageraan, 1

Well was drilled under Permit No RA-7180 and is located in the:
a__lle oy _Ii Y % of Section__10___ Township___17S Range 261 N.M.P.M.
b. Tract No. of Map No. of the
c. Lot No. of Block No. : of the
Subdivision, recorded in inddy County,
d. X= “feet, Y= feet, N.M. Coordinate System Zone in
the . Grant.
(B) Drilling Contractor Ray Stephens License No.__1/D="784
Address Gox 91 Hagerman, L1 58232
Drilling Began —____8=2~83  Completed ____8=10=0"1  Type tools 2otary Sizeof hole__10___in.

Elevation of land surface or

Completed well is

at well is

1 shallow [ artesian.

Section 2. PRINCIPAL WATER-BEARING STRATA

ft. Total depth of well 220 ft.

Depth to water upon completionof well 80 ft.

Dcpth in Feet Thickness o . ) Estimated Yield
From To in Feet Description of Water-Bearing Formation (gallons per minute)
100 210 1O Fine Sand 20
0
Section 3. RECORD OF CASING
?:;«l.r}l:'etsb)r :;ufr;%st 'l;};eiand.s Tc)l;epth in F;‘c)t“om 12?2531 "Type of Shoe Fr:;ﬁoration;o
6 5/8 17 0 0 220 220 one 180 220

Section 4. RECORD OF MUDDING AND CEMENTING

Depth in Feet

From To

Hole
Diameter

Sacks Cubic Feet
of Cement

of Mud

Method of Placement

Plugging Contractor

Section 5. PLUGGING RECORD

Address No Depth in Feet Cubic Feet
Plugging Method ) Top Bottom - of Cement
Date Well Plugged ]
Plugging approved by: 2
3
State Engineer Representative 4
FOR USE OF STATE ENGINEER ONLY
Date Received
August 12, 1983 Quad FWL FSI
File No RA-7180 Use__Domestic 17.26.10.12323

Location No,

0ff SE Corner




Section 6. LOG OF HOLE

Fmr’:‘_“" e Thickness Color and Type of Material Encountered
0 5 5 Too Soil
5 L0 35 Coliche
4O 65 25 Brown & Blue clay
65 | 90 25 Fine Sand
90 100 10 Brown cley
100 210 10 Fine Sand
210 220 | 10 Broun Clay

Section 7. REMARKS AND ADDITIONAL INFORMATION

72
GO

Set packer at 100 ft, =
tud off Loo uabor ‘ o
n

1

=

o

s

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above

described hole.
7 / -7

Driller

INSTRUCTIONS: This forr .’ *gld‘be executed in triplicate, preferably typewritten, and submitted © ' = appropriate district office
of the State Engineer. Al( ns, except Section 5, shall be answered as completely and accura possible when any well is
drilled, repaired or deepenci. .cen this form is used as a plugging record, only Section 1(a) and Section nced be completed. |

H i




Form WR-23

STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well.....J. M, Vogel
Street and Number
City Artegia, State _New Mexico
Well was drilled under Permit No....BA=1183 and is located in the
VNW. Y NE_ Yoo % of Section....... 3. . Twp.........1T _Rge... .26 _
(B) Drilling Contractor Gray.. Hros License No..ooooooee ..
Street and Number
City State
Drilling was commenced July. 30, 19..34
Drilling was completed Auguat_7 19.34
(Plat of 640 acres) i
Elevation at top of casing in feet above sea level Total depth of well 225_ft.
State whether well is shallow or artesian Depth to water upon completion. _—
Section 2 PRINCIPAL WATER-BEARING STRATA
-No. Depth in Feet Thickness in Description of Water-Bearing Formation
From To Feet
1
2
3
4
5
Section 3 RECORD OF CASING
..Dia Pounds Threads Depth Perforations
in. 1t. in Top Bottom Feet Type Shoe From To
10 220
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
|
Section 5 PLUGGING RECORD
Name of Plugging Contractor. License No
Street and Number. City. State:
Tons of Clay used.......—..__._Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
No. Depth__ot Plug No. ot Sacks Used

Basin Supervisor

From To

FOR USE OF STATE ENGINEER ONLY

Date Received

File No RA-~1183 Use

Location No. 17.26,15,120




Section 6

LOG OF WELL
n::f,th i Fe:;:o Til:: c;x:tss Color Type of Material Encountered
0 18 Gravel
18 20 Sand
20 25 ¥ater gravel
28 30 Red bed
30 20 ¥hite clay
a0 118 Red clay
118 122 Gyp
122 135 Sandy clay
135 145 Sand rock
1454 1848 Fine sand
153 2925 Y¥ater gravel

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well.

'

Gray Bros,

‘Well Driller




Form WR-23 y / 7{ STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repalred or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well Charles L. Allison
Street and Number
City Boswell, ' State New Mexico
Well was drilled under Permit NRA=1227 RAS=5 oo and is located in the
N VAN YaNg...... ¥ of Section..15. Twp..178S, Rge..26E.
(B) Drilling Contractor. R.C & DN.Gray. . ... ... License No...oooooooeo
Street and Number.
City State
Drilling was commenced... ... _.December .30,.1935 . 19
Drilling was completed... .o ~January. 13,. 1936 19
(Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well 240!
State whether well is shallow or artesian Depth to water upon completion. ... -
Section 2 PRINCIPAL WATER-BEARING STRATA
No. M__ Thickness in Description of Water-Bearing Formation
From To Feet
1
2
5 —
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in. it. in Top Bottom Feet Type Shoe From To
10 194
8 52
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in, Clay Cement Methods Used
)
Section 5 " PLUGGING RECORD
Name of Plugging Contractor License No..._ -
Street and Number City State
Tons of Clay used . ... Tons of Roughage used ... . __ Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
Basin Supervisor No | from [T | o Of Sacks Used

FOR USE OF STATE ENGINEER ONLY —

Date Received October 20, 1958

File NBA-1227 Use Location Nol7.26.15,111 . _




Section 6 LOG OF WELL .
Depth in Feet Thickness .
Foom o in Feet Color Type of Matepal Encountered

9 10 10

sail

10 15 5 wuhite clay and water
‘ —1a 58 43 white—clay
! 58 81 3 shall rock -
i

61 75 14 clay
‘ 5 1103% 35 clay and shell rock
f _ 110 115 5 sholl rock

115 138 23 clay
138 . 175 37 sandy clay

175 240 63

water gand

set 194* of 10" ¢ mina-.—Sat-sz—ot—a—pozzuuted

caalnz.in_lmtm

rect record of the above described well.

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

‘Well Driller

=
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v \ ...n -i }5‘

R e

U WELL RECORD men\z_fz_ﬁ@;

NSTRUCTIONS This form should be typewrttten, and filed in the office of the State Engineer, (P.0. Box 1079) Santa Fe, New‘ .

Mexico, unless the well is situated in the Roswell Artesian Basin, in which case it should be filed in the office of the Artesian Well
upervisor, Roswell, New Mexico. Section 6 should be answered only if an old artesian well has been plugged. All other sections
hould be answered in full in every case, regardless of whether the well drilled is shallow or artesian in character This report must be

ubscribed and sworn to before a Notary Public.
. e W pd

i T
t Py
o wPal i ke Rk i B 0} .
2! R . Owner of well /J’f ¢ o o /{ Somoa A
LI P E"‘l‘“' %
I i i ' Street and Number (
Locleadaveaadad
i R Post Office
: P : A = .
=) o : Well was drilled lgder Permit No./Lf ; and
] ! R . ’ %z — = :
}?--'--E---:“j--- is located in the J:’-;‘ A R 74 .&/’ % of Section _/ C:\:
; . = . —
~%_ ' S.E--1 Township S 5 , Range e) a . }’
1 : [ . :
-d4--}o-po-bocioof  Drilling Contractor . s Bl ks -
~ T i ] H
H I Street and Number
e - (Plat of 640 acres) g = R B .
'Locate Well Accurately Post Office Cdra / ‘*Z,} (L2 60t a '
/ LA ;
d @/ o 19 e Drilling was completed 7 ¢ 7(- S 19 g k_/.
levation at top of casing in feet above sea level
whether well i is shallow or artesian _,) froat f N ok £ et

PRINCIPAL WATER-BEARING STRATA
from (@) to /. Q. _, Thickness in feet X » Formation

/ 0 to yi S— , Thickness in feet ﬂé Formatlon é A ‘! Rl (&&1 E U

7 é to A’ 3 Thicknessinfeet /O , Formation .
/? 5 to 7 é , Thickness in feet Z.2 ‘ , Formation ;4/&4,{,&

RECORD OF CASING

. DIAMETER POUNDS THREADS NAME OF FEET OF TYPE OF PERFORATED PURPOSE
| _IN INCHes PER FOOT PER INCH MANUFACTURER CASING SHOE FROM TO
Ty

2 /80 28 1 80 Dnewits s
g 78 Qear| | |78 JM%J;B

~.

RECORD OF MUDDING AND CEMENTING

NUMBER OF SACKS METHODS USED SPECIFIC GRAVITY TONS OF
OF CEMENT OF MUD CLAY USED
: segvs L : PLUGGING RECORD OF OLD WELL . :
¢ erl'l‘;i:é located in the u u yyofSection ____ __, Township ,
’ B.epge . Name of plugging contractor
54 4 Street and Number : Post Office

.--vg’,:
S

‘Tons of roughage used Type of roughage

‘Was plugging ’approved by Artesian Well Supervisor

feet Number of sacks of cement used
feet Number of sacks of cement used I
feet Number of sacks of t used i
4 was plncod at ' feet " Numboer of sacks of t used ‘ o
No ,;was placed at feet Number of sacks of cement used § P
(OVER) ;

L VAEDY. N -F S




SEC. . bt
_SEC. 6 PO T LOG OF WELL 1

" FROM (oeprn {

TO ¢ umrmer) THICKNESS IN FEET . )CLAS: N OF FORMATION

/65 3o
/240 /85
180 L0 ‘
/90 /0 Qbacy !
210 20 —‘,!144 - M \
Z37 2.7 L 2 1
.11/0 <7 e ’g:,(,dt Ry

\-4’ — e
e e e .

ey U S ———e *-w} "
Ty

- 2 /jg /:/;»./,,‘ -

I, ‘ ( =l L do solemnly swear that, to the best of my knowledge and belief,
the foregoing infurmation is a trwe and correct record of the well for which report is hereby made, insofar as can be determined from
1L available records.

UB_SCE.IBED AND SWORN TO BEFORE ME this 27 Signed
VR s : s : . — / K
2 of/,/ LK A . ,A.D, 19 é < Position s A o 7. dusi

~ . e -~
Y ’ o et e e A '/ laey - - -—

AR 7 Nopfry Public Street and Number _ .. e & H
. —

v

5 My “'.'n'mi.;sion Expires ?J}/ Pos;‘. Office __, .. L’/‘:’:/t\ . % )/ ; .
%’\.0176‘—'-’/6‘.&‘—:'% Caccr T )7 )7




ﬁn-za ' (v\
1

2 \
W, STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engmeer All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed

Section 1 Zm} %W Dé[ 5 Z :Z
. (A) Owner of well
Street and
City ” /Q/(JQJ State ,
Well was drilled under Permit No. yri -20.509. ﬁ..ZFJ.L_an is located m the
2&1_%._2.5!.. Y. 4 €L ()0t Seqtionf __ﬁ/ Tw, _4.7 ...... Rge. &6
(B) Drilling Contractor. . License No dp
Street a,?u ber../} 4 : : ‘ :
City H/B@ /L(/W State 70U W )
Drilling was commenced () k. 7 55
Drilling was completed (yjlb/?l 30 19 55
(Plat of 840 acres) Zl
Elevation at top of casing in feet above sea Jevelp . Total depth of well / 0? 8 ﬁ
State whether well is shallow or artesmn.&#.&&ﬂ/ﬂz ........ Depth to water upon completxon_*g_LLg

Section 2 PRINCIPAL WATER-BEARING STRATA
’vNo.l _Min_]?ee;t_ Thickness in Description of Water-Bearing Formation
From To Feet
1
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth ‘ Perforations
ft. in Top Bottom Feet . Type Shoe From To
B 51 | 7 207G Bokar
_Pg%;_g— e | Z Kb | o Y .
?_BJ 3,',{ Y 232 QU/W.& ANy,
g 0} fte £) 1818 .:rﬂf
Section 4 RECORD OF MUDDING AND CEMENTING Coa
/
Depth in Feet Diameter Tons No. Sacks of .
From To Hole in in. Clay Cement ’M/eth:ois%sea: ‘ TT ! \
- 955 \
\ TN\ o \
Wi -
\ eplCC TR
W "
! \ L iR Al
tenr ek B
Section 5 PLUGGING RECORD =
Name of Plugging Contractor. License No..oooo
Street and Number City. State
Tons of Clay used.....ccooomeeees Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19

Plugging approved by:

Cement Plugs were placed as follows:

\ No. Depth of Plug

e B T e No. of Sacks Used
Basin Supervisor From To 0. of Sacks Used

Date' Received

FOR USE OF STATE ENGINEER ONLY R

ol . ” .
File No. A A 2050+ £0-297/ __ vse...02V %7 Location No.,/.r4 .45 7 2.3

M .

y




Section 6 LOG OF WELL ' é :

Depth in Feet Thickness

Trom To in Feet Color Type og Material Encountered ;
8] 2 ,3 8 50_1' /’/ A . !
3] . 70 Db okl km T
7 R 7 gl |
g2 t 11O Wopss v Dant ‘ ’ :
Mol . lany o Jop il oF gt
209 | . 1219 | 12 (tah,
219 | .. | 300 N Mw
_3opo £ 3,0@ Grn—u%ﬂ
_Boll . | 380 Ol pnedy L ¥olns
_ R0l .. 95 Jor
_Sgol .. | 590 Gc ko
_&0 | . | p3S| e ﬁ/ﬂqm 20
b3S P kQQ A,
(o921 .. b98

O Do

1098l . | 40a Gach, 0@?@&%?/ @déj
7081 .. | 730 gondly Mocks 9748 992,

720 | 740 oo rdl)s QIR v ) 0l (

740 . 1793 2faid), Noch, 10/ ; Hlwnch
775 | 788 030 .

789 | .. 330 |- J0ZS .. )2

?5{0 1 ¢ Zi(gq Qé@ui@./ : '

K291 . | 934 L)

Q4! . | 350 /M
Jﬁ?rgé N %»é Dol

S| ., g Bond,

?/ q i 395 . M} :

95 .. 1915 Ssial) o b

Jazl .. | 958 o) e By

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor- .

rect record of the above described well.
,%ﬁp M

M ‘Well Driller




B>

(This form to be exccuted in triplicate)

v

WELL REGORD

. Date of Recelp : * Permit No. ...h A~3353 -
i
. O
I ’ 1
' " depth to water upon letion teet drilting was wmmenccd ................ ”06' 14 . 19 51
]
} " and completed ...........S80a .8 19. 5Foame of drfiling eont.racwr ...... 1 (S, o5
g - : Address, ... meaig. B ®W 380, -: Driller's License No £D.=19 -
' 2. Principal Water-bearing Strata:
]
v Deoth tn Peet . . -
i Te Thichness Description of Waler-bearfug Pormation
1 . - PR .
' Ro.1 960 2086 .36 Send & Clay streeks
; No. 2 : - R e e . —
: No. 3

No. 4

No. §
' 3. Casing Record:
i Dlameter _ Poands Thresds  Depth of Casing or Liner  Feet of : Perforation
i to taches per L per ioeh Tep Bettom Caslng Type of Bhee Prem Te
. 8- - .. . ) o
' 36RIR" 167'8"
] ’ gw T T
) 770D 857 19w
' B"ID 62'9" V £32 to £9b
. 4. 1f above construction replaces old well to be abandoned, give location: Y. %. ... %
‘ O Range ..............; Bame and address of plugeing contractar,

R RN XN X PR T f\'r‘.;'i'eb"!..; 's..'-\'.
- - - ST aennye et wiad 350 19 beooss n-«—«
date of plusgl dewﬁbe bow well was plugged:
EERS " RSN - -
ol en % M -
. - - ~¢no‘b-n':un!

Lo

T F e N0 s S WAtk Nl

s el Jn.{, m'c'ﬁdr- g .‘F Ec'

A STt ST ST T m T e

ceat

= ..-..... R

WS iteaa, L NI BT HEANMNG L




s
B . e IGt300s 1o e
\ 2Milonag Yo smsA K e
i .
¥ Duseription of Vormetisa 2319 5 Gfeon 2emrls
: ; ) N - - . i
I R R A T -~ R F]
‘—58_ . T SN S 0;.—‘ e - = AL P R LR S
! > e R ) PR ) St PO JER - .
H P e R ) n - ] g . 1 3365 . <
. ..,;_‘,. U=y 732 QU B . T .0 T U leviesd2 In W _— .
Y T B w0l &3 rlay & Bock 3218 . R T
R “am ;Jn{- -y 42555 Lore] m o AT L e e et T I e e, N
i 100t 120 20 >und i nrn;zgl‘ 322
" oL : - - . R . 6 €.
.' - . " : °
120 h D1 s olay _ 3o
; 1286 131 P oand - S=d
3 - e ) C
’ 131 134 3 Clay EXNY
124 186 21 sand 3 2o o
186 | _164 N 9 Clsy 25 =
164 200 36 38nd EVAE
200 208 8 Clay 3:32
£08- 235 g Sand =r2 7 —
~P36- 837 ! lay — .
237 258 £ Sand _
258 260 2 Slay
250 296 <5 Mma_&_m_u_nmkﬂ' T 2ego
i
i
A
} PR - . a2 ~
o j '
o N
I

mnnduﬂmdbmbyeeﬂ!ﬂath&bmzbutothhbovlmemdbend Lheloxuomuatruennd
7:'.'] oo cdrrednoordotthenbovedemmd'dl. s o e an - .

T TP Lrarte ta s
- . ]7/% S
X Liesnsed Well Dril ‘
. : R Instructions

This form -h.dl be executed, preferably typewritten, in u:lpne.te and filed with the Btate Engineer's Office at
Mhnuuloo.vnhhlod-;l-mdﬂl_huhnbmmﬂeud. Data on water-bearing strata and on all ‘

formats tered should be as pl and sccurate as possidle.
1
o - - . Lo ‘,‘




L
“Form WR-23 ( Coy STATE ENGINEER OFFICE

FIELD ENGR. 16 = WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1 (A) Owner of we]lZﬁ/fZCZér/f/ _Z_E(#g »Z
‘ Street and Nymber 305 2t (Aotati i
City (Z QJI;—-—{L ]—, State k;"71 )77 /
ell was drilled under Permit No) 4~#&ng~_and is located in the

A Yy fMad Yo "l ) Y of Section.... ~Twp Rge
(B) Drilling Contractor.. L o Ze s rec 22 License No. 2t/ &

Street and N:/m}gr,;% bt 1) (Cotseans.

City (4 et e State .22

Drilling was commenced (leea 2 19 é 2

Drilling was completed llees 2 1942
. (Plat of 640 acres) ' 74

Elevation at top of casing in feet above sea lgvel oy Total depth of well._.__2.2 £)
State whether well is shallow or artesian ZZL%%Z{:Q...Depth to water upon completiom..éé__:___

Section 2 PRINCIPAL WATER-BEARING STRATA
No. ﬂiﬂ_ﬁ_ Thickness in Description of Water-Bearing Formation
. ’ From To Feet
' 25130’ S 2 e
— ’ N
2 Y5 a0 /5 o cteed ¥ Gy ol
3 /
4
S
Section 3 RECORD OF CASING
Dia Pounds Threads ..., - Depth Perforations
in. ft. in Top Bottom Feet Type Shoe From To
T
44 298 | g2e200 | JF<T7 | 22p 7
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
!
Section § PLUGGING RECORD
Name of Plugging Contractor. License No..... ...
Street and Number. City. State
Tons of Clay used....._...__..Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: ) Cement Plugs were placed as follows:
Depth of Plug
Basin Supervisor Mol grom [ T | o Of Sacks Used
e FOR USE OF STA'I’E,_E!IYGINEER ONLY
S [ %
Date Received. .~ - — Y
s S .
t n' i ; , N '
File No K / <} . 4 é £ q Use (\ Boaae Location No./.2 ¢4 (5. /35 3_____

/. S




h -
[SEE7 P e

Section 6 LOG OF WELL
__}_‘:::‘Lu‘iife_%__ Ti’;i":,zzs Color Type of Material Encountered ; ‘
o_|= 5 ey
5 2 5 20 Clrzoy L
25 &5 : =2 .
30 //C 165 (%444
/97 200 |/5 ool S Paeel

200 | 220 20 m//a,:{

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well. M

ﬁl Driller




ey

.Form WR-23

1
()
FIELD ENGR. LUG

STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the

nearest district office of the St

ate Engineer. All sections, except Section 5, shall be answered as completely and

accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

record, only Section 1A and Section 5 need be complet

Section 1

ed.
‘5 Coma o iid— TPz

(A) Owner of well

Street and Number.—__ D05 i o Loz .
City (L4 /'e 27 State .27~ o

WA

J }
ell was drilled under Permit No/.{ - ’%755 ...... and ig located in the
.,g,.__% (6 2] v of ie_ction.../.'....s.w_'l‘wp.mlz : Rge;z_é__fﬁ

d

(B) Drilling Contractor q_- 7 ,477 z_,é,«?-h[ License No..L{éx[;.z_.Z &

Street and Number 3(‘ o ol (olotenscoan e,

(Plat of 640 acres)

State whether well is shallow

Elevation at top of casing in feet above sea level

City s AALCT et v State ..Z . 217

L2 .—-/ R 3
Drilling was commenced / €. L1 19.6
Drilling was completed A { 19 / =

Se— 7
. Total depth of well /‘qS
YTy Sy
€. 228200, Depth to water upon completion &

or artesian

Section 2 " PRINCIPAL WATER-BEARING STRATA
No. % Thich(::tss in Description of Water-Bearing Formation
/4
P 20| Sel 3y el
2 )spl/ds71 25 Dt
3
4
)
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Feet Type Shoe Perforations
in. ft. in Top Bottom From To
— _’
il /957 \zzwene. | /55 /85 -
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
)
Section 5 PLUGGING RECORD
Name of Plugging Contractor. License No
Street and Number City. State
Tons of Clay used..............‘Tons of Roughage used ... . . Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
Basin Supervisor No. From | To No. of Sacks Used
FOR dsE[?i;as'nAm;;;ggwmn ONLY —
L »'"’).'?‘\‘,';]
ENIEROEE B
Date Reéhéiu:du i phi 4 S /
, .l 1
8 WY 92435 o5
File No. R A-476s Use 237, Location No., /.2:=26- /8 /¥ O




LOG OF WELL .

Section 6
Fr?;pm in Fe:,to Thickness Color Type of Material Encountered
Vil ) 3 e [
> A 7 ;o ,
6“ —Z p /.,_) .{/ -(I;,'K’_;// -
20 |z | BC | S ed
so 150100 T bl
/ =Y AN VR 135 /J/z( e-d

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well
' . . ¢

Well Driller




" Form WR-23 l’\\ a

STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

record, only Section 1A and Section 5 need be completed.
Section 1

- {A) Owner of well E.. D HAllyerx

sere Street and Number.

{ City Artesia StateNew_Mexico
Well was drilled under Permit No P-3 and is located in the

“at Y 8W__ 1 NW__ 3 of Section.. 15 _ Twp...17S __ Rge.26E
(B) Drilling Contractor License No....___.____
Street and Number.
City State
Drilling was commenced January. 27, 1908
Drilling was completed June 6, 19 08

(Plat of 640 acres) ,. ORIGINAL FLOW 1076 GPM
Elevation at top of casing in feet above sea level Total depth of well _| 238 3

Depth to water upon completion

State whether well is shallow or artesian

Section 2 PRINCIPAL WATER-BEARING STRATA
.. : ﬁoj ; M Thickness in Description of Water-Bearing Formation
A From To Feet
2 :
4
5
- Section 3 RECORD OF CASING
2. Dia Pounds Threads Depth Perforations
in. 1t. " in Top Bottom Feet Type Shoe From To
8 ) 752 752
8 0 225 225
Séction 4 RECORD OF MUDDING AND CEMENTING
" Depth in Feet Diameter Tons ‘No. Sacks of
From To Hole in in, Clay Cement Methods Used
[
Section 5 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number. City. State.
Tons of Clay used......—.......—Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19,
Plugging approved by: Cement Plugs were placed as follows:
No. De"“‘ﬂé_ No. of Sacks Used

Basin Supervisor

From To

FOR USE OF STATE ENGINEER ONLY

Date Received

File Nn Use

Location No,...17:26.15,130




Section 6 LOG OF WELL - """?"""a- . 1
: 1/ ;
h‘::fm in FeeTto Tih,: c‘;.:::s' Color Type of Mater.ial Encountered . d.g
o 20 soil B
20 45 clay - :
35 60 shale o
£0-. 70 —gunba . :
70 80 clay !
B8O — 90 gumbo _ )
0. a5 sand }
95 100 soft rock
100 130 BHale
130 150 gumbo
150 1565 clay
T55 185 shaIo amd—sand
BT 101 _goft rock
191 200 gumbo
200 235 Bhale ;
235 265 gumbo |
265 290 soft rock o
290 305 Tluy
305 330 gravel and sand
330 346 rock
346 384 gumbo
354 364 shale
364 372 sand .
72— 1384 rock
384 395 sand
395 402 shale
402—1T—4b2 sand
412 421 rock
421 446 clay and pumbo
& 455~ rock
455 464 gravel
464 484 . : YENN sand
484- 4559~ rock
499 504 sand
504 544 rock
544 666 gumbe
566 576 rock
576 584 shale
$84 601~ gand
601 622 soft and hard rock
622 626 {ine gravel
828 856. gumbo
656 667 rock
BT | 687 T shale
887 £92 hard rock
%2 undersigne@3ireby certifies that, to the best of his knov}lﬁa‘ge Ekpeliet, the foregoing is a true and cor-

x%@?record of tHéThove described well.
731 hard rock (set casing)

731 738 ' hard rock

738 750 ghate

750 781 rock, soft an&"fmnfm""

781 798 shale

798 808 soft rock

808 821 shale

821 828 hard rock some water

828 843 shale

843 873 clay and rock (soft)

873 882 soft rock

882 916 -shale

216 an rock, soft and hard

971 1046 hard rock

1046 1050 porous hard rock water

1046 1650 porous hard rock water

1050 1110 ~1ime rock hard

1110 1124 white sand rock

1124 1202 white lime rock (water) ot oy
1202 1285 whitelime rock shell every 10 to 12' with wat |}

under each shell.




o (This form is to be executed in triplicate) v

WELL RECORD
. - Da.te of Recelpt Permit No. ...... RA—? ................. .
Name of permitee, Y1yde Dungan
Street or P. 0. ...Box. 1324, City aad State ... Artesia, N.M,

s & T ﬂ
Well location and description: The bha.llcw ;wel.l i3 located In m ”%, S Y

(shallow of artesiam) e il
g Y 15 178 2B
S LY, e ¥a of Section ...l , Township ................. , RANge .......cccoevceerernennn, ; Elevation of top of
. I ’ 182
. casing above sea level, ....ccovecreneenn.. feet; diameter of hole, ... inches; total depth, ...... ORI (-1 4
123 NO‘V.28 " 53
depth to water upon completion, .................... feet; drilling was commenced 19........ .
' A.F.Smith
and completed Nov,28 ,1673...; name of drilling contractor

306 W, Chisum ; Address, Artesia, N.M, ; Driller's License No. WD"QB .................

2. Principal Water-bearing Strata:

Depth lu‘!‘aat Thickness Description of Water-bearing Formation
From To
No. 1 No log on well .
No.2 Run 182 ft.4® pipe in old well, with collar on bottom of pipes
No.3 Perforated bottom joint and gravel packed casing.
No. 4 ' ‘
No. &

3. .Casing Record:

. Diameter. . . Pounds Threads Depth of Casing or Liner Feet of Perforation

fn inches per ft. per inch Top Bottom Casing Type of Shoe From To
4 I abé;'e construction replaces old well to be abandoned, give location: ... Ya, Ya, Ya
of Sectlon .........c...... , Township ....coeveevvcannae , Range..........ccceeeeuen. ; name and address of plugging contractor,
date of plugging .....: 19........; describe how well was plugged: .........cccoocevevicsricricns




] B
. T y
O SR
o ’ NO LOG .
. * : . .
o+ 6. Log of Well:
Depth in Feet Thickness . Description of Formsation

From To In feet

AL

Jradnentes

' The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and

correct record of the above described well.

Instructions

_ 'This form shall be executed, preferably typewritten, in triplicate and filed with the State Englneer's Office at
Roswell, New Mexico, within 10 days after drilling has been completed. Data on water-bearing strata and on all
formations- encountered should be as complete and accurate as possible.




Form wﬁ-za HELD ﬁNGR. LOQ STATE ENGINEER OFFICE
WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, sgall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed., i

Voo !

. ) Ay Y
Section 1 (A) Owner of well... £ ’}."‘L" { ’(lll' 201 "/'-‘ il ‘f’""‘ﬁ}»—&v/)*l J
Street and Number, _— facy /XT3 ] —— .
City .t o1 i e State b L0 N 2y
Well was drilled under Permit No...{.LL / i{ I 7. . and:is located in the
Ay Ui U/ Vg..of Section.._.. LTwp’_.L_)__’\ ..... Rge.'_’\.), - A=
(B) Drilling Contractor....2.: hoi ":/! o d ey ] (.. License No..i;_‘-_'_m:/
Street and ‘Ntmber. ... /:’/ LRIV AL ’ .
City { '{j [T State /i AL \4/)!.;./-‘/(' (',nj
Drilling was commenced /) )’:"f ! / =2 a _ 19«5'(’
Drilling was completed / :"“I_' rde A 19.4540

(Plat of 840 acres) N A S~ b/
Elevation at top of casing in feet above sea Jevell’ Total depth of well /.. ;‘{1
] s 9 B
State whether well is shallow or artesian_ £ [t 21 { ¢ ;1 Depth to water upon completion.f.éi_-%{:___

Section 2 PRINCIPAL WATER-BEARING STRATA

No. __prt_hm__EL Thickness in Description of Water-Bearing Formation
From To Feet

1

2
3
4

5

Section 3 RECORD OF CASING

Dia Pounds Threads Depth Perforations
; F T,
in. t. in Top Bottom eet ype S-hoe.l From To
Y 1
L

AR AN R %/ len

. o N . 77 7 i A 3 g
Lz [)’ ; % ‘l_‘/{“‘ ’;/z"/l "l/ ‘f.;( B ‘Jl[ﬁ/ZL; _r‘Lra. ‘r / )&/’:1 "/ (_:L’ / -:l(l %/l/ // f#: .
: / '

Section 4 RECORD OF MUDDING AND CEMENTING

Depth in Feet Diameter Tons No. Sacks of
From To—| Hole in in, Clay " Cement Methods Used

o S S S VAV A 1)
via')).u./;.»( 1 TL)}’ f‘fyf‘\’@é.v-'/l" S22/
it 14

Section 5 PLUGGING RECORD

Name of Plugging Contractor License No..
Street and Number City. State:
Tons of Clay used............___ Tons of Roughage used Type of roughage

Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:

Depth of Pl
No. P el No. of Sacks Used

Basin Supervisor From To

FOR USE OF STATE ENGINEER ONLY
ER AT O T

THALU S,
Date Received

218 s e 0sel €

File N // ’/ 04/, 4/ Use...s.@// Location No. /224 /éj/émk




Section 6 : . LOG OF WELL = - -~ . . IS

Depth in Feet Thickness

—Fom T To in Feet o Color Type of Material Encountered
£ 2 oy : /JAL i
S | LS .-"'./wf-“’«
15 | A0 TR R,
30 L Z*'/) e ('//K),l(-./-z /l/)
) ¥ pés) llLu ,ﬂ s r);//j 2 /
¥5 | [jAc Uy,
LD gt 54/5 J -// y/u/,ﬂ»m/."
3dp | . [Rho %«, L bl
@(7() I éﬂf)ﬁ (I)L{/ { 2
oo | o | bfs ChTe b k7
lo gb A j()’[{" o L e };; 5
7/3!/ 1 ‘7/?0 (X:(II/) Ak 14/(f J’U/(.';/L
780 | 1 7197 |59 A/ [,
’7(//) 8] /({tﬂﬂ \ . )ﬂ n/}# /sLi}'/]a((CA ’/

X/[/ L3 (V/}Z /ﬁ/("]/‘) //-.
g/ g{ il 1})7‘3/7 . '\ g /7& A n /l/i Y : (’/

}/2/, ) 3‘71)’ (/L}(u /JYIK” /g C/)u/l
%70 0 457 ’ F el U ) fn
L}E(, T [/}X’/) /ilzu'jn /(/ YYLE s,
Q%0 i g9 /dﬂ e !ow)u ;
C/)S(S/ re (7%1 //r %[ /.!{f D /]
lfl// it 105 2 /))z4u uJ)Ju a3
}@5\ [ 14145 ‘7 /ﬁn/{\ Ay 1/
W0es1 o lilps| 7/(]L(JG s 20,
/)[/‘/SJ T )/ﬁLf) - ALn{ /1{,(/’\/3\ o,
li f}ﬂ'" L !/l\,u_[’ V/jua// L
///; I8 i I},/.’];’) ??/f ¥ Ay
)1’7’3»' TR VIAVAY) ’)’iwf’,///(,m
}/2 AL o JARX Ty d A i1l

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and ¢or-

rect record of the above described well
f P /( [) A Z

Well Driller




U N —

Fom WR-3  FIEI R YNGR LOG STATE ENGINEER OFFICE
WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1 (A) Ovwner of well (ﬁ( 7() /,( 1)1 ,, g __'j’_,».‘-_-",' oo S

A P R
Street and Number /\-/ 2 PN o .
o I - ) .
Clty( .L/C/‘fi I'/// - l ,State o/ .S .
Well was drilled under Permit No: { LL il = and is located in the
/4
_ J.I_L’_’/‘JM L .21/ % o’i Section ._*./ L_Twp M Rge._...._'__':..
(B) Drxlhng Contractor T A ’/" e I ;. License No. “../.... W
/ 7N .
Streeta.n'Numger i Ml I//.‘) l ‘
city 140 Tin t) State 20l /L ¢
= 7)’\,._\‘ oy o
Drilling was commenced SR/ NS i 19, -
N N LAy -
Drilling was completed Lo p: 20, 197+
(Plat of 640 acres) ‘7 i —_
i RN ST
Elevation at top of casing in feet above sea}evelv Total depth of well ./ ™. -~
~ State whether well is shallow or artesian [~ T Al /__Depth to water upon completxon.....L A,
. /
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in Description of Water-Bearjnd’ Formation
' From To Feet
t l
2 .
3 -~
" -
3
Section 3 ' [\RECORD OF CASING
Dia -| Pounds Threads _% Perforations .
in. 1. in Top Bottom Feet 'ry«pe‘ Shoel,‘ From To
A A LY T A | #lon i

~

: Ltg/ o (i L :
2 3 » - o ofr ” ’y 72 '__ Pl | ; [ S
HEANTR AVl et (94 U Ky s o or T sV F

’ /.,[ [ ia

Sec}xon 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
Trom To Hole In In. Clay Cement Methods Used
- 1) H I ). 'k i
T L 7
Vo ot D4 Tt Fopalie o 7o
) 71
)
Section 5 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number City. State
Tons of Clay used..—______Tons of Roughage used Type of roughage
Plugging method used Date Plugged. 19
Plugging approved by: Cement Plugs were placed as follows:
) Depth of Plug
Basia Su " No. From T To — No. of Sacks Used

TOR USE 0!‘ STATE mcmm ONLY

. _',“"n BTN

Date Received
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Section 6 LOG OF WELL
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The undersigned hereby certifies that, to the best of his lmpwledge and belief, the foregoing is a true and cor-

rect record of the above described well
#

Well Dnl.ler
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Form WR-23

STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well Albert F. Woods,
Street and Number
City ArtesiaState _New Mexico
Well was drilled under Permit No. and is located in the
y Ny N 4 eooition 16 Twp. 178 Rge. 26E
(B) Drilling Contractor..... ~M.8.Brundng  TLicense No.._______
Street and Number
City State
Drilling was commenced April 15, 1930
Drilling was completed June 1 1930
(Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well . 1233

State whether well is shallow or artesian

Depth to water upon completion

Section 2 PRINCIPAL WATER-BEARING STRATA
.. No. __lle_;ﬁh_iﬂeL Thickness in Description of Water-Bearing Formation
: From To Feet
1
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in. ft. in Top Bottom Feet Type Shoe From To
123 50 0 1233 1233
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole fn in. | ' Clay Cement Methods Used
|
Section 5 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number City. State:
Tons of Clay used... .. Tons of Roughage used Type of roughage._
Plugging method used Date Plugged 19

Plugging approved by:

Cement Plugs were placed as follows:

Basin Supervisor

No | From T To —

Depth of Pl
Pth o ug No. of Sacks Used

FOR USE OF STATE ENGINEER ONLY

Date Received

File No. RA-1090 Use

Location No,_ 17 26.18.110._ _____




‘Section 6 LOG OF WELL
f_nf_:f;"‘;‘ﬂeifo_ Thickness Color Type of Material Encountered
g 16 soil
15 30 gyp
18 30 gyp
30 35 sand
35 450 gyp and clay
450 460 gyp rock
460 490 sandy shale and gyp stratas
490 890 sandy sahle and gyp sti'atas
690 710 rock
" 710 740 red sand
740 770 rock
770 820 rod sand
820 840. rock lime
840 876 shale
876 912 lime rock
912 913 water rock
913 958 lime rock
958 _960 water rock
960 898 lime rock
996 1000 water rock
1000 1027 _ lime rock
1027 1032 water rock
1032 1058 lime rock
1058 1060 water rock
1060 1118 lime rock
1118 1132 water rock
1132 1218 | lime rock
1218 1220 water rock
1220 1232 lime rock

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well.

‘Well Driller




‘ WELL RECORD  mmsZ2ste

INSTRUCTIONS: This form sbould be typewritten, and Siled in the office of the State Enginesr, P. O. Box 1079, Santa Fe,

4 New Maexico, or in the office of the Artesian Well Supervisor, Roswell, New Mexico. Bection 5 should be anawered only if an

" i o}d artesian well bas been plugged. All other sections should be answered In full in every case, regardless of whether the
w.n drmod 1= nhnnov or ut.eshn in chu-cur. This roport mu-t be uab-cﬂbod and ‘sworn to defore a Noury Pubdblie.

P g, @ ArpetTony & Son
. .Ow'nor of -.LMIW’&K’M&?&!@

- = - =
1 3 -;'__ A Street and Nnmbcr_P .n_.pu -
't‘i'fm", ' Post Office. RFL!!’.QI)».J' =
o " o - e . - J O R IO L
* e H Well was drilled under P.mu No. BA— ZRSS and
RN : = N
' i &g 1s located in m___SL__x_H!_%- :
beopojeosbaap -en et - -
' H H Townshin__" 173 Range Z
: B R e . =
- N ,-J:.- --;.--',--%--. Drilling conmctor_KQJOLDrllllng Co- -
’ [ ']
H : O Street and Number. IOIZ.bont,h_}?em. AY0, =
Plat of 640 Acres) ..
. Lo(cato Well Aec\c::hly Post Office _.._._Rnnmﬂl,-l.mt.l’.aﬂ oo
N m—uunc was commencod._! anuary 21, 1950 . Drilling was compnma.._Jama:y_26,___. 1950
Elevation at top of casing in feet abova sea level ToET . . . -
State whetber well is shallow or artesian-H3210W : .
: } Total depth of won_ajz_._._—feet. Water level upon completion of vnll_.ﬁz,.____..__te.t below land surface.
\ Sec. 2 - PRINCIPAL WATER-BEARING STRATA
No. 1, from 236 1o 220 - Thickpess In feet & Formation FALAX 3and
T No. 2, from ' to. Thickness mn foet. : Formation
£2 l No. 3, from_ tg Thickness in feet Formati
No. .4, rrfm;‘ - i to. Thickness in feet ' Formation.
p No. 8, from - ta Thick in feet - Formation .
W Sec.3 RECORD OF CASING S >
o - .
Diameter Pounds Threads Name of Feot of Type of Perforated
In Inches| per Foot| per Inch| Manutacturer| Casing | Shos | From | 3o Furpose
l ™ 23 8 Used 216° Toxas| Xo Surface
. 5 3/16 18 - | 8- used 30° | nona all Liney
Sec. 4 RECORD OF MUDDING AND CEMENTING
DL ter of Number of Sacks Specific Gravity T of
Hole in Inches of Cement Methods Used of Mod aq;uu-oa
-
. Sec. 5 . 5 PLUGGING RECORD OF OLD WELL I
] T/ehl is located In the_ % - X% of Bectiom.— T =
- mu-_______L Nuno of plugm tract iy ) ~
t‘“v - e - )
=y 2 of Cliy uhed ST Tons of row meed . Tm T - wene of R -
B : : :L Was plugsing approved by Artastan Well SupervisceY. 2
Camant plmwmbheodnfoi’_oﬂ: . . R . -
Ne.1 was placed at——— : ——————————fet. Number of sacks of ¢ t used_ : A
e foot Number of sk of crment it
Sk i __feot” Number of sacks of co eat nasd___

fool. Numbes of sacks of S ey

i R e A Poe
d-c o(' nent used .

x/?ﬂés.éf

T e ﬂ m—beteess
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FROM (n.pﬂ. Ia Feet) m»cmss IN FEET CLASSIFICATION o; FORMATION |
fop So1} . ...
sandy olar
Sand and elny
m,‘",_ D
S:ﬁd el
Sa.ndy clay L
Red clsy

138 170 = 3270 22 3and and_Oravel
= 170 172 3293 2 Red clay®

= 172 190 3170 18 Conglomerate

o 160 200 . /50 10 3and and clay
200 216 /¢4 16 3andstone -
216 ‘220 36 s Water sand
220 232 249 12 Conglomerate
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Form WR-23 STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging

record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well S..A. . Lanning
Street and Number
City Artesia, State ._New Mexico
Well was drilled under Permit No and is located in the
oo Yo NE Yo NW... Y of Section._...18...._Twp.... 17 _Rge... 26
(B) Drilling Contractor. S. A, Buttler License No.. . ______
Street and Number
City State
Drilling was commenced August 19.._ 08
Drilling was completed. Augnat 19.__08

(Plat of 640 acres) Original flow: 1114 gpm
Elevation at top of casing in feet above sea level Total depth of well 935 It

State whether well is shallow or artesian

Depth to water upon completion._____

S

Section 2 PRINCIPAL WATER-BEARING STRATA
No. M Thickness in Description of Water-Bearing Formation
; From To Feet ;
1 v
1st flow at 715 ft,
2 2nd flow at 920 ft.
3 3rd flow at 935 ft,
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
‘in. 1t. in Top Bottom Feet Type Shoe From To
& J02
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
i
Section 5 PLUGGING RECORD
Name of Plugging Contractor. License No.... o
Street and Number. City. State:
Tons of Clay used............____Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
Basin Supervisor No. From To No. of Sacks Used

FOR USE OF STATE ENGINEER ONLY

Date Received

File No....... Use

Location No..._17.26.18.130. .




Section 6 LOG OF WELL : v

Depth in Feet Thickness
From To in Feet Color Type of Material Encountered
| (1] 10 Soil
10 50 Gy9, dirt and rock
50 60 Sand
80 100 Gumbo
— 100 | 120 Sand
120 150 _| Soft white rock
150 200 Gumbo ‘
—-200 235 White sand
233 350 ' _ Gumbo
350 390 Rock
330 475 - Cumbho
473 490 Soft rock
490 350 _GQumbo
550 600 Soft red sand rock
— 800 830 _Sand
650 660 Hard rough rock
660 880 Shale
680 700 Red sand
700 1750 Gumbo
150 8598 Hard rough rock
855 870 Sand red and soft
870 8390 Hard and rough
890 920 Hard smooth rock
—920 | 935 Good hard water rock

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-"
rect record of the above described well.

8. A, Buttler
Well Driller




Form W2-23

SETATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1 (A) Owner of well R. L. Raimey 2
Street and Number
City Artesia State N, M,
Well was drilled under Permit No and is located in the
1, NE 1 NW1, of Section... 16 Twp 17 Rge 26
(B) Drilling Contractor......_. S:A: Butler License No.————____
Street and Number
City State
Drilling was commenced 19
Drilling was completed 19
(Plat of 640 acres) Well deepened 032 \/ .

Total depth of well

Depth to water upon completion

Elevation at top of casing in feet above sea level

State whether well is shallow or artesian

Section 2 PRINCIPAL WATER-BEARING STRATA

No. M Thickness in Description of Water-Bearing Formation

From To Feet

1

2

3

4

5
Section 3 RECORD OF CASING

Dia Pounds Threads Depth Perforations

_in. 1t. in Top Bottom Feet Type Shoe From To

‘Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
1

Section 5 PLUGGING RECORD
Name of Plugging Contractor License No
Street and Number City State:
Tons of Clay used.......c......... Tons of Roughage used Type of roughage.
Plugging method used Date Plugged 19

Plugging approved by: Cement Plugs were placed as follows:

Depth of
No. ——-—?—p——o—mug_ No. of Sacks Used
From To

Basin Supervisor

FOR USE OF STATE ENGINEER ONLY

Date Received

from driller's log 12-10-62

File No Use T,qcation No, . 17.26,16.120




Section 6 LOG OF WELL -
Depth in Feet '
——I‘T:f—e’i‘_o Ti}: c;:‘x;:;ss Color Type of Material Encountered
840 860 rough rock
860 900 shale & sand
900 920 hard slick rock
920 932 water rock

Remarks: Well had several joints of pipe

lost and I made a new hole from

840_to 900 feet and set a § inch

liner and drilled a 4 3/4 hole to

the bottum which is 932 feet deep/

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-"
rect record of the above described well

‘Well Driller




Form WR-23 , STATE ENGINEER OFFICE

WELL RECORD

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and

accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well..._8._A.. Lanning
Street and Number
City Artesia, State .New. Maxico. .. .
Well was drilled under Permit No and is located in the
weremercnseoes V4 e N Yy . NW.. %4 of Section.......18. Twp..—.... 17. _Rge....... 286
(B) Drilling Contractor License No.ooooooeo -
Street and Number
City State
Drilling was commenced May 1917
Drilling was completed June 1917
(Plat of 640 acres) '
Elevation at top of casing in feet above sea level Total depth of well 1182 f£t,
State whether well is shallow or artesian Depth to water upon completion. —_—
Section 2 PRINCIPAL WATER-BEARING STRATA
No. __Fg:x?“_nie%t_ Thic:ls‘&z::s In Description of Water-Bearing Formation
! lat flow at 1025 ft
2
3
4
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Perforations
in. 1t. in Top Bottom Feet Type Shoe From To
8 124 24
209
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
)
Section 5 PLUGGING RECORD
Name of Plugging Contractor. License No
Street and Number : City. State:
Tons of Clay used...._....____Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19
Plugging approved by: Cement Plugs were placed as follows:
Depth of Plug
Basin Supervisor Nod—voom T T | o of Sacks Used

FOR USE OF STATE ENGINEER ONLY

Date Received

File No Use Location No,.... 17.26.16.110 ___




Section 6

LOG OF WELL
Depth in F i
Froxe: e;to TE‘ cl‘lsxexee:s Color Type of Material Encountered
0 910 Sand and clay and the usual aluvial formation
120 150 Rock set casine at 724
50— 910 Red sand with rock stratas

910 | 1182

Lime rock

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and coi-

rect record of the above described well

Well Driller
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APPENDIX B

Landowner Interviews
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APPENDIX C

Well Completion Logs
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Laboratory Results
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Y later-Mountain Laboratorles, Inc.

3304 Longmire
Coliege Station, Texas 77845

Mr. David Boyer

KW Brown Environmental Services
500 Graham Road

College Station, Texas 77845

25 February, 1992

Dear David, R
¢=bru

On 3 January, 1992, eleven water samples and one pump oil sample were received by Inter-
Mountain Laboratories - College Station. The samples were received cooled and in good condition. The
samples were identified by Project Name "Navajo Refining” and Project Number 622092001. Analyses for
Benzene-Toluene-Ethylbenzene-Xylenes (BETX) and Inorganic parameters were performed according to
the accompanying chain of custody forms. Total Recoverable Petroleum Hydrocarbons (TPH) will be
completed this week. No trip blank accompanied the shipment.

Itis_the policy of this laboratory to employ, whenever possible, preparatory and analytical methods
which have been approved by regulatory agencies. The methods used in the analysis of samples reported
herein are found in "Test Methods for Evaluating Solid Waste", SW-846, USEPA, 1986 and "Chemical
Analysis of Water and Waste", USEPA, 1978. All reports in this package reference methods utilized.

Quality Control reports have been included for your information and use. These reports appear at
the end of the analytical package and may be identified by title. I apologize for the incomplete package
and for not having it to you yesterday. If you have any questions regarding the information in this
package, please feel free to call at your convenience.

Sincerely,

Ulonda M. Rogers

Project Manager
KWBE0166




Intec-Mountain Laboratorles, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

BTEX

3304 Longmire

Coilege Station, Texas 77845

VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 /

6201007 S/9x
RA4196- RA- 1331 Chrg

C92166

Water

HCl, Cool

Intact

Report Date: 02/10/92
Date Sampled: 01/31/92
Date Received: 02/03/92
Date Analyzed: 02/04/92

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
0-Xylene ND 0.2

ND - Anaiyte not detected at stated detection limit.

Surrogate Percent Recovery
Toluene-d8 100%
4-Bromofluorobenzene 99%

Method 5030, Purge and Trap.
Method 8020, Aromatic Volatile Organics

Acceptance Limits
88-110%
86-115%

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental

Protection Agency, September 1986.

Jssion / Dwdinvec
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Inter-Mountain Laboratorles, Inc.

3304 Longmire
College Station, Texas 77845

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

alyst

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 02/10/92
6201007 Date Sampled: 01/31/92
RA 307 Date Received: 02/03/92
C92167 Date Analyzed: 02/04/92
Water

HCI, Cool

Intact

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 102% 88-110%
4-Bromofluorobenzene 100% 86-115%

Method 5030, Purge and Trap
Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Ll ol 79 Lo ——
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Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:
Reference:

Comments:

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 02/10/92
6201007 Date Sampled: 01/31/92
Chase Bolton North - Domestic House Date Received: 02/03/92
C92168 Date Analyzed: 02/04/92
Water

HCI, Cool

Intact

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p.m-Xylene ND 0.2
0-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 96% 88-110%
4-Bromofluorobenzene 93% 86-115%

Method 5030, Purge and Trap.

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

%ﬂa ,_ WW&
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Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K.W. BROWN ENVIRONMENTAL SERVICES

Navajo Refining Report Date: 02/10/92
Pump Oil Date Sampled: 01/31/92
C92170 Date Received: 02/03/92
Oil Date Extracted: 02/06/92
HCI, Cool Date Analyzed: 02/06/92
Intact

Benzene ND 7000
Toluene 18000 7000
Ethylbenzene ND 7000
p,m-Xylene 18000 7000
o-Xylene 9000 7000

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 104% 88-110%
4-Bromofluorobenzene 105% 86-115%

Method 5030, Purge and Trap .

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

42&;4 / %;;égﬂg__é Wﬂc&é%/ %,/.,\_/
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Iater-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX DUPLICATE - VOLATILE AROMATIC HYDROCARBONS

Sample Number: C92170 Duplicate Date Sampled: 01/31/92
Sample Matrix:  Soil ' Date Received: 02/03/92
Preservative: Cool Date Extracted: 02/17/92
Condition: Intact Date Analyzed: 02/17/92
Benzene ND ~ ND NA
Toluene 18000 16000 12%
Ethylbenzene ND ND NA

. p,m-Xylene 18000 20000 11%
o-Xylene 9000 10000 11%

ND - Analyte not detected at stated detection limit.
NA - Value not calculated or applicable

Quality Control: Duplicate acceptance limit set at 30% difference.

Surrogate Percent Recovery Acceptance Limits

Toluene-d8 109% 88-110%

4-Bromofluorobenzene 107% 86-115%
Reference: -  Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

”/M W Ll oyl T oo

yst Review d




Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:;

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 02/10/92
6201007 Date Sampled: 01/30/92
Armstrong Domestic Date Received: 02/03/92
C92171 Date Analyzed: 02/04/92
Water

HCI, Cool

Intact

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 96% 88-110%
4-Bromofluorobenzene 91% 86-115%

Method 5030, Purge and Trap.

Method 8020, Aromatic Volatile-Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.
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Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX SPIKE - VOLATILE AROMATIC HYDROCARBONS

Sample Number: C92171 Spike Report Date: 02/10/92
Sample Matrix: Water Date Sampled: 01/30/92
Preservative: HCI, Cool Date Received: 02/03/92
Condition: Intact Date Analyzed: 02/04/92

Benzene 10.0 ND 9.2 92% 38-150%
Toluene 10.0 ND 9.2 92% 46-148%
Ethylbenzene 10.0 ND 11.3 | 113% 32-160%
p,m-Xylene 20.0 ND 22.2 111% NE
0-Xylene 10.0 ND 10.6 106% NE

ND - Analyte not detected at stated detection limit.
NE - Acceptance limit not established

Quality Control: Surrogate Percent Recovery
Toluene-d8 95%
4-Bromofluorobenzene 93%

Acceptance Limits
88-110%
86-115%

Reference: Method 5030, Purge and Trap
Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Comments:

Dpsiion / Fomdrser
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Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:
Preservative:
Condition:

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX SPIKE DUPLICATE - VOLATILE AROMATIC HYDROCARBONS

C92171 Spike Duplicate Report Date: 02/10/92
Water f Date Sampled: 01/30/92
HC), Cool Date Received: 02/03/92
Intact Date Analyzed: 02/04/92

Benzene 92.5% 90.5% 2.1%
Toluene 92.1% : 90.7% . 1.5%
Ethylbenzene 113% 111% 1.2%
. p,m-Xylene 111% 110% 1.1%
0-Xylene 106% 105% 0.7%

Quality Control:

Reference:

Comments:

alyst

ND - Analyte not detected at stated detection limit.

Duplicate acceptance limit set at 20% difference.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 95% 88-110%
4-Bromofluorobenzene 96% 86-115%

Method 5030, Purge and Trap |

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Ll oA 777%7‘/
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Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

alyst

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 02/10/92
6201007 Date Sampled: 01/30/92
RA 313 Date Received: 02/03/92
C92172 . Date Analyzed: 02/05/92
Water

HCI, Cool

Intact

Benzene 1.7 0.2
Toluene 0.8 0.2
Ethylbenzene 2.1 0.2
p,m-Xylene 1.4 0.2
o-Xylene 24 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 95% 88-110%
4-Bromofluorobenzene 94% 86-115%

Method 5030, Purge and Trap.

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.
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InterMountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: K. W. BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refining

Project Number: 622092001 Report Date: 02/10/92
Login Number: 6201007 Date Sampled: 01/30/92
Sample ID: Coll - Horner Domestic Date Received: 02/03/92
Sample Number: C92173 Date Analyzed: 02/05/92
Sample Matrix:  Water

Preservative: HCI, Cool

Condition: Intact

Benzene ND 0.2
. Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
0-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 94% 88-110%
4-Bromofluorobenzene 97% 86-115%

Reference: Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

alyst Review




Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

alyst

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 02/10/92
6201007 Date Sampled: 01/30/92
T. Joy Domestic Date Received: 02/03/92
Co2174 Date Analyzed: 02/05/92
Water

HCI, Cool

Intact

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p.m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 94% 88-110%
4-Bromofluorobenzene 96% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Review




Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

alyst

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 02/10/92
6201007 Date Sampled: 01/30/92
Gurley Domestic Date Received: 02/03/92
C92175 Date Analyzed: 02/05/92
Water

HCI, Cool

Intact

Benzene ND 0.2
Toluene 0.6 0.2
Ethylbenzene ND 0.2
p.m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 97% 88-110%
4-Bromofluorobenzene 96% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Review
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Inter-Mountain Laboratories, Inc.

Client:
Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:

| Condition:

Quality Control:
Reference:

Comments:

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES

Navajo Refining

622092001 Report Date: 02/10/92
6201007 Date Sampled: 01/30/92
Richard Chase Home Well Date Received: 02/03/92
C92176 Date Analyzed: 02/05/92-
Water

HCIJ, Cool

Intact

Benzene ND 0.2
Toluene 0.7 0.2
Ethylbenzene ND 0.2
p,m-Xylene 0.5 0.2
o-Xylene 0.2 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 98% 88-110%
4-Bromofluorobenzene 97% 86-115%

Method 5030, Purge and Trap .

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

&halyst
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Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX SPIKE - VOLATILE AROMATIC HYDROCARBONS

Sample Number: C92176 Spike Report Date: 02/10/92
Sample Matrix: ~ Water Date Sampled: 01/30/92
Preservative: HCI, Cool . Date Received: 02/03/92
Condition: Intact Date Analyzed: 02/05/92

Benzene 10.0 ND 10.3 103% 39-150%
Toluene 10.0 0.7 10.6 98% 46-148%
Ethylbenzene 10.0 | ND 9.9 98% 32-160%
p,m-Xylene 20.0 0.5 21.0 102% NE
. o-Xylene 10.0 0.2 9.4 92% NE

ND - Analyte not detected at stated detection limit.
NE - Acceptance limit not established

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 95% 88-110%
4-Bromofiuorobenzene 95% 86-115%

Reference: . Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Qrganics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Comments:
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Inter-Mountain Laboratories, Inc.

BTEX

VOLATILE AROMATIC HYDROCARBONS

Client: K. W. BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refining
Project Number: 622092001
Login Number: 6201007
Sample ID: Duplicate 1
Sample Number; C92177
Sample Matrix:  Water
Preservative: HCI, Cool
Condition: intact

Report Date:

Date Sampled:
Date Received:
Date Analyzed:

3304 Longmire
College Station, Texas 77845

02/10/92
01/30/92
02/03/92
02/05/92

Benzene ND 0.2

0 Toluene 1.1 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.
Quality Control: Surrogate Percent Recovery Acceptance Limits

Toluene-d8 96% 88-110%
4-Bromofluorobenzene 97% 86-115%

Reference: Method 5030, Purge and Trap
Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

Artalyst

L oo T Lo

Review

g




Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:
Preservative:
Condition:

College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX DUPLICATE - VOLATILE AROMATIC HYDROCARBONS

C92177 Duplicate Date Sampled: 01/30/92
Water ‘- Date Received: 02/03/92
HCI, Cool Date Analyzed: 02/05/92
Intact

Benzene ND ND NA
Toluene 1.1 ‘ 0.8 - 33.0%
Ethylbenzene ND ND NAF
. p,m-Xylene ND ND NA
0-Xylene ND ND NA

Quality Control:

Reference:

Comments:

lyst

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 103% 88-110%
4-Bromofluorobenzene 101% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.
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Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

nalyst

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 02/10/92
6201007 Date Sampled: 01/30/92
Field Blank Date Received: 02/03/92
C92178 Date Analyzed: 02/05/92
Water

HCI, Cool

Intact

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 95% 88-110%
4-Bromofluorobenzene 95% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Review
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Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:

Quality Controf:

Reference:

Comments:

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

MB020492V1 ' Date Analyzed: 02/04/92
Water

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 97% 88-110%
4-Bromofluorobenzene 100% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

fhalyst

Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT

METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

Sample Number: MB020592V1 ‘ Date Analyzed: 02/05/92

Sample Matrix: ~ Water

Benzene "~ ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
. p.m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 100% 88-110%
4-Bromofluorobenzene 100% 86-115%

Reference: Method 5030, Purge and Trap
- Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Comments:

® ”WM_ AMMWZV—/

Arfalyst

Review




Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:

Quality Control:

Reference:

Comments:

College Station, Texas 77845

QUALITY CONTROL REPORT
METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

MB020592Vv2 ' Date Analyzed: 02/05/92

Water

Benzene " ND 0.2
Toluene ND 0.2
Ethylbenzene | ND 0.2

,m-Xylene ND 0.2
0-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 91% 88-110%
4-Bromofluorobenzene 95% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

® &WJMM | et ondl 701 4

ﬁalyst

-
Review )



Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:

Quality Control:

Reference:

Comments:

3304 Longmire
Coliege Station, Texas 77846

QUALITY CONTROL REPORT
METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

MB021792V2 Date Extracted: 02/17/92
Solid Date Analyzed: 02/17/92

Benzene " ND 100
Toluene ND 100
Ethylbenzene | ND 100
p,m-Xylene ND 100
o-Xylene ND 100

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 105% 88-110%
4-Bromofiuorobenzene 104% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Agfalyst
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11183 SH 30
College Station, Texas 77845
Phone (409) 776-8945

Inter-Mountain
Laboratories, Inc.

Client: K. W. BROWN ENVIRONMENTAL SERVICES 2/21/92

500 Graham Road

College Station, TX 77845

Re: Navajo Refinery

P.O. #42989

Progect No. 622092001

Login No. 6201007
IML Lab No. C92166/12761| C92167/12762| C92168/12763| C92171/12764| C92172/12765
Sample Id. RA4186 RA307 Chase Bolton | Armstrong RA 313

gﬁ?f / North Hou.se -| Domestic
& S/7 Domestic
Date Sampled 01/31/92 01/31/92 01/31/92 01/30/92 01/30/92
. Date Received 02/03/92 02/03/92 02/03/92 02/03/92 02/03/92

Alkalinity mg/L 166. 170. 188. 158. 73.
Calcium mg/L 317. 343. 408. 184. 132,
Bicarbonate mg/L 203. 207. 229, 193. 88.
Carbonate mg/L 0. 0 0 0 0
Chloride mg/L 225, 573. 103. 32. 21,
Conductivity umhos/cm 2400, 3770. 2750. 1270. 976.
Magnesium mg/L 98. 128. 135. 59. 43.

H S.u. 7.4 7.4 7.7 7.3 7.3
Potassium mg/L 1.8 2.0 2.0 1.2 1.1
Sodium mg/L 1086. 348. 92, 24. 16.
Sulfate mg/L 913. 1130. 1370. 516. 428.
TDS mg/L 1830. 2710. 2110. 952, 698.

@
Soil Water Air
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11183 SH 30
Inter-Mountain College Station, Texas 77845
Laboratories, Inc. Phone (409) 776-8945
Client: K. W. BROWN ENVIRONMENTAL SERVICES 2/21/92
500 Graham Road
College Station, TX 77845
Re: Navajo Refinery
P.O. #42989
Progect No. 622092001
Login No. 6201007
IML Lab No. | C92173/12766 | C92174/12767| C92175/12768| C92176/12769
Sample Id. Coll-Horner T. Joy Gurley Richard Chase
Domestic Domestic Domestic Home Well
Date Sampled 01/30/92 01/30/92 01/30/92 01/30/92A
Date Received 02/03/92 02/03/92 02/03/92 02/03/92
Alkalinity mg/L 145, 181. 175. 166.
Calcium mg/L 194, 366. 465, 530.
Bicarbonate mg/L 178. 221. 213. 203.
Carbonate mg/L 0. 0. 0. 0.
Chloride mg/L 18. 151. 232. 1420.
Conductivity umhos/cm 1290, 2880. 3680. 8080.
 Magnesium mg/L 58. 115. 155. 198.
pH S.u. 7.5 7.4 7.2 7.3
Potassium mg/L 1.2 2.0 2.7 2.8
Sodium mgL| 22 108, 150, 861.
Sulfate mg/L 583, 1210. 1580. 1770.
DS mg/L 992, 2160. 2820. 5170.
Soil Water Air
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Inter-Mountain

11183 SH 30

College Station, Texas 77845

Laboratories, Inc. Phone (409) 776-8945

Client: K. W. BROWN ENVIRONMENTAL SERVICES

500 Graham Road

College Station, TX 77845

Re: Navajo Refinery

P.O. #42989

Progect No. 622092001

Login No, 6201007
IML Lab No. C92177/12770 | C92178/12771 | C92166/12772
Sample Id. Duplicate 1 .. Field Blank RAFE?%S')&M %

IML-DUP

Date Sampled 01/31/92
Date Received 02/03/92 02/03/92 02/03/92
Alkalinity mg/L 162. 1. 166.
Calcium mg/L 186. 1. 312.
Bicarbonate mg/L 197. 1. 203.
Carbonate mg/L 0. 0. 0.
Chloride mg/L 34. <1. 225.
Conductivity umhos/cm 1290. 2.2 2420.
[Magnesium mg/L 59, 0.5 97.
pH S.u. 7.5 5.0 7.4
Potassium mg/L 1.2 <0.1 1.8
Sodium mgL| 24, <1. 106.
Sulfate mg/L 521. 2. 912,
TDS mg/L|  9s0. <1. 1830.

Reviewed by: ”\M&J« .))wu«

Mitch Swan--Water Laboratory Supervisor

Soil

Water

Air




Inter-Mountain Laboratories, Inc. &Cv Vj 3 / // / 9 Z

3304 Longmire
College Station, Texas 77845

. Mr. David Boyer

K.W. Brown Environmental Services
500 Graham Road
College Station, Texas 77845

March 6, 1992
Dear David,

On February 3, 1992 a sample set was received by Inter-Mountain Laboratories - College Station.
Included in the set was a sample of pump oil to be analyzed for Total Recoverable Petroleum
Hydrocarbons (TRPH), as indicated on the enclosed chain of custody. It was received cooled and in
good condition, with no additional preservative. The Project Name was Navajo Refining, and the Project
Number was 622092001.

Early analysis of the sample, which was performed on a gas chromatograph with a Flame
lonization Detector, showed the presence of a hydrocarbon envelope that did not match the profiles of
either gasoline or diesel. Using a standard hydrocarbon mixture of C18 to C44 as comparison, it was

. determined that the sample contained hydrocarbons in the range of C18 to C30. Both gasoline and
_diesel are made up of lighter components, with gasoline being considerably less than C18 and diesel
containing nothing heavier than C24.

It is the policy of this laboratory to employ, whenever possible, preparatory and analytical
methods which have been approved by regulatory agencies. The methods used in the analyses of
samples reported here are found in *“Test Methods for Evaluating Solid Waste®, SW-846, USEPA, 1986,

All reports in this package reference methods utilized.

If there are any questions regarding the information presented in this package, please feel free
to call at your convenience.

Sincerely,
Mﬁ N Asathauns

Mary Higginbotham
. Project Manager

KWBE189




Inter-Mountain Laboratories, Inc.

Client:

Project ID;
Sample ID:
Laboratory ID:
Sample Matrix:
Preservative:
Condition:

References:

[rop, Y

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS
TRPH

K.W. Brown Environmental Services

Navajo Refining Report Date:
Pump Oil Date Sampled:
C92169 ‘ Date Received:
Oil Date Extracted:
Cool Date Analyzed:
Intact

Diesel ND 50

Gasoline ND ‘ 50

ND - Analyte not detected at stated detection limit

Method 8015 (Modified): Nonhalogenated Volatile Organics
- Test Methods for Evaluating Solid Waste, SW - 846, Vol. IB, United States
Environmental Protection Agency, September, 1986.

Analyst J

3304 Longmire

College Station, Texas 77845

03/03/92
01/31/92
02/03/92
02/12/92
02/14/92

N r\\ac{\‘b\c\ e~ MML;/: yA /fj/(/u\/
> Review <




CHAIN OF CUSTODY RECORD
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CHAIN OF CUSTODY RECORD
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lntec-Mountoin
Laboratories, Inc.

3304 Longmire
College Station, Texas 77845
Phone (409) 774-4999

Mr. David Boyer

KW Brown Environmental Services
500 Graham Road

College Station, Texas 77845

16 March, 1992
Dear Mr. Boyer,

On 20 February, 1992, eleven water samples were received by Inter-Mountain Laboratories - College
Station. The samples were received cool and in good condition. The samples were identified by Project Name
"Navajo Refinery" and Project Number 622092001. Analyses for Benzene-Toluene-Ethylbenzene-Xylenes
(BETX), Major Cations and Anions, Conductivity (EC), and pH were performed according to the

accompanying chain of custody forms. A trip blank accompanied the shipment.

It is the policy of this laboratory to employ, whenever possible, preparatory and analytical methods
which have been approved by regulatory agencies. The methods used in the analysis of samples reported
herein are found in "Test Methods for Evaluating Solid Waste", SW-846, USEPA, 1986. All reports in this

package reference methods utilized.

A Hewlett-Packard 5890 Series II Gas Chromatograph and a2 Tekmar Purge and Trap were utilized
for sample analysis. Volatile analysis was performed in accordance with EPA Method 8020: Aromatic

Volatile Organics. Samples KWB - 4, KWB - 5, KWB - 6, and KWB - 8 had significant amounts of the BTEX

analytes. The remainder of the samples had very low levels of BTEX analytes or none at all.

Quatlity Control reports have been included for your information and use. These reports appear at
the end of the analytical package and may be identified by title. If you have any questions regarding the

information in this package, please feel free to call at your convenience.

Sincerely,

Jessica Vandrovec
Project Manager

KWBE328




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: K. W. BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refining

Project Number: 622092001 Report Date: 02/25/92
Login Number: 9202009 Date Sampled: 02/17/92
Sample ID: KWB - 1A Date Received: 02/20/92
Sample Number: €92328 Date Analyzed: 02/24/92
Sample Matrix;  Water

Preservative: Cool

Condition: Intact

Benzene ND 0.2
. Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 98% 88-110%
4-Bromofluorobenzene 97% 86-115%

Reference: Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

nalyst Review <




Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

alyst

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 02/25/92
9202009 Date Sampled: 02/19/92
KWB - 2A Date Received: 02/20/92
C92329 Date Analyzed: 02/24/92
Water

Cool

Intact

Benzene 0.9 0.2
Toluene 0.4 0.2
Ethylbenzene 0.3 0.2
p,m-Xylene 0.5 0.2
0-Xylene 0.2 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 96% 88-110%
4-Bromofluorobenzene 99% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Z/

Review




Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:
Preservative:
Condition:

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX DUPLICATE - VOLATILE AROMATIC HYDROCARBONS

C92329 Duplicate Date Sampled: 02/19/92
Water : Date Received: 02/20/92
Cool Date Analyzed: 02/24/92
Intact

Benzene 0.9 - 0.9 4.1%
Toluene 0.4 0.4 0.5%
Ethylbenzene 0.3 | 0.3 | 20.1%

,m-Xylene 0.6 0.6 3.7%
0-Xylene 0.3 0.3 19.7%

Quality Control:

Reference:

Comments:

Walyst

ND - Analyte not detected at stated detection limit.

Duplicate acceptance limit set at 20% difference.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 97% 88-110%
4-Bromofluorobenzene 101% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile-Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

A 777/&;;‘/\,
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Inter-Mountain Laboratorles, Inc.

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: K. W. BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refining

Project Number: 622092001 Report Date: 02/25/92
Login Number: 9202009 Date Sampled: 02/18/92
Sample ID: KW8B - 3A Date Received: 02/20/92
Sample Number: C92330 Date Analyzed: 02/24/92
Sample Matrix;:  Water

Preservative: Cool

Condition: Intact

Benzene 0.2 0.2
. Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 97% 88-110%
4-Bromofluorobenzene 99% 86-115%

Reference: Method 5030, Purge and Trap.

Method 8020, Aromatic Volatile-Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

‘ // roc &W%%fﬁ—/

nalyst Review




Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:
Preservative:
Condition:

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX SPIKE - VOLATILE AROMATIC HYDROCARBONS

C92330 Spike Report Date: 03/01/92
Water Date Sampled: 02/18/92
Cool Date Received: 02/20/92
Intact Date Analyzed: 02/24/92

Benzene 10.0 0.2 11.4 112% 39-150%
Toluene 10.0 ND 9.5 94.8% 46-148%
Ethylbenzene 10.0 ND 10.9 109% 32-160%
p,m-Xylene 20.0 ND 21.4 106% NE
0-Xylene 10.0 ND 10.2 101% NE
ND - Analyte not detected at stated detection limit.
NE - Acceptance limit not established

Quality Control: Surrogate Percent Recovery Acceptance Limits

Toluene-d8 96% 88-110%

4-Bromofluorobenzene 98% 86-115%

Reference:

Comments:

énalyst T

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

L ondl 7% ,gr/-———
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Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 03/01/92
9202009 Date Sampled: 02/18/92
KWB - 4 Date Received: 02/20/92
C92331 Date Analyzed: 02/25/92
Water

Cool

Intact

Benzene 1400 200
Toluene 2300 200
Ethylbenzene 900 200
p,m-Xylene 1600 200
o-Xylene 700 200

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 104% 88-110%
4-Bromofluorobenzene 106% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: K. W. BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refining

Project Number: 622092001 Report Date: 03/01/92
Login Number: 9202009 Date Sampled: 02/19/92
Sample ID: KWB - 5 Date Received: 02/20/92
Sample Number: €92332 Date Analyzed: 02/25/92
Sample Matrix:.  Water

Preservative: Cool

Condition: Intact

Benzene 11200 200
. Toluene 4000 200
Ethylbenzene 3000 200
p,m-Xylene 2300 200
o-Xylene 900 200

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 110% 88-110%
4-Bromofluorobenzene 113% 86-115%

Reference: Method 5030, Purge and Trap .

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

M%gjy——'/

alyst Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: K. W. BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refining

Project Number: 622092001 Report Date: 03/01/92
Login Number: 9202009 Date Sampled: 02/19/91
Sampile ID: KWB - 6 Date Received: 02/20/92
Sample Number: C92333 Date Analyzed: 02/24/92
Sample Matrix:  Water

Preservative: Cool

Condition: Intact

Benzene 33100 200
‘ Toluene 8300 200
Ethylbenzene 3100 200
p,m-Xylene 5300 200
o-Xylene 1800 200

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 100% 88-110%
4-Bromofluorobenzene 104% 86-115%

Reference: Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

® |
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Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: K. W. BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refining

Project Number: 622092001 Report Date: 03/01/92
Login Number: 9202009 Date Sampled: 02/17/92
Sample ID: KWB -7 Date Received: 02/20/92
Sample Number: C92334 Date Analyzed: 02/25/92
Sample Matrix: ~ Water

Preservative: Cool

Condition: Intact

Benzene 1.5 0.2
‘ Toluene 2.0 0.2
Ethylbenzene 1.2 0.2
p,m-Xylene 1.2 0.2
0-Xylene 1.0 0.2

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 106% 88-110%
4-Bromofluorobenzene 100% 86-115%

Reference: Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

. W%éw

nalyst - Review




Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:
Preservative:
Condition:

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX SPIKE - VOLATILE AROMATIC HYDROCARBONS

C92334 Spike Report Date: 03/01/92
Water Date Sampled: 02/17/92
Coal Date Received: 02/20/92
Intact Date Analyzed: 02/25/92

Benzene 10.0 1.5 12.8 112% 39-150%
Toluene 10.0 2.0 11.6 96.4% 46-148%
Ethylbenzene 10.0 1.2 11.9 107% 32-160%
p,m-Xylene 20.0 1.2 22.1 104% NE
o-Xylene 10.0 1.0 10.9 98.8% NE
ND - Analyte not detected at stated detection limit.
NE - Acceptance limit not established
Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 104% 88-110%
4-Bromofluorobenzene 101% 86-115%
Reference: Method 5030, Purge and Trap
Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.
Comments:

A
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later-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:
Preservative:
Condition:

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX SPIKE DUPLICATE - VOLATILE AROMATIC HYDROCARBONS

C92334 Spike Duplicate Date Sampled: 02/17/92
Water ‘- Date Received: 02/20/92
Cool Date Analyzed: 02/25/92
intact

Benzene 112% 109% 3.3%
Toluene 96.4% : 94.0% 2.5%
Ethylbenzene 107% 105% 1.9%
.l} p,m-Xylene 104% 103% 1.7%
0-Xylene 98.8% 98.3% 0.5%

Quality Controt:

Reference:

Comments:

alyst

ND - Analyte not detected at stated detection limit.

Duplicate acceptance limit set at 20% difference.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 105% 88-110%
4-Bromofluorobenzene 103% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

AL Il Lon P gy/—/

Review




Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

alyst

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 03/01/92
9202009 Date Sampled: 02/18/92
KWB -8 Date Received: 02/20/92
C92335 Date Analyzed: 02/25/92
Water

Cool

intact

Benzene 1500 100
Toluene 1000 100
Ethylbenzene 1100 100
p,m-Xylene 800 100
0-Xylene 300 100

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 102% 88-110%
4-Bromofluorobenzene 102% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Review
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Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:
Reference:

Comments:

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date; 03/01/92
9202009 Date Sampled: 02/19/92
KWB -9 Date Received: 02/20/92
C92336 Date Analyzed: 02/25/92
Water

Cool

Intact

Benzene ND 0.2
Toluene 1.0 0.2
Ethylbenzene ND 0.2
p.m-Xylene 0.2 0.2
o-Xylene 0.3 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 110% 88-110%
4-Bromofluorobenzene 106% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Hhalyst

Review




Inter-Mountain Laboratories, Inc.

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: K. W. BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refining

Project Number: 622092001 ' Report Date:
Login Number: 9202009 Date Sampled:
Sample ID: KWB - Dup Date Received:
Sample Number: C92337 Date Analyzed:
Sample Matrix: ~ Water

Preservative: Cool

Condition: Intact

3304 Longmire
College Station, Texas 77845

03/01/92
02/19/92
02/20/92
02/25/92

Benzene ND 0.2
‘ Toluene 0.7 0.2
Ethylbenzene ND 0.2
p.m-Xylene 0.3 0.2
0-Xylene 0.2 0.2

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 106% 88-110%
4-Bromofluorobenzene 104% 86-115%

Reference: Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental

Protection Agency, September 1986.

Comments:

W g4

nalyst Review
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later-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:

Sample Number:

Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

alyst

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES
Navajo Refining

622092001 Report Date: 03/01/92
9202009 Date Sampled: 02/19/92
Domestic Well-Shallow (Chase) Date Received: 02/20/92
€92338 Date Analyzed: 02/25/92
Water

Cool

Intact

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
0-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 100% 88-110%
4-Bromofluorobenzene 103% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

pH=3

Review




Inter-Mountain Laboratories, Inc.

Client:

1 Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:
Reference:

Comments:

alyst

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

K. W. BROWN ENVIRONMENTAL SERVICES

Navajo Refining

622092001 Report Date: 03/01/92
9202009 Date Sampled: NA
Travel Blank Date Received: 02/20/92
C92339TB Date Analyzed: 02/26/92
Water

HCI, Cool

Intact

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene ND 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 104% 88-110%
4-Bromofluorobenzene 104% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

pH=2

—_—
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Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

Sample Number: MB022492V1 Date Analyzed: 2/24/92
Sample Matrix:  Water : :

Benzene ND 0.2
Toluene ND 0.2
Ethylbenzene : ND _ 0.2
p,m-Xylene ND 0.2
. 0-Xylene ND | 0.2

ND - Analyte not detected at stated detection limit,

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 100% 88-110%
4-Bromofiuorobenzene 100% 86-115%

Reference: Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Comments:

¢ //M% A %éy-/

Aftalyst Review




Inter-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:

Qualtity Control:
Reference:

Comments:

3304 tongmire
College Station, Texas 77845

QUALITY CONTROL REPORT
METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

MB022592V2 Date Analyzed: 2/25/92
Water :

Benzene "ND 0.2
Toluene | ND 0.2
Ethylbenzene . ND ] 0.2

m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-ds8 110% 88-110%
4-Bromofluorobenzene 112% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Review
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Inter-Mountain
Laboratories, Inc.

11183 SH 30

College Station, Texas 77845
Phone (409) 776-8945

Client: K. W. BROWN ENVIRONMENTAL SERVICES 2/26/92
500 Graham Road
College Station, TX 77845
Re: Navajo Refinery
P.O. #
Project No. 622092001
Login No.
IML Lab No. C92328/13028 C92329/13029 C92330/13030
Sample Id. KWB-1A KWB-2A KWB-3A
Date Sampled 02/17/92 02/19/92 02/18/92
Date Received 02/24/92 02/24/92 02/24/92

pH s.u, 74 7.4 7.1

Conductivity umhos/cm 5741 4116. 6460.
Calcium mg/L 577. 447. 688.
Magnesium mg/L 379. 231. 258.
Potassium mg/L 5.0 4.0 8.5

Sodium mg/L 285. 144. 400.
Alkalinity mg/L 373. 282, 347.
Chloride mg/L 275. 155. 412,
Sulfate mgl|  2661. 1804. 2547

Reviewed by: MM

Mitch Swan--Water Laboratory Supervisor

Soil

Water

Air




m
. Inter-Mountain

Laboratories, Inc.

11183 SH 30

College Station, Texas 77845
Phone (409) 776-8945

Client: K. W. BROWN ENVIRONMENTAL SERVICES 3/16/92
500 GRAHAM ROAD
COLLEGE STATION, TEXAS 77845
PROJECT #622092001
PROJECT NAME: NAVAJO REFINERY
IML Lab No. C92331/13031 C92332/13032 C92333/13033
Sample ID. KWB-4 KWB-5 KWB-6
Date Sampled 2/18/92 - 2/19/92 2/19/92
Date Received 2/24/92 2/24/92 2/24/92
pH s.u. 6.7 7.2 7.1
CONDUCTWVITY umhos/cm 3730. 2310. 2540.
CALCIUM mg/L 260. 191. 210.
MAGNESIUM mg/L. 162 116. 124.
POTASSIUM mg/L 1.2 1.0 1.2
SODIUM mg/L 279. 104, 138,
TOTAL ALKALINITY mg/L 566. 757. 736.
CHLORIDE mg/L 629. 248. 275.
SULFATE mg/L 432, 65. 179.

Reviewed by: ’\Nﬁ\g)\\ )hmw\

Mitch Swan, Supervisor-Water Operations

Soil Water

Air




umd.

Inter-Mountain

Laboratories, Inc.

11183 SH 30

College Station, TX 77845
Phone (409) 776-8945
FAX (409) 774-4705

Client: K. W. BROWN ENVIRONMENTAL SERVICES 5/18/92
500 Graham Road
College Station, TX 77845
Re: Navajo Refinery
Project No. 622092001
*Revised Report*
IML. Lab No. C92334/13034 C92335/13035 C92336/13036
Sample id. KWB-7 KWB-8 KV_VB-Q
Date Sampled 02/17/92 02/18/92 02/19/92
Date Received 02/24/92 02/24/92 02/24/92

pH S.u. 7.2 7.3 7.1

Conductivity umhos/cm 3410. 3530. 3390.
Calcium mg/L 291, 471, 276.
Magnesium mg/L 185. 204. 186.
Potassium mg/L 0.8 0.9 0.6

Sodium mg/L 203. 148. 219.
Alkalinity mg/L 459. 388. 624.
Chloride mg/L 279. 124. 330.
Sulfate mg/L - 1090. 1750. 787.

Reviewed by: ‘N’k\\. M

Mitch Swan--Water Laboratory Supervisor

Soil

Water

Air




il

‘ Inter-Mountain
Laboratories, Inc.

11183 SH 30

College Station, Texas 77845

Phone (409) 776-8945

Client: K.W. BROWN ENVIRONMENTAL SERVICES 3/16/92
500 GRAHAM ROAD
COLLEGE STATION, TEXAS 77845
PROJECT #622092001
PROJECT NAME: NAVAJO REFINERY
IML Lab No. C92337/ 13037 C92338/13038 C92339/13039
Sample ID. KWB-DUP Domestic well-Shallow KWB-5 (DUP)
Date Sampled 2/19/92 - 2/19/92 2/19/92
Date Received 2/24/92 2/24/92 2/24/92
. H S.U. 7.2 7.5 7.2
CONDUCTIVITY umhos/cm 5710. 3740. 2310.
CALCIUM mg/L 652. 340. 180.
MAGNESIUM mg/L 261. 126. 117.
POTASSIUM mg/L 3.0 2.1 1.0
SODIUM mg/L 435, 357. 112.
TOTAL ALKALINITY mg/L 236. 171. 754.
CHLORIDE mg/L 428. 536. 244.
SULFATE mg/L 2690. 1130. 66.

Reviewed by: Mﬂm\ :

Mitch Swan, Supervisor--Water Operations

Soil Water

Air
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InterMountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

Mr. David Boyer

KW Brown Environmental Services
500 Graham Road

College Station, Texas 77845

25 March 1992
Dear Mr. Boyer,

On 10 March 1992, six soil samples and one water sample were received by Inter-Mountain
Laboratories - College Station. The samples were received cool and in good condition. The samples
were identified by Project Name "Navajo Refinery® and Project Number 622092001, Analysis for
Benzene-Toluene-Ethylbenzene-Xylenes (BETX) was performed according to the accompanying chain of
custody forms. No trip blank accompanied the shipment.

It is the policy of this [aboratory to employ, whenever possible, preparatory and analytical
methods which have been approved by regulatory agencies. The methods used in the analysis of
samples reported herein are found in *Test Methods for Evaluating Solid Waste*, SW-846, USEPA, 1986.
All reports in this package reference methods utilized.

A Hewlett-Packard 5890 Series Il Gas Chromatograph and a Tekmar Purge and Trap were
utilized for sample analysis. Volatile analysis was performed in accordance with EPA Method 8020:
Aromatic Volatile Organics. No BTEX was detected in Samples COLL / EW - 1 and Gurley Domestic Well

at stated detection limits. All other samples had significant amounts of the BTEX analytes and are

reported in mg/KG (ppm).
Quélity Control reports have been included for your information and use. These reports appear

at the end of the analytical package and may be identified by title. If you have any questions regarding

the information in this package, please feel free to call at your convenience.
Sincerely,

%%?»/V—J
m{mger

Project Manager

KWBE617




InterMountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: KW BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refinery Report Date: 03/18/92
Project Number: 622092001 Date Sampled: 03/04/92
Login Number: 9203003 ‘ Date Received: 03/10/92
Sample ID: COLL /ALF -1 ' Date Extracted: 03/18/92
Sample Number: C92617 Date Analyzed: 03/18/92
Sample Matrix:  Soil

Preservative: Cool

Condition: Intact

Benzene _ 133 4
Toluene 227 : 4
Ethylbenzene 236 4
p,m-Xylene 417 4
o-Xylene 145 4

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 107% 88-110%
4-Bromofluorobenzene 109% 86-115%

Reference: Method 5030, Purge and Trap ~

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmentai
Protection Agency, September 1986. ‘

Comments:
Lol 70 Mg O%Mc 0%1‘29&,
Analyst d Review v !




later-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix;
Preservative:
Condition:

Quality Control:

Reference:

Comments:

3304 Longmire

College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

KW BROWN ENVIRONMENTAL SERVICES

Navajo Refinery Report Date: 03/20/92
622092001 Date Sampled: 03/03/92
9203003 : Date Received: 03/10/92
ANDERSON - 5 Date Extracted: 03/17/92
C92618 : Date Analyzed: 03/17/92
Soil

Cool

Intact

Benzene _ : 50 , 2
Toluene 95 2
Ethylbenzene 79 2
p,m-Xylene 130 2
o-Xylene 45 2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 99% 88-110%
4-Bromofluorobenzene 99% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Analyst

/ Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

Client: KW BROWN ENVIRONMENTAL SERVICES

Project Name: Navajo Refinery Report Date: 03/20/92
Project Number: 622092001 Date Sampled: 03/06/92
Login Number: 9203003 : Date Received: 03/10/92
Sample ID: COLL/NS -4 Date Extracted: 03/18/92
Sample Number: C92619 Date Analyzed: 03/18/92
Sample Matrix:  Soil

Preservative: Cool

Condition: Intact

Benzene : 34 _ 5
Toluene ' 93 | 5
Ethylbenzene 92 5
p,m-Xylene 1539 5
o-Xylene 52 5

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 104% 88-110%
4-Bromofluorobenzene 101% 86-115%

Reference: Method 5030, Purge and Trap ‘

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:
¢
Analyst e Review - 4




Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sampile ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

KW BROWN ENVIRONMENTAL SERVICES

Navajo Refinery Report Date: 03/20/92
622092001 Date Sampled: 03/06/92
9203003 : Date Received: 03/10/92
COLL/EW-1 Date Extracted: 03/18/92
C92620 Date Analyzed: 03/18/92
Sail

Cool

Intact

Benzene : ND _ 0.1
Toluene ND 0.1
Ethylbenzene ND 0.1
p,m-Xylene ND 0.1
0-Xylene ND 0.1

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 90% 88-110%
4-Bromofluorobenzene 89% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Analyst

Review v 7




Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

KW BROWN ENVIRONMENTAL SERVICES

Navajo Refinery Report Date: 03/20/92
622092001 Date Sampled: 03/07/92
9203003 : Date Received.: 03/10/92
COLL /HOUSE - 1 Date Extracted: 03/18/92
C92621 Date Analyzed: 03/18/92
Soil

Cool

Intact

Benzene : 20 . 2
Toluene 74 >2
Ethylbenzene 44 2
p,m-Xylene 73 2
o-Xylene 27 2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 111% 88-110%
4-Bromofluorobenzene 109% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Analyst

Review




Inter-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Control:

Reference:

Comments:

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

KW BROWN ENVIRONMENTAL SERVICES

Navajo Refinery Report Date: 03/20/92
622092001 Date Sampled: 03/09/92
9203003 : Date Received: 03/10/92
CHASE - 3 Date Extracted: 03/18/92
C92622 Date Analyzed: 03/18/92
Soil

Cool

Intact

Benzene : 29 : 2
Toluene 69 2
Ethylbenzene 89 2
p,m-Xylene 106 2
o-Xylene 41 2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 117% 88-110%
4-Bromofluorobenzene 116% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Analyst

Review




later-Mountain Laboratories, Inc.

Sample Number:
Sample Matrix:

Quality Control:

Reference:

Comments:

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

MB031892V1 Date Extracted: 03/18/92
Solid < Date Analyzed: 03/18/92

Benzene - ND 100
Toluene ND 100
Ethylbenzene | ND | 100
p,m-Xylene ND 100
0-Xylene ND 100

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 100% 88-110%
4-Bromofluorobenzene 100% 86-115%

Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Analyst

Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

Sample Number: MB031892Vv2 Date Extracted: 03/18/92
Sample Matrix:  Solid Date Analyzed: 03/18/92

Benzene - ND 100
Toluene ND 100
Ethylbenzene ND | 100
. p,m-Xylene ND 100
0-Xylene ND 100

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 100% 88-110%
4-Bromofluorobenzene 101% 86-115%

Reference: Method 5030, Purge and Trap
* Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Comments:

Analyst Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

Py

QUALITY CONTROL REPORT
METHOD BLANK - VOLATILE AROMATIC HYDROCARBONS

Sample Number: MB031892V1 Date Analyzed: 3/18/92
Sample Matrix:  Water - '

Benzene 0.5 0.2
Toluene | ND 0.2
Ethylbenzene : ND 0.2
p,m-Xylene ND 0.2
.” 0-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 100% 88-110%
4-Bromofluorobenzene 100% 86-115%

Reference: Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Comments:

@ _Llezd 77 g — %%@7}4—\

[
Analyst d Review




Intec-Mountain Laboratories, Inc.

Client:

Project Name:
Project Number:
Login Number:
Sample ID:
Sample Number:
Sample Matrix:
Preservative:
Condition:

Quality Controt:

Reference:

Comments:

3304 Longmire
College Station, Texas 77845

BTEX
VOLATILE AROMATIC HYDROCARBONS

KW BROWN ENVIRONMENTAL SERVICES

Navajo Refinery Report Date: 03/20/92
622092001 Date Sampled: 03/09/92
9203003 : Date Received: 03/10/92
Gurley Domestic Well Date Analyzed: 03/18/92
C92623

Water

HCI, Cool

Intact

Benzene ‘ ND 0.2
Toluene ND 6.2
Ethylbenzene ND | 0.2
p,m-Xylene ND 0.2
o-Xylene ND 0.2

ND - Analyte not detected at stated detection limit.

Surrogate Percent Recovery Acceptance Limits
Toluene-d8 89% 88-110%
4-Bromofluorobenzene 90% 86-115%

Method 5030, Purge and Trap .

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Analyst

oo S

e

</ Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX SPIKE - VOLATILE AROMATIC HYDROCARBONS

Sample Number: C92623 SPK Report Date: 03/20/92
Sample Matrix:  Water Date Sampled: 03/09/92
Preservative: HCI, Cool Date Received: 03/10/92
Condition: Intact Date Analyzed: 03/18/92

Benzene 10.0 ND : 11.5 115% 39-150%
Toluene 10.0 ND 9.6 96% 46-148%
Ethylbenzene 10.0 ND 103 103% 32-160%
‘ p,m-Xylene 20.0 ND 20.1 101% NE
o-Xylene 10.0 ND 9.9 99% NE

ND - Analyte not detected at stated detection limit.
NE - Acceptance limit not established

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 94% 88-110%
4-Bromofluorobenzene 101% 86-115%

Reference: - Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Comments:

Analyst Review




Inter-Mountain Laboratories, Inc.

3304 Longmire
College Station, Texas 77845

QUALITY CONTROL REPORT
MATRIX SPIKE - VOLATILE AROMATIC HYDROCARBONS

Sample Number: C92620 SPIKE Date Sampled: 03/06/92
Sample Matrix:  Soll Date Received: 03/10/92
Preservative: Cool Date Extracted: 03/18/92
Condition: Intact Date Analyzed: 03/18/92

Benzene 1340 ND 1210 90.4% 39-150%
Toluene 1340 ND 1210 90.4% 46-148%
i Ethylbenzene 1340 | ND 1260 94.4% 32-160%
| . p,m-Xylene 2670 ND 2400 89.9% NE
| o-Xylene 1340 ND 1200 89.8% NE

ND - Analyte not detected at stated detection limit
NE - Acceptance limit not established

Quality Control: Surrogate Percent Recovery Acceptance Limits
Toluene-d8 105% 88-110%
4-Bromofluorobenzene 103% 86-115%

Reference: . Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Qrganics
SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, November 1986.

Comments:

W%/apﬁ——’

| Analyst

A

Review




Inter-Mountain Laboratories, Inc.

QUALITY CONTROL REPORT

MATRIX DUPLICATE - VOLATILE AROMATIC HYDROCARBONS

Sample Number: C92617 DUP

Sample Matrix:  Soil
Preservative: Cool
Condition: Intact

Date Sampled:
Date Received:
Date Extracted:
Date Analyzed:

Benzene 133 143 6.7%
Toluene 227 261 14.1%
Ethylbenzene 236 285 18.7%
p,m-Xylene 417 522 22.3%
o-Xylene 145 185 24.0%

ND - Analyte not detected at stated detection limit.

Quality Control: Duplicate acceptance limit set at 30% difference.

Surrogate Percent Recovery

Toluene-d8 110%

4-Bromofluorobenzene 113%
Reference: :  Method 5030, Purge and Trap

Method 8020, Aromatic Volatile Organics

SW-846, Test Methods for Evaluating Solid Wastes, United States Environmental
Protection Agency, September 1986.

Comments:

el %/éo«—/

Analyst

Acceptance Limits
88-110%
86-115%

3304 Longmire
College Station, Texas 77845

03/04/92
03/10/92
03/18/92
03/18/92

Review'
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Land Survey




NAVAJO REFINERY

LOCATION OF MONITOR WELLS 0.0

} TOP OF PLATE — ELEVATION “A”
SECTIONS 9, 10, 15, AND 16
r.175., R.26L., NM.P.M.,
EDDY COUNTY, NEW MEXICO

4 3

S P — TOP OF CONCRETE — ELEVATION "B”

KWB-8

)
KWB—-5 f' . $>
KWB—4

L 4

A2

” ol \
<4 ~24° . /

N 8357 _per ¥ 2154, v
Mﬁf 't’/ SOUTH 7/4 CORNER
e Y g\ +/1 SEC.
KWB—6

10, T.17S., R.26E., N.M.P.M.

\

N

N

Q g 10 - _—_ﬂ;ﬁ%” I NATURAL GROUND — ELEVATION "C’

AN Bl

\1 | —HEIENETET=

N =

1% KWB—1B KWB—1A

\T

N

\ WELL ELEVATION CASING COORDINATES |

% B SIZE NORTHING EASTING |

\ 2" 5171.71 5193.86
D \ KWB-1B | 3351.06 | 49.18 48.8 4" 5172.42 5181.92
Q: \Q KWB-2A | 3366.18 64.03 63.8 2" 1659.24 3905.78
L \ KWB-2B | 336640 |64.12 . |63.9 4" 1646.63 3905.71
Z \ KWB-3A | 334549 | 45.49 45.3 2 | 2183.45 7907.17
t s KWB-3B | 3345.52 45.52 45.3 4" 2193.17 7905.71
Lu \ : fxwa-:s 3368.33 65.81 65.4 4 2811.44 3574.80
Q: \ \= § 2 KWB-5 | 3363.02 60.92 60.6 4" 2928.10 4245.94

§ N\ 28 KWB-6 |3358.71 | 56.41 56.1 4" 2652.58 5161.82

\ N = 3 KWB-7 |3344.14 | 41.80 416 2 | 348417 8055.72
g \ ;‘:‘i KWBS | 3M8.59 |4622 458 2" 3211.93 6875.69

\ A\, KWB-9 | 3352.67 | 49.90 498 4 |1838.15 6600.55
N N e, L N L N N
~ \ N\ " NOTE: BASIS OF BEARING, COORDINATES AND ELEVATIONS ARE DERIVED
- s KWB—7 ~ FROM NAVAJO REFINING CONTROL.
= N

N

N

N

N

\

\

N

N
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N ..

S 395475 W 5304.710° U.S. HIGHWAY 82 S 891707 £ 2697257 7
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[
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an
N
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3 KWB-9
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KWB—2A
KWB-28
w
: RECEIVED
)
K JUN2 5 1992
o' 8 SURVEYOR'S CERTIFICATE AND AFFIDAVIT OIL CONSERVATION piv
SANTA FE '
State of New Mexico)
County of Chaves )
I/, John D. Jaquess, Professional Engineer and Land Surveyor, licensed under the laws
of the State of New Mexico, hereby certify that the accompanying plat was prepared
from an actual bona fide field survey and have found the lines and marked them as
shown on the accompanying plat, and that the survey and plat are true and correct
to the best of my knowledge and.belief.
7 2’7 — 300 9 EAST 7/4 CORNER p T Pes \\\
| SEC. 16, T.17S., R.26E., N.M.P.M. S e PE 8PS,
% { j plicense No. 6290
JOHN D. JAQUESS & ASSOCIATES yu .
—"‘ \ 7
CONSULTING ENGINEERS \
ROSWELL NEW MEXICO Kivisst S-12-92

B REVISED 4-7-92
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BORING LOG

\PROJECT: 622092001-237 (B67)
CLIENT: Navajo Refinery

BORING NUMBER: B67
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 27’
DATE COMPLETED: 03/03/92

SHEET: 1 of 1

DRILLED BY: Pooi Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 29’

DESCRIPTION

SAMPLE
WELL
DESIGN

0-12"  SANDY CLAY, dark brown to brown, moist to dry, increasing

pebble content with depth, plastic to stiff.

12-27" SANDY CLAY, gray hydrocarbon staining beginning at 12" becoming a L 6 —
bluish—gray color in a zone from 14-16", strong hydrocarbon odor,

moist, color becoming lighter gray after 16'.

27-29° SANDY CLAY, gray, saturated, strong hydrocarbon odor, some gravel.

Y%

(D-T-P) (D-T-W) :24:\

Date | Depth to Product |  Depth to Water |  Thickness —26—\
3/4/92 - 23.35 film (<1/16") o

: —28—-\\

|
|
|




\ BORING LOG

\PROJECT: 622092001-237 (B68) SHEET: 1 of 1
CLIENT:Novojo Refinery DRILLED BY:Pool Envir.
BORING NUMBER: B68 LOGGED BY: PWC
EXCAVATED POND: SURF. ELEV:N/A
FIRST ENCOUNTERED WATER: 26’ TOTAL DEPTH: 28’

DATE COMPLETED: 03 /02 /92

DESCRIPTION 22

SAMPLE
WELL

0-11" SANDY CLAY, dark brown to brown, moist to dry, increasing
pebble content with depth, plastic to stiff. :

11-16" CLAY, tan, with small pockets of fine white sand, moist, o

occasional small pebbles. : — 6
16-19" CLAY, brown, with small pockets of fine white sand and pebbles, — 8 —
moist. , SR

19-20" GRAVEL with clay mix, gray hydrocarbon staining noticeable
in clay, slight odor.

) 20-24" CLAY, progressively darker staining, increasing moisture content and
odor.

24-28" CLAY TO SANDY CLAY, gray hydrocarbon staining, interspersed thin
gravel seams, saturated sandy clay at 26’.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness
3/4/92 - 22.79' film (<1/16”)




BORING LOG

PROJECT: 622092001-237 (B69)
CLIENT: Navajo Refinery

BORING NUMBER: B69
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 28’
DATE COMPLETED: 03/03/92

SHEET: 1 of 1
DRILLED BY: Pool Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 29’

DESCRIPTION

SAMPLE

0-8  SANDY CLAY, dark brown to brown, moist to dry, plastic
to stiff.
8-14"  CLAY, tan, with small pockets of fine white sand, moist,
occasional pebbles.
14-26"  CLAY, brown, moist, plastic, some small pockets of fine white sand,
occasional pebbles.
26-29"  CLAY, brown, at 28’, increasing pebble content and moisture,
saturated, slight gray hydrocarbon staining and odor from 26-29',
(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness
3/4/92 12227 22.83' 0.56'

NOTE:  When auger removed from hole, brownish
colored free product was on last flight.




BORING LOG

PROJECT: 622092001-237 (B70)
CLIENT: Navajo Refinery

BORING NUMBER: B70
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 26’
DATE COMPLETED: 03/02/92

SHEET: 1 of 1

DRILLED BY: Pool Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 29’

DESCRIFPTION

SAMPLE
CUTTING

0-10" SANDY CLAY, dark brown to brown, moist to dry, plastic

to stiff.

10-14"  CLAY, reddish brown, with occasional small pockets of fine
white sand, moist, plastic.
14-16"  CLAY, tan, with small pebbles throughout, moist, plastic.
21-26"  CLAY, brown, with occasional pockets of fine sand and pebbles,
moist, plastic.
) 26-29° GRAVEL mixed with CLAY, gray hydrocarbon staining, saturated,
rocks to 2 inches in diameter, strong odor.
(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness
3/4/92 22.04'

22.08" ° 0.04’




BORING LOG

PROJECT: 622092001-237 (B71)
CLIENT: Navajo Refinery

BORING NUMBER: B71
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 24’
DATE COMPLETED: 03/03/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 25’

DESCRIPTION

SAMPLE

CUTTING

0-7" SANDY CLAY, dark brown to brown, moist to dry, plastic

to stiff.

7-11" CLAY with SAND, tan, moist, plastic, occasional pebbles.

117" CLAY, brown, with some small pockets of fine white sand,

moist, plastic.

17-24"  CLAY, gray hydrocarbon staining, moist, color is darker with depth,

some pebbles.

24-25"  GRAVEL mixed with CLAY, gray staining, saturated.

3/4/92 18.12' 20.34’

(D-T-P) (D-T-W) Product
Date | Depth to Product | Depth to Water |  Thickness
2.22'

|




BORING LOG

PROJECT: 622092001-237 (B72)
CLIENT: Navajo Refinery

BORING NUMBER: B72
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 24’
DATE COMPLETED: 03/03/92

SHEET: 1 of 1

DRILLED BY: Pool Envir.

LOGGED BY: PWC

DESCRIPTION

SAMPLE

CUTTING

0-8  SANDY CLAY, dark brown to brown, moist, plastic.

8-15"  CLAY, tan, with some small pockets of fine white sand, moist,
occasional small pebbles, plastic.

15-16"  CLAY, brown, moist, plastic, occasional small pebbles.

16-24"  CLAY, gray hydrocarbon stoining,'moist, plastic, occasional small
pebbles, color becoming darker with depth.

24-25"  SILTY SAND, gray hydrocarbon staining, saturated, strong odor.

(D-T-P) (D-T-W) Product
Date | Depth to Product | Depth to Water | Thickness
3/4/92 18.53' 18.55" ~ 0.02




BORING LOG

PROJECT: 622092001-237 (B73)
LIENT: Navajo Refinery

BORING NUMBER: B73
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 20’
DATE COMPLETED: 03/03/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 24’

DESCRIPTION

DEPTH
(ft.)

SAMPLE

CUTTING

0-7" SANDY CLAY, dark brown to brown, moist, plastic.
7-11" CLAY, tan, with some small pockets of fine white sand, moist,
plastic.
11-20"  CLAY, brown, with small pockets of fine sand and occasional
pebbles, moist, plastic.
20-24"  CLAYEY SAND, gray hydrocarbon staining, saturated, increasing odor
with depth.
H
|
(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness
3/4/92 - 19.34" -~ Film (<1/16")

|
)
1

[
o
| |




BORING LOG

PROJECT: 622092001-237 (B74)
LIENT: Navajo Refinery

BORING NUMBER: B74

EXCAVATED POND:

FIRST ENCOUNTERED WATER:19.5
DATE COMPLETED: 03/04/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 22’

DESCRIPTION

SAMPLE
CUTTING

0-9"  SANDY CLAY, dark brown to brown, moist to dry, plastic.
9-11"  CLAY, tan, moist, plastic.

11-19.5"  CLAY, gray hydrocarbon staining, moist, plastic, color becoming
darker with depth, very strong hydrocarbon odor.

19.5-22"  CLAYEY SAND, dark gray staining, saturated, brown colored free
product coming to surface on auger flights.

(D-T-P) (D-T-W) Product
Dote | Depth to Product |  Depth to Water |  Thickness
3/5/92 15.89' 18.80' 291"

///////////% s




BORING LOG

PROJECT: 622092001-237 (B75)
ICLIENT: Navajo Refinery

BORING NUMBER: B75
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 21’
DATE COMPLETED: 03/04/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 23’

DESCRIFPTION

SAMPLE

CUTTING

0-5 SANDY CLAY, dark brown to brown, moist to dry, plastic.

5-16" CLAY, tan, with occasional pockets of fine sand, moist,
plastic.

16-21"  CLAY, gray hydrocarbon staining, moist, plastic, color becoming
darker with depth, pronounced odor increase with depth.

21-23 CLAYEY. SAND, gray staining, saturated, strong hydrocarbon odor,

brown colored free product evident on auger.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness

3/5/92 16.42 16.63 - 0.21°

//I/// SYM.BOL




BORING LOG

PROJECT: 622092001-237 (B76) SHEET: 1 of 1

CLIENT: Navajo Refinery DRILLED BY: Pool Envir.
BORING NUMBER: B76 LOGGED BY: PWC
EXCAVATED POND: SURF. ELEV:N/A
FIRST ENCOUNTERED WATER: 22’ TOTAL DEPTH: 23’

DATE COMPLETED: 03/04 /92

DESCRIFPTION

SAMPLE
CUTTING

0-7"  SANDY CLAY, dark brown to brown, moist to dry, plastic.

7-17" CLAY, tan, with occasional small pockets of fine white sand,
moist, plastic.

17-23" SANDY .CLAY, tan, moist, saturated at 22', very faint hydrocarbon
smell, no visible staining.

(D-T-P) (D-T-W) Product ]
Date | Depth to Product |  Depth to Water |  Thickness ]
3/5/92 17.26' 17.27 ° 0.0v —

]
|

!
|

T
L

[
!

[
11




BORING LOG

PROJECT: 622092001237 (B77)
LIENT: Navajo Refinery

BORING NUMBER: B77
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 26’
DATE COMPLETED: 03,/04 /92

SHEET: 1 of 1

DRILLED BY: Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 27’

DESCRIPTION

SAMPLE

CUTTING

0-6"  SANDY CLAY, dark brown to brown, moist, plastic.
6-11"  CLAY, tan, with occasional pockets of fine sand and small
pebbles, moist, plastic.
11-13  CLAY, brown, with occasional pockets of fine sand and small
pebbles, moist, plastic.
13-16"  CLAY, gray hydrocarbon staining, moist, plastic, odor increasing
with depth.
16-27  GRAVEL mixed with CLAY, gray staining, rock up to 3" diameter,
moist until 26', saturated from 26-27".
(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness

3/5/92

19.72° ~ -




BORING LOG

PROJECT: 622092001-237 (B78) SHEET: 1 of 1

CLIENT: Navajo Refinery DRILLED BY:Pool Envir.
BORING NUMBER: B78 LOGGED BY: PWC
EXCAVATED POND: SURF. ELEV:N/A
FIRST ENCOUNTERED WATER:17’ TOTAL DEPTH: 21’

DATE COMPLETED: 03/05/92

DESCRIPTION 22

SAMPLE
CUTTING

| — 2 .

0-8  SANDY CLAY, dark brown to brown, moist, plastic. —
8-17"  CLAY, gray hydrocarbon staining, moist, plastic, color becoming —
darker with depth, odor increasing. — 6 —

17-21"  CLAY, dark gray hydrocarbon staining, saturated, brown
colored free product coating auger flights.

99
(D-T-P) (D-T-w) Product N

Date | Depth to Product |  Depth to Water |  Thickness g
3/6/92 13.03 17.67 464 |
- L 28—




BORING LOG

P ROJECT: 622092001-237 (B79)
CLIENT: Navajo Refinery

BORING NUMBER: B79
EXCAVATED POND:

FIRST ENCOUNTERED WATER:17’
DATE COMPLETED: 03/05/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 19’

DESCRIPTION

SAMPLE

CUTTING

0-7" SANDY CLAY, dark brown to brown, moist, plastic.

7-17" CLAY, gray hydrocarbon staining, moist, plastic, odor and
darker color increasing with depth.

17-19"  CLAYEY SAND, gray staining, saturated.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness

3/6/92 14.04' 16.51" ~ 2.47




BORING LOG

PROJECT: 622092001—-237 (B80)
LIENT: Navajo Refinery

BORING NUMBER: B8O
EXCAVATED POND:

FIRST ENCOUNTERED WATER:17’
DATE COMPLETED: 03 /05 /92

SHEET: 1 of 1
DRILLED BY:Pool Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 19’

DESCRIFPTION

SAMPLE
CUTTING

0-4" SANDY CLAY, dark brown to brown, moist, plastic.
4-7  CLAY with SAND, moist, plastic.
7-17"  CLAY, gray hydrocarbon staining, moist, plastic, color
becoming darker with depth, blue—gray staining beginning at 10",
17-18.5"  CLAYEY SAND, saturated, biue—gfoy staining, strong odor.
18.5-19"  CLAY, blue—gray staining, saturated at 19",
(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness
3/5/92 14.69' 2.56’

17.25" °




BORING LOG

PROJECT: 622092001-237 (B81) SHEET: 1 of 1

LIENT: Navajo Refinery DRILLED BY:Pool Envir.
BORING NUMBER: B81 LOGGED BY: PWC
EXCAVATED POND: SURF. ELEV:N/A
FIRST ENCOUNTERED WATER: 21’ TOTAL DEPTH: 24’

DATE COMPLETED: 03/05/92

DESCRIFPTION

SAMPLE
CUTTING

0-6" SANDY CLAY, dark brown to brown, moist, plastic.

6-12"  CLAY, tan, with occasional pockets of fine sand, moist, plastic.

12-21"  CLAY, gray hydrocarbon staining, moist, plastic, odor and darker
coloration increasing with depth.

21-24" CLAYEY SAND, saturated, brown colored free product on ougér flights.

(D-T-P) (D-T-W) Product T
Date | Depth to Product |  Depth to Water |  Thickness o
3/6/92 15.62' 17.97 235 ]




BORING LOG

PROJECT: 622092001-237 (B82)
CLIENT: Navajo Refinery

BORING NUMBER: B82
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 21’
DATE COMPLETED: 03/05/92

SHEET: 1 of 1

DRILLED BY: Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 22’

DESCRIPTION

SAMPLE

CUTTING

0-5 SANDY CLAY, brown, dry, stiff.

5~11"  CLAY, brown, dry to moist, stiff to plastic, occasional lighter
colored bands and small caliche pebbles.

11-18"  CLAY, gray hydrocarbon staining, moist, plastic, odor and darker
coloration increasing with depth.

18-22"  SANDY CLAY, gray, moist to saturated by 21"

(D-T-P) (D-T-W) Product
Date | Depth to Product | Depth to Water | Thickness
3/6/92 - 14,04~ Film (<1/16")




BORING LOG

PROJECT: 622092001-237 (B83) SHEET: 1 of 1
LIENT: Navajo Refinery DRILLED BY:Pool Envir.
BORING NUMBER: B83 LOGGED BY: PWC
EXCAVATED POND: SURF. ELEV:N/A
FIRST ENCOUNTERED WATER: 20’ TOTAL DEPTH: 21’
DATE COMPLETED: 03/05/92
'IE
e =
DESCRIPTION : |E
: % 8

0-10"  SANDY CLAY, brown, dry to moist, stiff to plastic.
10-15"  CLAY, tan, moist, plastic.

15-20"  CLAY, gray hydrocarbon staining, moist, plosvtic.

20-21"  SANDY CLAY, gray, saturated.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness

3/6/92 - 13,34 - -




BORING LOG

PROJECT: 622092001-237 (B84)
LIENT: Navajo Refinery

BORING NUMBER: B84
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 23
DATE COMPLETED: 03/06 /92

SHEET: 1 of 1

DRILLED BY: Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 24’

DESCRIPTION

SAMPLE

CUTTING

0-9"  SANDY CLAY, dark brown to brown, moist, plastic.

9-15"  CLAY, tan, dryer, stiff to plastic, occasional small
caliche nodules.

15-23"  CLAY, gray hydrocarbon staining, moist, plastic, odor and
darker coloration increasing with depth.

23-24"  CLAYEY SAND, saturated, gray staining, strong odor.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness

3/7/92 17.40’ 2033 - 2.93

2000000 e




BORING LOG

PROJECT: 622092001—-237 (B85)
LIENT: Navajo Refinery

BORING NUMBER: B85
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 20’
DATE COMPLETED: 03/06 /92

SHEET: 1 of 1

DRILLED BY: Pool Envir.

DESCRIPTION

SAMPLE

CUTTING

0-8  SANDY CLAY, dark brown to brown, moist, plastic.

8~15"  CLAY with SAND, gray hydrocarbon staining, moist, plastic, odor
and darker coloration increasing with depth.

15-20" CLAY, gray staining, moist, very sticky.

20-21"  CLAYEY SAND, gray, saturated, strong odor, brown colored free
product on augers.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness

3/7/92 16.05' 19.82' - 3.77




BORING LOG

PROJECT: 622092001-237 (B86)
CLIENT: Navajo Refinery

BORING NUMBER: B86
EXCAVATED POND:

FIRST ENCOUNTERED WATER:19’
DATE COMPLETED: 03/06 /92

SHEET: 1 of 1

DRILLED BY: Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 20’

DESCRIPTION

SAMPLE

CUTTING

0-6"  SANDY CLAY, dark brown to brown, moist, plastic.

6-19°  CLAY, gray hydrocarbon staining, moist, plastic, odor and
darker discoloration increasing with depth.

19-20" CLAYEY SAND, gray, saturated, some gravel.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness

3/7/92 14.99' 17.48' - 2.49’

4 /////M/// BOL




BORING LOG

PROJECT: 622092001-237 (B87)
CLIENT: Navajo Refinery

BORING NUMBER: B87
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 20’
DATE COMPLETED: 03/06/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 21’

DESCRIPTION

SAMPLE

CUTTING

0-6"  SANDY CLAY, dark brown to brown, moist, plastic, occasional
pebbles and pockets of fine white sand.
6-7  SANDY CLAY, gray hydrocarbon staining, strong odor, moist,
plastic.
7-15"  CLAY, gray to blue—gray, moist, strong odor, becoming
lighter in color with depth.
15-20" CLAYEY SAND, gray, moist, thin gravel bed around 16, plastic.
20-21"  CLAY with SAND, gray, saturated, occasional large gravel.
(D-T-P) (D-T-W) Product
Date [ Depth to Product |  Depth to Water |  Thickness
3/7/92

14.68' 19.24" - 4.56'




BORING LOG

PROJECT: 622092001-237 (B88)
LIENT: Navajo Refinery

BORING NUMBER: B88
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 23’
DATE COMPLETED: 03/07/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 25’

DESCRIPTION

SAMPLE
CUTTING

0-8.5" SANDY CLAY, dark brown to brown, dry to moist, stiff
to plastic.

8.5-13" CLAY, gray hydrocarbon staining, moist, plastic, slight odor.

13-23°  SANDY CLAY, gray, moist, plastic, strong hydrocarbon odor.

23-25"  GRAVEL mixed with SANDY CLAY, saturated, gray discoloration.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness
3/8/92 17.01° 19.59" - 2,58
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BORING LOG

PROJECT: 622092001-237 (B89)
LIENT: Navajo Refinery

BORING NUMBER: B89
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 28’
DATE COMPLETED: 03/07/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.
LOGGED BY: PWC
SURF. ELEV: N/A
TOTAL DEPTH: 29’

DESCRIPTION

SAMPLE
CUTTING

12-13'

SANDY CLAY, dark brown to brown, moist, plastic, becoming dryer
with depth.

SANDY CLAY, gray staining, strong hydrocorbon odor, dry, appears
to be old staining.

13-21"  GRAY STAINED CLAY, moist, plastic, intermittent thin gravel layers.
21-23"  CLAY with some SAND, gray hydrocarbon staining, moist, plastic.
23-28" CLAYEY SAND, gray hydrocarbon staining, moist to very moist,
plastic, strong hydrocarbon odor.
28-29° CLAYEY SAND, gray, saturated.
(D-T-P) (D-T-Ww) Product

Date | Depth to Product |  Depth to Water |  Thickness

3/8/92 237 2374 - 0.03’
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BORING LOG

PROJECT: 622092001-237 (B90)
LIENT: Navajo Refinery

BORING NUMBER: B8O
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 20’
DATE COMPLETED: 03/07/92

SHEET: 1 of 1

DRILLED BY: Pool Envir.
LLOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 21’

DESCRIFPTION

SAMPLE
CUTTING

0-6" SANDY CLAY, dark brown to reddish brown, moist to dry,
plastic to stiff with occasional caliche nodules.

6~13" CLAY with SAND, tan, moist, plastic.

13-21"  CLAYEY SAND, gray, hydrocarbon staining, moist, plastic, strong
odor, becoming darker in color with depth, saturated at 20".

(0-7-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness
3/8/92 - 1418 - -

i
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BORING LOG

PROJECT 622092001-237 (B91) SHEET: 1 of 1

LIENT: Navajo Refinery DRILLED BY:Pool Envir.
BORING NUMBER: B91 LOGGED BY: PWC
EXCAVATED POND: SURF. ELEV:N/A
FIRST ENCOUNTERED WATER: 20’ TOTAL DEPTH: 22’

DATE COMPLETED: 03/07/92

DESCRIPTION S

SAMPLE
CUTTING

0-4 SANDY CLAY, dark brown to brown, moist, plastic. : — —1

4-6" CLAY with SAND, reddish—brown, moist, plcsttc occasional small 6 —
white caliche nodules.

/////% SYMBOL

6-12"  CLAY, tan, with occasional pockets of fine sand, moist,
plastic.

12-20°  SANDY CLAY, gray staining, strong hydrocarbon odor, moist,
‘1 plastic, increasing gravel content with depth.

20-22" SAND with some CLAY, gray, saturated, strong odor.

(0-T-P) (D-T-W) Product :24:

Date | Depth to Product |  Depth to Water |  Thickness o5
3/8/92 15.15’ 16.19" - 1.04' —
- 30




BORING LOG

PROJECT: 622092001-237 (B92)
LIENT: Navajo Refinery

BORING NUMBER: B92
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 20’
DATE COMPLETED: 03/07 /92

SHEET: 1 of 1

DRILLED BY: Pool Envir.

LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 21’

DESCRIFPTION

SAMPLE

CUTTING

0-5" SANDY CLAY, dark brown to brown, moist, plastic.

5-16" CLAY with SAND, tan, dry to moist, stiff to plastic, hydrocarbon
odor detectable in soil at 12" but no color change.

16-20" CLAY with SAND, brown, moist, plastic, hydrocarbon odor stronger
but no discoloration noted.

20-21"  GRAVEL mixed with CLAY, saturated, odor, no color change.

(D-T-P) (D-T-W) Product
Date | Depth to Product | Depth to Water |  Thickness
3/10/92 20.32 2010 - 0.78




BORING LOG

PROJECT: 622092001-237 (B93)
CLIENT: Navajo Refinery

BORING NUMBER: B93
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 22’
DATE COMPLETED: 03/09/92

SHEET: 1 of 1

DRILLED BY: Pool Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 23’

DESCRIPTION

SAMPLE
CUTTING

0-3  SANDY CLAY, dark brown, moist, plastic.
3-8 SILTY SAND, tan, moist to dry.
8-10" CLAYEY SAND, brown, moist, plastic.

10-19"  SANDY CLAY, brown, moist, plastic, occasional small white caliche
nodules.

u 19-21"  CLAY, brown, very moist, plastic.
h

21-23" CLAY, gray hydrocarbon staining, saturated at 22, odor strong.

(D-T-P) (D-T-W) Product
Date | Depth to Product |  Depth to Water |  Thickness
3/10/92 211 21.6" - 0.5
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BORING LOG

PROJECT: 622092001-237 (B94)
LIENT: Navajo Refinery

BORING NUMBER: B94
EXCAVATED POND:

FIRST ENCOUNTERED WATER: 25’
DATE COMPLETED: 03/09/92

SHEET: 1 of 1

DRILLED BY:Pool Envir.
LOGGED BY: PWC
SURF. ELEV:N/A
TOTAL DEPTH: 26’

r | a|4]8
ED @& |E
DESCRIFPTION 22| 2|2 |E
1 o n | wv |3
B _\Q
27
0-3" SANDY CLAY, dark brown, moist, plastic. [ -
4
3-8' CLAY with SAND, tan, moist, plastic. —
— 6
8-17"  CLAY, brown, moist, plastic. B g
17-21"  GRAVEL with CLAY, moist. B 0
21-25"  CLAY, reddish-brown, moist, plastic. B )
1
25-26" GRAVEL with CLAY, saturated, no odor or staining. E
14
— 16
18
— 20
— 22
|
(D-T-P) (D-T-W) Product :24
Date | Depth to Product |  Depth to Water |  Thickness " W
3/10/92 - 2266 . - -
F:’)O—
-]
’_ ]
| —]
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APPENDIX G
Photograph Log




PHOTOGRAPH LOG — NAVAJO REFINERY FIELD INVESTIGATIONS

January — March 1992

Photograph
number Date Description

1 March 1992 KWBES monitor wells KWB 3A and 3B located on the Joy
farm southeast of refinery. Hermit data logger set up for
operation.

2 March 1992 Close-up photo of Hermit data logger and sensors reels.
Box at right houses the Grunflos submersible pump
controller.

3 March 1992 Purnp test underway on KWB-1A and KWB-1B.

4 March 1992 Flow meter at outlet for submersible pump.

5 March 1992 Boring by Pool Environmental drillers. Note gray
hydrocarbon staining of soil in foreground.

6 March 1992 Pool Environmental drillers preparing for boring B89
near Coll house.

7 March 1992 KWBES geologist checking borehole with oil/water

interface meter to determine apparent product
thickness.
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Aquifer Tests







APPENDIX H-1

Background Data
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APPENDIX H-2

Pumping Data .
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APPENDIX H-3

Recovery Data .
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REPORT ON NORTHEAST AREA
HYDROCARBON CONTAMINATION

Navajo Refining Company
Artesia Refinery
Artesia, New Mexico

RECEIVED
ICT 06 1997

OEnvironmental Bureay
il Conservation Division

prepared for:

David G. Griffin, Manager
Environmental Affairs for Water and Waste
Navajo Refining Company
501 East Main Street
P. O. Drawer 159
Artesia, New Mexico 88210

January 27, 1997

Los Alamos Technical Associates, Inc. wu

2400 Louisiana Blvd., NE / Building 1, Suite 400 / Albuquerque, NM 87110 / (505) 884-3800




m Los Alames Technical Assoclates, Inc.

2400 Louisiana Blvd., NE, Building 1, Suite 400 / Albuquerque, NM 87110 / Telephone (505) 884-3800 / FAX (505) 880-3560

January 27, 1997

Mr. David G. Griffin, Manager
Environmental Affairs for Water and Waste
Navajo Refining Company

501 East Main Street

P.O. Drawer 159

Artesia, New Mexico 88211-0159

Re: Report on Northeast Area Hydrocarbon Contamination,
Navajo Refining Company, Artesia, New Mexico

Dear David:

This letter report presents the results of the exploratory drilling performed in late October and
November 1996 to locate the downgradient extent of hydrocarbon product contamination in the
area north of the KWB-1 series of wells. In addition to drilling conducted in 1996, resuits from
the October 1995 investigatory drilling also are discussed.

Field Investigation

Exploratory drilling in October 1995 was performed in the area west of Bolton Road and south of
Eagle Draw to locate permeable gravels for possible use as a recharge zone for reinjection of
treated water from the Bolton Road recovery trenches (Figure 1). During this drilling, a zone of
hydrocarbon product was located within a 10-feet thick gravel zone in a boring (OS 95-34) drilled
along a dirt farm field road 525 feet north of the KWB-1 series wells. The hydrocarbon product
was found only in this borehole. The north-south lateral extent of the gravels in the vicinity of the
boring was found to be approximately 250 - 300 feet.

During drilling for EM survey verification in late October and mid-November of 1996, nine
additional borings (OS 96-04 through 96-12) were located in an alfalfa field east of, and in
proximity to, OS 95-34 to delineate the maximum downgradient extent of the hydrocarbon plume.
The distance between borings was approximately 50 to 65 feet and the furthermost boring was
located approximately 300 feet northeast of OS 95-34. Also, as part of the EM survey
verification, four other holes were drilled west of this boring in an uncultivated pasture (OS 96-15
through 96-18). Drilling logs for all referenced borings are included as enclosures to this letter.

Results

Although hydrocarbon odor and traces of hydrocarbon product contamination were known to
exist in the vicinity of the current boneyard fence as far back as 1991 (from drilling performed by
Zeke Sherman), it was not believed to extend as far north and east as the area of OS 95-34. Its

presence is due to a series of northeast-trending gravel zones which serve as very permeable
channels for conducting fluids.
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Using information collected during the investigations described above, I have constructed a series
of cross-sections showing the subsurface lithology. Figure 2 shows the locations of the cross-
sections. Sections A-A' and B-B' (Figures 3 and 4) are southwest-northeast cross-sections along
the gravel trends while sections C-C' and D-D' (Figures 5 and 6) are cross-sections approximately
perpendicular to the gravels. The solid lines on the cross-sections outline the vertical extent of
the gravels.

East of boring OS 95-34, gravel thickness ranges from 4 feet at OS 96-04 to 14 feet at OS 96-06.
The average thickness of the gravels (where present) is approximately 8 feet. The upper
boundary of the gravels is at a depth of approximately 11 feet; the lower boundary ranges from 17
feet at boring OS 96-12 to 24 feet at OS 96-06. The gravels are confined above and below by -
clay and silty clay. Exact gravel thicknesses and boundaries could not be determined because the
borings were logged from drill cuttings which blurred precise boundary delineation.

Hydrocarbons were detected in 2 of the 9 boreholes drilled east of OS 95-34. Detections
included petroleum odor and sheen in OS 96-09 and odor only in OS 96-10. In the vicinity of OS
96-12, a narrow range of borehole spacing (from 50 to 65 feet versus a minimum of 75 feet in
1995), leads to the presumption that the leading edge of the hydrocarbon plume has been
determined. The area of the observed hydrocarbon contamination, as determined from current
drilling information, is outlined in Figure 1.

If a recovery trench system 1s to be utilized for hydrocarbon recovery, the most favorable location
for its installation would be adjacent to the farm field road separating the Navajo pasture from the
Coll field. Figure 7 presents a north-south cross-section along the road; the figure was
constructed with data collected during the 1995 exploratory drilling. The location of the cross-
section is shown on Figure 1.

Conclusions and Recommendations

1. In the vicinity of OS 95-34 a gravel zone of variable thickness exists at depths from about 11
to 24 feet. The average thickness is approximately 8 feet.

2. The gravels generally trend northeasterly; the north-south width of the gravels at this location
is approximately 250 to 300 feet.

3. For the gravel zone located between OS 95-31 and OS 95-34, hydrocarbon contamination
(consisting of odor, sheen, or product) was observed only in gravels located along the
southern edge of the gravel zone.

4. In November 1996 the zone of known hydrocarbon contamination extended a maximum
distance of approximately 100 feet east of the electric fence separating the Navajo pasture
from the Coll alfalfa field.

5. The maximum north-south width of known hydrocarbon contamination is also about 100 feet
and located between boreholes OS 95-30 on the north and OS 95-34 on the south.
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6. To capture existing and future hydrocarbon contamination in this area, a north-south recovery
trench approximately 300 to 350 feet in length should be installed in the gravel zone from
north of OS 95-31 to south of OS 95-34. For a 350 feet long trench, the north and south ends
should be located approximately 800 and 450 feet north of the KWB-1 wells, respectively.

7. Based on current drilling information, the maximum depth of the trench would be less than 25
feet and likely less than 23 feet.

8. Because hydrocarbon contamination has been located only in the gravel zone in the vicinity of
0S 95-30 and OS 95-34, the trench should be segmented such that the hydrocarbons can be
isolated and the efficiency of skimming and/or pumping of hydrocarbon product and water can
be maximized. The northern extent of the gravels (located between OS 95-32 and OS 95-31)
should be determined and construction started at the north end of the trench. Installation
should continue southward until hydrocarbon contamination is encountered. The first
segment of the trench would conclude with an in-trench barrier placed to prevent north-south
fluid migration. Installation would continue with the second segment until the southern limit
of the gravels is encountered. Completion would include wet wells and observation ports
placed in both segments to monitor operation.

9. Current drilling information has shown movement of hydrocarbon contamination for just a
short distance east of the Navajo pasture fence. Also, no evidence was found that indicates
the presence of large amounts of free-phase hydrocarbons east of the fence. Timely
installation of a recovery trench coupled with skimming and/or water recovery operations will
prevent further movement of hydrocarbon product in a northeasterly direction. Without
further free-phase contribution, existing downgradient product movement will diminish and
eventually cease. Dissolved-phase transport may continue for some additional distance, but
the large mass of water moving through the gravels will act to attenuate BTEX constituents
thorough dispersion, volatilization, and natural biodegradation. Therefore, given prompt
initiation of recovery efforts, it is very unlikely that downgradient surface water or currently
used drinking water will be impacted by hydrocarbon contamination at this location.

If you have questions regarding this report, or wish additional information and/or interpretation,
please do not hesitate to contact me. After January 28, I can be reached at (505) 281-8591 in
Cedar Crest, NM.
Sincerely,

C

vid G. Boyer, P.G.

Project Manager

Enclosures
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ENCLOSURE 1

Figures and Geologic Cross-Sections
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Letter Report to David Griffin, Navajo Refining Co.

ENCLOSURE 2

Copies of Borehole Lithologic Logs
Used in Drawing Cross-Sections




LOG OF BORING 95-29

(Page 1 of 1)

Offsite Borings 1995-96

\mtech4\navoff96\n-x-sect\off95-29.ge4

1-28-1997

Northeast Area Date Started: : 10/18/95 Drilling Method: : Solid Stem Auger
Hydrocarbon Study Time Started : 1650 Sampling Method:  : Cuttings
N > Refining Compan Date Completed : 10/18/95 Drilled By: : Frank’s Rathole Srv.
avajo =e 9 .p Y Hole Diameter: 13" Logged By: : D.G. Boyer
Artesia, New Mexico
Q
Depth I o
: o
i samee| 2| 8 DESCRIPTION
ee Type | ©® | D
0 ? CROSS-SECTION SHEET
b é 0-6 ft. Top soil
5 "Cuttings%
T Z 6-10 ft. Clay, brown
10- /
1 / 10-12 ft. Clay with increasing gravel, saturated,
i % cL | o H/C odor noted
1 / 12-14 ft. Clay with caliche gravel
15 1 é 14-17 ft. Clay, very stiff, no gravel
“Cuttings %
. / 17-21 ft. Clay, very stiff, no gravel
20 /
. % 21-24 ft. Clay, brown
7
25 1 '
i Notes:
1 Hole located 450 ft. north of KWB-1 monitor wells,
| 13 ft. east of electric fence along dirt road.
b Refinery workers plugged back hole with cuttings.
30: H/C = Petroleum hydrocarbon
35
40
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-

LOG OF BORING 95-30

(Page 1 of 1)

\mtechd4\navoff96\n-x-sect\of{35-30.ge4

12-20-1996

Northeast Area Date Started: 1 10/18/95 Drilling Method: : Solid Stem Auger
Hydrocarbon Study Time Started 11715 Sampling Method:  : Cuttings
R . Date Completed : 10/18/95 Drilled By: : Frank's Rathole Srv.
Navajo Refining Company )
- " Hole Diameter: 13" Logged By: : D.G. Boyer
Artesia, New Mexico
Q
Depth T
: | w
0 sampte| 2| 8 DESCRIPTION
Type | ® | D
0
| ? CROSS-SECTION SHEET
1 é 0-6 ft. Top soil
5 -Cutti /
] uttings| % cL
4 é 6-10 ft. Clay, brown, moist
10 A / 10-11 ft. Clay with river gravels, saturated, no H/C
] /1 lodornoted ...
PO,
] R
15 JCUttingsp @7 ==~ =TT mmoms oo sssmecoseeesioeoooooooooooo-
1 /Zﬁ: 15-18 ft. Gravel with some clay
| % GC
] 2
i ’: 18-20 ft. Gravel, can not drill deeper due to auger
o binding by gravel
20 +
4
25 1
| Notes:
1 Hole located 600 ft. north of KWB-1 monitor wells,
4 13 ft. east of electric fence along dirt road.
7 At completion water depth at 12 ft. with caving.
30 Refinery workers plugged back hole with cuttings.
1 H/C = Petroleum hydrocarbon
35 1
40
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LOG OF BORING 95-31

(Page 1 of 1)

Offsite Borings 1995-96
Northeast Area
Hydrocarbon Study

Navajo Refining Company

Date Started: : 10/18/95
Time Started : 1736
Date Completed : 10/18/95
Hole Diameter: ¢ 137

Artesia, New Mexico

Drilling Method:
Sampling Method:
Drilled By:
Logged By:

: Solid Stem Auger

: Cuttings

: Frank's Rathole Srv.
: D.G. Boyer

\mtechd\navoff96\n-x-sect\off95-31.g64

12-20-1996

[&]
Depth T
Fint Sample E § DESCRIPTION
| Tve | G| D
0
] ’// CROSS-SECTION SHEET
] é 0-6 ft. Top soil
:Cuttings/ CL
1 % 6-10 ft. Clay, light brown, stiff
101 / 10 ft. Auger refusal, check for metal, none
i / 10-13 ft. Clay with caliche gravel, some water,
/ no H/C odor noted
] fZ/: 13-14 ft. Gravel and clay (river gravels)
G/
15 7
i y GC | 14-18 ft. Clayey gravel
)
i ’-"-
I
% -
1. / 18-22 ft. Gravelly clay (but auger may be dragging
20 _Cuttings / down gravel)
- Z L
7 / 22-26 ft. Gravelly clay (but auger may be dragging
] / down gravel)
25
/

Notes:

Hole located 750 ft. north of KWB-1 monitor wells,
13 ft. east of electric fence along dirt road.

Refinery workers plugged back hole with cuttings.

H/C = Petroleum hydrocarbon




\mtechd\navoff96\n-x-sect\off95-32.ged

LOG OF BORING 95-32

(Page 1 of 1)

Offsite Borings 1995-96

12-20-1996

Northeast Area Date Started: 1 10/19/95 Drilling Method: : Solid Stem Auger
Hydrocarbon Study Time Started : 0845 Sampling Method:  : Cuttings
N 0 Refining Compan Date Completed 1 10/19/95 Drilled By: : Frank's Rathole Srv.
avajo e g .p Y Hole Diameter: 13" Logged By: : D.G. Boyer
Artesia, New Mexico
Q
Depth ; *
i |sampre| & | 8 DESCRIPTION
e Type | @O | D
o] ? CROSS-SECTION SHEET
1 é 0-6 ft. Top soil to approximately 6 ft.
5 ‘Cuttings%
R Z 6-10 ft. Caliche clay, water at approximately 8 ft.
10- /
1 / 10-13 ft. Clay, light brown, moist, no gravel,
i / no H/C odor
i / cL
. / 13-16 ft. Clay, light brown, plastic, very stiff
15 /
B /
{ / 16-18 ft. Clay, light brown
Cuttings . . . .
7 / 18-19 ft. Clay, light brown, increasing small caliche
4 / gravel
20 / 19-21 ft. Clay, light brown, very stiff, small caliche
i / gravel
. / 21-25 ft. Clay, light brown, less gravel {occasional
. / caliche gravel)
- /
25 Z
30 : Notes:
b Hole located 900 ft. north of KWB-1 monitor wells,
] 13 ft. east of electric fence along dirt road.
1 Refinery workers plugged back hole with cuttings.
35 7
] H/C = Petroleum hydrocarbon
40 A
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\mtech4\navoff96\n-x-sect\off95-33.ge4

LOG OF BORING 95-33
{Page 1 of 1)

Offsite Borings 1995-96

: 10/19/95 Drilling Method: : Solid Stem Auger

1-28-1997

Northeast Area Date Started:
Hydrocarbon Study Time Started : 0925 Sampling Method:  : Cuttings
Navaio Refining Compan Date Completed : 10/19/95 Drilled By: : Frank's Rathole Srv.
) - 9 .p Y Hole Diameter: 13" Logged By: : D.G. Boyer
Artesia, New Mexico
8]
Depth E
; 0]
o fsampie| F | & DESCRIPTION
Type oD
0 ? CROSS-SECTION SHEET
b % 0-6 ft. Top soil
5 'Cuttings%
1 / cL e . .
1 6-10 ft. Clay, brown, stiff, moist, occasional caliche
i / gravel
101 /
1 / 10-13 ft. Clay, brown, stiff, moist, caliche gravel
i / increasing in size and frequency -
T / 13-15 ft. Gravelly clay, water at 13 ft, no H/C odor
187 "% | 15-16 ft. Clayey gravel, river gravels to 3 in. diameter
iy
*CuttinQSé ae 16-18 ft. Clayey gravel, gravel smooth, well rounded
1 % 18-20 ft. Clayey gravel, increasing clay at 20 ft.
rirs]
2 L N . o R R e L L R T T TR
0 ] /% 20-21 ft. Clay, stiff, no gravel
A / CL | 21-24 ft. Clay, light brown, very stiff
%
25
T Notes:
’ Hole located 675 ft. north of KWB-1 monitor wells,
] 13 ft. east of electric fence along dirt road.
30 Refinery workers plugged back hole with cuttings.
T H/C = Petroleum hydrocarbon
35 1
40




LOG OF BORING 95-34

{Page 1 of 1)

Offsite Borings 1995-96

R EE Te Ny

\mtechd\navoff96\n-x-sect\off95-34.ged

12-20-1996

Northeast Area Date Started: : 10/19/95 Drilling Method: : Solid Stem Auger
Hydrocarbon Study Time Started : 0945 Sampling Method:  : Cuttings
N ., Date Completed : 10/19/95 Drilled By: : Frank's Rathole Srv.
Navajo Refining Company A
- - Hole Diameter: 13" Logged By: : D.G. Boyer
Artesia, New Mexico
Q
Depth T
: al|lown
i A sampie| 2 | 8 DESCRIPTION
Type | @ | D
0
| ’// CROSS-SECTION SHEET
b é 0-6 ft. Top soil to approximately 6 ft.
5 Cutti /
] uttings % cL
T % 6-10 ft. Clay, brown
i / 10-11 ft. Clay and caliche clay, small caliche gravels,
10 // color gray-brown, strong H/C odor on dirt
. ezl | e
7 % 11-14 ft. Clayey gravel, strong H/C odor throughout
1 VA
15 %
g5
Cuttings| % GC
1 .:: 14-21 ft. Clayey gravel, free H/C product on auger
N %
-ﬂ.'ﬂ.
201 ) R -
4 ,GA 22 ft. Clay, light brown, stiff, auger jamming, pulled
ACL [out, totaldepth 22 ft. .
25
1 Notes:
) Hole located 525 ft. north of monitor well KWB-1
7 wells, 13 ft. east of electric fence along dirt road.
30 At 1400 hrs., measured 0.5 ft. of gasoline. Refinery
workers plugged back hole with cuttings.
i H/C = Petroleum hydrocarbon
35 1
40
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LOG OF BORING 96-04

{Page 1 of 1)

Offsite Borings 1995-96

\mtech4\navoff96\n-x-sect\of{96-04.ge4

12-20-1996

Northeast Area Date Drilled : 10/30/96 Drilling Method : Hollow Stem Auger
Hydrocarbon Study Time Start, Finish  : 156561, 16156 Drill Equipment : Ingersoll-Rand A-300
Navajo Refining Company Transect & Location : Not Applicable Drilled By : Atkins Eng. Assoc.
Hole Di ter 1 6" L B : D.G.
Artesia, New Mexico amete ogged By D.G. Boyer
O
Depth T
F;r;t Sample % § DESCRIPTION
Type | O | D
° L
/ CROSS-SECTION SHEET
% 0-5 ft. Silty clay, brown, no H/C odor
N7
/ cL
Cuttings /
. / 5-11 ft. Clay and silty clay, light brown; small,
] / rounded gravels at 7 ft. :
1o- /
A:,ﬁ: GC | 11-12 ft. Gravels
//
4 /
CL | 12-15 ft. Clay, soft, plastic
15 X / """"""""""""""""""""""""""""

15-19 ft. River gravels, limestone, to 3" diameter,
water at 15 ft., no H/C odor

Cuttings

CL | 19-27 ft. Silty Clay, saturated, no H/C odor

N

301

Notes:

Boring 96-04 located in field northeast of well KWB-1, 670 ft. south
of the Eagle Creek fence and 150 ft. east of electric fence. At
completion, drillers plugged back hole with cuttings.

H/C = Petroleum Hydrocarbon




LOG OF BORING 96-05

(Page 1 of 1)

Offsite Borings 1995-96

\mtech4\navoff96\n-x-sect\ot{96-05.ge4

12-20-1996

Northeast Area Date Drilled : 10/30/96 Drilling Method : Hollow Stem Auger
Hydrocarbon Study Time Start, Finish  : 1630, 1650 Drill Equipment : Ingersoll-Rand A-300
Navajo Refining Company ;Zns;:ms;tl;t:catlon : ::)t Applicable EnlleddB; : Stéin; Eng. Assoc.
e M ogge: DG,
Artesia, New Mexico gasd By over
Q
Depth I
in 2|8 DESCRIPTION
Feet Sample é 8
Type | O | D
0
CROSS-SECTION SHEET
0-5 ft. Silty clay, dry
.
4
5 -
Cuttings /
/ CL
% 5-10 ft. Clay, light brown, damp at 10 ft., no H/C odor
% 10-13 ft. Clay, light brown
] s 3
CrL/
7 % 13-15 ft. Gravel at approx. 13 ft., no H/C odor
o,
15 %
1 % GC
'Cuttings% 15-19 ft. Gravel, clay matrix(?), not making as much
| y,:. water as 96-03, no H/C odor
I ——
20 1 /
T % CL | 20-23 ft. Clay, some water, no H/C odor
7R
25 1 Notes:
7 Boring 96-05 located in field northeast of well KWB-1,
620 ft. south of the Eagle Creek fence and 300 ft.
] east of electric fence. At completion, drillers plugged
i back hole with cuttings.
4 H/C = Petroleum Hydrocarbon
30 1




LOG OF BORING 96-06

(Page 1 of 1)

Offsite Borings 1995-96

Northeast Area Date Drilled : 10/31/96

Hydrocarbon Study

Time Start, Finish  : 0730, 0810

Navajo Refining Company

Transect & Location : Not Applicable

Artesia, New Mexico

Hole Diameter 1 6"

Drilling Method
Drill Equipment
Drilled By
Logged By

: Hollow Stem Auger

: Ingersoll-Rand A-300
: Atkins Eng. Assoc.

: D.G. Boyer

\mtech4\navoff36\n-x-sect\off96-06.ge4

12-20-1996

O
Depth E
i 7]
F:;t sample| < | 8 DESCRIPTION
Type | © | D
° L/
/ CROSS-SECTION SHEET
Z 0-5 ft. Topsoil, silty clay, brown, no H/C odor
51 % CL
“Cuttings é
% 5-10 ft. Clay, light brown to chalk color, no H/C odor
10 /’: -------------------------------------------------------
] o
roe
] oo
:: GW)/| 10-15 ft. Gravel, river gravel 2-3" diameter, water at
h oo approx. 12 ft., no H/C odor
R
. A
ois
15 7 F074 B ittt

a,

'ﬂ

2
Cuttings}re4s;
%GC

A cL

15-20 ft. Gravel, matrix uncertain (clay?), no H/C odor

20-24 ft. Gravel, no H/C odor

24-25 ft. Clay, no H/C odor

25

30 1

Notes:

Boring 96-06 located in field northeast of well KWB-1,
620 ft. south of the Eagle Creek fence and 150 ft.
east of electric fence. At completion, drillers plugged
back hole with cuttings.

H/C = Petroleum Hydrocarbon




LOG OF BORING 96-07

(Page 1 of 1)

Offsite Borings 1995-96

I T S Y B TS VU I B BN S a8 = = W

- W -

\mtech4\navoff96\n-x-sect\off96-07.ge4

12-20-1996

Northeast Area Date Drilled : 10/31/96 Drilling Method : Hollow Stem Auger
Hydrocarbon Study Time Start, Finish : 0820, 0840 Drill Equipment : Ingersoll-Rand A-300
R . Transect & Location : Not Applicable Drilled By : Atkins Eng. Assoc.
Navajo Refining Company . N
- - Hole Diameter : 6 Logged By : D.G. Boyer
Artesia, New Mexico
O
Depth I
: alw
i sampe| 2| 8 DESCRIPTION
Type | @ | D
° 7
/ CROSS-SECTION SHEET
% 0-5 ft. Topsoil, clay and silty clay, brown
Cuttings/
5 1 /
7 % CL
4 % 5-12 ft. Clay, light brown to chalk color, no H/C odor
10 %
A
v
7675 GC | 12-13 ft. Gravgl_,-r_ig_l_-l_/_C__o_c!or _____________
Cuttings !
151
CL | 13-18 ft. Clay, saturated, no H/C odor
/

301

Notes:

Boring 96-07 located in field northeast of well KWB-1,
720 ft. south of the Eagle Creek fence and 150 ft.
east of electric fence. At completion, drillers plugged
back hole with cuttings.

H/C = Petroleum Hydrocarbon
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LOG OF BORING 96-08

(Page 1 of 1)

Offsite Borings 1995-96
Northeast Area
Hydrocarbon Study

Date Drilled
Time Start, Finish

Navajo Refining Company

Transect & Location

Artesia, New Mexico

Hole Diameter

1 10/31/96

: 0850, 0910

: Not Applicable
16"

Drilling Method
Drill Equipment
Drilled By
Logged By

: Hollow Stem Auger

: Ingersoll-Rand A-300
: Atkins Eng. Assoc.

: D.G. Boyer

\mtech4\navoff96\n-x-sect\off36-08.ge4

12-20-1996

Depth g
ep T
; ol wm
Fory |Samete] < | 9 DESCRIPTION
Type | @ ( D
0 P
// CROSS-SECTION SHEET
é 0-5 ft. Topsoil, clay and silty clay, brown
Cuttings/
5 - /
é 5-10 ft. Clay, small caliche gravels at approx. 10 ft.,
1 / no water, no H/C odor
] / oL
; 10-15 ft. Clay, light brown, stiff, plastic, no H/C odor
Cuttings /
- /
15 1 %
/ 15-18 ft. Clay, same as above, no H/C odor
7
20 7
T Notes:
251 Boring 96-08 located in field northeast of well KWB-1,
] 770 ft. south of the Eagle Creek fence and 150 ft.
east of electric fence. At completion, drillers plugged
| back hole with cuttings.
4 H/C = Petroleum Hydrocarbon
30 1
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LOG OF BORING 96-09

{Page 1 of 1)

Offsite Borings 1995-96

\mtechd\navoff96\n-x-sect\off96-09.ge4

12-20-1996

Northeast Area Date Drilled : 10/31/96 Drilling Method : Hollow Stem Auger
Hydrocarbon Study Time Start, Finish  : 0920, 0960 Drifl Equipment : Ingersoli-Rand A-300
Navajo Refining Company Transect & Location : Not Applicable Drilled By : Atkins Eng. Assoc.
) - ng J Hote Diameter N Logged By : D.G. Boyer
Artesia, New Mexico
Q
Depth I
: o|lwn
o fsampie| & | 8 DESCRIPTION
Type | O | D
o]
| CROSS-SECTION SHEET
{ 0-5 ft. Topsaoil, clay, brown, small caliche gravéls
5 -
] CL
{Cuttings/ 5-11 ft. Clay, brown, darker at approx. 7 ft.,
4 / no H/C odor
101 / :
7 —
4 ol
sovo
. .. ..:‘
- coatd 11-17 ft. River gravels, moderate H/C odor, stronger
ALY from 15-17 ft.
15 0.8
! o
20 1] é
1 / 17-25 ft. Clay, saturated, gravel noted at 23 ft.,
4 / no evidence of free product on auger, water, or
] / clays, but H/C odor
251" % cL
§ / 25-30 ft. Clay, gravel at approx. 27 ft., occasional
/ sheen on clay slurry from augers, H/C odor
30 1 %
j / 30-33 ft. Clay, occasional gravel feit by driller, clay
A slurry lighter color, no sheen, no odor
- Notes:
35 -
Boring 96-09 located in field northeast of well KWB-1,
7 720 ft. south of the Eagle Creek fence and 85 ft.
g east of electric fence. At completion, drillers plugged
| back hole with cuttings.
7 H/C = Petroleum Hydrocarbon
40




- -\

LOG OF BORING 96-10

(Page 1 of 1)

Offsite Borings 1995-96

Northeast Area Date Drilled 1 10/31/96 Drilling Method
Hydrocarbon Study Time Start, Finish 10j 0, 1040 Drill Equipment
. L T t & L ion : Not Applicabl Drill
Navajo Refining Company ransef: ocation ot Applicable rilled By
Hole Diameter N Logged By

Artesia, New Mexico

: Hollow Stem Auger

: Ingersoll-Rand A-300
: Atkins Eng. Assoc.

: D.G. Boyer

\mtech4\navoff96\n-x-sect\off96-10.ge4

12-20-1996

Depth 2
ep I
| sampe 2|8 DESCRIPTION
Type | @ | D
0
? CROSS-SECTION SHEET
% 0-5 ft. Topsoil and clay, brown, no H/C odor
4 %
5 /
Cuttings/ CL
é 5-10 ft. Clay, light brown, slightly moist, plastic, small
. / caliche gravel at approx. 9 ft., no H/C odor
10 / 10-11 ft. Clay as above
| 77 I
v
1 11-15 ft. Gravel, water at approx. 11 ft., no H/C odor
1
15 1

Cuttings GC | 15-20 ft. Gravels, no odor

20-23 ft. Gravel, H/C odor on clays returned to
surface on auger, no water/slurry returned to surface

NS
SHONG

Y

RS

30

Notes:

Boring 96-10 located in field northeast of well KWB-1,
670 ft. south of the Eagle Creek fence and 85 ft.

east of electric fence. At completion, spotted H/C
sheen on water in hole. Drillers plugged back hole
with cuttings.

H/C = Petroleum Hydrocarbon




LOG OF BORING 96-11

(Page 1 of 1)

Offsite Borings 1995-96

\mtech4\navoff96\n-x-sect\off96-11.ge4

12-20-1996

Northeast Area Date Drilled : 10/31/96 Drilling Method : Hollow Stem Auger
Hydrocarbon Study Time Start, Finish- : 1050, 11.15 Drill Equipment : fngersoll-Rand A-300
Navajo Refining Company Transef:t & Location : Not Applicable Drilled By : Atkins Eng. Asspc.
- - Hole Diameter H N Logged By : D.G. Boyer
Artesia, New Mexico
Q
Dgpth E "
Fony |Sample) 2| O DESCRIPTION
Type [ 2 e
0 P
// CROSS-SECTION SHEET
{ % 0-9 ft. Topsoil and clay, brown, no H/C odor
5
Cuttings é CL
10 / 9-11 ft. Caliche clay, light brown, no H/C odor
[ 7 I
CrL/
" ro
A %
4 %
% GC | 11-18 ft. Gravel and clay, no H/C odor
167 2% _
I
-Cuttings‘y
()
20 18-22 ft. Gravel, no H/C odor
22-23 ft. Clay, no H/C odor on soil or clay slurry
25 Notes:

30

Boring 96-11 located in field northeast of well KWB-1,
620 ft. south of the Eagle Creek fence and 85 ft.

east of electric fence. At completion drillers plugged
back hole with cuttings.

H/C = Petroleum Hydrocarbon
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LOG OF BORING 96-12

(Page 1 of 1)

Offsite Borings 1995-96
Northeast Area
Hydrocarbon Study

Navajo Refining Company

Artesia, New Mexico

Date Drilled

Time Start, Finish
Transect & Location
Hole Diameter

1 10/31/96

: 1125, 1155

: Not Applicable
: 6"

Drilling Method
Drill Equipment
Drilled By
Logged By

: Hollow Stem Auger
: Ingersoli-Rand A-300
: Atkins Eng. Assoc.
: D.G. Boyer

\mtech4\navoff96\n-x-sect\off96-12.ge4

12-20-1996

Depth g
ept T
: aiw
F:; | sampte 2|9 DESCRIPTION
Type | @ | D
0
/ CROSS-SECTION SHEET
1 % 0-6.5 ft. Topsoil, brown
7 / CL
5 1 /
Cuttings| /
1 % 6.5-8 ft. Clay, light brown, very soft, very plastic
J T

J

h‘
;N\b-

N

._-a._‘
IR

Cuttings

N

GC | 8-9 ft. Gravel

CL | 9-11 ft. Clay, no H/C odor

GW/ 11-17 ft. Gravel, no H/C odor

CL | 17-23 ft. Clay, no H/C odor in hole

30 ]

Notes:

H/C = Petroleum Hydrocarbon

Boring 96-12 located in field northeast of well KWB-1,
685 ft. south of the Eagle Creek fence and 107 ft.
east of electric fence. At completion drillers plugged
back hole with cuttings.




\mtechd\navoff96\n-x-sect\off96-15.ge4

LOG OF BORING 96-15

(Page 1 of 1}

Offsite Borings 1995-96
Northeast Area
Hydrocarbon Study

Navajo Refining Company

Artesia, New Mexico

Date, Time Started : 11/19/96, 1500
Date, Time Finish : 11/20/96, 0815
Transect & Location : #14, 775 ft. South Drilled By

Drilling Method
Drill Equipment

: Hollow Stem Auger
: Ingersoll-Rand A-300
: Atkins Eng. Assoc.

Hole Diameter 1 6inch Logged By : D.G. Boyer

Depth
in
Feet

Samples

Sample
Type

Recvy.
(ft)

Sample
Taken?

Sample
Interval
(ft)

uscs

Sample Condition
Remoulded SS Split Spoon
Undisturbed ST Shelby Tube
B ost CT Auger Cuttings
X Rock Core CB 5 ft. Core Barrel

Sampler Type

DESCRIPTION

12-20-1996

CcT

CB

cs

CcB

cB

ce

cB

1.7

0.5

1.8

1.7

1.7

No

No

No

No

No

No

AN | arapric

N

CL

B
™

GC

AN

CL

CROSS-SECTION SHEET

0-9 ft. Clay, brown, soft, moist, plastic, from cuttings

9-14 ft. Clay, light brown, dry, very stiff, some caliche
and crystals, no H/C odor

14-19 ft. No recovery except 6" slough material

"18 ft. Driller reports small gravels, water on auger
cuttings, no H/C odor k

v
L g Y

19-21 ft. Clay, brown, dry; put 4" swivel on drill
string, auger refusal at 21 ft., hard, dry clay in tip;
removed swivel, added 6" piece to and rotated tip
21-23.5 ft. Caliche clay, chalk white, hard, dry,
auger refusal, no H/C odor

23-24 ft. Same as above with small gravel inclusions

24-26 ft. Clay, light brown with white streaking, stiff,
very plastic, occasional caliche seam and small

gravel, no H/C odor

26-29 ft. Clay and caliche clay, light gray, hard, dry,
occasional gravel, no H/C odor

35

Notes:

Boring 96-15 located in field northwest of well
KWB-1, 795 ft. south of the Eagle Creek fence and
550 ft. west of electric fence. At completion, drillers
plugged back hole with cuttings.

H/C = Petroluem hydrocarbon
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LOG OF BORING 96-17

(Page 1 of 1)

Offsite Borings 1995-96

Hydrocarbon Study

Northeast Area Date Drilled 1 11/20/96 Drilling Method

Time Start, Finish : 1610, 1700 Drill Equipment

: Hollow Stem Auger
: Ingersoll-Rand A-300

\mtech4\navoff96\n-x-sect\off96-17.ge4

12-20-1996

Navajo Refining Company ':‘::s;icatm&;tl;orcatlon : :: 2, 880 ft. South' SrilleddB; : /D\tlc(;n; Eng. Assoc.
: 0gge DG,
Artesia, New Mexico 9gec Ey over
Q
Depth T
N | Sampte| < | O DESCRIPTION
Feet i w
Type | G| D
0] L CROSS-SECTION SHEET
: é 0-5 ft. Clay, dark brown
°] / cL
. % 7 ft. Clay, light brown, soft, plastic
10 :Cuttings//
] 7 11ft. Gravel lens, dry, strong H/C odor
7 % GC | 13 ft. Gravels, strong H/C odor, water sheen and
. by product observed on auger returns
i Y R
18 ] 0.0 15 ft. Gravels, heavy drill rig auger chatter
K- RY
i oo
i o
i 200 GW
Rty
201 P :
7 rove 21 ft. Gravels, heavy drill rig auger chatter
] // """""""""""""""""""""""""""""
25 1 /
| / 22-29 ft. Clay, H/C odor on returns
“Cuttings%
30: é CL
] % 29-39 ft. Clay and caliche clay, chalk color
] /]
40 - Notes:
. Boring 96-17 located in field northwest of well
] KWB-1, 800 ft. south of the Eagle Creek fence and
250 ft. west of electric fence. At completion drillers
1 plugged back hole with cuttings.
45 H/C = Petroleum Hydrocarbon




Letter Report to David Griffin, Navajo Refining Co.

ENCLOSURE 3

Copies of Other Borehole
Lithologic Logs




LOG OF BORING OS 95-21

(Page 1 of 1)

Offsite Borings 1995-96

\mtech4\navoff96\north-hc\off95-21.ged

1-27-1997

Northeast Area Date Started: : 10/18/95 Drilling Method: : Solid Stem Auger
Hydrocarbon Study Time Started : 1200 Sampling Method:  : Cuttings
N ‘0 Refining Compan Date Completed 1 10/18/95 Drilled By: : Frank's Rathole Srv,
avajo Te 9 .p ny Hole Diameter: 13" Logged By: : D.G. Boyer
Artesia, New Mexico
(&)
Depth I o
: o
Fort [Sample| Z | O DESCRIPTION
€ Type | @ | D
]
T ML | 0-8 ft. Top soil to approx. 8 ft. grading to light brown
5. clay, moist
_Cuttings
A 7
1 / 8-10 ft. Clay, light brown, moist
1o /
7 / ' 10-12 ft. Gravelly clay, light gray, stiff, slightly moist,
. / strong H/C odor
T / 12-14 ft. Same as above with less gravel, stiff
157 % CL
1. . / 14-18 ft. Clay, light brown, occasional gravel,
_CuttanS/ stiff, strong H/C odor
7 / 18-19 ft. Gravelly clay, gray, saturated, very strong
J / gasoline odor
B 19-20 ft. Clay, light gray to light brown, some
20 gravel, tight,
b / 20-22 ft. Clay, very tight, slight odor
ws
25
] Notes:
- Boring 95-21 drilled in pasture east of "boneyard"
A and fire training area. Hole located in north center
pasture area, approximately 50 ft. south of east-west
1 concrete irrigation ditch and 31 ft. west of gate post
30 1 located south of KWB-1 wells.
b At approximatey 1800 hrs., hole reported caved
to less than 10 ft. No H/C product measured.
Refinery workers plugged back hole with cuttings.
T H/C = Petroleum hydrocarbon
35 4
.
40




LOG OF BORING OS 95-22

(Page 1 of 1)

Offsite Borings 1995-96

\mtech4\navoff96\north-hc\off95-22.ge4

12-19-1996

Northeast Area Date Started: : 10/18/95 Drilling Method: : Solid Stem Auger
Hydrocarbon Study Time Started : 1330 (approx.) Sampling Method:  : Cuttings
N . Date Completed : 10/18/95 Drilled By: : Frank's Rathole Srv.
Navajo Refining Company )
- - Hole Diameter: : 13" . Logged By: : D.G. Boyer
Artesia, New Mexico
Q
Depth I
; a|lwn
i sampte| % | 8 DESCRIPTION
Type | ©®| D
0
. ML | O-8 ft. Top soil to approx. 8 ft. grading to light brown
5 - clay, moist
“iCuttings
] V """""""""""""""""""""""""""""
10 é 8-13 ft. Clay, light brown, moist, stiff, no H/C odor
] %
7 / 13-16 ft. Clay, light brown, increasing gravel in
15 - / clay, stiff, no H/C odor, moisture at bottom of hole.
b / 16-18 ft. Clay, light brown, stiff, caliche clay at 18 ft.,
4 / cL | water entering hole at 18 ft.
20 / 18-23 ft. Clay, tight, some gravel at top, less at 23 ft.
“[Cuttings|
A 23-26 ft. Clay, light to dark brown, stiff, tight
25 A 26-28 ft. Same as above, very stiff, only slightly
4 moist, no H/C odor
:
30 1
§ Notes:
b Hole located 50 ft. south of monitor well KWB-1B
i inside pasture.
7 At approximatey 1800 hrs., hole reported caved
35 - to approximately 10 ft. No H/C product measured.
1 Refinery workers plugged back hole with cuttings.
B H/C = Petroleum hydrocarbon
401




LOG OF BORING OS 95-23

(Page 1 of 1)

Offsite Borings 1995-96

Northeast Area Date Started: : 10/18/95 Drilling Method: : Solid Stem Auger
Hydrocarbon Study Time Started 1 1425 Sampling Method:  : Cuttings
Date Completed : 10/18/95 Drilled By: : Frank's Rathole Srv.

Navajo Refining Company

\mtech4\navoff96\north-hc\off95-23.ge4

12-19-1996

- - Hole Diameter: 1137 Logged By: : D.G. Boyer
Artesia, New Mexico
Q
Depth T
; al|lwn
0 sampte| 2| 8 DESCRIPTION
Type | O | D
0
-
h ML [ 0-10 ft. Top soil to approx. 8 ft. grading to brown
5 - clay, stiff
:Cuuidga
] V """"""""""""""""""""""""""""""
10- / |
b / 10-13 ft. Clay, grading to caliche clay with small
" / gravels in clay matrix,
1 / 13-14 ft. Clay and caliche clay with small
J / gravels in clay matrix.
151 é CL | 14-18 ft. Clay with less gravel and caliche
T / 18-20 ft. Clay with increasing moisture and
20 -Cumngs/ small gravels, no H/C odor
i / 20-22 ft. Gravelly clay, chalk gray, gravel pea sized,
/| saturated, no H/C odor
] 22-24 ft. No recovery, hard at 24 ft. {suspect 2 to
2.5 in. gravel, ref. Frank)
-1 7
25 7 / 24-27 ft. Clay with gravel at top decreasing with
4 CL depth, no H/C odor.
Z
30 1
i Notes:
b Hole located 150 ft. south of monitor well KWB-1B
4 inside pasture.
7 At approximatey 1800 hrs., hole reported caved
35 - to less than 10 ft. No H/C product measured.
i Refinery workers plugged back hole with cuttings.
A H/C = Petroleum hydrocarbon
40 1




LOG OF BORING OS 95-26
(Page 1 of 1)

Offsite Borings 1995-96
Northeast Area
Hydrocarbon Study

Date Started:
Time Started

Navajo Refining Company

Date Completed

Artesia, New Mexico

Hole Diameter:

: 10/18/95 Drilling Method: : Solid Stem Auger

: 1543 Sampling Method:  : Cuttings

1 10/18/95 Drilled By: : Frank's Rathole Srv.
: 13" Logged By: : D.G. Boyer

\mtech4\navoff96\north-hc\off95-26.ge4

12-19-1996

Q
Depth T
; o
e |sample| £ 8 DESCRIPTION
Type | @ | D
0
7 ML | 0-6 ft. Top soil
5 -
TCuttings / 6-8 ft. Clay. Water entering hole at approximately 7 ft.
4 / from field drainage or irrigation pipe, no H/C odor
] / noted
10 % 8-13 ft. Clay, light brown, moist, stiff
T / 13-15 ft. Caliche clay, some gravel, very stiff
15 é
7 é CL | 15-19 ft. Caliche clay, very stiff
20- /
-Cuttings! 1 19-23 ft. Caliche clay, some gravels
25 23-28 ft. Caliche clay, some gravels
307
i Notes:
1 Hole located 50 ft. north of KWB-1 monitor wells,
4 13 f1. east of electric fence along dirt road.
] Refinery workers plugged back hole with cuttings.
35 1
§ H/C = Petroleum hydrocarbon
40




LOG OF BORING OS 95-27
(Page 1 of 1)

Offsite Borings 1995-96
Northeast Area
Hydrocarbon Study

Date Started:
Time Started

Navajo Refining Company

Date Completed

Artesia, New Mexico

Hole Diameter:

: 10/18/95 Drilling Method: : Solid Stem Auger
: 1615 Sampling Method:  : Cuttings
. 10/18/95 Drilled By: : Frank's Rathole Srv.

$ 13" Logged By: ] : D.G. Boyer

\mtech4\navoff96\north-hc\off95-27.ged4

12-19-1996

Q
Depth T
; o
F:;t Sample| < § DESCRIPTION
Type | @ | D
0
7 ML | 0-6 ft. Top soil, moist at 6 ft.
5 Cuttings|
4 % .......................................................
T / 6-12 ft. Clay, light brown, moist
10 %
. é 12-15 ft. Clay, light brown, moist
7 / 156-17 f1. Clay, light brown, moist, softer at 16 ft.
_Cuttings/ . .
h / 17-20 ft. Clay, light brown, stiff
7 é 20-25 ft. Clay, light brown, stiff
25 /]

307
i Notes:
35 ] '
cuttings.
40

Hole located 150 ft. north of KWB-1 monitor wells,
13 ft. east of electric fence along dirt road.

At completion DTW water approximately 7 ft. No H/C
odor noted. Refinery workers plugged back hole with

DTW = Depth to water, H/C = Petroleum hydrocarbon




LOG OF BORING OS 95-28
(Page 1 of 1)

Offsite Borings 1995-96

\mtech4\navoff96\north-hc\of{95-28.ge4

12-19-1996

Northeast Area Date Started: : 10/18/95 Drilling Method: : Solid Stem Auger
Hydrocarbon Study Time Started : 1630 Sampling Method:  : Cuttings
Navajo Refining Company Date C.ompleted : 10/18/95 Drilled By: : Frank's Rathole Srv.
- - Hole Diameter: : 13" Logged By: : D.G. Boyer
Artesia, New Mexico
Q
Depth T
in 18 DESCRIPTION
< | O
Feet Sample ! &
Type | @ | D
0
7 ML | 0-6 ft. Top soil, moist at 6 ft. '
6 -Cuttings|
] y """""""""""""""""""""""""""""
1 / 6-12 ft. Clay, light brown, moist, no H/C odor noted
10 %
7 é 12-15 f1. Clay, light brown, moist
15 / oL
. / 15-17 ft. Clay, light brown, moist, softer at 16 ft.
Cuttings / . .
7 / 17-20 ft. Clay, light brown, stiff
20- é
1 / 20-25 ft. Clay, light brown, stiff
N7
30 1
| Notes:
b Hole located 300 ft. north of KWB-1 monitor wells,
4 13 ft. east of electric fence along dirt road.
1 Refinery workers plugged back hole with cuttings.
35 1
i H/C = Petroleum hydrocarbon
40




LOG OF BORING OS 96-16
(Page 1 of 1)

Offsite Borings 1995-96
Northeast Area
Hydrocarbon Study

Navajo Refining Company

Artesia, New Mexico

Date Drilled : 11/20/96

Time Start, Finish  : 0830, 1430
Transect & Location : #14, 1,120 ft. South Drilled By
Hole Diameter : 6 inch Logged By : D.G. Boyer

Drilting Method
Drill Equipment

: Hollow Stem Auger
: Ingersoll-Rand A-300
: Atkins Eng. Assoc.

Depth
in
Feet

Sample
Type

Samples

(ft)

Recvy.

Sample
Taken?

Sample
Interval
{ft)

Sample Condition Sampler Type

=1 Remoulded SS Split Spoon
P24 Undisturbed ST Shelby Tube
M Lost CT Auger Cuttings

GRAPHIC
USCs

] Rock Core CB 5 ft. Core Barrel
' DESCRIPTION

\mtech4\navoff96\north-hc\off96-16.ged

12-19-1996

201

257

CT

cB

CB

cB

cB

ce

T Y

4.2

3.7

3.8

3.8

27

Yes

Yes

No

No

13-14 ft

18 ft.

0-9 ft. No cuttings returned to surface

9-14 ft. From driller: gravels at 11-13 ft., slight H/C
odor on mud returns; pulled out of hole, 2" rounded
gravel in auger, H/C product in mud and on auger.
Shut down until additional short center rods received.
At 1230 started new hole at 5 ft. north of original.

CL

9-11 ft. Clay, dark brown to 9.8 then light brown

11-12.3 ft. Clay, grading to light gray and sandy with
gravels at 12.3 ft.

AN

GW

Sw

12.3-12.8 ft. Sandy gravel, dry, strong H/C odor
12.8-14 ft. Sand, dark gray, fine grained, strong odor

GC

=N

E{k\\\\\\%

CL

CA

14-15 ft. Gravels with sand, clay and H/C product,
saturated

15-16.7 ft. Clay, dark gray at top becoming light gray
at base, mottled, dry, stiff, some silt and very fine
grained sand, some H/C odor

16.7-18 f1. Caliche clay, light gray to chalk color,
mottled, slight H/C odor, hard, pulled core at 18 ft.
18-20 ft. Clay, light gray and brown mottled, stiff,
plastic, wet zone at 20 ft., no H/C odor

20-22 ft. Caliche, white, dry, hard, pulled core at 22 ft

CL

A

22-27 ft. Clay, mottled light brown and chalk colored,
dry, hard but softer at 27 ft.

27-32 ft. Clay, same as above, soft from 28.3-28.5 ft.
occasional small gravel in clay matrix

Notes: Boring 96-16 located in field northwest of well
KWB-1, 1,140 ft. south of the Eagle Creek fence and
550 ft. west of electric fence. At completion, drillers
plugged back hole with cuttings.

H/C = Petroluem hydrocarbon







