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I._Introduction

Whole Earth Environmental, Inc. (WEE) has prepared a Site Investigation Report and
Remediation Plan on behalf of New Mexico Salt Water Disposal Company (). This report
provides an overview of a salt-water leak site located in the south half of SW1/4 SW 1/4 of
section 15, T10S, R34E in northern Lea County. The results of the incident, emergency response
actions, and site investigations conducted by WEE are included herein.

Additionally, this report proposes a practical and cost effective method of restoring the
impacted area to its hormal rangeland capability with minimal surface disturbance, while
ensuring that any underlying groundwater is protected. This site is located in a known habitat
area of the Lesser Prairie Chicken (LPC), which currently is a highly imperiled prairie grouse
species of the southern Great Plains. New Mexico holds a significant percentage of the
remaining population, which is threatened by habitat loss, degradation and fragmentation.

Unfortunately, this species is on the candidate list for federal listing. Attached is Figure 9, which
shows a BLM Timing Restriction Map. The'site is located in the outer fringes of the habitat area.

All parties involved hopefully will agree that the state of NM is more in line with providing the
proper protection of the LPC than the Federal Government. It is this implication that NMSWD
and WEE wants to seek the expert advice of the State agencies in order to provide the
maximum protection of the species while at the same time allowing the industry to function in
order to provide good jobs and a tax base for the state of New Mexico.

The three main concerns regarding this site are:

- A. Restoring the surface with as little surface disturbance as possible, in order to conserve
. natural resources and minimize collateral damage to protect wildlife habitat.

B. Define the depth and extent of the vadose zone and groundwater contamination, if present,
and determine if the vadose zone is sufficient in its physiochemical composition to allow a
surface agronomic type treatment of the oily soils and an ionic exchange method for the salt-
contaminated areas.

C. Perform a cost effective remediation plan to accomplish the above concerns while ensuring
that the goals of the NMSLO, OCD and G&F are carried out in a timely and conscientious
manner.

Figure 1 shows the location of the leak site on a New Mexico  State Trusts Land Map. The
center of the site is located at approximately latitude 33°26°25.78” North and longitude
103°27'31.03” West.

NMSWD and WEE performed “Emergency Response Actions” in order to provide protection to
cattle and wildlife. Freeliquids were picked up to prevent any further downward migration of
the fluids and damp to wet oily soils were stabilized by mixing with on site soils to mainly reduce
the exposure of the contamination to cattle and wildlife. :

This is a quick down and dirty method of rendering the soils to an unsaturated condition to
prevent further downward and lateral migration. It enhances the natural microbes to start a
natural bio-remediation process.



ll. __Backqround Information

New Mexico Salt Water is a commercial company, which collects and disposes of upstream oil
and gas produce wastewater. The company employs a series of pipelines, tank batteries, and

- disposal wells to accomplish the task.

In October of 2010, the company discovered that a section of their disposal pipeline had failed
in two places. The release was reported to the local OCD District office and a subsequent spill
report C-141 was filed. Please find a copy of the C-141 in the list of figures as Figure # 10.

The spill consisted of oily produced water and the release was reported at 1200 barreis. The
true amount of the spill is actually unknown, as the leak may have occurred over several hours
or days.

The 1200 barrels was a figured used since that was the amount of water that was actually
recovered. NMSWD recognizes that a more appropriate reporting number of barrels would
have indicated that an.unknown or best flow rate estimate would have been more accurate. An
aerial photo of the spill site is included. (see figure #3.)

ILA. Land Use

The surface property, and minerals at the leak site are owned by the State of New Mexico and
administered by the New Mexico State Land Office (NMSLO). Mr. Justin Johnson, a local
rancher, leases the surface for rangeland in a beef cattle operation. The area has for years been
an active oil and gas production area with numerous wells throughout. Presently, there are no
buildings, windmills or other improvements in the immediate vicinity of the leak site. NMSWD
has a right-of-way with the NMSLO for its pipeline operations.

1l.B_Site Physical Setting

The leak site is located in northern Lea County, New Mexico about 8.4 miles southwest of
intersection between CR 170 and State Hwy 206 and 4.8 miles due south of CR 170 at the gate
entrance to the property. The leak site is located in an upland area at an elevation ranging
from about 4193 to 4199 feet above mean sea level (msl) and the land surface slopes gently to
the east.

Shallow soils at the site have a fine sand surface layer in excess of 20 inches over subsurface
layers of sandy clay loam to fine sand. These soils are classified as well drained to excessively
drained.

IL.C_Soil Resource

It was determined from the Lea County Soil Survey aerial shown in Figure 2 that the land
resource at the site is predominately a Tivoli-Brownfield fine sands complex. A complex is used
to describe a map unit of two or more component soils that are comingled on the landscape in
areas too small to be delineated at the scale of 1:24000. Tivoli and similar soils make up 50
percent of the map unit. Brownfield and similar soils make up about 40 percent of the map unit
with about 10 percent as small inclusions of Springer and Gomez soils.

Tivoli fine sands {Typic Ustipsamments) have no significant horizonation within the profile apart
from a change in color between the A and C horizons. These soils occur in dune areas.
Brownfield fine sands (Arenic Aridic Paleustalfs) have a thick fine sand surface layer over sandy



clay loam subsoil. Brownfield soils occur in areas between dunes and are well drained with
moderate permeability. Springer loamy fine sand (Typic Paleustalfs) and Gomez loamy fine sand
(Aridic Calciustepts) occur on similar landscapes as Brownfield soils. Springer soils do not have
as thick an A horizon and less clay in the B horizon. Gomez soils have secondary carbonates
throughout the profile and have a defined B horizon finer in texture than the A horizon but have
not developed an argillic horizon. Series descriptions and other pertinent soils information is
presented in Appendix A.

I.D _Groundwater Hydroqeoloqy of the Area: (Layman’s Approach

The site is located in Northern Lea County, New Mexico and is on the far extreme west side of
the Llano Estacado, which is the southern extension of the High Plains in southeastern New
Mexico.

The area of the leak site is located in a lineation of one of the well-defined entrances to the high
plains known as the “Sand Gate”. It has a significant signature as it represents an area where
the west side of the caprock per se, does not exist and has some of the same surface features
and formations as the Pecos Valley west of the site.

Most importantly is the fact that the Ogallala formation is either very thin or virtually missing in
this area. The rocks and soils of this area generally cannot be distinguished between Ogallala
materials from more older or recent deposited materials. Windblown sands generally cover the
area and in some areas are underlain by thin beds of Caliche.

Caliche (caprock) has always been associated with the Ogallala formation throughout
southeastern New Mexico. However, for one to make a generic conclusion that if caliche is
found, it would imply that the Ogallala may be present, probably is not totally accurate. Case in
point is the fact that in the Pecos Valley just west of the site, which is generally void of the
Ogallala formation, has vast sand dunes with underlying caliche.

At the entrance of the Sand Gate, Triassic Red Beds are exposed at the surface as is the Ogallala
formation, as is the limestone of the Lower Cretaceous unit, part of the Tucumcari shale.

There is a large area that has an irregular boundary (highlighted in Appendix D maps) where the
Tucumcari shale actually outcrops in several places and is generally overlain by alluvium
deposits. It is in this area where the release site is more or less located.

Please refer to the Ground-Water Conditions in Northern Lea County, New Mexico, reports by
Sidney R. Ash 1963 contained in its entirety in Appendix section of this report. (Appendix D)

Also Included in Appendix D is a copy of a 1988 report “ Hydrogeology of Lower Cretaceous
strata under the southern ngh Plains of New Mexico” by Fallin of the Texas Water Development
Board.

The irregular boundary is noted to be the approximate boundary of bedrock highs that interrupt
the water table in the deposits of the Cenozoic age, i.e. the Ogallala formation aquifer. Included
in Appendix F, is a highlighted section of this area Ts-10S R 34E depicting the location of the site
and records from the state engineers office showing that no water well records are registered in
this area.

Also included, are some well records that are just a few miles away from the site in an adjacent
Township Ts-11S. This information is included to basically show how quick a transition occurs
in this area. There are several water wells in this area, which is the Ogallala Aquifer.



It’s important to point out here that lack of well records is not a definite indication there is no
protectable ground water in this area, but it certainly shows this is an area where very little
water is found and beneficially used.

The water in this bounded area, where present, is generally derived from the lower Cretaceous
beds of the sandstone near the base of the Tucumcari shale. The Fallin report shows a good
composite stratigraphic section of this formation. The release site more likely sets in or over the
Duck Creek or Kiamichi formations, as confirmed by the yellow clay that is found at shallow
depths.

The average thickness of the yellow clay is approximately 25-35 feet across the site according to
the boring logs found in appendix B. The depth of this unit appears to be approximately 40-60
feet BGS. This unit probably is a very good barrier for any downward migration of infiltrated
water, natural or man-made. :

The lower unit of the Tucumcari shale is generally where groundwater is normally found in small
usable quantities, i.e. for windmills and stock tanks. The depth is generally greater than 100
feet with a saturated thickness of usually less than 15 feet in the release area. The
groundwater flow rates are generally unknown in the study area, but most likely extremely low.
Even in areas of large flows such as in the Texas-New Mexico state line area, due east of the
site, flow rates are generally less than one foot/day.

The only occurrence of Tucumcari shale waters discharging into the Ogallala is found near the
New Mexico-Texas state line and in parts of Texas.

Exceptions are to the northwest in the Causey/Lingo area where irrigation wells pumped high
volumes during the very late homestead years and up to the dust bowl days. Some of these
wells are now dry and no longer used for irrigation farming.

The water quality of these waters is generally of lesser quality than the adjacent Ogallala
waters. NMSWD has collected water samples from three water wells located as shown on
Figure 11 and the analytical is included in Appendix E.

The chlorides for these wells are 400 mg/| for the Lucky well located approximately 2 miles
southwest of the site, 530 mg/! for the Sand well Located approximately 1.75 miles to the
northwest, and 60 mg/I for the Johnson Ranch well located about 2 miles south-south east of
the site.

It is obvious that the Lucky and Sand wells are most likely in the Tucumcari (Cretaceous) water
zone while the other well is probably in shallow sand alluvium or in a drainage course connected
to adjacent or up-gradient Ogallala water.

The geochemistry of the two Cretaceous wells has high relative calcium content versus the
other well on the order of 3:1. This most likely indicates the two wells are indeed being
produced from a limestone formation versus from sand and gravel bed.

The recharge of the Cretaceous water in this area has been suggested to be from the Ogallala
formation west and southwest of the site (see Falin fig 6 &7). Referring to Ash 1963, this area is
also where the Tucumcari shale outcrops at several playa lakes in the area. It’s likely this is
where the salt is being picked up where the Ogallala overflows into the Cretaceous formation.
The outcrops have been observed to consist of dark gray siltstone and thin interbedded
stringers of limestone. (Ash 1963)



Both reports point out that the general dip for both the Ogallala and the Tucumcari shale is
generally to the east and southeast. However, in the Sand Gate lineation, it thickens and dips
to the northeast with local deviations. This is consistent with the inferred groundwater
contours shown on the Ash report Sheet 2 of 2.

it is more than obvious there is no Ogallala Aquifer groundwater present at the release site.
There is a high probability of Cretaceous water in a deeper horizon. This water is considered an
Aquiclude, as noted in the referenced reports, since it’s over and underlain by clays of the upper
Cretaceous and Dockum group respectfully. Parts of the formation have demonstrated to  be
under confined conditions with water levels rising to the surface. This occurrence is probably
not likely at the leak site, due to the fact it is so close to the recharge point.

An equally important question, is there protectable ground water lying on the upper Cretaceous
clay layer? Included in Appendix D is a copy of the “Geologic and Hydrogeologic Evaluation of
Borings and Monitor Well At And Around New Mexico Salt Water Disposal Co., Inc. Station 11-
APO53 located in Section 21, Township 10 South, Range 34 East.” Dr. Kay Havenor- Professional
Geologist authored this report.

This site is less than one mile west of the NMSWD Johnson release site, see topo map in the
figure section. (Fig. 12 ). Dr. Havenor’s report indicates the lower Cretaceous water zone has
not been impacted from Station 11 produced water spills. The report also concludes that the .
sand found on top the upper Cretaceous clay unit “Is not” a water zone that produces beneficial
use water.

What the report does show, is that man-made water is present on top of the clay and has the
same physical and chemical characteristics as oilfield produced water. The same conclusion
may be determined for the NMSWD Johnson site.

The Havernor report also correlated the fact that groundwater flow in the area is from the
southwest to the northeast. This was concluded by the fact that the #2 Lucky well, discussed
above, had nitrates, which migrated toward the Station 11 area. The discussion on the depths
of this well also correlates that the Tucumcari shale dip in the Sand Gate area, is to the
northeast.

This really substantiates why the water level in the Lucky well is producing at a shallower level
than at the Station 11 or the Johnson leak site. According to Justin Johnson, the local rancher,
the water level in this well is 50-60 feet BGS. This water well is approximately 1.5 miles to the
southwest of Station 11. Station 11 water level, in the lower unit, is reported to be about 117 ft
BGL. :

The distance from Station 11 and North Lake is about three miles. Since there is documented
evidence of the lower Tucumcari shale outcropping in this area, an estimated water level depth
can be calculated in the Lucky Well,

Since the Lucky well is almost directly inline between Station 11 and North Lake, a formation
gradient (117 ft/ 3 miles) equates to about 39 feet/mile. The Lucky well is approximately 1.5
miles from Station 11, multiplying this distance by the gradient of 39 ft/mile equals to about 58
feet. Subtract this from 117-58 = 59 feet to the depth of water. This correlates with what the
rancher has indicated.

The significance of this is the fact that the agency (OCD) may have estimated or assigned a
ground water depth to a C-141 remediation project in order to determine a clean-up ranking.



Sometimes, the best estimation may be from a local landowner, water well driller or from some
database, or the local field inspectors general experience.

What the agency generally does not do is perform a hydro-geologic study as completed herein.

While the agency has a very good history of evaluating such sites, sometimes, as in this case, it
may provide a false positive. In this particular case, both in Station 11 and the Johnson leak site
area, it appears the agency may have inappropriately determined that high quality Ogallala
water is present in this area at shallow depths.

Such a conclusion is not unheard of since some maps or databases do not provide the proper
geologic data, water chemistry, or other essential information required to make an accurate
assessment. If the agency used water depths found in the adjacent Ogallala Aquifer formation
or from the Johnson House Well, this would have lead to a false conclusion that shallow high
quality ground water is present at the Johnson site.

On the other hand, companies assume that such determinations can be made on limited
data supplied, which hampers the agency’s ability to perform a proper assessment. Usually
when such data is not properly supplied, the project is stalied, and sometimes never completed.

However, there are cases where the agency never accepts data for what ever reason, and the
project is stalled. The bottom line on these situations is that the environment and wildlife
generally suffers.

Using these reports, along with other studies of the area, including anecdotal evidence,
experience working in the area, and input from other state agencies, NMSWD seeks to obtain a
technical determination and an approved path forward from the OCD concerning in-situ
remediation. ’

1, Site Investigation and Work Scope

{il.LA_Prelimin ite Investigation

WEE conducted a preliminary investigation of the leak site consisting of an electromagnetic
induction (EM) survey to delineate the horizontal extent of produced water impacted soil and a
light drilling rig to collect soils for analysis to delineate impacted soll vertically. The EM survey
was made using an EM-38 device. EM devices work on the principal that soils are naturally low
in electrical conductivity. Since produced water is high in salt when spilled to soil it dramatically
increases the soils EM response with the response proportional to the amount of salt in the soil.

Stained areas captured in the aerial photograph presented in Figure 3 correspond well to the
findings of the EM-38 survey shown in Figure 4. The interpretation is that the stained areas
reflect the distribution or pattern of the release to the land surface. Soil samples summarized in
Table 1 showed elevated chlorides in the impacted area to the maximum depth sampled before
auger refusal. It was concluded that a larger drilling rig capable of advancing a hollow stem
auger to 100 plus feet and collecting undisturbed soil for analysis was necessary to delineate the
vertical extent of the produced water leak.

Following a review of the previous data, WEE prepared a work plan with specific objectives to
augment the existing data to provide a surface soil restoration plan, to fully characterize
chemicals of concern in subsurface soils, specifically their distribution with depth and potential
for an adverse impact to groundwater resources.



1il.B. _Scope of Work and investigation Strate

The proposed scope of work was as follows:

*  Conduct EM-38 and EM-31 surveys over a grid area extending to background soil
conditions in all directions from the leak sites.

*  Soil borings were completed at 5 target locations using a 2-in hand auger. Soils borings
will be advanced to a total of depth of 5-ft with the samples collected in 1-ft intervals
to develop salinity profiles for correlation to EM-38 readings.

*  Atotal of 5 deep borings were completed in the vicinity of the two leak sites and at
three background areas to define background soil quality and/or groundwater, if
encountered. Additional borings may be necessary to determine the vertical and
lateral extent of impacted media.

*  Deep borings were completed using a hollow stem auger with discreet samples
collected using a split spoon device every 5-ft to a depth of 20 feet and at 10-ft
intervals to total depth.

* Aportion of each sample was screened for petroleum hydrocarbon using an organic
vapor analyzer (OVA) equipped with a photoionization detector {PID) and for salinity
measuring the electrical conductivity (EC) in a 1:1 soil: water extract.

¢ Aportion of each sample interval with a noted elevated PID reading was placed in 4-02
jars labeled as to borehole, depth, date and time then placed on ice for total petroleum
hydrocarbon (TPH), benzene, toluene, ethy! benzene, xylenes (BTEX) and chlorides.

* A minimum of 2 samples per boring reflecting the highest PID reading and the deepest
sample interval were transported under chain of custody to an analytical laboratory for
TPH, BTEX and chloride. .

H.C. EM-31Survey

While the EM-38 survey identified anomalous high areas associated with the two separate leak
sites, initial borings at these locations indicated that salt levels were increasing with depth
below the range of the EM-38 device. This required a new survey with the EM-31 sensor. This
survey was conducted using a continuous data logger and Tremble GPS tracking device to define
the area surveyed in preparation of the 0-18 ft salinity contour map.

The EM-31 response was used to locate the deep borings and chart the distribution of salt
associated with the two leak sites.

I)I.Q Field and Laboratory Program .
l1.D.1_Shallow Borings

As noted previously, shallow borings were completed to a depth of 5-ft using a 2-in i.d. hand
held sand auger. Samples were collected in 1-ft intervals for the purpose of measuring soil EC
and calculating the profile EC. Profile EC is the test statistic used to correlate to the EM-38
response and determine soil salinity of the entire root zone. Profile EC is calculated from
saturated paste values. In practice the soil EC is measured using a 1:1 soil: water extract which



is then converted to a saturated paste EC (SPEC) using the saturated paste moisture (SP)
equivalent determined on another portion from the same depth interval expressed in percent
moisture. The computing formula is as follows: '

SPEC = ECy.,4 x 100/SP

li1.D.2 Deep Borings

Deep borings were constructed using a hollow stem auger to advance the borehole, Samples
were collected using a 2-ft split spoon at the start of each boring and at 5-ft intervals to a depth
of 20 feet and at 10-ft intervals thereafter to total depth.

Samples were analyzed for TPH using EPA Method 8015 M with differentiation as to gas range
organics C6-C10 (GRO) and diesel range organics C10-C28 (DRO). Samples will be analyzed for
BTEX components benzene, toluene, ethyl benzene and xylenes using EPA Method 82608.
Chloride was analyzed using EPA Method 9253 or other approved EPA method.

V. Resulits and Discussi

IV.A_EM Surveys

Contour maps of the EM-38 and EM-31 soil electrical conductivity, measured in the vertical
dipole configuration, are presented in Figures 4 and 5, respectively. These plots show very
similar distribution patterns in that the anomalous high areas, which correspond to the two,
produced water leaks found. The east leak source was obviously the largest in terms of
volume. Both plots reflect the distribution pattern of the stained soil mentioned previously.

The magnitude of the EM-38 response compared to EM-31 values in anomalous high areas
suggests that the mass of salt is greater in the upper part of the profile but there has been
significant movement down. |t was observed that the EM-38 device identified a surface area of
impact estimated at 70,000 ft?, compared to an area of about 65,000 ft’ using the EM-31 unit
and the same EM response value of 150 mS/m.

It is instructive to note that the EM-38 device does not integrate soil electrical conductivity
linearly with depth. Readings are weighted proportionately with depth similarly to the way
plant roots absorb water from the soil.

IV.B__Shallow Soil Borings and Soil Salinity

Three shallow borings SB1, SB3 and SB4 (Figure 6) were constructed inside the anomalous high
area and SB2 at the background location to measure saturated paste electrical conductivity as a
function of depth to ground truth EM-38 survey results and evaluate soil quality in terms of
agronomic potential. The saturated paste electrical conductivity {SPEC) and paste moisture are
summarized in Table 2. In order to compare EM readings to the water-uptake-weighted
conductivity we first calculate the weighted profile EC from the measured SPEC values using the
following equation:

Profile EC = 0.43*ECo.1¢ + 0.21*EC;.20 + 0.1*ECy.5¢+ 0.06*ECs 40 + 0.1*ECy 50
Profile EC was then correlated statistically to the corresponding EM38 reading in the vertical

mode to define a response curve. Regression analysis revealed the data best fit a multiplicative
model (Y = a*XAb) with the ‘Profile’ EC = 0.000266507*EM38VA1.8337 and with a r?=99.1



(Figure 7). EM-38 values in the vertical mode ranged from a high of 950 mS/m at the east leak
source to a low of 50 mS/m in the background area. Corresponding profile EC calculated from
the regression model then range from EC 0.35 mmhos/cm to EC 78.7 mmhos/cm.

The magnitude of salt in the anomalous high, impact areas clearly show that this site cannot
recover without remediation to lessen the level of salt in the root zone. Paste moistures
confirm the sequence of sand over sandy clay loam and the Brownfield soil resource.

IV.C. _Deep Soil Boring Findings:

Five deep borings listed in the order constructed are identified in Appendix B as the East Leak
Source Well, Northwest Background Well, Northeast Background Boring, South Background
Well and West Leak Source Boring locations. Each boring except the west source was
constructed using a hollow stem auger with the goal of sampling in 5 feet intervals to a depth of
20 feet, then in 10 feet intervals thereafter to total depth. Indurated caliche between the soil
mantle and lower soils resulted in a few no samples collected for some intervals.

Soil boring physical descriptions are presented in Table 3 with the drillers logs attached as
Appendix B. The lithology observed in each of the borings confirmed the sequence of soil over
caliche followed by dry tan loose sand, sandy clay, and sandstone and the upper and lower units
of the Tucumcari shale (Cretaceous units).

Field measurements and screening of salinity as chloride and total dissolved solids, and
petroleum hydrocarbon by organic vapor analysis (PID) are presented in Table 4A, 4B, 4C, 4D
and 4E This data reveals that salt levels were highest in the east source boring followed by the
west leak source. These are the two areas where the pipeline failed.

IV.C.1 East Leak Source Well

The presence of salt throughout the profile in the east source boring may have been attributed
to cross contamination from the upper media with produced water, carried down into the lower
horizons during the drilling process.

Soil analyses showed an abrupt decrease in salinity parameters between the 48 and 58 feet
sample intervals for the east boring (Table 4A). These were sampled on December 6, 2010 with
drilling suspended at a depth of 64 feet. The augers remained in the borehole over night with
drilling commencing the next day. The east source boring was completed to a total depth of 98
feet.

Drilling was stopped at this depth after a show of what appeared to be oil droplets and some
streaks in saturated brownish yellow clay circulated to the surface. Confirmation soll samples
were collected for laboratory analyses from the east source boring at 90 and 98 feet. Test
results summarized in Table 5 and presented in Appendix C showed high chlorides in the soil
most likely due to cross contamination with produced water from the upper zone carried down
during the drilling process.

TPH and volatile organics were not detected except for trace levels of toluene that was also
reported in the reagent blank at essentially the same level. Drilling was terminated at the east
source to prevent communication with the lower Cretaceous unit. This decision was made after
consulting with the NMOCD inspector Geoffrey Leking.



The bore hole was grouted back with bentonite clay to 49 feet and a monitoring well installed
with 15 feet of well screen and 20 feet of filter pack to collect water from 29 to 49 feet bgs (See
East Source Well, Appendix B).

Water samples were coliected from the completed well and the results can be found in
Appendix E. The sample had chlorides reported at 66,000 mg/l with traces of BTEX (82608B).
This correlates fairly well with previous produced water samples collected from this system in
the past. While not included in this report, the source water has been noted to be as high as
80,000 mg/l as reported in the July 31, 2009 Havenor report. It was determined that any further
drilling in highly contaminated zones would be performed differently to prevent cross-
contamination from the different horizons.

IV.C.2 Northwest Background Boring:

Results for the northwest background boring presented in Table 4B show a slightly elevated
chloride level at 50 feet corresponding to water encountered in sandstone layer just above the
upper Tucumcari shale yellow clay unit at 58 and 59 feet bags.

The bore hole was grouted back with bentonite clay to 70 feet and a monitoring well installed
with 15 feet of well screen and 18 feet of filter pack to collect water from 52 to 70 feet bgs (See
Northwest Background, Appendix B).

Water samples were collected from this well with the results shown in-Appendix
E. The results for chlorides were 14,400 mg/l with BTEX results showing slight hits. Table 4B
clearly shows that from the surface down to a saturated zone, is not impacted.

It appears that the same field mistake was made by drilling through the contaminated zone,
which probably carried the contamination down to the lower zones. From 60 feet to 100 feet
the chlorides were almost identical. This is an indication of cross-contamination from a single
source. Since this well was drilled in a non-contaminated area the issue of cross-contamination
appeared to be not relevant at the time of drilling.

1t appears that mounding of produced water in both the east and west leak source areas have
caused produced water to flow somewhat in a horizontal radial direction along the yellow clay
barrier.

IV.C.3 Northeast Background Boring

Was constructed about 220 ft northeast of the east leak source (Figure 6). Test results
presented in Table 4C showed one sample collected in a sandstone layer just above the upper
Tucumcari shale yellow clay unit. This sample showed elevated chlorides with nothing else
remarkable about the results, Laboratory confirmation samples summarized in Table 5 revealed
a high of 434-ppm chloride.

Chloride levels for samples collected at the top and bottom of the hole was 74 ppm, and other
results showed similar results, apparently background. One area at 40 feet showed field
chiorides of 1843 ppm and with the faboratory confirmation value of 434 mg/kg is found in
Table 5.

Petroleum hydrocarbon measured as, TPH and BTEX, wére not detected at the bottom of the
borehole corresponding well to the very low PiD reading of 0.5 ppm (Table 4C).
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This well was a “dry hole” with no observed free liquid encountered and was grouted back to
the surface with bentonite clay. (See Northeast Background, Appendix B)

1V.C.4 South Background Well

Was located about 140 feet southeast of the west leak source and about 280 feet southwest of
the east leak source (Figure 6). Test results for this boring presented in Table 4D showed the
highest chloride level in a 4-inch layer sampled between 49 and 49.33 feet bgs. Water was
observed initially in this bore hole at about 42 feet bgs. ‘

Chlorides observed in samples collected below 60 feet were attributed to cross contamination
of the above media where higher concentration of salt water was found. The same cross-
contamination issue as noted above was not anticipated for this well, since it was originally
labeled down-gradient well by the driller.

Field chloride measured 709 ppm for a sample collected at 79,5 feet and compares favorably to
the confirmation laboratory value of 781 ppm (Table 5 and Appendix C). The bore hole was
grouted back with bentonite clay to 43 feet and a monitoring well installed with 15 feet of well
. screen and 18 feet of filter pack to collect water from 43 to 25 feet bgs

This well provided insufficient water to obtain a liquid sample. After the well was completed it
appears from the log that it may have been completed in the wrong zone. The log indicated a
wet zone at 50 feet. The well was completed above this noted wet area, (See South
Background Well in Appendix B)

IV.C.5 West Leak Source Boring

Due to drilling issues and cross-contamination that was experienced on previous wells drilled,
the west leak source (See West Source Well, Appendix B). was drilled to 66 feet using an air drill
rig to construct a hole to set steel casing and cement to Isolate the expected infiltrated man-
made water i.e produced water from the lower soils and rocks.

The idea was to obtain quality information both above and below the wet zones without cross
contaminating the lower soils. The hole was advanced through the cement to a total depth of
110 feet below ground surface. Test results presented in Table 4E showed a significant
decrease in chloride with depth when the water was isolated from lower dry, stiff clays and the
underlying Cretaceous shale.

Field chloride ranged from 4823 ppm for the 8-10 foot sample, and 6128 ppm for the 38-40 foot
sample, and decreased substantially below 60 feet from 909 ppm to 103 ppm for the 100 foot
sample and 137 ppm for the 110 foot sample. Chloride results for laboratory confirmation

-samples reported in Table 5 and presented in Appendix C measured 6650 ppm, 79 ppm and 206
ppm, respectively.

This well was used as an exploratory well to determine if the deeper zones had been
contaminated. The results were very favorable, as the deeper soils appeared to be at
background levels. This well was grouted back to the surface with bentonite clay in order to
prevent possible migration of contaminants to the deeper zones.

11



1V.D __ Discussion oil and Groundwater Findings

The only water encountered in this investigation appeared to be man-made water observed
above the stiff clays and sandy clays at the top of the Tucumcari shale and well above the
abrupt lithic contact with the lower dark gray to black Cretaceous shale.

The best demonstrated evidence that the shallow zone does not contain protectable water is
the fact that the Northeast Background Boring was a “dry hole.” This boring is actually down
gradient of the site as pointed out in the hydrogeology section above.

Chemical composition and mounded quantities underlying the leak area suggests that the
source of the water is the released produced water. The amount of produced water released
appears to have been very large compared to the amount reported on the spilt report, as
previously discussed.

As mentioned, both the east and west leak sources appear to have a substantial amount of
produced water mounded in these areas. It can be concluded that radial or preferential flow
probably has and is currently occurring at this time. This is confirmed by the fact that the
Northwest Background Well was not located in the impacted spill area, but has evidence of this
release water in the zone just above the yellow clay unit. Figure 8 was constructed to illustrate
this phenomenon.

The same may also be true for the South Background Well, but of a lesser extent.
The boring soil results show this well was also completed in an area where the surface had not
been impacted by the release.

However, once the zone just above the yellow clay was encountered, elevated chlorides were
found at a value of 2803 ppm. It is possible due to the amount of time that had elapsed
between the spill events and investigation some produced water from the mounded area has
impacted this area. ‘

Another valid conclusion, clay layers act as a natural depository over geologic time, and collects
metals and salts. There are several anecdotal observations noted in many reports that clays,
such as the red beds, will generally have a higher salt content than the above overlying vadose
zone soils. So the presence of an elevated salt content is not always an indication that
contamination has reached this point or imply usable groundwater is present at this locations.
Further investigation will most likely provide a better rational.

A good analogy for this area i.e. Sand Gate, is the comparisons to the Mescalero and Quercheo
sands where the Ogallala Aquifer is missing. Impermeable clays underlie both units. The Sand
Gate is underlain by the Tucumcari shale while the Mescalero and Querecho sand areas are
underlain by red beds of the Docken Group. Both areas receive about the same amount of
-recharge from precipitation and have the same approximate evapotranspiration rates.

With very few exceptions, these vast areas are void of usable groundwater, The same can be
said of the shallow zones below both Station 11 and the Johnson release site.
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IV.E. Philosophical Issues:

NMSWD fully understands that the agency has the right and responsibility to protect
groundwater and has a responsibility to protect those very few exceptions mentioned above.
However, once valid evidence is presented that no usable ground water exists in a zone of
interest, and solid geologic evidence is provided showing any underlying groundwater will be
protected in the foreseeable future, then the agency should acknowledge such evidence and
has a responsibility to allow a path forward.

NMSWD also fully understands any such determination is very site specific and that continual
leaks and spills in the area may negate any further approvais.

NMSWD understands the agency may be concerned that this site and others like it, may become
nothing other than a solid waste management unit. Therefore, NMSWD would like to discuss
and understand if there has been a policy change concerning how waste management practices
of the Surface Waste Management and Pit Rules would come into play at this site.

In both cases, NMSWD understood that the Agency testified during hearings that long-term
intentional waste disposal onto or under the ground was a separate issue concerning how
accidental leaks and spills will be handled in the future. NMSWD wants to ensure that the
protocol being proposed will actually provide a better outcome than just burying waste.

While it is reasonable to assume that the clays associated with the upper Tucumcari shale
yellow clay unit will protect the lower Cretaceous groundwater, pumping this water would
provide an additional safeguard and the site would benefit by removing the source of the

contamination.

V. Remediation Proposal

V.A__ Soil Surface Remediation

Based on the resuits of this investigation it was concluded that excessive salinity is the limiting
constituent requiring remediation to restore the agronomic potential of the affected area
estimated at 70,000 ft* (1.6 acre). it was estimated that about 30,000 ft? (0.7 acre) or about 43
percent of the total area is arbitrarily classed as marginally impacted with profile EC > 4
mmhos/cm but < 12 mmhos/em (corresponding EC-38 < 150 mS/m and > 350 mS/m,
respectively) meaning that the land can be restored to its full agronomic potential with the
incorporation of 20,000 {b/acre organic matter in the form of high quality hay, a tease
application of fertilizer and seeding with a mixture of tall grasses, forbs and wild flowers
compatible with managed grazing and wildlife habitat.

This leaves about 40,000 ft* of salt impacted soil that can be managed on site by leaching with
water in conjunction with the use of a desalting amendment. The land is chiseled plowed to
break up any crust and loosen the soil to receive the amendment application. The amendment
of choice Desalt Plus" is applied in aqueous solution to facilitate desorption of sodium by a
cation exchange reaction. The treatment is added in a total of 4.3 inches of water {equivalent to
4.7 acrefinches). An additional 8.6 inches of water (9.4 acre/inches) is added following this
treatment to flush salt deep into the soil profile and out of the root zone.

Hydrocarbon stained soils will be treated after desalinization using augmented bioremediation
where a mixture of oil eating bacteria and nutrients are injected into the surface 2-ft. Soils are
wet to field capacity during the treatment process adding an additional 4.3 inches of water to
profile. f
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After desalinization and bioremediation an acre-foot of fresh topsoil will be brought in to
restore the normal grade and contour of the site. The application of topsoil is followed by
incorporation of 32,000 Ib of organic material to the 1.6 acre site to address slight salt residuals
in marginally impacted soil. '

V.B. Deeper Vadose Zone Remediation

Based on the amount of water quantities observed during the drilling process, and the results
of the water samples, it certainly appears that the physical and chemical characteristics of the
water encountered is produced water generated by the releases.

Sixteen (16) inches of water prbposed for application in desalinization and bioremediation
treatments will add relative fresh water to the impacted areas. The recommendation is to
remove the water collected under the impacted zones.

Another recovery well or wells, will be installed in close proximity to the leak source(s) to _
maximize the removal of salt with the water extracted. As previously discussed, this method
actually removes source loading that would not otherwise have been accomplished.

V.C. Remediation Procedures

The restoration procedure proposed for the salt impacted and hydrocarbon stained soil is
defined by the work elements listed below:

Resurvey impact area to define EM-38 150 and 350 mS/m contours

Construct recovery well in perched water zone at west leak source

Level and chisel plow area > EM-38 350 mS/m

Apply Desalt Plus ™ in 2790 bbis water

Flush Desalt Plus™ treatment with 5581 bbls fresh water.

Treat hydrocarbon stained soil with microbe/nutrient media in 2790 bbls water.

Pump recovery wells to remove produced water and dry-up man-made water zone.

Apply 1 acre-foot soil to impact area and level! to establish natural grade and contour.

Apply 32,000 Ib feed quality, ground hay to 1.6 acre of impacted area and incorporate

by disc operation to a depth of 6 inches.

10. Roll treated area to compact soil in preparation of planting.

11. Plant mixture of tall grasses, forbs and wild flowers as approved by the landowner.
12. Fence area to isolate restoration site from grazing animals for 2 years.

13. Continue pumping recovering wells until dry for 2 quarters.

14. After 2 years remove fence.

15. Remove recovery and monitoring wells to complete site restoration.

CHNOLHWN P

V.D. Remediatio_n Rational

V.D.1 Total Dig and Haul

Using the most conservative estimates, the following is a brief summary of associated cost.
Using a 100 ft radius around each spill site, and excavating to a depth of 50 feet, which equates

“to approximately 30,000 yards for disposal. At $150/yard, which includes back-fill, but no other
charges, the cost would be over $ 4.3 million dollars.

14



V.D.2 Partial Diq and Haul and Liner installation:

Removing the top 20 feet, which is considered practical with today’s equipment, without
staging the hole downward. The dirt disposal would be approximately $ 1.72 million dollars.
Installation of a Liner would add additional $ 80,000 dollars, for a total of $1.8 million dollars.
This does not include all other site charges.

V.D.3 General Remediation Discussion

Neither option above is within the monetary capability for a small company like NMSWD. While
the agency has encouraged or recommended both of these aptions, neither is cost effective, or
practical in this situation.

if the goal of the agency is to punish and discourage NMSWD from doing business in New
Mexico, either above option will most likely put NMSWD out of business and be a severe
detriment to the industry until another system could be put in place.

In the past, the agency has allowed major source removal near the surface and approved liner
systems to prevent further downward migration to protect groundwater. This approach, at this
site simply does not make sense because the majority of the contamination, i.e. oilfield
produced water, already sets at a depth of 50 feet.

V.D.4__Site Specific roach

NMSWD proposes to install addition recovery wells and actually use fresh water to flush the
contaminants downward to be recovered along with produced water. This approach actually
removes the contamination rather than having it become a permanent burial site.

it must be assumed, that the landowner would perfer to have a major source of the
contamination removed rather than buried. Also, the in-situ surface restoration will provide a
significantly reduced footprint during remediation and bring the surface back to its original
condition in a faster, safer and more environmentally friendly manner.
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TABLE 1 - TEST PARAMETERS ANALYZED IN PRELIMINARY STUDY
NEW MEXICO SALT WATER DISPOSAL CO., INC '

Borings West Source, #1, #2, #3 and #4

Chemical Parameter’

Bore | Depth| Soil Volatile Organics TPH
ID ft Cl | Benzene | Ethyl | Toluene | Xylenes | GRO | DRO
Benzene

West 0.5 (3440 .0113 | .0225 0422 0877 | 5460 | 32400

Source 5 4800 | <0.025 | <0.025 0.033 | <0.025 | <10 | 53.7

#1 0.5 282 NA NA NA | NA NA | NA
5 7750 NA NA NA NA NA NA
10 | 4245 NA NA NA NA NA NA
15 | 3182 NA NA NA NA NA NA

#2 S5 1 113 ‘NA NA NA NA NA NA
5 5115 NA NA NA - NA NA NA
10 | 3510 NA NA NA NA NA NA
15 | 5250 NA NA NA NA NA NA

#3 0.5 966 NA NA NA NA NA NA
5 495 NA NA - NA NA NA NA
10 206 NA NA NA NA NA NA
15 118 NA NA NA NA NA NA

#4 0.5 134 NA NA NA NA NA NA
5 3542 NA NA NA NA NA NA
10 | 5197 NA NA NA NA NA NA

TNA refers to not analyzed




TABLE 3E — SOIL BORING PHYSICAL DESCRIPTIONS

NEW MEXICO SALT WATER DISPOSAL CO., INC

West Leak Source

GPS WGS84: N 33° 26’ 25.455” W 103° 27’ 35.576”

Boring ID | Depth, ft Description’
West 8-10 7.5YR8/2 pinkish white, hard rocky caliche, damp
Source 18-20 7.5YR8/2 pinkish white, hard rocky caliche, damp
28-30 7.5YR8/2 pinkish white, hard caliche, sandy, damp
3840 10R6/4 pale red, rocky clayey sand, damp
50 5YR4/3 reddish brown gravely sand, damp
60 Sampling stopped to set casing and grout with
cement to isolate upper perched water
70 10YRG6/4 light yellowish brown clay, dry
80 Gley 1/5 gray sandy clay, dry
90 Gley 1/4 dark gray sandy clay, humic carbon, dry
100 Gley 1/4 dark gray clay, humic carbon, dry
110 | Gley 1/4 dark gray clay, humic carbon, dry

Thumic refers to naturally occurring organic matter




TABLE 4A - FIELD CHLORIDE, EC, TDS AND PID ANALYSES

- NEW MEXICO SALT WATER DISPOSAL CO., INC

East Leak Source

Depth Chemical Parameter'
: Interval Chloride EC TDS PID
| Boring ID ft - | - ppm -~ | mmhos/icm| - Ppm . -Ppm- - -
East Leak 5 6495 17.7 ~ 11328 0.0
Source 11-13 5654 12.8 8192 0.0
14.5 5147 12.1 7744 0.0
19.5 5981 11.8 7552 3.0
28.3 6321 13.7 8760 0.8
38.5 10699 18.5 11840 1.6
47-48 7831 15.7 10048 1.9
48.5 5317 14.0 8960 1.3
57-58 631 0.79 506 0.0
74-75 840 5.67 3629 0.6
79-80 4010 4.87 3117 1.1
85-86 2669 9.01 5766 0.3
97-98 7621 16.9 10816 0.2

TTDS calculated from EC

TABLE 4B - FIELD CHLORIDE, EC, TDS AND PID ANALYSES

NEW MEXICO SALT WATER DISPOSAL CO., INC

. Northwest Background
Depth Chemical Parameter’
Interval Chloride EC TDS PID
Boring ID ft ppm mmhos/cm Ppm Ppm
NW 0.5 74 0.02 12.8 0.0
Background 9.75 83 0.10 64.0 0.6
20 50 0.18 115 1.0
29.3 54 0.16 96 7.2
40 58 0.19 122 1.0
50 1145 3.17 2029 2.3
60 334 1.01 646 1.0
70 301 -0.78 499 0.6
80 390 0.27 - 173 0.6
90 256 0.80 512 0.3
100 325 0.57 365 0.9 .
110 1145 NA NA NA

NA refers to not analyzed; TDS calculated from EC




TABLE 4C - FIELD CHLORIDE, EC, TDS AND PID ANALYSES

NEW MEXICO SALT WATER DISPOSAL CO., INC

Northeast Background
Depth Chemical Parameter’
Interval Chloride EC TDS PID
Boring ID - ft-— - |  ppm | mmhos/cm Ppm | Ppm
NE 0.5 74 0.08 51.2 0.0
Background 10 No Sample
20 50 033 | 211 A
30 No Sample
40 1843 1.09 698 2
50 124 0.38 243 1.0
60 130 0.19 122 3
70 112 0.36 230 A
80 108 0.27 173 2
90 65 0.70 448 0.6
101 74 0.80 512 0.5

"NA refers to not analyzed; TDS calculated from EC

TABLE 4D - FIELD CHLORIDE, EC, TDS AND PID ANALYSES

NEW MEXICO SALT WATER DISPOSAL CO., INC

South Background

Chemical Parameter’

Depth
Interval Chloride EC TDS PID
Boring ID o ft ppm mmhos/icm | ppm Ppm
South 0.5 126 0.03 19.2 0.3
Background 9.7 139 0.13 83.2 0.0
19.2 195 0.31 198 0.1
29 No Sample
39.75 342 0.92 589 0.2
49.33 2803 9.17 5869 0.0
60-61 1006 1.83 1171 0.2
69.5 1222 4.99 3194 0.1
79.5 709 2.01 1286 0.0
90 1201 0.80 512 0.1
100 819 0.57 365 0.2

TDS calculated from EC




TABLE 4E - FIELD CHLORIDE, EC, TDS AND PID ANALYSES
NEW MEXICO SALT WATER DISPOSAL CO., INC

West Leak Source
Depth Chemical Parameter’
Interval Chloride EC TDS PID
Boring ID ft ppm mmhos/cm ppm Ppm
West Leak 8-10 4823 9.48 6067 3.3
Source 18-20 3507 9.06 5798 1.1
28-30 3060 7.21 4614 1.8
38-40 6128 7.62 4877 3.4
50 3575 10.2 6528 1.0
60 No Sample
70 909 NA NA NA
80 437 NA NA NA
90 243 NA NA NA
100 103 1.27 3629 0.6
110 137 1.31 3117 1.1

NA refers to not analyzed; TDS calculated from EC




TABLE 5 - LABORATORY CONFIRMATION ANALYSES

NEW MEXICO SALT WATER DISPOSAL CO., INC
Deep Boring Soil Samples

Analytical Resuits b

/ Source and Depth, mg/kg***

East East NE NE | NE S West West West
Leak Leak Bkgd | Bkgd | Bkgd | Bkgd Leak Leak Leak
79.5
Parameter* | go ft 98 ft 40ft | 90ft | 101 ft ft 10 ft 100€ | 1104t
Inorganic
Chloride, .
CL 7360 7360 NA NA <16 NA NA NA NA
Chioride, ’
ELI NA 10200 434 <10 12 781 6650 79 206
Organics o
TPH**
GRO Cé6- o
C10 <10.0 | <10.0 NA | NA [.<100 | NA | -NA NA NA -
DRO >C10- .
C28 <10.0 | <10.0 | NA NA <10.0 | NA NA NA NA
Volatiles : '
Benzene | <0.050 | <0.050 NA NA | <0.050 | NA NA NA NA
Toluene 0.128 | 0.128 NA NA |<0.050 | NA NA NA NA
Ethyl : '
Benzene | <0.050 | <0.050 | NA NA | <0.050 | NA NA NA NA
Total :
Xylenes <0.050 | <0.050 NA NA | <0.050 | NA NA NA NA
Notes:

*CL refers to Cardinal Laboratories; ELI refers to Enérgy Laboratories Inc.

**TPH refers to total petroleum hydrocarbon; GRO refers to gas range organics; DRO
refers to diesel range organics

***NA refers to not analyzed




TABLE 6 - LABORATORY GROUNDWATER ANALYSES

NEW MEXICO SALT WATER DISPOSAL CO., INC
_ East Source and Northwest Background ~ *

Analytical Resuits, mg/liter

Parameter East Source Well NW Background Well
Inorganic '

Chloride 66,000 14,400
Volatile Organics :

Benzene 0.011 0.002

Toluene 0.003 0.003

Ethyl Benzene <0.001 <0.001

Xylenes <0.001 0.003
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Figure 4. EM-38 Salinity Contour Map
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Figure 5. EM-31 Salinity Contour Map
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Figure 7. Regression of Profile EC versus EM-38 Reading
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State of New Mexico ECE’VE D

District
1625 N. French Dr., Hobbs, NM 88240 .
Energy Minerals and Natural ResourcelCT 2 § 2010

District It
- 1301 W. Grand Avenue, Artesia, NM 88210

T Form C-141
" Revised October 10, 2003

isteict HI Sub: t2 o
?(;00'1%0 Brazos Road, Aztec, NM 87410 il CODSCl'VatIOH DlVlSlOﬂ HOBBSOCD “Dist District O ’: in :gco
District 1V 1220 South St. Francis Dr. with Rule 116 on back
1220 8. St, Francis Dr., Santa Fe, NM 87505 Santa F e, NM 87505 side of form
Release Notification and Corrective Action REVISED
OPERATOR [X initial Report ] Final Report

Name of Company New Mexico Salt Water Disp. Co.

Contact James B. Read

Address P. O. Box 1518, Roswell, NM 88202

Telephone No.  575-622-3770 ext. 310

Facility Name Pipeline

Facility Type Pipeline

[ Surface Owner State of New Mexico | Mineral Owner | Lease Ne. ]
m WELL, AIMgLE STRRE
. LOCATION OF RELEASEAPLH mers 558+ 01814 .06 60 )
Unit Letter | Section | Township | Range | Feetfromthe | North/SouthLine { Feet fromthe | East/WestLine | County ’
M {15 jios  |a4g | 330 South 330 West Lea
Latitude Longitud
NATURE OF RELEASE

Type of Release Produced Water Volume of Release + 1200 YIS Volume Recovered 1200 bbls
Source of Release  Tank . Date and Hour of Occurrence | Date and Hour of stcovery
Was Immediate Notice Given? If YES, To Whom? Occurred: Weekend

X Yes [J No [J NotRequired | Geoff Leking Discovered: 10/03/2010 P.M.
By Whom? James B. Read Date and Hour 1070472010
‘Was a Watercourse Reached? If YES, Volume Impacting the Watercourse.

O Yes No
If a Watercourse was Impacted, Describe Fully.*

wanE ) ¢ c\

Describe Cause of Problem and Remedial Action Taken.*
Leak in Pipeline probably due to weather in area. Rain, lightening and increment weather in area,

Drain pipeline, recovered water.
Describe Area Affected and Cleanup Action Taken.*

Water immediately recovered and drain pipeline. Determining lateral and vertical extent of unpacted soil. Will

submit remediation plan to-OCD for approval and futher action.

Y hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to NMOCD rules and
regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which may endanger
The

public health or the env

3

of a C-141 report by the NMOCD marked as "Final Report” does not relieve the operator of liability

and

should their operations have failed to ad

federal, state, or local laws and/or regulations.

or the environment. In addition, NMOCD acceplance of a C-141 report does not relieve the operator of responsibility for compliance with any other

ion that pose a threat to ground water, surface water, human health

James B. Read /5¢/.

Ol CONSERVATION DIVISION
ENV. ENGINEER,,
by DistriokSupors

* Attach Additional Sheets If Necessary

Printed Name: T -
Title:_Agent Approval Date: lO! 2210 lExpiration Date: 124 2% |}
E-mail Address: jbro@brightok.net Conditions oprproval DEUINI
0/22/20 ; \7 ELINE: eranions
Date: 10/22/2010 Phone: 575-622-3770 c~\'-3; 3 220, \(P-j2.~10- 2 661
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APPENDIX A

Lea County Soil Survey Information
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- .- SoilMap

The sail map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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~ Custom Soil Resource Report

Map Unit Legend

Lea County, New Mexico (NM025)

Map Unit Symbol ‘ Map Unit Name Acres in AOL Percent of AOl
BO § Brownfield-Springer association i 53] 16.5"/1
TB g Tivoli-Brownfield fine sands, 0 to 5 percent siopes j 26.9 83.5%
' ? 32.3 100.0%

; Totals for Area of Interest

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area daminated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of ather taxanomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor scils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentionedina -
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting scils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to defineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.
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Custom Soil Resource Report

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series. .

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an infricate
pattern or in such smali areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in alf
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An assaciation is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

11



. Custom Soil Resource Report

Lea County, New Mexico

BO—Brownfield-Springer association

Map Unit Setting
Elevation: 3,600 to 4,400 feet
Mean annual precipitation: 12 to 15 inches
Mearn annual air temperature: 58 to 60 degrees F
Frost-free period: 195 to 205 days

" Map Unit Composition
Brownfield and similar soils: 60 percent
Springer and similar soils: 30 percent

Description of Brownfield

Setting
Landform: Plains
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits derived from sedimentary rock

Properties and qualities

Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches

. . Drainage class: Well drained

’ Capacity of the most limiting layer to transmit water (Ksal): Moderately high to high
(0.60 to 2.00 in/hr) ' :

Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 2.0
Available water capacily: Moderate (about 7.0 inches)

" Interpretive groups
Land capability classification (irrigated): 6e
Land capability (nonirrigated): 6e
Ecological site: Sandy 12-17" PZ (RO77DY046TX)

Typical profile
0 to 22 inches: Fine sand
22 to 60 inches: Sandy clay loam

Description of Springer

Setting
Landform: Plains
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits derived from sedimentary rock

Properties and qualities
Slope: 0 to 3 percent

12



Custom Soil Resource Report

Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer fo transmit water (Ksat): Moderately high fo high
{0.60 to 6.00 infhr) .
Depth to water table: More than 80 inches
Frequency of flooding: None -
Frequency of ponding: None
Calcium carbonate, maximum content; 20 percent
~ “Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/ém) ™~
Sodium adsorption ratio, maximum: 2.0
Available water capacity: Moderate (about 7.1 mches)

interpretive groups
Land capability classification (imigated): 4e
Land capability (nonirrigated): 4e
Ecological site: Sandy 12-17" PZ (R077DY046TX)

Typical profile
0 to 14 inches: Loamy fine sand
14 to 60 inches: Fine sandy loam
60 to 79 inches: Fine sandy loam

. _ TB—Tivoli-Brownfield fine sands, 0 to 5 percent slopes

Map Unit Setting .
Elevation: 3,500 to 4,400 feet
Mean annual precipitation: 12 to 15 inches
Mean annual air temperature: 58 to 60 degrees F
Frost-free period: 190 to 205 days

Map Unit Composition
Tivoli and similar soils: 50 percent
Brownfield and similar soils: 40 percent

Description of Tivoli

Setting
Landform: Dunes
Landform position (two-dimensional): Shoulder, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex, linear
Across-slope shape: Linear
Parent material: Sandy eolian deposits derived from sedimentary rock

Properties and qualities

Slope: 1 to 5 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Excessively drained

Capacily of the most limiting layer to transmit water (Ksat): High to very high (6.00
: to 20.00 in/hr)
. Depth to water table: More than 80 inches

13




Custom Soil Resource Report

Frequency of flooding: None

Frequency of ponding: None

Calcium carbonate, maximum content: 2 percent
Gypsum, maximum content: 1 percent

Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 2.0

Available water capacity: Low (about 4.7 inches)

Interpretive groups
Land capability (nonirrigated): 6e
Ecological site: Sandy 12-17" PZ (R0O77DY046TX)

Typical profile
0 to 5 inches: Fine sand
5 to 60 inches: Fine sand

Description of Brownfield
Setting

Landform: Interdunes
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Base slope
Down-slope shape: Concave
Across-slope shape: Concave
-Parent material: Sandy eolian deposits derived from sedimentary rock

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to fransmit water (Ksaf): Moderately high to high

(0.60 to 2.00 in/hr) , '

Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Gypsum, maximum content: 1 percent
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 2.0
Available water capacity: Moderate (about 7.0 inches)

Interpretive groups
Land capability classification (irmgated): 6e
Land capability (nonirrigated). 6e
Ecological site: Sandy 12-17" PZ (RQ77DY046TX)

Typical profile
0 to 22 inches: Fine sand
" 22 to 60 inches: Sandy clay loam

14



APPENDIX B

Atkins Log Showing Monitoring Well Construction



EAST LEAK SOURCE WELL

Log of Boring East 2" Monitor Well

Whole Earth Environmental, Inc. Drill Start : 12/06/10 {07:00) Logged By : Mort Bates
2103 Arbor Cove Oriff End : 1210810 (13:30)
Katy TX 77494 Boring Location : East side of spil
Contact: Mike Griffin Site Location - NMSWD, Crossroads
Job#: CROSSRD.DRL.10 Auger Type : 3% Hollow

‘ﬁ-’; East 2" MW
w 0 N :
£ Q.
E‘i < S g DESCRIPTION
e 191212 4'x4"x5' Well Cover

- 2'x2' Concrete Pad
Oily sand, loose, tan, damp .

Caliche, firm, tan, reddish tan, damp

Caliche, hard, grayish white, dry

— Bentonite Seal
2" Sch. 40 PVC Casing

Caliche, firm, tan, dry

Sand, loose, tan, dry

' {—Silica sand pack
—1—2" Sch. 40 PVC 0.020 slot screen

PSandy clay, loose, reddish tan, damp
Sandy gravel, loose, tan, wet

Sandstone, firm, tan, wet 5
Clay, stiff, tan, damp

Clay, stiff, yeliowish tan, damp

“}—Bentonite Seal

Clay, stiff, gray, damp

Free phase oil at 92’

Total Depth 97

12-21-2010 C:\Users\Paddy\Daocuments\Whale Earth\Crossreads\East.bar
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NORTHWEST BACKGROUND WELL

Log of Boring West Background Well

12-21-2010 C:MJsers\Paddy\Documents\Whole EarthiCrossroads\West8G.hor

Whole Earth Environmental, inc. Driti Start : 12/0810 (14:00) Logged By : Mort Bates
2103 Arbor Cove Drill End : 12/09/10 {16:30)
Katy TX 77454 Boring Location - NW of spill 200'%
Contact: Mike Griffin Site Location : NMSWD, Crossroads
Job#: CROSSRD.DRL.10 Auger Type : 3% Hotlow
L%é o West Background Well
S P
£ 1218 g DESCRIPTION
2 Ol=219% 4"x4"x5' Well Cover
0 2'x2' Concrete Pad

3o Sand, loose, tan, dry

Caliche, firm, white, dry

’

Sandstone, firm, reddish tan, dry

Sandstone, firm, yellow, dry
Sandstone, hard, yetiowish tan, dry
Sandstone, firm, yellowish tan, wet

—Silica san
ch.

i ; i d pack
Clay, stiff, yellowish brown, moist &8 SA B3 620 slot screen

Clayey sand, stiff, grayish black, damp

— Bentonite Seal

Total Depth 110’




NORTHEAST BACKGROUND BORING

Log of Boring East Background Well

GRAPHIC

Sample

Whole Earth Environmental, inc. Drilf Start 1 12/11/40 {10:30) Logged By Mort Bates
2103 Arbor Cove Orill End : 12114110 (16:30) .
Katy TX 77494 Boring Location - NE of spill 200+
Contact: Mike Griffin Site tocation : NMSWD, Crossroads
Job#: CROSSRD.DRL.10 Auger Type : 3% Hallow

gg East Background Well
€
£ DESCRIPTION
@
b

12-21-2010 C:\Users\Paddy\Documents\Whole Eaith\Crossroads\EastBG.bor

©
n

-
[
Q

105

Sand, loose, tan, dry

Caliche, hard, tan and white, dry

Sandstone, firm, tan, dry

Sandstone, firm, damp

Clay, stiff, yellow, damp

- Bentonite Seal

Clay, stiff, gray, damp

J{]lllllJ_l

Clay, stiff, dark gray, damp

‘llll

Total Depth 100




SOUTH BACKGROUND WELL

Log of Boring Down Gradient Well

Whole Earth Environmentat, inc. Drift Start 112115410 (07:30) Logged By : Mort Bates
2103 Arbor Cove ’ | DrillEnd : 12/16/10 (12:00)
Katy TX 77494 Boring Location : South of spilf 200'+
Contact: Mike Griffin Site Location : NMSWD, Crossroads
Job#t: CROSSRD.DRL.10 * 1 Auger Type : 3% Hollow
B Down Gradient Weti
w 8]
£ T o
% % § g- DESCRIPTION
©
e 01219 4"x4"x5' Well Cover
0 2'x2' Concrete Pad
Sand, loose, {an, dry
Caliche, firm, white, dry
Caliche, hard, white, dry o .
‘ 71 [7-—Bentonite Seai

AN

3—2" Sch. 40 PVC Casing

TEEX

N

RN

Clayey sand, loose, tan to yeliow, dry :
" Silica sand pack

12" Sch. 40 PVC 0.020 slot screen

Clayey sand, loose, tan to yellow, moist

Clayey sand, firm, yellow, wet

— Bentonite Seal

Clay, stiff, grayish black, damp

Total Depth 100°

12-21-2010 C:AUsers\Paddy\Documents\Whiole EariinGrosstoads\Down hor




WEST LEAK SOURCE BQR!NG

Log of Boring West Side Leak Test Hole

GRAPHIC

Whole Earth Environmental, inc. Drifl Start 1 12/12110 (11:30) Logged By : Mort Bales
2103 Arbor Cove Drill End 1 12/30/10 (15:00)
Katy TX 77494 Boring Lacation - West side of leak area
Contact: Mike Griffin Site Location : NMSWD, Crossroads
Job#: CROSSRD.DRL.10 Auger Type : Air rotary

§ West Side Leak Test Hole
£
£ DESCRIPTION
@
o

Uscs
Sample

01-06-2011 CAUsers\Paddy\DocumentsiWhole Earth\Crossroads\Westi.eak.bor

-
e
(=]

115

Poorly graded sand, loose, tan and black, damp

Caliche, firm, tan, dry

Poorly graded sand, loose, tan, damp

Sandstone, firm, tan, damp

Sandstone, firm, yellowish tan, wet

Sand and gravel, loose, yellow, wet

Sandy clay, soft, yellowish tan, wet

Clay, stiff, yellow, moist

Clay, stiff, yellowish brown, dry

Limestone with clay, firm, gray, dry

Limestone, hard, gray, dry

Clay, firm, gray, dry -

“4—~Neat cement in annular

.'/ 7
/) 4—8" steel casing cemented from 66'
A back to land surface

<1 Bentonite seal to surface inside casing

-7 78 open hole with bentonite séa! to total depth

boa)as s

Total Depth 110"




APPENDIX C

Cardinal Laboratories and Energy Laboratories, Inc
Soil Analysis Reports ‘
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e f23

2 g
_§~ ; -

| aboratories

PHONE (575) 393-2326 © 101 E, MARLAND ° HOBBS, NM 88240

Analytical Results For:

WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON

2103 ARBOR COVE
KATY TX, 77494
Fax To: (281) 394-2051
Received: 12/08/2010 Sampling Date: 12/07/2010
Reported: 12/09/2010 Sampling Type: Soil
Project Name: NMSW DISPOSAL 6" LEAK Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: CROSSROADS '
Sample ID: SOURCE BORE E @ 90’ BGS (H021472-01)
BTEX 80218 mg/kg Analyzed By: CK
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Benzene* <0.050 0.050 12/09/2010 ND 1.89 94.6 2,00 5.00
Toluene* 0,128 0.050 12/09/2010 0.108 2.02 101 2.00 4.29 B
Ethylbenzene* <0.050 0.050 12/09/2010 ND 1.8% 94.3 2,00 4,72
Total Xylenes* <0.150 0.150 12/09/2010 ND 5.58 93.0 6.00 4.25
Surrogate: 4-Bromofluorobenzene (PIL 104 % 70-136
Chloride, SM4500CI-B ma/kg Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Chloride 7360 16.0 12/08/2010 ND - 432 108 400 0.00
TPH 8015M mg/kg Analyzed By: AB
Analyte Result Reporting Limit Analyzed Methed Blank BS % Recovery True Value QC RPD Qualifier
GRO C6-C10 <10.0 10.0 12/08/2010 ND 193 96.5 200 19.4
DRO >C10-C28 <10.0 10.0 12/08/2010 ND 190 94.8 200 9.14
Surrogate: I-Chlorooctane 934 % 70-130
Surrogate: 1-Chiorooctadecane 971 % 70-130

Cardinal Laboratories

PLEASE NOTE: Lisbity and Damages.
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Celey D. Keene, Lab Director/Quality Manager

*=Accredited Analyte
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CARDI Mﬁ%;
L aboratories

PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 83248

Analytical Results For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY TX, 77494
Fax To: (281) 394-2051
Received: 12/08/2010 Sampling Date: ' 12/07/2010
Reported: 12/10/2010 Sampling Type: Soil
Project Name: NMSW DISPOSAL 6" LEAK Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: CROSSROADS
Sample ID: SOURCE BORE E @ 98' BGS (H021472-01)
BTEX 80218 mg/kg Analyzed By: CK
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Quealifier
Benzene* <0.050 0.050 12/09/2010 ND 1.89 94.6 2.00 5.00
Toluene* 0.128 0.050 12/09/2010 0.108 2.02 101 2.00 4.29 B
Ethylbenzene* <0.050 0.050 12/09/2010 ND 1,89 94.3 2.00 4.72
Total Xylenes* <0.150 0.150 12/09/2010 'ND 5.58 93.0 6.00 4.25
Swrrogute: 4-Bromofluorobenzene (PIL 104 % ‘ 70-130
Chloride, SM4500C)1-B mg/kg Analyzed By: HM
Analyte Result Reporting Li;nit Analyzed Method Blank 8s % Recovery True Value QC RPD Qualifier
Chloride 7360 16.0 12/08/2010 ND 432 108 400 0.00
TPH 8015M mg/kg Analyzed By: AB
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
GRO C6-C10 <10.0 10.0 12/08/2010 ND 193 96.5 200 19.4
DRO >C10-C28 <10.0 10.0 12/08/2010 ND 190 94.8 200 9.14
Surrogate: 1-Chlorooctane 93.4% 70-130
Surrogate: 1-Chlorooctadecane 97.1% 70-130

Cardinal Laboratories

*=Accredited Analyte

PLEASE NOTE: lidity and Damages. Cadnals Nabxity and cherts exclusive remedy for any daim ariung, whether based in condiagt or tort, shell be hmited to.the amount poxd by chent for analyses. Al caims, mdduding those (o negligente and

any other cause wnitsoewer sholl De geemec wawved wniess mace D wotng and recensd by Cardndl within ety (30) dEys after completon of the applicable service.
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Y _aboratories

CARDINAL

PHONE (575) 393-2326 © 101 €. MARLAND © HOBBS, NM 858240

Analytical Results For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY TX, 77494
Fax To:  (281) 394-2051
Received: 12/14/2010 Sampling Date: 12/14/2010
Reported: 12/15/2010 Sampling Type: Soil
Project Name: NMSW DISPOSAL 6" LEAK Sampling Condition: Cool & Intact
Project Number: - NONE GIVEN Sample Received By: Jodi Henson
Project Location: CROSSROADS '
Sample ID: NE BKGRD @ 101’ BGS (H021522-01)
BTEX 80218 mg/kg Analyzed By: CMS
Analyte Result’ -Repotting Limit Analyzed Method Blank 8S 9% Recovery True Value QC RPD Qualifier
Benzene* <0.050 0.050 12/15/2010 ND 1.92 96.2 2.00 6.34
Toluene* <0.050 0.050 12/15/2010 ~ ND 2.03 101 2.00 6.79
Ethylbenzene* <0.050 0.050 12/15/2010 ND 2.07 104 2,00 6.52
Total Xylenes* <0.150 0.150 12/15/2010 ND 6.07 101 6.00 6.06
Surrogate: 4-Bromofluorobenzene (PIL 101 % 70-130
Chioride, SM4500CI-B mg/kg Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Chioride <16.0 16.0 12/15/20 10 ND 416 104 400 0.00
TPH 8015M mg/kg Analyzed By: AB
Analyte Result Reporting Limit Analyzed Method Blank B8s 9% Recovery True Value QC RPD Qualifier
GRO C6-C1o <10.0 10.0 12/15/2010 ND 205 103 200 20.2
DRO >C10-C28 <10.0 10.0 12/15/2010 ND i74 87.1 200 3.23
Surrogate: !-Chlorooctane 99.0% 70-130
Surrogate: I-Chlorooctadecane 97.9 % 70-130

Cardinal Laboratories

PLEASE NOTE:  Labdty ad ODamages @msmmmmmmarwda'marsmq,nmmmh:mmwm,munmmdmmmmmnwmmm Al daims, mduding these for neglgence awd
any other tause whasoever shell be deamec vanved unless made i witing and recshed by Carding wathin thty {30) dnys aRer compiston of the appicable serdee.  In np event shal Cardina! be Mable for incidental or Consequential damages,
indung, vathout brazaon, busicsss iMeTuphons, loss of use, of fosS of pofts cumed by disnt, ox subsdares, afbates of sucressers HiSrD ot of or relared to the puioracce of e smvices fermuncer Dy Candral, regadiess of wmether such

clamis 1esad ipoh 2V 2 S Znove siated reas0ns (r GEhEr'se, Iesults ielate 2y to the semphs ‘Corhified 250w, Ths mepset shell rat be reproduzed exvant . full wer writtsr approvel of Cardand Lzhoratones,

Celey D. Keene, Lab Director/Quality Manager

*=Accredited Analyte
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i . @ " wwwenergylab.coms - Helena. MT 877-472-0111 . Biltings, BF 800-735-4483 - Casper, WY 888-235-8515

| At xcelence Ses 1962 Gilletts, Y BEE-688-T175 - Rapic City, SO B88-672-1225 - Coliege Station, X 8B8-690-2218
‘ : LABORATORY ANALYTICAL REPORT
' Prepared by College Station, TX Branch

Client: Whole Earth Environmental o - Report Date: 01/18/11
Project: NMSWD Johnson " Collection Date: 12/07/10 10:15
Lab ID: T11010018-002 DateReceived: 01/06/11
Client Sample ID East Source 98' Matrix: Soil

MCL/ :
Analyses Result uynits Qualifiers RL QCL  Method Analysis Date / By
1:1 EXTRACT .
Chloride 10200 ppm D 100 £300.0 0112711 14:17 / gim
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: -~ QCL - Quality controt fimit. ' ND - Not detected at the reporting limit.

D - RL increased due to sample matrix. -

The results represented within this report refate on]y fo the samples as submitted. This report may not be reproduced except in full.

Page 3 of 9



= % @ " wwenenergyaboom o Helena, 8 8T7-472-0711 - Billings, MT 800-735-4488  Casner, WY 888-235-0515
 Casoratories | O B Gillet, WY BG5-686-7175 - Rapic City, SO 888-672-1225 - Coliege Station, TX 888-£S30-2218
. : LABORATORY ANALYTICAL REPORT

Prepared by College Station, TX Brafnch Revised Date: 01/14/11

Client: Soil Analytical Services inc ' Report Date: 01/14/11

Project: NMSWD o ) Collection Date: 12/11/10

Lab ID: T10120097-002 DateReceived: 12/21/10

Client Sample ID NE Bkgd 40’ / Matrix: Soil

. MCL/

Analyses Result  Units Qualifiers RL QCL  Method Analysis Date / By
~1:1 EXTRACT

Chioride 434 ppm D 10 E300.0 12/28/10 12:58 / gm
Repo'n_ RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: QCL - Quality control limit. ND - Not detected at the reporting limit.

. D - RL increased due to sample matrix.

‘ Page 3 of 14
The results represented within this report relate only to the samples as submitted. This report may not be reproduced except in full. '



Wk energyiab.com ' Helana, 7 877-472-0711 - Biflings, M7 800-735-4489  Gesper, Wy 888-235-0515
| LhsomaroRies | | Al Boelence Sace 1982 Gilete, WY 866-686-7175 " Rapid Ciy SD 888-672-1225 - Colege Station, X 888-580-2213

. _ ‘ ' LABORATORY ANALYTICAL REPORT
Prepared by College Station, TX Branch

Revised Date: 01/14/11

Client: Soil Analytical Services inc ' Report Date: 01/14/11
Project: NMSWD Collection Date: 12/14/10 12:30
Lab ID: T10120097-003 DateReceived: 12/21/10
Client Sample ID NE Bkgd 90-91 Matrix: Soil

MCL/
Analyses Result  Units Qualifiers RL QCL Method Analysis Date / By
Organic Carbon, Total (TOC) 0.8 % ' 0.1 ASA29—3 122710 10:14 / mdc
1:1 EXTRACT
Chioride _ ND  ppm D 10 ' £300.0 12/28/10 13:15/ ajm
Report' RL - Analyte reporting limit. : MCL - Maximum contaminant level.
Definitions: QCL - Quality controf limit. ND - Not detected at the reporting limit,

. ' D-RL increased due to sample matrix.

The results represented within this report refate only to the samples as submitted. This report may not be reproduced except in full.

Page 4 of 14



; ‘ worw enetgyiab,com o Holena, MT 871-472-0T11  Billigs, M7 800-735-4489 - Casper, WY 888-235-0515
Avalyveel uceleace Shoe 192 Gillatts, Y 866-686-7175 - Rapid City, SO 888-672-1225 - College Station, TX 866-630-2218

. LABORATORY ANALYTICAL REPORT

Prepared by College Station, TX Branch Revised Date: 01/14/11
Client: Soil Analytical Services Inc Report Date: 01/14/11
Project: NMSWD Collection Date: 12/14/10 13:20
Lab ID: T10120097-004 DateReceived: 12/21/10,
Client Sample ID NE Bkgd 99>101 Matrix: Soil

. MCL/ :
Arnalyses Result  (nits Qualitiers RL QCL  Method Analysis Date / By
Organic Carbon, Total (TOC) 0.8 %o 0.1 ASA29-3 12/27/10 10:17 / mdc
1:1 EXTRACT
Chloride 12 ppm D 10 E300.0 12/28/10 13:33/am
Repo'rtl RL - Analyte reporting fimit. MCL - Maximum contaminant level.
Definitions: QCL - Quality control fimit. ND - Not detected at the reporting limit.

D - RL increased due to sample matrix.

The results represented within this report relate only fo the samples as submitted. This report may not be reproduced except in full.

Page.5 of 14



' @ " wwwenergylab.com ' Helena, MT 877-472-0711 - Bifiings. ¥7 800-735-4488 - Casper, WY 8B8-235-0515

| Caoonsromics | 80 Il Gillete, Y B86-B88-7175 - Rapid City, S0 B88-672-1228 - Gollege Staton, T 868-690-2218
. ! LABORATORY ANALYTICAL REPORT ‘

Prepared by College Station, TX Branch Revised Date: 01/14/11
Client: Soif Analytical Services Inc Report Date: 01/14/11
Project: NMSWD , Collection Date: 12/15/10 16:00
LabID: T10120097-005 DateReceived: 12/21/10
Client Sample ID SBKGD - 79-79.5 ) Matrix: Soil

MCL/
Analyses Result  Units Qualitiers RL QCL  Method Analysis Date / By
Organic Carbon, Total (TOC) 04 % 0.1 CASA29-3 12127110 10:19/ mde
1:1 EXTRACT
Chioride 781  ppm D 10 £300.0 12/28/10 13:50 / gjm *
Report ° AL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: QGL - Quality control fimit. A ND - Not detected at the reporting fimit.
l " . D-BRLincreased due o sample matrix.
Page 6 of 14

The results represented within this report relate only to the samples as submitted. This report may not be reproduced except in full.



Helena, MT 877-412-0711 - Billiags, M7 80D-735-4489 - Caspe}. Wy 888-235-0515
G, Y B6-G88-T178 ki iy, 50 89-572-1228 - Cage St X 8-540-2218

. ,[,J @ " wwaenergyiab.com ,
Analytical Excalience Since 1957 v

LABORATORY ANALYTICAL REPORT

Prepared by College Station, TX Branch

The results represented within this report relate only to the samples as submitted. This report may not be reproduced except in full.

Revised Date: 01/14/11
Client: Soil Analytical Services Inc Report Date: 01/14/11
Project: NMSWD Collection Date: 12/15/10 12:40
Lab ID: T10120097-001 DateReceived: 12/21/10
Client Sample ID West 8'> 10 Matrix: Soil
MCL/

Analyses Result  Units Qualifiers RL QCL Method Analysis Date / By
1:1 EXTRACT .
Chloride 6650 ppm D 100 E£300.0 12/28/10 12:23 / @jm

Repo!'t. RL - Analyte reporting limit. . MCL - Maximum contaminant level.

Definitions: QCL - Quality contro! fimit. ND - Not detected at the reporting limit. (

- D - RL increased due to sample matrix.
Page 2 of 14



;

7 " wWw.energylab.com ‘
Analyfical Exceflence Since 1952

i
LABORATORIES

LABORATORY ANALYTICAL REPORT
Prepared by College Station, TX Branch

Heieﬁa; MT877-472-0711 - Bﬂiings; M7 800—735-4488 * Casper, WY 888-235-0515
G, Y B66-686-T175  Rapid Sty S0 889-670-1278  Caee it XBBB-690-2218

Client: Whole Earth Environmental Report Date: 01/18/11
Project: NMSWD Johnson Cotlection Date: 12/30/10 12:05
Lab ID: T11010018-003 DateReceived: 01/06/11
Client Sample ID West Source 100 Matrix: Soil

: McL/
Analyses - Result  Units Qualifiers RL QCL  Method Analysis Date / By
Organic Carbon, Total (TOC) 0.7 % 0.1 ASA29-3 01/11/11 14:03/ mdc
1:1 EXTRACT
Chioride 79 ppm D 10 E300.0 01/12111 14:36/ am
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.

Definitions: QCL - Quality control fimit.

ND - Not detected at the reporting limit.

D - RL increased due to sample matrix.

Page 4 of 9

The results represented within this report relate only to the samples as submitted. This report may not be. reproduced exéept in fufl.



;" : @ " www energylab.com " Halera, MT 877-472-0711 - Billings, M7 800-735-4483 - Casper, WY 888-235-0313
ArmticatExeefence Siace 1952 Gilltte, WY B66-68E-7175 - Rapid City, S0 BA8-672-1225 - College Station, TX 888-690-2218°

. "LABORATORY ANALYTICAL REPORT
Prepared by College Station, TX Branch

Client: Whole Earth Environmental -~ Report Date: 01/18/11
Project: NMSWD Johnson Coliection Date: 12/30/10 12:10
Lab ID: T11010018-001 DateReceived: 01/06/11
Client Sample ID West Leak 110 : Matrix: Soil

) MCL/
Analyses Result  Units Qualifiers RL QCL  Method Analysis Date / By
1:1 EXTRACT
Chioride 206 ppm D 10 E300.0 0112111 13:22/ ajm
Report_ RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions: QCL - Quality control imit. : ND - Not detected at the reporting limit.

. D - RL increased due to sample matrix.

The resuits represented within this report refate only to the samples as submitted. This report may not be reproduced except in full.

Page 2 of 9



. Appendix D

1 Highlighted Map of Sand Gate Area.

2. Ground-Water Conditions in Northern Lea County, New Mexico, reports by
Sidney R. Ash 1963. ‘

3. 1988 report “ Hydrogeology of Lower Cretaceous strata under the southern High
Plains of New Mexico” by Fallin of the Texas Water Development Board.

4, “Geologic and Hydrogeologic Evaluation of Borings and Monitor Well At And

Around New Mexico Salt Water Disposal Co., Inc. Station 11- AP053 located in
Section 21, Township 10 South, Range 34 East.” Dr. Kay Havenor
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Hydrogeology of Lower Cretaceous strata
under the southern High Plains of New Mexico

by J. A. Tony Faliin, Texas Water Development Board, P.0. Box 13231, Austin, TX 78711-3231

Introduction

Recent interpretations of seismic and other
well log information indicate that Lower Cre-
taceous strata cover approximately 1,500 mi?
under the southern High Plains of New Mex-
ico (Fig. 1). Deposited on Late Triassic ter-
rane, and covered largely by alluvial-fan
deposits that make up the Ogallala Forma-
tion (Neogene; Seni, 1980), the strata form
buried mesas with more than 200 ft of sub-
surface relief at some locations. The buried
mesas are erosional outliers of a system that
is much more extensively preserved and de-
veloped in the Edwards Plateau region of
west-central Texas (Fisher and Rodda, 1969).

A typical Lower Cretaceous section under
the southern High Plains of New Mexico in-
cludes a relatively thin basal sand and sand-
stone deposit overlain by marls, clays, and
associated limestones (Fig. 2). Regional sub-
surface profiles show that the basal sand and
sandstone deposit correlates with the Antlers
Formation (Trinity Group) in Texas. The de-
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Lower Cretaceous outcrop
{black) and subcrop (gray)

FIGURE 1—Lower Cretaceous outcrop and sub-
crop areas in the southern High Plains region of
New Mexico. Refer to Fig. 7 for cross sections.

8 February 1988 New Mexico Gevlogy

posit is white to light blue, unconsolidated
to moderately well cemented, fine to coarse
grained, and quartz-rich; it has scattered len-
ses of gravel toward the base. Quartz grains
in the sand fraction are typically weli rounded
and frosted in appearance, both character-
istics associated with near-shore marine,
beach, and dune sand depositional environ-
ments,

As an irregular sheet deposit, the thick-
ness of the basal sand and sandstone pinches
and swells while thinning regionally to the
northwest (Fig. 3). Thickness of the unit
ranges from less than a foot to more than 60
feet, and appears to be maximally developed
where it fills erosional scour channels and
other topographic lows cut into the under-
lying Dockum Group {Late Triassic; Fig. 4).

Light-blue clay and argillaceous, shaliow-
marine limestone overlie the basal sand and
sandstone in southern parts of the study area
(Fig. 5). The limestone is fossiliferous in places
and has a spotty distribution pattern. Com-
bined with underlying clay intervals, the
limestone rarely exceeds 55 ft in total thick-
ness. The strata correlate sequentially and
lithologically with the Walnut and Coman-
che Peak Formations of the Fredericksburg
Group in Texas. )

A dark blue-gray shale interval capped with
yellow-brown clay overlies all other Lower
Cretaceous strata under the southern High
Plains of New Mexico. Thickness of the fine-
grained sediments ranges from zero to more
than 160 ft, with much of the section either
partially or completely removed locally by

post-depositional erosion (Fig. 6). The upper
yellow-brown clay covers the entire subcrop
area (Fig. 7), which suggests that it may be
an oxidized weathering profile that devel-
oped when the Lower Cretaceous strata were
uplifted and subaerially exposed during Lar-
amide time, Stratigraphically, middle parts
of the fine-grained sequence correlate with
the Kiamichi Formation (Fredericksburg
Group); upper parts of the section may also
include some of the Duck Creek Formation
{Washita Group), a unit that has been iden-
tified at outcrop localities in neighboring Texas
counties (Brand, 1953).

Hydrology

Almost all Lower Cretaceous strata under
the southern High Plains of New Mexico lie
below the regional water table, and are sat-
urated with fresh (less than 1,000 ppm total
dissolved solids) to slightly saline (1,000--3,000
ppm total dissolved solids) ground water.
Only in limited updip areas along the north-
ern and western edges of the province are
exceptions known to occur.

The Lower Cretaceous strata are hydraul-
ically connected with other ‘water-bearing
formations in the region, particularly the
bounding and overlying Ogallala Formation,
and are considered to be part of the greater
High Plains aquifer system. Basal sand and
sandstone beds and fractures, joints, bed-
ding planes, and shell facies in the limestone
intervals form effective ground-water reser-
voirs in the section, while clay, shale, and

Age |35 Group Formation Lithology
~100 my. Washita Duck Creek Yellow-brown to dark
Group Formation blue-gray shale with
ERSUIVY, SUNIY, TN WP, JEN., N thin imestone and
: ; . : siftstone interbeds
—~
O .
z Kiarnichi -
= Formation
Fredericksburg
@ Group
®
~+
3 Comanche frreguiarly bedded
@ Peak argilaceous timestone
e Formation with shell & clay interbeds
@ Wainut Yeliow to light-blue clay
Formation with some yellow sand
Antl White to light-blue sand
(i ntiers and sandstone with
T”mty GrOUp Formation gravel lenses toward
the base
-135 my O

FIGURE 2—Composite stratigraphic section of Lower Cretaceous strata under the southern

High Plains of New Mexico.
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marl beds define aquicludes. Combined with
underlying mudstone sequences in the
Dockum Group (Late Triassic), the aqui-
cludes confine the Lower Cretaceous reser-
voirs in most areas, while also influencing
ground-water flow around and over the Lower
Cretaceous subcrop. Ponding of ground water
also occurs where Ogallala reservoirs are
buttressed against fine-grained Lower Cre-
taceous strata in at least one updip location
northwest of Tatum, New Mexico (Figs. 6
and 7).

Tilted to the southeast and confined by

fine-grained deposits, Lower Cretaceous res-

FIGURE 3-—Distribution and thickness of the basal
Lower Cretaceous sand and sandstone unit (Ant-
lers Formation) under the southern High Plains of
New Mexico.
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FIGURE 5—Distribution and thickness of Lower
Cretaceous limestone strata (Comanche Peak For-
mation) under the southern High Plains of New
Mexico.

PP —
FIGURE 4—Structure contour map showing the
altitude of the top of Late Triassic strata under the
southern High Plains of New Mexico.

ervoirs under the southern High Plains of
New Mexico commonly exhibit artesian
pressures. Exceptions occur where numer-
ous uncased seismic holes have been drilled
into the system, allowing confined ground
water to leak upward into the overlying
Ogallala Formation while decreasing hy-
draulic pressures in the underlying Lower
Cretaceous reservoirs {Ash, 1963). '
Ground-water movement and drainage
through the Lower Cretaceous section is
generally to the east-southeast in conform-
ance with the head distribution and regional
structure. Local cementation, joint patterns,
intraformational facies changes, and sinuos-
ity of underlying scour channels, however,
prompt local deviations in flow patterns at
some locations. The cementation is primarily
calcitic in nature, although some quartz also
fills pore spaces in basal Lower Cretaceous
sandstone beds, restricting and even pre-
venting fluid movement in certain areas.
Surface lineament studies (Reeves, 1970}
suggest that joint patterns in Lower Creta-
ceous limestone reservoirs may be oriented
northwest-southeast and northeast-south-
west in the study area. Combined with loose
shell facies and bedding planes, such frac-
tures would form effective ground-water flow
zones in the limestone section.
Ground-water flow rates through Lower
Cretaceous reservoirs average less than 1 ft
per day (Weeks and Gutentag, 1984), with
discharge being to well heads in New Mexico
and Texas and to springs and seeps along
. iy
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FIGURE 6—Isopach map of Lower Cretaceous strata
under the southern High Plains of New Mexico.
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the southern High Plains escarpment in Texas.
The reservoirs have relatively low coefficient
of storage, transmissivity, and conductance
characteristics when compared to many
ground-water flow zones in the bounding
and overlying Ogallala Formation. Pumping-
test data show that two wells drawing from
the basal Lower Cretaceous sandstone res-
evoir in neighboring Cochran and Yoakum
Counties, Texas, had specific capacities of
1.63 and 1.1 gallons of water per ft of draw-
down when pumped at rates of 150 and 65
gallons per minute, respectively, for several
hours (Rayner, 1963; Mount, et al., 1967).
Notably, the Lower Cretaceous reservoirs also
had low recoverable artesian storage char-
acteristics around the investigation sites in
Texas. Elsewhere, flow conditions are clearly
better developed because some wells in the
Causey-Lingo area of Roosevelt County, New
Mexico, have produced more than 1,000 gal-
fons of water per minute from channel fill in
Lower Cretaceous reservoirs for sustained
periods of time (Cooper, 1960j.

Limited water-quality data show that both
calcium-sulfate (Ca-SO,) and sodium-bicar-
bonate (Na-HCO,) hydrochemical facies ex-
ist in Lower Cretaceous reservoirs under the
southern High Plains of New Mexico. The
ground water is slightly basic, with pH val-
ues ranging from 7.5 to 8.0, and it is mod-
erately to extremely hard, with dissolved
concentrations of calcium carbonate ranging
between 100 and 700 mg/1 (Cooper, 1960).

Assuming an average thickness of 15 ft,
20% porosity, and an areal extent of 1,300
mi?, it is estimated that the basal Lower Cre-
taceous sand and sandstone reservoir under
the southern High Plains of New Mexico holds
approximately 2.5 million acre-ft of ground
water under full-reservoir conditions. With
an average thickness of 10 ft, 1.5% porosity,
and 750 mi* areal extent, the Lower Creta-
ceous limestone reservoir holds approxi-
mately 72,000 acre-ft of ground water when
full.

The primary source of natural ground-water
recharge to Lower Cretaceous reservoirs un-
der the southern High Plains of New Mexico
is inflow from bounding and overlying res-
ervoirs in the Tertiary Ogallala Formation.
The Ogallala Formation, in turn, receives most
of its water supply via infiltration of surface
precipitation and runoff that periodically fills
playa lakes and other ephemeral drainages
over the study area, a source of limited and
often overdrawn supply in recent times.

Cross-formation recharge between Ter-
tiary and Lower Cretaceous reservoirs oc-
curs most readily where updip saturated sand
and gravel beds in the Ogallala Formation
abut against, or overlie porous and perme-
able intervals in the Lower Cretaceous sec-
tion. Saturated sand and gravel beds in the
Ogallala Formation, in turn, occur most fre-
quently where distributary channel systems
are best developed in the formation,’

In the southern High Plains region, Ogal-
lala distributary channel deposits are best
developed where they fill valleys that cut
across Lower Cretaceous and older subcrop




terrane (Fig. 8). The valleys formed mostly
before Ogallala deposition primarily by
westward headward erosion across the
southern High Plains (Seni, 1980).
Significantly, Lower Cretaceous reservoirs
also discharge some ground water into
bounding reservoir systems. In the Causey-
Lingo area of Roosevelt County, New Mex-
ico, basal Lower Cretaceous sand and gravel
reservoirs are truncated in downdip areas by
coarse-grained “valley fill” Ogallala deposits,
permitting cross flow into the Ogallala sys-
tem. Vertical leakage into the underlying
Dockum Group (Late Triassic) also occurs at
isolated locations, particularly where coarser-
grained fluvial-deltaic facies exist in upper
parts of the red bed sequence (Granata, 1981).
Wells completed in Lower Cretaceous res-
ervoirs under the southern High Plains of
New Mexico provide ground water for var-
ious surface uses. Widely spaced over much
of the study area, wells drawing from the
reservoirs are thus far noticeably concen-
trated only in the Causey-Lingo area of
Roosevelt County, where they supply water
for both crop irrigation and domestic use.
Undeveloped parts of the reservoir systems
showing potential for supplying additional
surface water to the southern High Plains
exist in northern Lea County, particularly
where relatively thick basal Lower Creta-
ceous sands and sandstones occupy ero-
sional scour channels that are cut into the
underlying Dockum Group (Late Triassic).

FIGURE 8—Structure contour map showing the
altitude of the top of Lower Cretaceous strata un-
der the southern High Plains of New Mexico.
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Executive Summary

As the result of New Mexico Salt Water Disposal Co., Inc., (NMSWDC) produced water
releases at its Station 11 tank battery, Unit D of Sec. 21, T10S-R34E, Lea Co., New
Mexico State Land Office (SLO) directed soil borings be made to determine the extent of
the contamination, if any, resulting from the releases. See page 1.

Four soil borings, SB-1, 2, 3, and 4, from 11 ft to 16 ft were made and found no water,
but soil chlorides analyzed in the laboratory exceeded 250 ppm (mg/kg) and the SLO
initiated requirements for additional deeper borings. See page 1.

Four deeper soil borings, SB-1A, 2A, 3A, and 4A were drilled to 36 ft with SB-4A
stopping at 31 ft due to penetrating 0.18 ft (2.16 in) of produced water saturated silty clay.
See p. 2. ' :

Recovery well RW-1 was drilled a few feet from SB-4A and encountered no water after
sitting for one hour. After one week, only enough water was recovered for an analysis
sample. A year later less that one liter of water was recovered. The term aquifer is
defined at length and the conclusion is that this is not in an aquifer. See p. 3.

Monitor wells MW-1, MW-2, and MW-3 were drilled to 135 ft, 139 ft, and 135 ft.
MW-2 and MW-3 had no shows of water until penetrating the water table of the
Cretaceous sandstone aquifer at 117+ ft. MW-1 had a small accumulation of produced
water at 61 ft to 63 ft in basal Ogallala sand on top of the disconformity at the top of the
Cretaceous shale aquiclude. Water in the Cretaceous sandstone is below 117 ft in the
USGS aquifer unit designated as Cretaceous System (210CRCS). See p. 5.

Three more monitor wells found small accumulations of produced water seen at 61 ft in
MW-1. MW-4, MW-5, and MW-6 were drilled to 65 ft, 30.5 ft, and 65 ft, respectively.
MW-5 encountered a show of produced water 0.9 ft (10.8 in) thick across the base of a
sand and the top of a fat clay at 30 ft TD. MW-4 had 3.27 ft of produced water at 60.49
ft (basal) Ogallala sand to 63.49 ft in the Cretaceous shale at 63 ft. MW-6 similarly had
3.36 ft of water from 59.87 ft in lower Ogallala sand and Cretaceous shale to 63 ft. See
page 5. ) ' ' :

The produced waters found in RW-1 and MW-5 are very small accumulations in
restricted areas, trapped on and in the top of a clay barrier. Produced water found in
MW-1, MW-4, and MW-6 at approximately 60 ft is captured in and on the top of the
Cretaceous shale, an aquiclude. The quantities are small as evidenced by their thickness,
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lack of response to bailing and recharge, and their absence in MW-2 and MW-3. The
produced water occurs in zones that are otherwise void of fluid. None of the zones are in
paths of recharge to the Cretaceous sandstone aquifer. Individually and collectively they
form no threat to the Cretaceous sandstone aquifer. No potable or protectable water
supplies are present in the area above the isolated Cretaceous aquifer.

- Concerns as to contamination of windmill wells are not valid. The Lucky windmill is

contaminated with nitrates from livestock watering at the well. Nitrates are not found in
oil/gas produced waters. Nitrates found in MW-6 had to be present in the zone prior to
the accumulation of produced water at the 60 ft zone from spill(s) at Station 11. The
leakage direction from the Lucky windmill to the MW-6 area is confirmed because of the
absence of bromide in the Lucky water analysis, plus the nitrates occurring in MW-6.

The compilation of a geological profile of the shallow subsurface demonstrates that very
small volumes of produced water are trapped on and in the upper surface of either the 30
ft deep fat clay in the Ogallala Formation, or the 60 ft deep disconformable Cretaceous
shale. The data also shows the respective clays/shale are significant aquicludes that
protect the fresh water of the deeper Cretaceous sandstone aquifer.

This study concludes that the produced water releases at Station 11 have not _
contaminated or endangered any groundwater under or immediately adjacent to Station
11. There is no protectable water in the greater Station 11 area above the underlying
Cretaceous sandstone aquifer.

The Cretaceous sandstone aquifer and its water are safe and highly protected by at least
one overlying, thick, contiguous Cretaceous shale aquiclude. The water in the Cretaceous
sandstone aquifer is of generally good quality. No evidence can be found that places the
Cretaceous aquifer water at risk, save the nitrates emanating from Lucky windmill.

More than adequate monitoring capability at Station 11 is present to insure these
conclusions remain correct. The recommendation of this report is that monitoring
continue for a reasonable time. No further testing is required. The meager amounts of
produced water found should be left undisturbed for natural attenuation. They pose no
threat of vertical or horizontal migration. ‘
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Introduction

NMSWD’s Station 11 is located in New Mexico Oil Conservation Division (OCD) Unit D
of Sec. 21, T10S-R34E, Lea Co., New Mexico.

Since 1999, NMSWD has experienced produced water releases totaling approximately
1,700 bbls, of which about 92% was recovered. The unrecovered water amounts to approximately
136 bbls. In 2003, NMSWD was required by the SLO to make soil borings to preliminarily '
evaluate possible contamination as a result of the releases.

Initially, four shallow borings were scheduled with locations approximately at the corners
of the E-W orientated Station 11 tank battery, Figure 1, p. 1. SB-1, SB-2, and SB-3 were 11 ft
deep. SB-4 was drilled to 16 ft. No BTEX or TPH was detected. No water was detected. Soil
chlorides were laboratory measured and found to be above 250 ppm (mg/1).

The SLO required addition soil borings (Figure 1, p. 1) be made because the soil chlorides
were greater than 250 ppm (mng/kg) (the EPA ppm maximum recommendation for drinking
water).
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5.001:‘ 3
Bt \% \ i \ i > / SB-1A
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Figure 1 Locations of soil borings SB-1 to SB-4 and SB 1A to SB-4A (Bamh111 2007)
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Secondary Soil Borings

~Soil borings SB-1A, SB-2A, and SB-3A were drilled to depths of 36 ft without A
encountering water. SB-4A drilled a clayey sand from 19 fi to 27 ft, followed by a tighter fat clay
from 27 ftto TD 31 ft. Water was found within the silty fat clay at 30.82 to 31 ft that field tested
45,000 mg/1 chloride, but had no hydrocarbon odor or staining. The thickness of this water zone
was only 0.18 ft (2.2 inches).

Discussion of SB-4A water zone characterization

Barnhill (2004, p. 14) in reporting the drilling of SB-4A described the thin water zone
saying, “A perched aquifer was found in soil boring 4A perched on top of the clay zone at 31' feet
(sic) below ground surface.” After examination of the drilling data, log descriptions and chemical
analyses, along with numerous conversations with Mr. Barnhill, two facts emerge. First, a
corrected and more appropriate description of the SB-4A water zone would have been, “A very’
thin water saturated zone was found within a tight silty fat clay drilled from 27 to 31 ft BGS.”
Those depths are from the penetration rate and descriptions of the split spoon samples of drlllmg
the interval from 27 to 31 ft. The correctly reported show of produced water was 2.2 inches thick
and almost 4 ft beneath the top of, and within, the clayey interval. Second, unfortunately, the
graphically plotted sample log is not quite as detailed as are the on-site in-drilling handwritten
descriptions. The graphic log simply is too smalil to accommodate the lithology change at 27 fi to
31 ft. The level of the water show interval displayed on the graphic log is correct. The field notes
do correspond to Barnhill’s (2004, p. 14) textual discussion. The graphic log places the water
show in clayey sand whereas the on-site drilling log indicates the interval 27 to 31 ft was fat clay
with brown inorganic silts. The plotted sample log notes soil chlorides from 29-31 ft at 3900
ppm. The field notes show the H,O chlorides at 8220 ppm and VOC’s at 8260 ppm. VOC’s had
been non-detect in all the other wells.

Unfortunately, the reader tends to focus on the graphical depictions of test holes and
bypass the more tedious examination of handwritten field notes. In the case of SB-4A the
difference, although small, is significant. The implications of the presence of water, albeit 2.2
inches, in the bottom of a sand is substantially different than when within a silty fat clay. Clays
have very significant porosity, very low horizontal permeability, but virtually no vertical
permeability. Water in a sand is visualized to have the capacity to move horizontally and
vertically. The water in a clay is, for all practical purposes, immobile.

The water zone in SB-4A was not bailer tested during drilling. The show of water was
correctly handled on-site by Barnhill’s not penetrating deeper and potentially opening a conduit to
any water that might be deeper. Bailer testing was performed after the development of a twin
recovery well, RW-4, as discussed later. ‘



Connotation of “Aquifer”

The unintended application of the word “aquifer,” in it’s technical sense, combined with
the insufficient graphical representation of the water show having occurred in a sand instead of a
clay may have allowed a misreading of the geological implications of groundwater at and around
Station 11. That raised concern as to potential contamination of much deeper, quasi-potable
(livestock) water suspected to underlie the immediate area. The OCD’s initially conservative
approach was to the presence of water with high chloride concentrations in the immediate vicinity
of Station 11 and potentially above a regionally recognized aquifer.

- The conclusion in Mr. Price’s letter (AP053, 2008, p. 4) in item 12, that “the deeper,
regional aquifer encountered at 100-105 feet BGS has not been contaminated by a release from
Station 11" implies a shallow aquifer to be locally present. However, the OCD’s concem also
appears to have been to the protection of any water in a recognized aquifer, and the “perched
aquifer” fell into that broad grouping. A brief discussion of the hydrogeological and scientific
understanding of the word “aquifer” seems in order.

The lay meaning of “aquifer,” from Webster (1980), is simply a “water bearing stratum of
pérmeable rock, sand, or gravel.” In the scientific realm, Todd (1980, p. 25) states, “An aquifer
may be defined as a formation that contains sufficient saturated permeable material to yield
significant quantities of water to wells and springs.” A highly respected and accepted authority on
groundwater, Driscoll (1986), describes an aquifer (p. 19) thus: “An aquifer is a water-bearing
reservoir capable of yielding enough water to satisfy a particular demand.” On the more
contemporaneous side, Wikipedia (2009) states, “An aquifer is an underground layer of
water-bearing permeablé rock or unconsolidated materials (gravel, sand, silt, or clay) from which
groundwater can be usefully extracted using a water well.” The OCD definition is: “Aquifer”
means a geological formation, group of formations or a part of a formation that is capable of
yielding a significant amount of water to a well or spring (NMAC 19.15.2.7.A.(13)).

Discussion of recovery well RW-1

Based on Barnhill’s (2004) report of 2.2 inches of water in clay in SB-4A, a recovery well,
RW-1, was drilled a few feet away from the SB-4A boring, on the northwest corner of Station 11
as shown in Figure.2, p. 4. RW-1 ws drilled on June 13, 2007 and the well was developed
(completed) on June 21, 2007. Bamhill (2007, p. 11) reports that during drilling to TD 33 feet no
water was encountered. The SB-4A wet zone, only a few feet away, was not present. Upon
completion of drilling, the well was rested for 60 minutes to allow water entry. No water entry
occurred. During development of the recovery well, one week later, a water sample was
recovered, but the well “quickly bailed down and had slow recovery . . .” (Barnhill, 2007, p. 11).
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The very small amount of water recovered and the nature of the poor recovery initially led
Barnhill to consider the fluid was derived from construction. The well was left to recover and was
completely secured. On July 10, 2007 the well was bailed dry after yielding a total of eight (8)
gallons of water. After 45 minutes the well had not recovered any water.

After receiving the laboratory analysis of the RW-1 captured water, Barnhill (personal
communication) reconsidered and concluded that the original sample was from produced water.
Approximately one year later the well was unlocked and bailer tested for water by Mr. Barnhill
accompanied by Mr. Rory McMinn. Less than a full liter of water was obtained for analysis,
reportedly with considerable difficulty. The hole, for practical purposes, was virtually empty.
That information is completely consistent with the lithologic description of the produced water
zone in SB-4A, detailed above. It is also apparent this zone is not an aquifer. :

Monitor Well Development

Monitor well development began on June 12, 2007 with the drilling of MW-1, MW-2, and
MW-4. The details of drilling and construction are in Barnhill’s (2007) comprehensive report.

Monitor Wells - First Phase

MW-1 is located toward the southwest corner of Station 11, as shown on Figure 2, p. 4.
No water was observed at the 30 ft depth interval of SB-4A. When the driller pulled the center
rod at 63 ft, after having drilled sand from 41 ft, he noticed clay. Upon going back in the hole
there was 2 ft of water on top of a 40 ft thick, very-tight Cretaceous shale. The Cretaceous local
aquifer, discussed below, was found beneath the shale in the lower part of a sandstone at 117.23
ft. TD was 135 ft.

MW-2 is located north of the northwest corner of Station 11. The hole was dry in drilling
to below 120 ft. A log notation indicated that no water came into the hole. Drilling was
temporarily suspended at 124 ft due to lightning. After resumption of drilling shale (fat clay) was
penetrated from 133 to 135 fi. The well was completed at 139 ft (rathole) because of heaving
sand from 129 - 133 ft. The well was set to 135 ft. Top of water was called at 117 ft, with water
level at 116.91 fi, upon completion in the Cretaceous local aquifer.

MW-3 is located southeast of Station 11. After drilling the sand from 49 ft to 64 ft
(through the interval with water in MW-1 and MW-4) with no show of water, drilling was shut-
down for night. The next morning the hole was dry. Drilling was advanced to 119 ft where the
hole was dry. Additional drilling with meager to no sample returns went to 139 ft. The water
level on completion was at 119 ft in the Cretaceous local aquifer. Based upon meager samples,
the TD of the well appears to have been at the top of the Triassic Dockum Formation. - ‘
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Figure 2 Monitor well locations, depth to water and water zone thickness
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An annotated cross-section including MW-1, MW-2, and MW-3 from Barnhill (2007) is |
shown below as Figure 3, p. 7, and is helpful in following these discussions.

Monitor Wells - Second Phase

The second phase of monitor well construction was precipitated, in part, by the occurrence
of 2 ft of water on top of the Cretaceous shale in MW-1 at 61 ft to 63 ft. The drilling of this
second phase began April 14, 2009 under the direction and supervision of Mr. Barnhill.

MW-4 was drilled to south of Station 11 to TD 65'. No water was encountered in the
interval observed in SB-4A. A test in the clay at 30.30 ft showed the hole was dry. Produced
water was found from 60.22' to 63.49' ( 3.27 ft thick) in sand overlying the disconformity on top
of the Cretaceous shale (fat clay) and into the top of the shale. Lab chlorides jn the water sample
were 33,000 mg/l. The borehole log for MW-4 is shown in Figure 4, p. 8. '

MW-5 was drilled 100 ft north of MW-2 as shown in Figure 2, p. 4. The well encountered
0.9 ft of water interval from 29.6 ft to 30.5 ft. Drilling was not taken deeper to prevent potential
communication with deeper zones. Lab chlorides on the water sample were 28,000 mg/l. The
borehole log for MW-5 is shown in Figure 5, p. 9. : ’

MW-6 was drilled west of Station 11 (see Figure 2, p. 4) to a depth of 67 ft. Drilling was
halted for 24 hours to test for water from 30 ft to 32 fir. Water observed at this depth in MW-5
was not found in this well. Water was encountered at 59.87 ft in sand overlying Cretaceous shale
and its disconformity at 63 ft.. TD was at 65 ft in Cretaceous shale. The top of the water was
reported at 59.87 ft. Lab chlorides on the water sample were 20,000 mg/l. The borehole log for
MW-6 is shown in Figure 6, p. 10.

Monitor wells MW-1, MW-2, and MW-3, as shown by Barnhill (2007) in cross-section,
Figure 3, p. 7, provide important hydrogeological information relating to this immediate area as
regards structural attitude, sedimentary depositional environment, and the Cretaceous local aquifer
water table. These wells penetrate the Cretaceous shale that forms the aquiclude above the water-
bearing sandstone beneath.
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Geology Revealed by First and Second Phase Borings

Monitor well elevations, Figure 7, p. 12, illustrate the Station 11 area is close to 4,218 ft
MSL. MW-1 is mounded 3-feet higher than the surrounding wells and is less than 10 ft south of
the intersection of a N-S road into an E-W road. The contouring ignores the roads and the likely
man-made mound related to the construction immediately north of the well. The regional ground
surface in Section 21 is known to slope east at 25 feet per mile, approximately 1/4°. Station 11 is
essentially a flat area. The USGS topographic quadrangle map shown in Barnhill (2004) marks
the elevation of the southwest corner of Station 11 tank battery to be 4217 ft MSL.

Two horizons provide excellent structural reference for all three first phase wells. The
uppermost horizon is at the base of the Quaternary sand, silt, caliche horizon to about 19 ft as
highlighted by Barnhill (2007), shown here in Figure 3, p. 7. This marker is the top of a beveled
Ogallala Formation overlain by Quaternary sediment. The marker is essentially flat. The
lowermost marker is the groundwater table for the local area’s groundwater in Cretaceous age
sediments. Figure 3 demonstrates the Cretaceous water table as essentially flat. The water levels
on July 7, 2007 were: MW-2 = 116.91 ft, MW-1=117.23 ft, and MW-3 = 116.85 ft, a maximum
variation of only 0.28 ft (3.36 in). Figure 3 shows the ground’s surface, the eroded surface of the
Ogallala Formation, the lowermost bed of Cretaceous sandstone, and the water table in each of
the wells, all of which are quasi-parallel with only a 0.38 ft gradient from MW-2 to MW-1

Beneath the clayey, brown sand, silty unit and brown clay unit of the Ogallala Formation
(at 42 ft in MW-2) is the first sand in which produced water occurs, but only in MW-1. Both
MW-2 and MW-3 are dry in that interval. This sand is the same zone in which produced water
also has been found in MW-4, and MW-6, p. 8 and 10, respectively. In all three of these wells
(MW-1, MW-4, and MW-6) produced water is only in the most basal part of the Ogallala sand
that is disconformable on top of Cretaceous shale. These three wells are located to the west and
southwest of Station 11 tank (Figure 2, p. 4). Figure 3, p. 7, illustrates that the depths of this sand
in MW-1 and MW-3 are essentially the same, but MW-2, located on the northwest corner of
Station 11 tank battery, is structurally higher. ' '

The sand at 42 ft in MW-2 was not penetrated in MW-5, located 100 ft north, because it
stopped at TD 30 ft. The top of the MW-2's clay at 30 ft overlays sand (42 ft to 57 ft). The clay is
also present in MW-5 at 30 ft and is the bed that traps and holds the very thin occurrence of
" produced water shown at 29.60 ft on the borehole log, Figure 5, p. 9. The water zone in MW-5
extends into the clay layer to 30.5 ft, a water column thickness of 0.9 ft. Lab chlorides on the
water measured 28,000 mg/1. '
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Figure 7 Topographic contour map from well elevations. Surface modifications not shown.
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The 40 ft thick shale beneath the Ogallala and the Cenozoic-Paleozoic disconformity is on
top, the aquiclude, of the water bearing sandstone in MW-1, MW-2, and MW-3, as shown above
in Figure 3, p. 7. MW-4 and MW-6 were only drilled to 65 ft, but both have the same shale
underlying their trapped water zone in the 60 ft range. It is a reasonable geological projection that
the shale zone is present with consistent thicknesses in MW-4, MW-6, and beneath Station 11 as
evidenced by its presence in MW-2 and MW-3.

Shallow Stratigraphy and Structure of the Study Area
Fluids must move through soil, sediment and rock to penetrate into the subsurface. The
fate of the fluid’s movement is dependent upon many factors including the mass/volume of the

fluid, time, and most importantly, the formations through which they must move.

Within the immediate study area the surface is covered with 15 ft to 19 ft of Quaternary

| alluvium, mostly in the form of fine blow sand and caliche. The underlying Tertiary Ogallala

Formation extends from about 19 ft to a depth ranging from 57 ft in MW-2 to a maximum 63 ft
depth in the remaining wells. The Ogallala aquifer is not present in this greater study area as
mapped by Ash, 1963. The Ogallala Formation is present, but all fresh water in the greater part of
T10S-R34E is derived from the Ash’s (1963) Cretaceous unit mapped with the symbol Kcl. The
Cretaceous unit is an erosional remnant upon which Ogallala was later deposited.

A disconformity is present and identified as such from a split-spoon samples in MW-4
across 63 ft. The zone has excellent correlativity to all the sands found in that interval in the other
wells. The disconformity is the Cretaceous-Ogallala contact and is a time break of some 42
million years. A significant change of lithology is apparent below the formation contact.

Figure 3, p. 7, shows that MW-1 is located in a structurally lower position than the tops of
the correlative sands in MW-2 and MW-4, especially at the base of MW-1's Cretaceous shale at
104 ft.. The slight structural depression developed as a slight reduction in the thickness of the
Cretaceous sand beneath the shale at 104 ft in MW-1. This slightly lower structural position in
MW-1 reflects upward into the overlying Ogallala. It forms the sag, or sump, into which 3.5 ft of
produced water accumulated in the basal Ogallala sand in MW-1. This is significant because it
shows 1) the upper Cretaceous shale is a strong aquiclude preventing downward movement of
produced water from Station 11, and 2) the trapped water at this horizon is isolated to a small area
around the southwest corner of Station 11. This additionally shows the volume of water in the
sump is relatively small. The contaminated thickness in the lower Ogallala thins slightly from
MW-1 to both MW-4 on the south and MW-6 on the north (Figure 2, p. 4). The produced water is
absent in both MW-3, approximately 165 ft west, and MW-2, approximately 140 ft north.
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The log plot of MW-1 in Figure 3, p. 7, appears to be anomalous immediately above the
46 ft top of sand. In the adjoining wells, MW-2 and MW-3, the sand at 46 ft is overlain by a
brown clay. Comparison of the graphic plot of that interval with the on-site data recorded during
drilling discloses that a sandy, silty brown clay is actually present from 39 ft to 46 ft. The unit is
not as strong in clay as the correlative zones in all the other wells, but it is present. It also
provides a possible conduit to allow produced water from the surface to reach the 60 ft interval in
MW-1.

Drilling Testing Information

Soil boring and monitor well development details aid the understanding of the data being
reviewed. MW-1 was at 63 ft on June 12, 2007 when the driller noted clay on the bit when he
tripped out of the hole. Upon returning to bottom there was 2 ft of water which they sampled.

The hole was drilled to 65 ft in fat clay and millimeter thin stringers of sandstone and mudstone.

It is important to note that the recorded 2 ft were not logged as sand and clay, but as sandstone and
mudstone. At temporary TD of 65' the drilling was suspended by the contractor and was shut-
down for five days. Recovery well RW-1 was completed before resuming drilling in MW-1. The
lithology encountered at 63 to 65 ft in MW-1 was reconfirmed with slightly more detailed sample
descriptions and finished drilling to TD at 135 ft.

Monitor wells MW-2 and MW-3 were drilled into the Cretaceous sandstone aquifer with
no observed water zones above the basal sandstone. Both were completed in the Cretaceous
sandstone.

Five monitor wells, MW-1, MW-2, MW-3, MW-4, and MW-6, penetrated the local
Ogallala Formation into the top few feet of the Cretaceous shale. The first three listed penetrated
the 40 ft thick upper shale unit of the Cretaceous in which the hydraulic conductivity is very low,
Ksat = 5.2, MW-5 was drilled into the Ogallala Formation, TD 30 ft, where it encountered 0.9 ft
of water in the Cretaceous shale (fat clay) beneath a clayey Ogallala sand.

Three monitor wells were drilled beneath the Cretaceous shale into the lower part of the
underlying Cretaceous sandstone. This sandstone has a measured water level 14 ft to 17 ft below
the base of the overlying shale aquiclude. MW-2 encountered heaving sediment in the basal part
of the sandstone layer at about 133 ft. The formation was drilled from 133 ft to 135 ft, and then
ratholed to 139 ft, into what may be the top of the Triassic Dockum Formation.

The Cretaceous water in MW-2 is effectively confined by the overlying shale, but is not
artesian because the sandstone is not water filled and therefore has no driving hydraulic head. The
Cretaceous waters do not have high chlorides content, but range from 538 to 648 mg/l in MW-1,
MW-2, and MW-3. The chloride levels are all above EPA MCL levels of 250 mg/l.
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Area Windmills

Two windmills tap the Cretaceous sandstone aquifer in the local area. The Lucky
windmill in Section 20 is 1-mile southwest of Station 11 and the Sand windmill is 1.3 miles north
in Section 9. The chlorides in the two wells were 638 and 548 mg/1 respectively. The Lucky
windmill wells and one additional unsampled well located in the NW/4 of Section 27, about 1.75
miles southeast of Station 11, are classified in the USGS groundwater data base as producing from
the Cretaceous System (210CRCS). The Sand well is not in the USGS well records.

The productive capacity of the Lucky and Sand windmills was described by Barnhill
(personal communication) as extremely weak when sampled in May 2009. When asked to
explain, Mr. Barnhill reflected that it was about enough water to allow the cows to get a drink,
illustrating a finger size stream from the windmill at Lucky well and from the solar powered .
electric pump at Sand well.

Bailing from the bottom of the Cretaceous sandstone aquifer in the Station 11 MW-3
completed well yielded approximately 15 gallons of fresh water from 117 fi. The well completion
field notes indicated “slow recovery!” That suggests the visual pumping discharge described by
Mr. Barnhill at the Lucky and Sand windmill wells was reasonable.

Windmill Contamination

USGS water levels have been reported in the “Cretaceous System local aquifer” Lucky and
the ranch well southeast in Section 27. Total depths of the ranch well and Lucky well are not
reported in the USGS files. The OSE records suggest the Lucky well is at least 101 ft deep. The
last reported water level in the Lucky windmill well was 1981 at a depth of 34.11 ft. The water
analysis of water taken from the Sandy windmill is geochemically inconsistent with the Lucky
windmill data. No information is available on the Sandy windmill as to depth or water level. The
Sandy well has therefore been disregarded in this analysis. Cretaceous water analyses from the
Station 11 monitor wells MW-1, MW-2 and MW-3 were reported by Barnhill (2007) and are
geochemically consistent with the water from Lucky windmill, except for nitrate levels. No
Ogallala aquifer is reported in the sections surrounding Station 11, or in most of this township, by
Ash (1963).

The water level in the Lucky windmill is at a height approximately the same as the top of
the first significant fat clay encountered about 30 ft in all the Station 11 monitor wells, except
possibly MW-1. The 34 ft deep water level in the Lucky windmill was not observed in the Station
11 wells, except for MW-5. The difference undoubtly has to do with the professional installation

‘of the monitor wells, their casing, screening, and grouting to prevent water zone mixing. That
cannot be assumed for the windmill well. The Lucky’s well depth, at a minimum, puts the hole
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into the Cretaceous local aquifer, as the water chemistry very clearly confirms.

The Station 11 well lithology logs, water levels and analyses shows the aquifer beneath

Station 11 is not artesian. The water level is about 15 ft beneath the top of the sandstone host.
Lack of evidence otherwise requires we assume the Lucky windmill is similar. There is also
evidence, discussed below, that some communication exists between MW-6 and the Lucky well at
the 60 ft level. That communication presents conditions that must be met in MW-6, namely that
the incoming volume must be extremely small to match the amount of water accurately measured

.in MW-6. It would further require that water being pumped from the Lucky borehole would stand
and maintain a water level around 34 ft over many years. USGS water level records from 1970 to '
1981 show water levels from 37.01 ft to 34.11..

To evaluate the local rancher’s expressed concern that produced water releases from
Station 11 have contaminated the Lucky stock water supply, a sample of water from the Lucky
windmill was taken at the same time as from MW-4, MW-5, MW-6. Samples from MW-1, MW-
2, and MW-3 had previously been collected and analyzed. Those analyses permit comparisons of
bromide and nitrate to evaluate possible migration of contamination from Station 11 to the Lucky
area one-mile southwest.

Bromide and nitrates are each normally less than 10 mg/1 in groundwater, except in special
circumstances not known to be present in this region. Nitrate in fresh water is characteristically
indicative of septic systems, livestock feeding, and commercial farming, none of which exist in
the Station 11 or Lucky windmill area, except livestock watering at the latter. Bromide is
generally in oil/gas related produced water in high quantities. Livestock presence is not physically
excluded from the Station 11 area except from the fenced tank battery.

- Unfortunately, the laboratory failed to analyze nitrates in the MW-5 sample submitted, but
it was analyized in the Lucky windmill well plus MW-4 and MW-6. EPA limits (MCL) for
nitrate as N in public drinking water is 10 mg/l. The EPA has no MCL for bromide, but it is
considered as dangerous over 10 mg/l. Table 1 shows the concentrations found in the Lucky
windmill, MW-4, MW-5, and MW-6. '

Table 1 Bromide and nitrate-N concentrations in Lucky windmill and monitor wells.

Compound in mg/l Lucky MWwW-4 MW-5 MW-6
Nitrate as N _ 15.9 . <2.50 . NA 49.4
Bromide <2.50 940 512 -609
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The hydrogeochemical argument is relatively simple. Nitrate is not found in oil/gas
produced water. Bromide is uncommon in fresh waters. Nitrate source is present in the Lucky
windmill at contamination levels. Professional well construction of the Station 11 monitor wells
is specifically engineered to prevent subsurface water contamination via the well bore except from
a specific horizon. Common construction of ranch water wells, including many domestic wells,
does not have the grouting and/or isolation to prevent contamination via the open borehole.

The Lucky well analysis shows it has 15.9 mg/1 nitrate-N in its well water produced from
the Cretaceous groundwater aquifer. MW-4 has below measurable nitrate in water taken from the
lower Ogallala at TD 65 ft. MW-6 shows 49.4 mg/] nitrate-N from the bottom of the 65 ft grouted
and surface isolated well. The Lucky windmill well is the only potential source of nitrate and it is
assumed to be the up-gradient well. The higher level of nitrate in MW-6 can be directly related to
concentration caused by H,O adsorption and the resulting concentration of nitrates as very small
volumes of water have moved from Lucky to the MW-6 site for decades. The volumes constitute
seepage rather than flow. The Lucky windmill is one-mile southwest of Station 11.

The Lucky windmill has below detectable bromide whereas MW-4, and MW-6 have
940 mg/1 and 609 mg/1 respectively. The high oil/gas produced water concentrations of bromide
are not seen in the Lucky windmill. The hydrogeochemistry demonstrates that water movement,
albeit small, is from Lucky windmill to the MW-6 site. Were there any water from Station 11
moving into the Lucky windmill there would be unquestionably high concentrations of bromide as
well as highly elevated chlorides and sodium. Water from Lucky windmill is and has moved into
the MW-6 site through the sand along the top of the Cretaceous disconformity at 63 ft. No
bromides, and no high sodium-chlorides (elevated above that seen in the Cretaceous sandstone)
demonstrates that water is not moving from the Station 11 area to the Lucky windmill. An
additional consideration to these indicated movements is that of time. With no driving flow of
water, and the observed minuscule, isolated volumes, the rate of movement of ¢ither fresh or
produced water through the Ogallala sandy horizons present in this environment would be truly of
geological proportions. B

- The initial round of soil borings (SB-1, SB-2, SB-3), at the corners of Station 11, found no
shallow indications of water, but did record soil chlorides above 250 mg/kg (ppm). As has been
noted, the 250 ppm value is the EPA’s MCL limits in water for safe consumption by humans.
New Mexico has no health or environmental standards for soil chlorides. If soil chloride
standards were set at 250 mg/kg there would be large areas, especially in southern New Mexico,
where soils in their native/natural state would be in extreme violation.

Septic systems are an excellent example of using soils as filters to purify waste water. The
filtering and ion exchange processes essentially adsorb ions and/or particles as well as exchange
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ions such as Na/K, but generally excepting nitrates. However, there no known water/rock
(mineral) interaction that will remove chloride from groundwater.

The chloride content of the 61 - 63.5 ft produced water in MW-1 was 21,000 mg/l whereas
the underlying regional aquifer water was 550 mg/l. The separation of the two zones is effected
by the 40 fi+ Cretaceous shale (fat clay horizon) above the Cretaceous aquifer sand. The water
samples from the Cretaceous aquifer in MW-2, and MW-3, plus the more distant Lucky windmill,
individually and collectively confirm that the Cretaceous shale has effectively prevented any .
downward migration into the Cretaceous aquifer from the thin, dispersed and areally isolated
produced water shows at Station 11. Unfortunately, the Cretaceous sandstone aquifer beneath
Lucky windmill has nitrate contamination.

Conclusions

Four shallow borings, SB-1, 2, 3, and 4, were drilled to a maximum depth of 16 ft. No
water, BTEX or TPH was detected, but laboratory analyses found soil chlorides to be above 250
ppm (mg/l). Although 250 mg/1 chloride is an EPA MCL for drinking water, New Mexico has no
standard for soil chloride concentrations. ‘

Because of the >250 mg/1 chlorides in soil samples, the SLO required additional soil
borings. Four new borings were drilled close to the original soil borings near the corners of
Station 11. SB-1A, SB-2A and SB-3A were drilled to 36 ft into a clay layer without encountering
any water. SB-4A was drilled at the northwest corner of Station 11 to a TD of 31 ft in clay.
'Water was noted in the clay from 30.82 ft to 31 ft, a thickness of 2.16 inches. Chloride content of
the water was 45,000 mg/1.

The SB-4A water zone in clay was inappropriately referred to by Barnhill (2004) as a
“perched aquifer.” This writer, following geological concepts, disagrees with the SB-4A zone
being classified as an aquifer. It should more appropriately have been described as “A very thin
water saturated zone was found within a tight silty fat clay drilled from 27 to 31 ft BGS.” Less
than 2.2 inches of water in a fat clay does not constitute an aquifer or groundwater protected by
the OCD’s abatement regulations.

Three monitor wells plus a recovery well immediately next to SB-4A were ordered by the
OCD. MW-1, MW-2, and MW-3 were drilled at locations shown on Figure 2, p. 4. Two monitor
wells were drilled to TD 135 ft. MW-3 was drilled to TD 139 ft. Water levels were found in all
three wells at about 117 ft in Cretaceous sandstone. No contamination was found in the
Cretaceous aquifer water. The USGS classifies other wells in this aquifer in the immediate area
as Cretaceous local aquifer (Cretaceous System (210CRCS)) (Ash, 1963).
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- Water was found during the drilling of MW-2 in Ogallala sand from 63 ft to 65 f, directly
on top of the Cretaceous shale. The hole was cased and drilling continued to TD 135 ft in the
Cretaceous aquifer sandstone where the well was completed. No contamination was found in the
fresh water at TD. The Cretaceous clay above the aquifer sandstone is an effective aquiclude to
downward fluid migration.

Recovery well RW-1 was drilled to TD 33 ft and completed. During drilling it reported no
water in the Ogallala sand penetrated. After completion a sample of water was collécted for
chemical analysis. The fat clay that is present throughout the study area beneath the Ogallala sand
will act as a barrier to any downward migration toward the Cretaceous sandstone aquifer. Again,
the 40 ft thick Cretaceous shale that is found about 60 ft deep presents an excellent example of a
groundwater barrier to downward migrating water.

- Hydrogeochemistry demonstrates that the Lucky windmill has no contamination from
Station 11 produced water migrating to or entering the well. That is verified by the absence of any
measurable bromide content that might have migrated from MW-6 or through subsurface paths.
The hydrogeochemistry further confirms that some water moved from the Lucky windmill, which
was contaminated by nitrates, into the area where MW-6 was developed.

All of the wells in the study area are underlain by the Cretaceous shale, an aquiclude, that
prevents downward migration of water and contaminates into the Cretaceous sandstone aquifer.
In most cases the fat clay horizons in the Ogallala Formation will trap any aqueous contaminates
and prevent most fluids from going deeper. Where the upper Ogallala fat clay is silty to sandy, as
in MW-1, the top of Cretaceous shale will continue to shield the local aquifer.

The local Ogallala Formation has no indication of groundwater accumulations. The only
known groundwater in the area is in the Cretaceous that disconformably underlies the Ogallala
Formation. No Ogallala aquifer is present in most of T10S-R34E, especially the greater area
around Station 11.

The mechanical problems that resulted in produced water releases at Station 11 have all
been corrected. With the construction of six monitor wells, and the RW-1 recovery well, the local
area is more than adequately positioned to monitor any possible future releases, should such
occur.

The small amounts of water found during drilling pose no threat to any potable waters in
the greater area. Bailer tests in the recovery and monitor wells all indicate no hydraulic drive, or
influx of fluid that is present to enable lateral flow. The recovery well RW-1 only yielded about a
liter of produced water into the hole in approximately one year. All wells, monitor and recovery,
have exhibited poor recoveries, hence insufficient volume and or/drive to create a threat to any
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fresh water supplies. The most important hydrogeological conclusion concerning the greater
Station 11 area is that there is no protectable groundwater above the aquiclude isolated Cretaceous
aquifer.

The previous corrections of the mechanical problems that caused produced water releases
at Station 11 are to be further enhanced by NMSWDC’s installation of a liner and berms with
larger capacity that will hold 150% of the capacity of the storage tanks. Additionally, the
verification of no effect, or potential affect(s), on any fresh water supply demonstrates that natural
attenuation processes have/will insure that no imminent nor future threat is present due to the
Station 11 releases. Monitoring could continue for a reasonable time to insure the minuscule
water volumes observed remain harmless. There is no threat of potable water being impaired. It
is recommended that no further action be required by the SLO or OCD at Station 11.
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Ph.D. Geoscientist
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Environmental and preconstruction site evaluations, dairy and cheese plants monitoring, discharge
plans, isotopic determinations of nitrate sources. Hydrogeochemical forensics, hydrogeochemlcal
and isotopic water mapping.

Adjunct Faculty Geology, Eastern New Mexico University, 1992 to the present.

Present and recent consulting areas include investigation and mapping of groundwater in West
Texas and southeastern New Mexico. Surface and subsurface geology of Ouachita overthrust area
of portions of Terrell and Val Verde Counties, Texas. Structure, stratigraphy and hydrogeology of
the northern Tularosa Basin, Otero County, New Mexico. Structure and subsurface stratigraphy
of Mehsana area, Cambay Basin, Guarat, India. Produced water disposal in southeastern New
Mexico.
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BS Geology, magna cum laude

University of Arizona, Tucson, Arizona, 1957 1958

MS Geology
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Lincoln, and Otero Counties, New Mexico, Ph. D. Diss.: Geoscience, University of
Arizona, p. 274, University of Arizona; University Microfilms, Anarbor, Michigan.
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Roswell groundwater basin, Chaves and northern Eddy Counties, New Mexico: Roswell,
New Mexico, County Manager, Chaves County, Roswell, New Mexico.

----- , 2001. Hydrogeochemical distinction, differentiation and mapping of multiple aquifers in the
Roswell groundwater basin of southeastern New Mexico, Geological Society of America,
2001 Rocky Mountain-Southeast Section Annual Meeting, April 29-May2, 2001,

. Albuquerque,NM, Abstracts with Programs - Geological Society of America, in Kay
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Article 08: Boulder, CO, Geological Society of America (GSA).

----- , 2002a. The geological framework of the Pecos Valley and the evolution of the Roswell
Groundwater Basin in Chaves and Northern Eddy Counties, New Mexico, in Transactions
Southwest Section AAPG Convention, 6-8/June, Ruidoso, New Mexico: Roswell, New
Mexico, Roswell Geological Society, pp. 170-89.

----- , 2002b. Phase I Hydrogeological Investigation of the Major Aquifers in the Northern Portion
of the Roswell Groundwater Basin, Chaves and Northern Eddy Counties, New Mexico,
Chaves County Commissioners, Technical report for P-99-10: Chaves County, New
Mexico, 604 p.

----- , 2004. Groundwater Mapping Using Hydrogeochemistry, in Greg Bushner, ed., Water
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GeoScience Technologies

GeoScience Technologies is owned and operated by Deborah Havenor. Kay Havenor is the
geoscientist.

GeoScience Technologies
200 West 1* Street, Suite 747
Roswell, NM 88203-4678
Geo@georesources.com
(575) 622-0283

Expert Witness Summary

Qualified as an expert witness in various areas, including geoscience, hydrogeology, hydrology,
paleoclimatology, hydrogeochemistry, groundwater, oil and natural gas, and economics thereof in
hearings/trials before: ’

New Mexico Oil Conservation Commission
New Mexico State Engineer

US District Court, Albuquerque, New Mexico
Fifth Judicial District Court of New Mexico
Twelfth Judicial District Court of New Mexico
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. Appendix E- Water Analysis Reports

¢ Northwest Background Well
* East Leak Source Well :
* Local Water Wells Map and Analysis
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Received: 12/25/2010 ’ ) Sampling Date: 12/27/2010
Reported: 02/03/2011 Sampling Type: C SRR

~ Project Name: NMSWD NW BACKGROUGND MW : Sampling Condition: ** (See Notes)
Project Number: NONE GIVEN . . Sample Received By: Jodi Henson

Project Location: CROSSROADS, NM

Sample ID; PURGE @ 4.25 GALS (H021620-01)

BTEX B021B mg/L Analyzed By: CMS
Analyte Result Reporting Limit Analyzed Method Blank 8s % Recovery True Vaiue GC RPD Quatifier
Benzene* 0.002‘ 0.001 12/30/2010 . ND 0.050 101 0.0500 1.73
Toluene* 0.003 0.001 12/30/2010 ND 0.049 98.1 0.0500 1.38
Ethylbenzene* <0.001 0.001 12/30/2010 ND 0.049 97.8 0.0500 0.494
Total Xylenes* 0.003 0.003 12/30/2010 ND 0.143 95.5 0.150 - 1.60
Surrogate: 4-Bromaofhuorobenzene (P11 114 % 80120
. Chiloride, SM4500Ci-B rﬁg/{. . Analyzed By: CK
Analyte Raesult Reporting Limit Analyzed Method Blank 8s % Recovery True Value QC © RPD Qualifier
Chioride 14400 4.00 12/30/2010 ND 108 108 100 0.00
Cardinal Laboratories ‘ . ' *=Accredited Analyte
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBES, NM B8240

Analytical Results For:

WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON

2103 ARBOR COVE

KATY TX, 77494

Fax To: (281) 394-2051

Received: 12/22/2010 Sampling Date: 12/22/2010
Reported: 12/29/2010 Sampling Type: ’

Project Name: NMSW DISPOSAL 6" LEAK Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: CROSSROADS

Sample ID: LEAK SOURCE EAST (H021594-01)

BTEX 8260B mg/L Analyzed By: CMS
Analyte Result Reporting Limit Analyzed Methed Blank BS Y% Recovery True Value QC RPD Qualifier
Benzene* 0.011 0.001 12/28/2010 ND 0.019 94.1 0.0200 0.212
Toluene* 0.003 0.001 12/28/2010 ND 0.018 92.4 0.0200 5.42
Ethylbenzene* <0.001 0.001 12/28/2010 ND 0.020 98.6 0.0200 0.253
Total Xylenes* <0.003 0.003 12/28/2010 ND 0.058 87.0 0.0600 2.49
Swrrogate: Dibromofluoromethane . FR4Y% §0-120
. Surrogaie: Toluene-d8 103 % 8§0-520
Surrogale: 4—Br;7r)zqﬂzzoroben:e;ze . 107 % 8-120
Chioride, SM4500C)-B mg/fL . Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Chloride 66000 4.00 12/23/2010 ND 108 108 100 0.00
Cardinal Laboratories : ) >=Accredited Analyte
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.nCARDINAL

LLaboratories

PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

Aprif 15, 2011

ROY R. RASCON

WHOLE EARTH ENVIRbNMENTAL, INC.
2103 ARBOR COVE

KATY, TX 77494

RE: NMSWD

Enclosed are the results of analyses for samples received by the laboratory on 04/05/11 8:05.
Cardinal Laboratories is accredited through Texas NELAP for:

Method SW-846 8021 Benzene, Toluene, Ethyl Benzene, and Total Xylenes

Method SW-846 8260  Benzene, Toluene, Ethyl Benzene, and Total Xylenes

Method TX 1005 Total Petroleum Hydorcarbons

Certificate number T104704398-08-TX. Accreditation applies to solid and chemical materials and non-potable

’ water matrices.

Cardinal Laboratories is accreditated through the State of Colorado Department of Public Health and Environment for:

Method EPA 552.2 _ Haloacetic Acids (HAA-5)
Method EPA 524.2 Total Trihalomethanes (TTHM)
Method EPA 524.4 Regulated VOCs (V2, V3)

Accreditation applies to public drinking water matrices.

This report meets NELAP requirements and is made up of a cover page, analytical results, and a copy of the original
chain-of-custody. If you have any questions concerning this report, please feel free to contact me.

Sincerely,
< %ﬁ /’2:" hY _M

Celey D. Keene

Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

Analytical Results For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY TX, 77494
Fax To: (281) 394-2051
Received: 04/05/2011 Sampling Date: 04/04/2011
Reported: 04/15/2011 Sampling Type: Water
Project Name: NMSWD Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: NMSWD - JUSTIN JOHNSON_
Sample ID: MILL #1 STOCK (H100666-01)
Bicarbonate 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery - True Value QC RPD Quilifier
Alkalinity, Bicarbonate 148 5.00 ) 04/08/2011 ND 964 96.4 1000 28.6
BTEX 8260B mg/L Analyzed By: CMS
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
nzene* <0.001 0.001 04/05/2011 ND 0.020 -99.2 0.0200 9.45
ene* <0.001 0.001 04/05/2011 ND 0.019 96.3 0.0200 8.55
Ethylbenzene* <0.001 0.001 04/05/2011 ND 0.020 102 0.0200 9.14
Total Xylenes* <0.003 0.003 04/05/2011 ND 0.056 93.9 0.0600 8.01
Surrogate: Dibromafluoromethane 122% 80-120
Surrogate: Toluene-d8 87.8 % 80-120
Surrogate: 4-Bromofluorobenzene 70.4 % 80-120
Calcium, 200.7 mg/L Analyzed By: IM
Analyte Resuit Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Calcium 85.7 0.500 04/11/2011 ND 5.09 102 5.00 1.56 GAL
Carbonate 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Alkalinity, Carbonate 8.00 0.00 04/08/2011 ND ND 0.00
Chioride, SM4500CI-B mg/L Analyzed By: HM
» Analyte Result Reporting Limit Analyzed .Method Blank BS % Recovery " True Value QC RPD Qualiﬁei—
Chloride 64.0 4.00 04/08/2011 ND 108 108 100 0.00

Cardinal Laboratories

PLEASE NOTE:  Uablity ana Damages. Cardinal's fiabilty and client's exchsive remedy for any daim arising, whether based in contract or tort, shall be limited to the amount paid by dient for analyses.

HNy other cause whatsoever shall be deemed walved unless made in writng and received by Cardinat within thuty (30) days after compietion of the applicable service.

*=Accredited Analyte

All daims, including those for negligence and

In no event shall Cardinal be liable for incidental or conssquential damages,

uding, withowt limitation, business interrupions, loss of use, or loss of profits incurred by chent, its subsidiaries, affiliates or successors arising out of oOr reiated o the performance of the services hereunder by Cordindl, regardiess of whether such
m |s based upon any of the above stated reasons or gtherwise, Results reiate only to the samples identified above. Msmmnmmwmmmnmmwmmmum.

4%/23}_@,,

Celey D. Keene, Lab Director/Quality Manager
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CARDINAL
=8 _aboratories

PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

Analytical Results For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY TX, 77494
Fax To: (281) 394-2051
Received: 04/05/2011 Sampling Date: 04/04/2011
Reported: 04/15/2011 Sampling Type: Water
Project Name: NMSWD Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: NMSWD - JUSTIN JOHNSON .
Sample ID: MILL #1 STOCK (H100666-01)
Conductivity 120.1 uS/cm Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Conductivity 700 1.00 04/08/2011 1420 101 1410 0.00
Magnesium, 200.7 mg/L Analyzed By: JM
Analyte Resutt Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Magnesium 115 0.500 04/11/2011 ND 25.6 102 25.0 1.55 GAL
pH Units Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
pH 7.93 0.100 04/08/2011 7.04 101 7.00 0.00
Potassium, 200.7 mg/L Analyzed By: JM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Quealifier
Patassium 1.80 0.500 04/14/2011 ND 10.6 106 10.0 2.87 GAL
Sodium, 200.7 mg/L Analyzed By: JM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Sodium 36.5 0.500 04/11/2011 ND 8.72 108 8.10 2.16 GAL
Sulfate 375.4 mg/L Analyzed By: HM
Analyte Resuit Reporting Limit - Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Sulfate 97.0 10.0 04/11/2011 ND 399 99.8 40.0 0.254
TDS 160.1 mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
™S 423 5.00 04/07/2011 ND 1.30
Total Alkalinity 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Quaiifier

Cardinal Laboratories

*=Accredited Analyte

PLEASE NOTE:  Uabiity and Damages. Cardinals liatéity and dlients exdusive remedy for any daim arising, whether based in contract or tot, shall be Emited to the amount paid by dlient for analyses. Al daims, inchding those for neghigence and

any other cause whatscever shall be deemed walved unless made In wiitng and received by Cardinal within thity (30) days after completion of the applicable service,

In no event shall Cardinal be liable for incidental or consequentiai damages,

uding, without limitation, business interruptions, loss of use, or loss of profits incued by dlent, #s subsidiaries, affiliates or successors ansing out of or related o the performance of the services hereunder by Cardinal, regardless of whether such
im is based upon any of the above stated reasons or Otherwise. Results refate only to the samples identified above, This report shall not be reproduced except in full with written approval of Cardinal Laboratories,

44,3/23,_/«:“4,

Céley D. Keene, Lab Director/Quality Manager
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CARDINAL
=% L aboratories

PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

Analytical Results For:

WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON

2103 ARBOR COVE

KATY TX, 77494

Fax To: (281) 394-2051

Received: ' 04/05/2011 Sampling Date: 04/04/2011
Reported: 04/15/2011 . Sampling Type: Water
Project Name: NMSWD : Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: NMSWD - JUSTIN JOHNSON

Sample ID: MILL #1 STOCK (H100666-01)

Total Alkalinity 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Metfbd Blank BS % Recovery True Value QC RPD Qualifier
Alkalinity, Total 156 4.00 04/08/2011 ND 790 96.3 820 28.6

Cardinal Laboratories *=Accredited Analyte

PLEASE NOTE: Uability and Oamages. Cardinal’s liabiity and dients exclusive remedy for any daim arising, whether based In contract or tort, shall be @imited to the amount paid by diemt for analyses. Al claims, induding those for negligence and

any other cause whatsoever shall be deemed waived unless made in wiitng and received by Cardinal within thity (30) days after completion of the applicable service. In no event shail Cardinal be llable for incidental or consequential damages,
uding, without itmitation, bus‘nsslnusmpuws,lussofusgorlnswmmcurredwalem.issubsn:rana,amllamusmaummmwmmmmmmwmmsnmw@mm regardiess of whether such
Im IS based upon any of the above stated reasons or otherwise. Results refate only to the samples identified above, This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

Celey D. Keene, Lab Director/Quality Manager

[~ Pagedof12 |




CARDINAL

Laboratories

. PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240
Analytical Results For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY TX, 77494
Fax To: (281) 394-2051
Received: 04/05/2011 Sampling Date: 04/04/2011
Reported: 04/15/2011 Sampling Type: Water
Project Name: NMSWD Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: NMSWD - JUSTIN JOHNSON
Sample ID: MILL #2 STOCK (H100666-02)
Bicarbonate 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Alkalinity, Bicarbonate 190 5.00 04/08/2011 ND 964 96.4 1000 28.6
BTEX 8260B mg/L Anatyzed By: CMS
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
nzene* <0.001 0.001 04/05/2011 ND 0.020 99.2 0.0200 9.45
ene* <0.001 0.001 04/05/2011 ND 0.019 96.3 0.0200 8.55
Ethylbenzene* <0.001 0.001 04/05/2011 ND 0.020 102 0.0200 9.14
Total Xylenes* <0.003 0.003 04/05/2011 ND 0.056 93.9 0.0600 8.01
Surrogate: Dibromofluoromethane 123 % 80-120
Surrogate: Toluene-d8 89.7 % 80-120
Surrogate: 4-Bromofluorobenzene 73.0% 80-120
Calcium, 200.7 mg/L Analyzed By: JM
Analyte Result Reporting Limit Analyzed Method Blank . BS % Recovery True Value QC RPD Qualifier
Calcium 247 2.50 04/11/2011 ND 5.09 102 5.00 1.56 GAL
Carbonate 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Alkalinity, Carbonate <0.00 0.00 04/08/2011 ND ND 0.00
Chloride, SM4500CI-B mg/L Analyzed By: HM
Analyte Result Réportlng Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Chloride 4.00 04/08/2011 ND 108 - 108 100 0.00

530

Cardinal Laboratories

*=Accredited Analyte

PLEASE NOTE: liabilty and Damages. Cardinal's liabilty and client's exclusive remedy for any daim amising, whether based in conbact or tort, shall be fimited to the amount paid by client for analyses. All claims, including those for negligence and

Other cause whatsoever shall be deemed waived unless made in wiiting and received by Cardinal within thity (30) days after compietion of the applicable service.

In no event shall Cardinal be fiable for inxidental or consequential demages,

luding, without limitation, business interruptions, loss of use, or loss of profits incured by dient, its subsidiaries, afffiates o successors arsing out of or relatad to the performance of the servies hereunder by Cardinal, regardiess of whether such
i is based upon anty of the abiove stabed resons or Otfierwise. Results relate only to the samples identifled above. This report shiall ot be reproduced exoept in full with written approval of Cardinal Laborataries.

4&2/&_%,

Celey D. Keene, Lab Director/Quality Manager
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CARDINAL
8 L aboratories

PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

Analytical Results For:
WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON
2103 ARBOR COVE
KATY TX, 77494
Fax To: (281) 394-2051
Received: 04/05/2011 Sampling Date: 04/04/2011
Reported: 04/15/2011 Sampling Type: Water '
Project Name: NMSWD Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: NMSWD - JUSTIN JOHNSON
Sample ID: MILL #2 STOCK (H100666-02)
Conductivity 120.1 uS/cm Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Conductivity 2200 04/08/2011 1420 101 1410 0.00
Magnesium, 200.7 mg/L Analyzed By: IM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
agnesium 32.6 04/11/2011 ND 25.6 102 25.0 1.55 GAL
pH Units Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank 8S % Recovery True Value QC RPD Quaiifier
pH 7.44 04/08/l2011 7.04 101 7.00 0.00
Potassium, 200.7 mg/L Analyzed By: JM
Analyte Résult Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Potassium 3.70 04/14/2011 ND 10.6 106 10.0 2.87 GAL
Sodium, 200.7 mg/L Analyzed By: JM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Sodium 122 04/11/2011 ND 8.72 108 8.10 2.16 GAL
Suifate 375.4 mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualtifier
Sulfate 185 04/11/2011 ND 39.9 99.8 40.0 0.254
TDS 160.1 mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
DS ) 1320 04/07/2011 ND 1.30
Total Alkalinity 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

Cardinal Laboratories

*=Accredited Analyte

BLEASE NOTE:  Uabiity and Damages, Cardinals (iabiity and cllents exciusive remedy for any daim arising, whether based (n contract or tot, shafl be imited to the amount paid by dlent for analyses. Al daims, incuding those for negiigence and

other cause whatsoever shall be deemed waived uniess made in witing and received by Cardinal within thity (30) days after completion of the applicable service.

In no event shall Cardinal be liabie for incidente! or consequential damages,

uding, without limitation, business interruptions, loss of use, or loss of profits incurred by cilent, its subsidiaries, affiiiates or successors arising out of or related to the performance of the seérvices hereunder by Cardinal, regardiess of whether sudi
im i based upon any of the above stated reasons or otherwise. Rasuits refate only to the sampies identified above. This report shall not be reproduced except in full with written approval of Cardinat Laboratories.

e B a S

Celey D. Keene, Lab Director/Quality Manager
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CARDINAL
=8 L _aboratories-

PHONE (575) 393-2326 © 101 E. MARLAND ° HOBBS, NM 88240

Analytical Results For:

WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON

2103 ARBOR COVE

KATY TX, 77494

Fax To: (281) 394-2051

Received: 04/05/2011 Sampling Date: 04/04/2011
Reported: 04/15/2011 Sampling Type: Water
Project Name: NMSWD Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: ' NMSWD - JUSTIN JOHNSON

Sample ID: MILL #2 STOCK (H100666-02)

Total Alkalinity 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS ' % Recovery True Value QC RPD Qualifier
Alkalinity, Total 156 4.00 04/08/2011 ND 790 9.3 820 28.6

Cardinal Laboratories *=Accredited Analyte

PLEASE NOTE: Liabity and Damages. Cardinals fiabiity and client’s exclusive remedy for any daim arising, whether based in contract or tort, shall be fimited to the amount paid by dient for analyses. Al claims, including those for negligence and
any other cause whatsoever shall be deemed waived unless made in writng and receied by Cardinal within thity (30) days after completion of the applicable sarvice, In no event shai Cardinal be lable for incidental or consequential damages,
without [imitation, business interruptions, loss of use, or loss of profits incured by cfiert, its subsidiaries, affillates or successors arising out of or refated to the performance of the services hereunder by Cardinal, regardiess of whether such

is based upon any of the above stated reasons or atherwise. Results relate anly to the samples identified above. This report shail not be reproducedt except in full with written approval of Cardinal Laboratories.

Celey D. Keene, Lab Director/Quality Manager
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CARDINAL
Nl aboratories

PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

Analytical Results For:

WHOLE EARTH ENVIRONMENTAL, INC.
ROY R. RASCON

2103 ARBOR COVE

KATY TX, 77494

Fax To: (281) 394-2051

Received: 04/05/2011 Sampling Date: - 04/04/2011
Reported: 04/15/2011 Sampling Type: Water
Project Name: NMSWD Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: NMSWD - JUSTIN JOHNSON

Sample ID: MILL #3 STOCK (H100666-03)

Bicarbonate 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Alkalinity, Bicarbonate 185 5.00 04/08/2011 ND 964 96.4 1000 28.6
BTEX 52608 mo/L Analyzed By: CMS '
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Benzene* <0.001 " 0.001 04/05/2011 ND 0.020 99.2 0.0200 9.45
ene* <0.001 0.001 04/05/2011 ND 0.019 96.3 0.0200 8.55
Ethylbenzene* <0.001 0.001 04/05/2011 ND 0.020 102 0.0200 9.14
Total Xylenes* <0.003 0.003 04/05/2011 ND 0.056 93.9 0.0600 8.01
Surrogate: Dibromofluoromethane 127 % 80-120
Surrogate: Toluene-d8 87.3% 80-120
Surrogate: 4-Bromofluorobenzene 70.4 % 80-120
Calcium, 200.7 mg/L Analyzed By: M
Analyte Resuit Reporting Limit Analyzed Method Blank BS % Recovery  True Value QC RPD Qualifier
Calcium 333 2.50 04/11/2011 ND 5.09 102 5.00 1.56 GAL
Carbonate 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Alkalinity, Carbonate <0.00 0.00 04/08/2011 ND ND 0.00
Chioride, SM4500C1-B mg/L Analyzed By: HM .
Analyte Resuit Reporﬁﬁg timit  Analyzed Method Blank BS % Recovery True Value 'QC RPD Qualifier
Chioride 400 4.00 04/08/2011 ND 108 108 100 0.00
Cardinal Laboratories *=Accredited Analyte

PLEASE NOTE:  Uabity and Damages. Cardinals liabilty and cient’s exclusive remedy for any claim arising, whether based in contract or tort, shall be dmited to the amount paid by dient for analyses.  All daims, Inciuding those for negligence and

any other cause whatsoever shall be deemed weived unless made in witing and recsived by Cardinal within thity (30} days after compietion of the appiicable service. In no event shall Cerdinal be liable for incidental or consequential damages,
ing, Without limitation, business Interruptions, IS of use, or loss of profits incumed by dient, its subsidiotes, affillates or successors arising out of or reiated to the performance of the services hereunder by Cardinal, regardiess of whether such
m Is based upon any of the above stated reasons or otherwise. Results refate onty to the samples identified above. This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

%ZJK:M,/

Celey D. Keene, Lab Director/Quality Manager
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CARDINAL
=¥ L aboratories

PHONE (575) 393-2326 © 101 E. MARLAND ° HOBBS, NM 88240

Analytical Results For:

WHOLE EARTH ENVIRONMENTAL, INC.

ROY R. RASCON
2103 ARBOR COVE |
KATY TX, 77494

Fax To: (281) 394-2051

Received: 04/05/2011 Sampling Date: 04/04/2011
Reported: 04/15/2011 Sampling Type: Water
Project Name: NMSWD Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: NMSWD - JUSTIN JOHNSON
Sample ID: MILL #3 STOCK (H100666-03)
Conductivity 120.1 uS/cm Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Conductivity 2530 04/08/2011 1420 101 1410 0.00
Magnesium, 200.7 mg/L Analyzed By: IM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Magnesium 43.9 04/11/2011 ND 25.6 102 25.0 1.55 GAL
pH Units Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
pH 7.68 04/08/2011 7.04 101 7.00 0.00
Potassium, 200.7 mg/L Analyzed By: JM
Analyte Result Reporting Limit Analyzed Method Biank BS % Recovery True Valu_e QC RPD Qualifier
Potassium <2.50 04/14/2011 ND 10.6 106 10.0 2.87 GAL
Sodium, 200.7 mg/L Analyzed By: JM
Analyte Resuit Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Sodium 145 04/11/2011 ND 8.72 108 8.10 2.16 GAL
Sulfate 375.4 mg/L Analyzed By: HM
Analyte Result Reporting Limit Anafyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Sulfate 615 04/11/2011 ND 39.9 99.8 40.0 0.254
TDS 160.1 mg/L Analyzed By: HM
Analyte Resuit Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
DS 1820 04/07/2011 ND 1.30
Total Alkalinity 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit .  Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

Cardinal Laboratories

*=Accredited Analyte

PLEASE NOTE: Liabilty and Damages. Cardinal's fiabilty and client's exclusive remedy for any claim arising, whether based in combact or tort, shal be kmited t the amount paid Dy cient for analyses, All daims, induding these for negligence and

In no event shall Cardinal be liable for incldental or consequential damages,

uding, without limitation, business interuptions, loss of use, or loss of profits incurred by dlent, ifs subsidiries, affiites or successors arsing out of or related to the performance of the services hereunder by Cardinal, regardiess of whether such
im is based upon any of the above stated reasons or otherwise. Results relate only to the samples identified above. This report shall not be reproduced except in full with written approval of Cardinai Laboratories,

dmmmmnbedeemedwaiveﬂumsmademwnﬂnga\dmamdbycardmalwmnmm(w)dawaﬁxwmenonofuamlablesawoe.

%_/&_mx

Celey D. Keene, Lab Director/Quality Manager
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CARDINAIL
=¥ L _aboratories

PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

Analytical Results For:

WHOLE EARTH ENVIRONMENTAL, INC.

ROY R. RASCON

2103 ARBOR COVE

KATY TX, 77494

Fax To: (281) 394-2051
Received: 04/05/2011 Sampling Date: 04/04/2011
Reported: 04/15/2011 Sampling Type: Water
Project Name: - NMSWD Sampling Condition: Cool & Intact
Project Number: NONE GIVEN Sample Received By: Jodi Henson
Project Location: NMSWD - JUSTIN JOHNSON

Sample ID: MILL #3 STOCK (H100666-03)

Total Alkalinity 310.1M mg/L Analyzed By: HM
Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier
Alkalinity, Total 152 4.00 04/08/2011 ND 730 96.3 820 28.6

Cardinal Laboratories _ *=Accredited Analyte

PLEASE .NOTE:  Liability and Damages. Cardinal's flabiity and clients excsive remedy for any daim arising, whether based In conract Or tort, shal be Amited to the amount paid by dient for analyses Al daims, Including those for negligence and

any other cause whatsoever shall be deemed waived unless made in wiiting and received by Cardinal within thity (0) days after completion of the appiiceble service,. In no event shall Cardinal be liale for incidental or consaquential damages,
uding, Without IIMIEtion, business intemuptions, loss of ' uss, of loss of profits incumed by Giemt, it subsidories amiistes Or SUCCESSOrS aising Oub of o7 related to the performance Of the servikes hereunder by Cardinal, regardiess of whether such
im is based upon any of the above stated reasons or otherwise. Results refate only to the samples identified above. This report shall not be reproduced except in full with written approval of Cardinal Laboratories,

ZZey L S e -

Celey D. Keene, Lab Director/Quality Manager
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CAR INEAL
L~ L = b © rat ores PHONE (575) 393-2326 © 101 E. MARLAND ° HOBBS, NM 88240

Notes and Deﬁnifions

GAL Analysis subcontracted to Green Analytical Laboratorles, a subsidiary of Cardinal Laboratories.
ND Analyte NOT DETECTED at or above the reporting limit

RPD Relative Percent Difference

** Samples not received at proper temperature of 6°C or below.

*okg Insufficient time to reach temperature,

- Chioride by SM4500CI-B does not require samples be received at or below 6°C
Samples reported on an as received basis (wet) unless otherwise noted on report

Cardinal Laboratories *=Accredited Analyte

PLEASE NOTE: LUabilty and Damages. Cordinal's liabifty and dhent's exclusive remedy for any daim arising, whether based in contract or ftort, shaf be lindted to the amount paid by client for analyses, Al daims, inchuding those for negligence and

other cause whatsoever shall be deemed waived unless made in wiiting and received by ‘Cardinal within thity (30) days after completion of the applicable service. In no event shall Cardin?! be liable for inddental or consequential damages,
uding, without limitation, business interruptions, [oss of use, or loss of profits Incurred by client, its subsidiaries, affifistes or successors arising Ot of or related to the performance of the services hereunder by Cardinal, regardiess of whether such

m is based upon any of the abave stated reasons or otherwise, Results relate only to the samples identified above. This report shall not be reproduced except in full with written approval of Cardinal Laboratories,

%/Zs-&mﬁ/

Celey D. Keene, Lab Director/Quality Manager
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101 East Marland, Hobbs, NM 88240
(575) 393-2326 FAX (575) 393-2476

CHAIN-OF-CUSTODY AND ANALYSIS REQUEST

Company Name:

VAP s N\\.: .

i Cm

ANALYSIS REQUEST

e ,.,.//

Sampler)- UPS

Um_ﬁman By: (Circle One) "

Cootl
- Bus - Other:

0.0°%
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Antact
(Do [@Ves

No { | No
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i

Project Manager: ., . \mv. L( ¢ \> - P.O. #:
e ol = A
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Project Name: _/\ .€7J+... D e .. State: _ Zip:
Project Location: ,.\ wstine Joid :M b( \_ Phone #: .
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t Cardinal cannot accept verbal changes.

Please fax written changes to 505-333- N&.\m
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water Well Records and Map

Appendix F

Map
Ts 10s-34e
Ts 11s-34e
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New Mexico Office of the State Engineer
Water Column/Average Depth to Water

No records found.

Basin/County Search:

Basin: Lea County

PLSS Search:
Township: 108 Range: 34E

The data is furnished by the NMOSE/ISC and is accepted by the recipient with the expressed understanding that the OSE/ISC make no warranties,
. expressed or implied, concerning the accuracy, completeness, reliability, usability, or suitability for any particular purpose of the data.
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Record Count: 23
Basin/County Search:

Basin: Lea County

PLSS Search:
Township: 118

Range: 34E

Average Depth to Water:
Minimum Depth:
Maximum Depth:

48 feet
25 feet
85 feet



New Mexico Office of thle State Engineer
Water Column/Average Depth to Water

(quarters are 1=NW 2=NE 3=SW 4=SE)

L 00371 PRO LE 1 32 23 11§ 34E 641408 3691556 76
L 00394 PRO LE 112 25 11S 34E 643035 3690371* 100
L 03137 . PRO LE 3 3 16 118 34E 637470 3692208" 85 45 40
L 03137 APPRO PRO LE 3 3 16 11S B34E 637470 3692208" 85 45 40
L 05023 PRO LE 2 2 07 11S 34E 635415 3695003 140 85 55
L 05024 PRO LE 4 3 28 118 34E 637918 3688997* 90 30 60
L 05345 - PRO LE 1 1 32 118 34E 635912 3688568” 70 40 30
L 06122 PRO LE 3 1 17 11S B34E 635844  3692990* 73 43 30
L. 06133 PRO LE 11 19 118 * 34E 634300 3691762" 90 45 45
L 06239 PRO LE 2 2 3 118 34E 641951 3688646" 72 25 47
L 06372 (E) PRO LE 3 1 16 11§ 34t 637458 3683013* 124 80 44
L 06394 (E) ‘ PRO LE 11 03 11S 34E 110 80 30
L 06445 (E) | PRO LE 3 2 18 11S B34E 635041 3692978" 95 60 35
L 06458 (E) PRO LE 1 2 08 11S 34E 636622 3695021* 90 32 58
L 06784 ' STK‘ LE 21 11S 34E 638097 3691202 61 25 36
L 10196 STK LE 4 1 29 11S B34E 636297 3689779" 60
L 10197 STK LE 14 26 1 S 34E 641538 3689447” 50
L 10198 STK LE 1 2 05 11S 34E 60
L 10199 STK LE 2 2 21 11S 34E 638684 3691821" 51
L 10200 ‘ : STK  LE 3 3 17 118 34E 635858 3692185" 60
L 10201 STK LE 2 3 07 11S 34E 634623 3694178* 80
L 10202 STK LE 4 4 28 118 34E 638723 3689008 70
L 11021 PRO | LE 1 83 3 24 11S 34E 642224 3690762* 100

*UTM location was derived from PLSS - see Help

The data is furnished by the NMOSE/ISC and is accepted by the recipient with the expressed understanding that the OSE/ISC make no warranties,

expressed or implied, concerning the accuracy, completeness, reliability, usability, or suitability for any particular purpose of the data.

2/16/11 8:32 PM . Page 1 of 2 WATER COLUMN/ AVERAGE
DEPTH TO WATER




DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

R30E. rae T mEEEC L wme __|TYnwe mooscverr mase COUNTY g 36t
; ] @ o ‘#&\ To LEA \V:\ [ T counTY] |
3 Q Eili \ 9 )
'{ 189 P 57 KE | e 1" ¢ 34 3
; AT Tele & i | - \ o o 1 / ,/I
3 d d 35\p st “‘\T"Ej 7 sa| 2 Al { { K¢l
. | /.28 57 A Ko 51 P e E DS R (L R 54
g o X . e3P 2 iy o 0 & A 2B R ?2 kd | 1s0p
. 2 - y fr / 1
is‘; o 65 P - 5\? l/\CI300 \\‘\ 5‘71 "\%{} éﬁ > 4 )(Oégu\ O{EO{K:ME(“GgS/lii
' &7 R 50 52 4 sosd 5 1)) ) e =
33930' ~ H g :_z it ,ZSP 3‘; 3 \\Z §‘\ %yﬂ/ ,&Z ::j::;,( /’6“7‘ O?\;}; ‘ \\
%, —b ~ s ;
BT “GI T LN {'\‘\ - /f? //_7/-// B
AT viv T~ o &
N N CATHAm NN
H / Lane Ss/ﬁlzfﬁ’e \ v S(,/ 2 G
; / - 54
i i = 7 SO KL = e e Bt v - £ = D A
> At LT N Ty NN e T IN |
f" T o T — o Qf" 3 - | ~ d o A ke
s, | ; /75“%“ o /j/\\% /:—6/ asp / \ S - Al \’(\\
% ] - - - -5
Py i}? 65//”( Rod { (_— 2127 (\ W iy S N “-:;\
{3 Q wad ya o 5
: 1 7 ha X = < N Ba s et ———— PR
Le /y/ /;32 o \; \mﬂi’fﬁ/ 3,};:\ T°\§ o N ;’%” KelR. 3a€. 562,(3‘5{ N ?Nﬁy/ LE
326, - R.33E NY &l | ridse B0 R.3SE. | a0 X PR-36E [ [ —1%
. P FOUR [LARES R~ > b oAk pynger
T o 5 i
kel | (SO I estopimh [ LT [ NN AT
i [senn] - i | T N 54 | \ & 600
% o x §g>\ Vel M//ﬁ\ %\ ; fs:,g;;—{j /;\ \\ o5 /l / Jolo_ s 3
: b | S y 50~ ke v 54/ /T j 3 ,
E - \\ ( f'\\ \ # \\ Ia\\‘%k // k% ‘3«%*{%2 3 | | / 20
¢ P A7 TR /T2 A L
\a._./'J: \ / \w/’:"’ o N - i /' \ \ To
To30 i:;m \‘\ ‘30 \w /]u / \”\ ’X / L I! 3’4 i
54 5 i g T ¥ P ("
By < Jo?z d{ i g%// /5? o N \\ \ kel {
S 36 s N 547 ST e
".,en - “\ -‘\l" “&s\‘ } ;}// i\,_ &4& ;\Q()///W, f ( E:) To \\\~__’/’:M:\\ 3;4 )\\\
It I ~N AN e NN e
ITé ]}; e ;\\?’!\‘i P C/mk gf iim ol fo/é \ e o %%g?l ;g?oééj\‘ \ il
! A S £ Rt S 29 j I
33%5'5-'_ ng?) j,m 2 ;‘g\ < } :;\\ “::m \} ix 5;2 \%& 2 “‘v-\ ‘ Ok\ 302 2952 EiLBWW,W } ;
& 270 horo\ b~ N $ 5 I 3 \ " 320
o 1 1 P N VTSP e RNV ey bl LR
: P ] \ | 452
132T ‘i\\ // o Bt \} \\g@ 76 '\\ \ \ ] }32) }/ // ( /M) 3 \\’ ,’!
B B2 v ¢ 7 G e £ ¥ { / NT 7 \\[i XL~ 6] =T
s Rl R 0 250 SN NNV N O R O T 2 2 NN
S s Fol i o y g 4
TS BN BRSNS N wuE=i N
§ ] Lt N AF | Ta”t 3 ML N Y Y YL R ey M(i YIS
g EEER e Y NASANTEE LT (AR AN
e 3 | To 52| el X i hiae ot 1 i
AT SR U R L Vel
T 157 5 , I — T B
I ) : T D) pvse =4 ( S > VEZFAN % k// 2P ¢ ‘ﬁ’ig" ’%,?
e 7 b 7o % N\ 43
R.30E. , 5\ PP . AT {\,‘ //( / L } Zf\/ ) B T < Aﬁ% NM?,{
] ; ' Lo e N ; 4 25616 o
| . 5 75?{ I LN ] // - ARG g
SN CI N AIRYRS N/ AR BN SN
o — ot
189 f ~ o o N 2N & ok a3 | 3
i AT i Rire S AN N S
= 133 P o e A ; To k5 o s
: ;M/- / DA ,\1\ 109 F’\ / Kﬁ}%\ S~ \ 7] T 1 \ ﬁ°/ 5:5 Jxﬁﬁ’?,m{:m
T & i o
-‘.,: / 7\ m\ \é\ M\» g /,m\ \\ \‘\'\&\:\g“m W\Q fﬁ : \ K ;a f /);/ 00082 2 _.}
] o e i 2 £ lo 76 o, dg
)‘N;‘T/ f ( T (k\ ? { { > / \Q‘i\\ N \T P M%Z ; ,,»T /5’3 0 | Yéoz
5 o e /53 (57 s
4?3& s / i :O\) ) | NN S\;\\* ST"\_ """\‘! \% (// 3%54 630 To /VJ} &7
-::,\ \\\\\“: 7 JOL N ~ T e WU 36 98 152
W L 56 \3 g 2 ] 5\%@4 \ ,,\: ~\ O S N\ N ek P
RS P L)) 1
2| e NSRS SESNNSANNASAa L By
W L SENINLID A W Y YT/ s | Aor
3 h;\ ] ; \ \ To~ “o i G To 20 o g /’* 7
] \ \L o \\\ oz(m»«} xﬁ /} v %.2\? \\} \ } o i~ o(& 3 EO T /f"j
& (e} ’_ .. »
LES AN T O SN RNy T B e st
) i T i \ Y o A3 A$04 dg”} O ]
Leraves || tonryra | AV 2l oy T (b ase et R 1
g R?&LE' %) ;}‘Y—T \ RIE 1ggp | N/ "8 R34E. ™ \ «:& N HE T avinator
| . 3 4 1007 £ \
S ANNS ) AN Ayl
SN , ST RY e
, 0. " iy 55
IT(; jo Ay \ b /'\ o / ) -"‘W} \ /To
[ il 7o £ 5D s LT 4o 52 !
’ 17122 ‘ / o182 s AR E \ S )) ) /| 55 T i ?\f{u-u
[ s 54 e { / o o x
| XD m AN E (UYL o YN A/ )
i = A e . "
RN N N NS R DI T E e NE
B L N SepE 19 52 [ 13 o ~ 3 N e
g , 5 %\/ - \ \ RP / 63 / gg\”‘ - B2 L N
I ////:V” ?Aa!ja‘mav 152 "‘w,: /(\ ""\ Lo e
| Jes R . 5
A et : /
T ! u’"l// i = ) {
17 e
P
\
| |
i
i
|
)
|




EXPLANATION
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PREPARED IN (
THE NEW MEXIC

YUNTY _ 3TE, R, 38E.
VWi // i@ vVl N EXPLANATION
AQUIFERS
>
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RS | Sand and gravel; may include some redeposited material from Ogallala : (@)
L Jormation and the underlying Cretaceous and Triassic rocks 8 5
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g) Ogallala formation < 0
;§ Irregularly-bedded sand, grit, and local gravel conglomerate cemented by E
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GEOLOGIC UNITS DIRECTLY BELOW THE ROCKS OF
CENOZOIC AGE
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33 Clay and limestone < 0
S S | Yellow and blue clay with thin stringers of brown and gray, limestone; E By
8 . ; 0
o) probably equivalent to the Tucumcari shale 5 N
: T f((!))
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& | Maroon, red, and gray irregularly-bedded sandstone, bright- and dark-red | X
shale and sandy shale, and purplish limestone ‘pebble bed g ]
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Spring
e}
Water well
- Aquifer To Altitude of water level, in feet above mean
sea level. Static-level measurement un-
Year sampled—52 less the figure is followed by the capital
o) letter *'P" which indicates that the meas-
3494 urement was made while the well was
“._,{CL : being pumped.
s * Data are grouped around the source-of-water symbol. Undetermined
R R X 109 ot » information is noted by the absence from the designated position in
Ve SN ! 7N the group of data.
4025 e
Contour drawn on the water table in the deposits of Cenozoic age as
of November-December, 1952
Dashed where approximately located; contour interval 25 feet; datum is
mean sea level
Approximate boundary of bedrock highs that interrupt the water table
in the deposits of Cenozoic age
4150 e
Contour drawn on the post-Mesozoic erosional surface

Dashed where approzimately located; contour interval 25 feet; datum is
mean sea level

Buried contact
Area included in declared Under- Area added to declared Basin on
ground Water Basin, prior to Oct. 1, 1952

Oct. 1,1952




