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HYDROGEOLOGY AND GROUNDWATER IN THE VICINITY 
OF THE OSBORN RANCH, JAL, NEW MEXICO 

1.0 Introduction 
Concerns over possible surface and subsurface damage as a result of oilfield production 
operations on the Rocky Top Ranch owned by Clay and Jeri Osborn of Jal, New Mexico, has led 
to soils and groundwater investigations conducted by Safety and Environmental Solutions, Inc. 
(SESI), of Hobbs, New Mexico, on behalf of the Osborn's, and by Cornerstone Environmental 
Resources, Inc. (CERI), of Dallas, Texas, on behalf of the current oilfield operator, Bristol 
Resources Corporation. Several reports on soils investigation and one previous report on 
groundwater sampling have been prepared by the involved parties. These reports are not 
reviewed in this report but are cited where necessary. The list of previous reports may be found 
with other references in Section 8.0 (References). 

The purpose of the current investigation is to determine existing groundwater conditions in the 
vicinity of the main ranch residences currently occupied by the Osborn family and their guests. 
This includes delineation of groundwater flow and water quality. The investigation was begun as 
a result of increases during the past several years in chlorides and total dissolved solids (TDS) in 
groundwater used for domestic purposes. A key purpose of the investigation was to determine if 
groundwater movement was from areas of oilfield activities and i f water quality had been 
impacted by spills, leaks, and/or disposal of oilfield produced water. 

Bristol Resources is the current operator of oilfield properties known as the South Langley Jal 
Unit located in Sections 7 and 18 of Township 25 South, Range 37 East (T25S, R37E). Bristol is 
the successor to several other operators who have produced oil from the area for over 50 years. 
Bristol and/or previous operators have had spills, leaks, and/or disposed of oilfield wastes during 
this period. Prior to regulation by the New Mexico Oil Conservation Division of produced water 
disposal in the 1950's and 1960's, produced water was commonly placed in unlined evaporation 
pits. Subsequent to banning of this practice, disposal occurs into OCD-permitted injection wells. 
However, notwithstanding the banning of surface disposal, flow lines, storage tanks, and/or the 
injection wells themselves are subject to leaks, overflows, and downhole failures. Some current 
waste management problems that have occurred at the Bristol locations are documented in the 
CERI and SESI reports listed in Section 8 (References). 

2.0 Geography 

2.1 Location 

The Osborn Rocky Top Ranch is located in Sections 11 (SE/4), 12 and 13 of T25S, R36E, and 
Sections 1 (SW/4), 7 and 18 of T25S, R37E, Lea County, New Mexico (Figure 1). The ranch 
headquarters where the Osborn residence is located is in the NE/4 of Section 18, immediately 
north of the Jal Country Club. The community of Jal is approximately one mile south of the 
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ranch residence. The five Osborn water wells are located within several hundred feet of the 
ranch buildings. Water wells are also located at the Jal Country Club. Several of the country 
club wells are used to supply water for sale to local oil operators for use in drilling or other 
oilfield activities. The county club uses treated wastewater effluent from Jal to irrigate the greens 
and fairways. The application of the effluent is permitted under a groundwater discharge plan 
approved by the New Mexico Environment Department (NMED). 

2.2 Topographic Setting 

The Osborn ranch is located in southern Lea County on a topographic feature called the Eunice 
Plain (Nicholson and Clebsch, 1961). The elevation of the area is approximately 3,100 feet 
above Mean Sea Level. The Eunice Plain consists mostly of a hard caliche surface overlain in 
most areas by reddish-brown dune sand from several inches to several feet thick. The Plain has a 
general and gentle southeast slope toward Monument Draw. In some areas the underlying 
surface consists of alluvial sediments consisting of calcareous silt in buried channels or 
Quaternary lake basins. Vegetation consists of shin oak, mesquite and a variety of grasses. 

2.3 Climate 

The climate of southern Lea County is characterized by low annual rainfall, low humidity, and 
high average annual temperature (Nicholson and Clebsch, 1961). The climate is classified as 
marginal between semiarid and arid. Precipitation near Jal averages about 9 inches per year and 
is highly variable both areally and seasonally, although maximum values are usually recorded in 
the summer months. The average monthly temperature ranges from a low of about 45 °F to 81°F 
with an average of about 62°F. Maximums commonly exceed 100°F in summer. In addition to 
heat and dryness, the other characteristic weather feature in the area is wind. Windy conditions 
occur throughout the year, but are most common and most intense in springtime. Gusts during 
this season are commonly powerful enough to damage structures, move sand, and generate large 
volumes of blowing dust. 

3.0 Geology 
The geology of the area has extensively described by Nicholson and Clebsch (1961) in their 
report on "Geology and Ground-water Conditions in Southern Lea County." Others in the 
profession have published numerous papers related to geological conditions important for the 
exploration and development of the oil and natural gas resources of the region. Only the near-
surface geology relevant for this report is reviewed here 

Southern Lea County includes parts of the Delaware and Permian Basins. Rocks of the Paleozoic 
Era (Ordovician through Permian periods) are located at depth and contain oil and gas deposits 
along with highly mineralized oil-field waters. Unconformably overlying these are Mesozoic Era 
rocks of the Triassic period. The Triassic rocks are in turn unconformably overlain by rocks of 
the Cenozoic Tertiary and Quaternary periods, which include the Ogallala Formation and recent 
alluvium. 

The Triassic rocks are composed of red and green claystones, red siltstones, shale and sandstones 
(generally minor). The rocks yield small quantities of water from the sandstones, but the water 
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has' a high sulfate content. The upper surface of the Triassic rocks has been eroded producing 
channels and depressions which have been filled by the younger Ogallala and alluvial sediments. 
These structural features provide a variety of pathways for movement of fluids atop the Triassic 
rocks. 

The Cenozoic Ogallala and alluvial formations generally have much coarser sediments, although 
fine grained silts and clays are found both in the Ogallala and in alluvial lake deposits. The 
Ogallala formation ranges up to about 300 feet in thickness and is mainly a calcareous, 
unconsolidated sand, but it also contains clay, silt, and gravel. Beds of mixed clay and gravel are 
commonly found at the base of the formation. In most locations the Ogallala formation is capped 
with a thick layer of dense caliche which ranges in thickness from a few feet to greater than 60 
feet. At the surface, the caliche is well cemented and hard, but is softer and more porous at 
increasing depth where it grades into the underlying sands. 

The alluvium has been deposited in topographically low areas where the Ogallala has been 
stripped away or where erosion channels have been scoured into the Triassic rocks or Ogallala 
formation and later buried. The alluvium is generally less than 100 feet thick. At the surface it is 
usually a calcareous silt, but in some locations a cover of reddish-brown dune sand is found. 
Nicholson and Clebsch (1961) state that up to 80 percent of the area of southern Lea County has 
a surface cover of the fine to medium sand with thickness ranging from a veneer of several 
inches up to 30 feet. 

At the Osborn ranch, the Ogallala formation outcrops to the north and west of the ranch 
headquarters, while alluvial sediments with some surficial sand are present in the area of the 
residences. Surface drainage is by means of a relatively undefined drainage system that trends 
from the north and northwest to the south. Alluvial material is present at the surface in the 
vicinity of the drainages. At the community of Jal and further to the south, all surface sediments 
are alluvial in nature. 

4.0 Groundwater 

4.1 Reported Occurrence of Groundwater 

Nicholson and Clebsch (1961) document relatively thin zones of water saturation in the alluvial 
sediments immediately north of Jal in the vicinity of the Osborn ranch. Thickness of saturated 
sediments was estimated at about 20 feet. Water in a well just east of the ranch was reported at a 
depth of about 63 feet during pumping in 1953; no depth of well was given. No other wells in 
the vicinity of the ranch were reported in the 1961 report. However, several wells in Jal which 
were completed in Triassic rocks have a reported saturated thickness of 200 to 300 feet. 

4.2 Current Groundwater Investigation 

A detailed groundwater investigation was conducted in the vicinity of the Osborn ranch 
beginning on February 22, 2000. Previously, water levels at several wells in the vicinity of the 
ranch residences and at the Bristol-installed monitor well had been measured in December 1999, 
but a detailed groundwater map had not been produced due to the small number of measured 
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water levels, a lack of surveyed casing elevations, and due to the pumping drawdown in the main 
ranch house well. Although groundwater movement was anticipated generally to be from 
northwest to southeast, the lack of accurate measurements prevented knowledgeable assumptions 
as to the possible source(s) of the increasing chloride and total dissolved solids concentrations in 
the ranch wells. 

A trip to the ranch was made on February 22 and locations of wells possibly suitable for 
measuring water level elevations and/or groundwater sampling were noted. The Jal Country 
Club was visited and Mr. Harrell Butler from the City of Jal showed the locations of wells used 
for production of water for sale and the locations of other wells on the property. As a result of 
that trip, John W. West Surveying Company of Hobbs was contacted to survey the wells and to 
generate a map showing well locations and casing elevations. On February 29, 2000, SESI staff 
technicians measured water level elevations and total depth in all the wells identified as suitable 
for study. The City of Jal shut down it's pumping wells for a minimum of twelve hours to allow 
recovery of water levels prior to measurement of static water levels. Water quality sampling was 
performed as described in Section 5.2. 

4.3 Groundwater Occurrence and Movement 

Information collected during the late February investigation was organized and tabulated for the 
purpose of drawing groundwater elevation maps. Table 1 lists the wells used in the study while 
Table 2 provides a summary of water level elevations and total depth. Water levels measured 
both in December 1999 and February 2000 are included in the table. 

Water level elevations range from a high of 3,078.47 feet above MSL at well #6 (the north water 
well in Section 7), to 3,047.32 feet at well #8 (Jal Country Club Monitor Well 3) which is an 
elevation difference of 31 feet over a distance of about one mile. The average saturated thickness 
of the sediments ranges from 20 to 40 feet (assuming that the water supply wells completely 
penetrate to the bottom of the saturated zone). However, one unused country club well (#10) 
measured less than one foot of water in the casing; the probe may have encountered an 
obstruction before reaching total depth. Another well (#13) at the country club and used for 
pumping water for sale had a saturated thickness of 81.4 feet. The completion details of this well 
are unknown, but it may have been drilled partially into the Triassic rocks beneath the Ogallala or 
alluvial surface sediments unless a buried channel or depression was encountered. The two 
oilfield-related monitor wells installed in the past few years (#4, #7) have between 11 and 13 feet 
of saturated thickness. 

The water level elevation data for both December 1999 and February 2000 was plotted on two 
maps and water level elevation contours drawn (Figures 2 and 3). Figure 2 shows groundwater 
on December 15, 1999, moving from the vicinity of Bristol line leak and Monitor Well 4 directly 
toward the Osborn pumping well (at that time the Main House Well, #2). Therefore, any 
contaminants present in the groundwater will also migrate toward well #2. The groundwater 
gradient (outside the area of the pumping cone of depression) is 1 foot per 325 feet, or 0.003 feet 
per foot. No monitor wells are located to the north or east of the spill site, so no further 
delineation of groundwater movement is currently possible at this location. 
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Table 1. List of Water and Monitor Wells in the Vicinity of the Osborn Ranch, Jal, Lea 
County, New Mexico 

Well Name Map ID 
State Engineer 
Information 

Comment 

Front House Windmill #1 NE, SE, NE, NE 
Sec. 18, T25S, R37E 

Owner's well #4 

Front House Well #5 NE, SE, NE, NE 
Sec. 18,T25S, R37E 

Owner's well #5 

Main House Well #2 SE, SW, NE, NE 
Sec. 18, T25S, R37E 

Owner's well #1 (also, Jal CC 
Monitor well 11) 

Back House Windmill #3 SE, SW, NE, NE 
Sec. 18, T25S, R37E 

Owner's well #2 

West Water Well #14 SW, SW, NE, NE 
Sec. 18, T25S, R37E 

Owner's well #3 

Bristle Resources Well #4 Monitor well 

North (Section 7) Water Well #6 NW, NE, SW, SW 
Sec. 7, T25S, R37E 

Unused, owner's well #6 

SW (TX-NM pipeline) Well #7 Monitor well 

Jal Country Club MW-3 #8 * Production & monitor well 

Jal Country Club MW-4 #9 * Production & monitor well 

Jal Country Club NE MW #10 * Unused well 

Jal Country Club NW MW #11 * Unused well 

Jal Country Club Windmill #12 * Monitor well #18, plugged 

Jal Country Club MW-2 #13 * Production & monitor well 

Jal Country Club Center MW #15 * Unused well 

Section 13 Water Well SW, SE, SE, SW 
Sec. 13, T25S, R36E 

Unused, owner's well #7 

Notes: 
These and several other wells located at the Jal Country Club are registered with the State 
Engineer Office (SEO) as permit CP-473. All wells are located in the SE1/4 of Section 18, T25S, 
R37E. For this report, no attempt was made to correlate Jal CC wells listed here with those on 
file with the SEO. 
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Table 2. Water Level Elevations and Total Depth of Wells in the Vicinity of the Osborn Ranch, 
Jal, Lea County, New Mexico 

II) and Name 
Casing 

Elevation 
(feet) 

Date 
Depth to 
Water 
(feet) 

Water 
Level 

Elevation 
(feet) 

Measured 
Total 
Depth 
(feet) 

# 1, Front House Windmill 3,095.92 12-15-99 
02-29-00 

43.58 
52.05 

3,052.34 
3,043.87 

65.19 (?) 
69.01 

#2, Main House Well 3,095.32 12-15-99 
02-29-00 

45.66 
42.33 

3,049.66 
3,052.99 86.45 

#3, Back House Windmill 3,101.64 12-15-99 
02-29-00 

49.44 
48.50 

3,052.20 
3,053.14 

74.80 
75.60 

#4, Bristol Monitor Well 3,105.99 12-15-99 
02-29-00 

51.14 
51.03 

3,054.85 
3,054.96 62.37 

#5, Front House Well 3,096.47 12-15-99 
02-29-00 

43.96 
44.92 

3,052.51 
3,051.55 66.16 

#6, North (Sec. 7) Water Well 3,133.90 02-29-00 55.43 3,078.47 78.74 

#7, SW (TX-NM) Mon. Well 3,126.02 02-29-00 64.08 3,061.94 77.36 

#8, Jal CC Monitor Well 3 3,091.47 02-29-00 44.15 3,047.32 78.22 

#9, Jal CC Monitor Well 4 3,094.64 02- 29-00 
03- 02-00 

42.19 
45.58 

3,052.45 
3,049.06 

80.19 

#10, Jal CC NE Monitor Well 3,092.74 02-29-00 43.13 3,049.61 43.76 (?) 

#11, Jal CC NW Monitor Well 3,103.56 02-29-00 52.18 3,051.38 98.91 

#12, Jal CC Windmill (MW-18) 3,103.56 02-29-00 Plugged 

#13, Jal CC Monitor Well 2 3,082.29 02-29-00 33.68 3,048.61 115.05 

#14, West Water Well 3,101.38 12-15-99 
02-29-00 

48.98 
48.34 

3,052.40 
3,053.04 61.37 

#15, Jal CC Center Monitor 
Well 

3,093.91 02- 29-00 
03- 02-00 

40.79 
40.84 

3,053.12 
3,053.07 

69.99 
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Figure 3. Groundwater Elevations, February 29, 2000, Osborn Ranch, Jal, Lea County, New 
Mexico 
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Figure 3 provides an overview of groundwater movement in the vicinity of the ranch and the Jal 
Country Club on February 29, 2000. Groundwater movement is generally from northwest to 
southeast. The gradient is about twice as steep in the northwest (0.007 ft/ft) and flattens in the 
vicinity of the ranch and country club (0.003 ft/ft). No evidence is seen of a pumping cone of 
depression at the country club, although the wells have been shut in only for about 12 hours. 
Also, no evidence of groundwater movement from the vicinity of the country club wells toward 
the Osborn Ranch was seen. 

The Osborn's are currently pumping well #1 due to the increased levels of chloride and TDS in 
well #2. The direction of movement from the vicinity of the Bristol line leak is generally towards 
well #1, although the movement is not as direct as was movement in December to well #2. 
However, a plume of contaminated water located between wells #4 and #2 will now move 
toward well #1 as result of the cessation of pumping of well #2 and commencement of pumping 
of well #1. 

5.0 Water Quality 

5.1 Reported Water Quality 

The quality of groundwater in southern Lea County is quite variable due of a number of natural 
and man-caused factors. In areas where oilfield produced water has not impacted groundwater, 
water from the Ogallala and from alluvium produced from weathering of the Ogallala is 
moderately high in calcium plus magnesium, low in sodium plus potassium, moderately low in 
sulfate and chloride, and moderately high in TDS (Nicholson and Clebsch, 1961). Groundwater 
from Triassic rocks shows a wide range in calcium and magnesium concentrations, is high in 
sodium and moderately high in sulfate, and moderately low in chloride. However, in the Triassic 
rocks both sulfate and chloride can show a wide range in concentration, and TDS is typically 
somewhat higher than in Ogallala waters. 

Where natural groundwater has been impacted by discharges of saline produced water from 
oilfield operations, increases of sodium, chloride and TDS can be expected with lessor increases 
in calcium, magnesium and sulfate. A significant increase in inorganic constituents from 
produced water can make the water non potable for domestic use, including gardening. 
Nicholson and Clebsch (1961) discuss instances of brine contamination of potable water, and 
present some criteria for identification of impacted water. However, their proposed identification 
methods, utilizing ratios of chloride and sulfate may be overly conservative in that virtually all of 
the waters tested for this report would have failed. This would suggest that brine has 
contaminated all the wells in the vicinity of the ranch which is not believed to be the case. A 
more accepted procedure is the use of the Piper Trilinear Diagram which displays the inorganic 
components graphically so that water analyses can be examined visually for evidence of mixing 
of natural water with oilfield produced water. The use of this method to evaluate water quality 
will be discussed in more detail in Section 5.3. 

In addition to the inorganic constituents, organic contaminants such as benzene, toluene, 
ethylbenzene and xylenes (BTEX) are present in oilfield produced water. Improper disposal of 
waters containing these contaminants can make an otherwise potable water unacceptable due to 
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taste, odor, or elevated health risk from toxic or cancer-causing chemicals. The EPA and the 
state of New Mexico have developed drinking water and groundwater standards for the 
occurrence of these contaminants in water supplies. 

During the time that the Jal Country Club has been applying treated city wastewater effluent at 
the golf course, the NMED has required monitoring of chlorides, nitrates and TDS at several 
locations, including the Osborn Main House well (#2). A review of information collected shows 
recently elevated values of chloride and TDS at the Osborn well #2 (Table 3). The. Chloride and 
TDS data show an increase since 1996 with the increase accelerating during 1998 and 1999 
(Figure 4). 

Table 3. Chloride and Total Dissolved Solids (TDS) Measured at Osborn Main House Well, 
Osborn Ranch, Jal, Lea County, New Mexico 

Date Chloride (mg/L) TDS (mg/L) 

05/23/96 172 992 

11/21/96 176 714 

05/27/97 182 938 

11/05/97 241 1,250 

05/11/98 218 1,100 

11/30/98 292 1,280 

05/17/99 319 1,580 

11/22/99 419 1,570 

12/15/99 432 1,782 

5.2 Current Water Quality Investigation 

SESI began collection of water quality data from wells in the vicinity of the Osborn Ranch on 
December 15, 1999. Previously, Cornerstone Environmental Resources had collected a limited 
amount of data in July 1999 for inclusion in the groundwater sampling portion of their Phase II 
environmental assessment report. Although key constituents were sampled, a complete set of 
major chemical cations and anions in water must be analyzed so that a mixing study can be 
performed using the Piper diagrams. 

Additional water wells were sampled beginning on February 22 and continuing through March 
14, 2000. For wells which were not regularly pumped or sampled, at least three casing volumes 
of water were removed prior to sampling. Following standard sampling protocol, water electrical 
conductivity and pH were monitored during pumping until stable. Samples were also obtained of 
the wastewater effluent applied at the Jal County Club, of water sold by the Jal County Club for 
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oilfield use, and of produced water slated for injection well disposal and similar to that which 
leaked from the surface flow lines. Samples collected were placed on ice and transported to one 
of two analytical laboratories for analysis. A chain-of-custody form was used to list samples and 
to have the laboratory acknowledge receipt of the samples. 

5.3 Results of the Water Quality Investigation 

The results of the current water quality investigation are presented in Table 4. The table shows 
obvious elevated levels of inorganic constituents at several locations. These locations include 
water from the Osborn's Main House well (#2), the West Water well (#14), the Bristol monitor 
well (#4), the north (Section 7) monitor well (#6), the Jal Country Club monitor wells 3 and 4 
(#8 and #9), and the Jal Country Club water tanks. A sample of produced water (taken from the 
injection pump located near the Bristol monitor well) was obtained from Mr. Clay Osborn. 

In addition to analysis of inorganic constituents, samples were tested for BTEX hydrocarbons. 
Those tested include the five water and windmills in the vicinity of the ranch residences (well ID 
#1, 2, 3, 5, and 14), the North Water well (#6), the SW (TX-NM) monitor well (#7) and the Jal 
Country Club water sale tanks. All samples tested less than 0.002 mg/L for benzene, toluene and 
ethylbenzene. All samples tested less than 0.006 mg/L for xylene. These values are at the 
method detection level for these constituents. 

Although a simple comparison of the inorganic analytical results might appear sufficient to 
determine if the produced water is the source of elevated chloride and other constituents in the 
monitor wells, a more scientific method is necessary because of the various combinations of 
constituents that are possible. For example, a water sample might be high in chloride implying 
brine contamination from produced water. However, instead of sodium the cation might be 
calcium which is not characteristic of produced water, but could be from other oilfield chemicals. 

The Piper Trilinear Diagram requires an analysis of major cations and anions for use in the 
diagram. The diagram utilizes two equilateral triangles in the left and right corners with a 
diamond-shaped field in between the triangles (Figure 5). One of the triangles contains cation 
concentrations (in milliequivalents per liter) and the other anion concentrations. Cation 
concentrations are proportionally represented by calcium, magnesium, sodium plus potassium 
while anion concentrations are represented by chloride, sulfate, and carbonate plus bicarbonate. 
Once plotted in their respective triangles, the points are extended into the central diamond-
shaped field where they provide general information on the makeup of the water. 

The most important feature of the Piper Diagram is the ability to graphically view the water 
composition and make conclusions regarding the source(s) of the water sample. The method is 
especially good at determining whether a water sample is a mixture of two independent waters, 
or whether it is from a third source. For a water sample to be a mixture of two other sources, it 
must plot along or close to a straight line in each of the three fields, unless a chemical or ion 
exchange reaction is occurring. 

Osbom Hydrogeology report 13 3/20/2000 



Safety & Environmental Solutions, Inc. Osborn Ranch Hydrogeology 

T
D

S
 

(m
g/

L
) 

O rM 
oo r -
r - oo 

oo 

OV 

1
,7

8
2
 

1,
50

0 

T t m 
OO CN 
T t vo 1,

50
2 

1,
30

0 

91
5 

1,
20

0 

2
,3

0
0
 

1,
70

0 

1,
41

9 

1,
20

0 

N
it

r
a

t
e
 

(m
g/

L
) 

vq i 

r-i 1 
i i n cn 

> ov 

CN i • r-~ 
i i r i vd 

1 CN ~ 

• rt r n 0
.7

 

<
1

.0
 

T t m 

rt r n 
B

ic
ar

bo
n

at
e 

(m
g/

L
) 

m o 
—' o 
CN CN 

o 
o\ 

, v i 
O O 

1 CN CN 

VO rt 
r~ m 

. vo cn 

• ^ £ 
. vo oo 
, Tt V , 

CN CN 
rt vo 
r n r n 

C
ar

bo
na

te
 

(m
g/

L
) 

o o 
© d 

p 
d 

i © O 

• d d 
O O 

d d 
i o o 
1 © d 

I © o 

i ©' d 

© © 

© © 

© O 

© d 

S
u

l
f
a

t
e
 

(m
g/

L
) 

rt v o 
r - TT 

cn 
T f 
CN 

T t CN O 
O OO CN 
cn CN cn 

m CN 
oo ov 

1
,4

4
0
 

3
6
4
 

4
6
0
 

T t rt © 
m rt i n 

r~ O 
i n m 
CN CN 

T t © 
r~- CN 
CN T t 

C
h

lo
r
id

e
 

(m
g/

L
) 

i n m 
CN m 

0 0 
vi 

N M O 
T t rO CN 
r n T t T t 

m 
CN m 

t— v t © 
oo ON [— 
VO CN CN 

oo o © 
T t 0 0 rt 
m r n T t 

r- o 
m r-~ 
oo r~-

© © 
rt O 
CN CN 

P
ot

as
si

um
 

(m
g/

L
) 

m m 
T f TT 

T f 

vd 
O t~; T t 

vd vd r n 

Tt T t 

Tt T t 1
3
.0

 

6
.0

 

3
.4

 p r-- r-; 
vd ov vd 

vq CN 

r~ vl 

ov r-~ 
VO rt 

M
ag

ne
si

um
 

(m
g/

L
) 

r - CN 
CN CN 

© 
m 

rt r-~ r~ 
VO T t vo 

r n os 

ov 
rt o oo 
Tt i n i n 

r~ oo 
vo vo 

T t CN 
V t VO 

C
al

ci
um

 
(m

g/
L

) 

T t t - -
vo vo 

i y - i 
oo 

, CN m 
VO CN 

1 rt c N 
m CN 
f - vt • ̂  £ i <^ "fr 

j T t vo 
m m 
Ov Ov 

T t OO 
cn © 
rt CN 

S
o

d
iu

m
 

(m
g/

L
) 

VO o 
T f 
Ov '—' CN 

rt Ov 
CO oo 

i n vo T t 
O OO V I 
T t rt rt 

^ i n 1 0 vo cn 
ov © 
m CN 

Sa
m

pl
e 

D
at

e 

1
2

/1
5

/9
9

 

1
2

/1
7

/9
9
 

1
2
/1

5
/9

9
 

0
7

/2
1

/9
9
 

1
2
/1

5
/9

9
 

0
3
/0

3
/0

0
 

1
2
/1

5
/9

9
 

1
2
/1

7
/9

9
 

0
7

/2
1

/9
9
 

1
2
/1

5
/9

9
 

0
3
/
0
3
/
0
0
 

0
7

/2
1

/9
9
 

0
2
/2

9
/0

0
 

0
3
/0

3
/0

0
 

1
2
/3

0
/9

9
 

0
3

/
1

4
/
0

0
 

0
1

/
0

6
/
0

0
 

0
3

/
1

4
/
0

0
 

i n CN m T t T t VO r -

Sa
m

pl
e 

L
oc

at
io

n 

Fr
on

t 
H

ou
se

 
W

i
n

d
m

i
l
l 

F
ro

nt
 H

ou
se

 
W

e
ll

 

M
ai

n 
H

ou
se

 
W

e
ll

 

B
ac

k 
H

ou
se

 
W

in
d

m
il

l 

W
es

t 
W

at
er

 
W

e
ll

 

B
r
is

to
l 

M
on

it
or

 W
el

l 

N
or

th
 (

Se
c.

 7
) 

M
on

it
or

 W
el

l 

SW
 (

T
X

-N
M

) 

M
on

it
or

 W
el

l 

•+-» 

o 

(N m 'NJ-

Osborn report.doc 14 3/20/2000 



Safety & Environmental Solutions, Inc. Osborn Ranch Hydrogeology 

T
D

S
 

(m
g

/L
) 

2
,6

5
0

 

2
,0

8
0
 

ro 
CN 
VO 

oo o 
OO rt 

1
,1

5
3
 

2
,2

6
0
 

5
9

,0
0

0
 

N
it

r
a

t
e
 

(m
g

/L
) 

U"i u-i 
r-; 

0
.2

 

<
1

.0
 

i 
i 

I CO 
1 u-i <

1
.0

 

B
ic

a
rb

o
n



at
e 

(m
g

/L
) 

OO 
VO 
( N 

o 
CN 

VO l > rt 
r o CN ro 

oo 
2! • 
CN ' 1

,0
0
8
 

C
a

rb
o

n
a

te
 

(m
g
/L

) 

o 
d 

o 
d 

o 
d 

O O 

d d 
uo 
.—1 

O i 

d > 
i o 
1 d 

S
u

lf
a

t
e
 

(m
g

/L
) 

1
,0

8
5
 

OO 
•rl
ov 

OV CN 

ro' u"i 
oo 
vo 
T t 

vo , 

£ • 4
,5

9
0

 

4
,5

0
0
 

C
h

lo
r
id

e
 

(m
g
/L

) 

OO 
VO 
VO 

VO 
Ov 
U"l 

CN 
u - i 

CN O 
r o O 
r o - r f 

oo 
oo >̂ 

vo 1 

2
7
,0

0
0

 

3
0
,0

0
0

 

P
o

ta
ss

iu
m

 

(m
g
/L

) 

vo ( N CN 

vd 1
2
.2

 

7
.8

 

T t 
CN 1

0
.6

 

T t r ~ 
O u- i 
T t uo 

M
a

g
n

es
iu

m
 

(m
g
/L

) 

ro 
T t ro 

CN 
C N r - . 
v o u - i VO 

ov ' 
UO 1 

3
,1

7
0
 

3
,1

2
7

 

C
a

lc
iu

m
 

(m
g
/L

) 

r-
ro 

r-
UO 
CN 

L
L

 

r o T t 
•rt uo Ov 

o • 
OO j 

1
,1

2
5

 

S
o

d
iu

m
 

(m
g
/L

) 

vo 
oo 
ro 

OV 
VO 
ro 

OV u- i u i 
ov oo ro 

CN - : 
u-> 1 1

5
,7

0
0

 

1
1
,4

9
0

 

S
a

m
p

le
 

D
a

te
 

0
2

/
2

2
/
0

0
 

0
2

/
2

2
/
0

0
 

0
2

/
2

9
/
0

0
 

0
2

/
2

9
/
0

0
 

0
3

/
1

4
/
0

0
 

0
2

/
2

2
/
0

0
 

0
1

/
1

2
/
0

0
 

0
2

/2
2

/0
0

 

0
7

/
2

1
/
0

0
 

0
3
/0

3
/0

0
 

5 Q oo Ov o 1 

1 

t i 

S
a

m
p

le
 

L
o

ca
ti

o
n

 

Ja
l 

C
C

 M
W

-3
 

Ja
l 

C
C

 M
W

-4
 

N
E 

C
C

 M
W

 

N
W

C
C

 

M
o

n
it

o
r 

W
e
ll

 

Ja
l 

C
C

 E
ff

lu
e
n

t 

Ja
l 

C
C

 T
a
n
k
s 

P
ro

d
u

c
e
d
 

W
at

er
 

oo 
W 

GO 

<D 

s 
a 
co 
CO 
CD 
CO 

3 ̂  
CD 
O 

C 
CO 

<u 

m 

~5b 

o 
o 
o 

oo 
Q 
E—1 

t-f 
60 

B 
o 

u 
rt 

60 is 

~3b 

o 
o 

00 

Q 
H 

~5b 

o 
o 
VO 

.15 

.. CL) 

s l 
I—I co 

- CD 
co C 

O rti 
co OD 
CD • 

CD 1 , 3 

a § 

2 £ 

% 6 

„ O 

\ CN 
M CD 

UO H 
CN 43 

o 
1-H 

oo 

p-f 

CD 

O 

cd 

-a 
cu 

oo 

§ 
O 

a 
c o 
co 
co 

s s 
o 
o 

V.VJ 

a 
I - . 
CD 
rt 

CN r o T t 

a. c 
w c 
CD 
£ ev

 

o 
CO 

O rt CN 
-4-» 
CO 
l l 

O 

-a 
CD 

CD o 

o
rn

 

43 +-» 
CD 

O 

U B o 
>> >% 1 

X I CO 
T3 CO -a CD 

d
a
r 

"a Q d
a
r 

sa
m

 

CO 

T3 
<D 

s
ta

n
 

OV J> Ov *o CD 

1—< CO C4 

CN CO 

-3 
c H C 

o +-» 
o CO H CH 

a
ly

s
 

1 l-< 

a
ly

s
 

00 <J 
Q PH 

< H W 

Osborn report, doc 15 3/20/2000 



Safety & Environmental Solutions, Inc. Osborn Ranch Hydrogeology 

Piper Diagram 

Osborn Ranch, February 2000 

Ca 80 60 40 20 Na+K HCO3+CC3 20 40 60 80 Cl 
Calcium (Ca) Chloride (Cl) 

C A T I O N S %meq/l A N I O N S 

Figure 5. Piper Trilinear Diagram, February 2000, Osborn Ranch, Jal, New Mexico 
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Figure 5 shows the relationship of the several well water samples taken in the vicinity of the 
Osborn Ranch house plus samples from other monitor wells on the property and from produced 
water prior to downhole injection. In this instance the anion composition of the Main House 
water well (#2) falls between that of produced water and water from the Front House well (#5). 
Water from the Bristol monitor well (#4) is even closer to the anionic composition of produced 
water. Waters from the front and back windmills (#1 and #3) show a lessor impact from 
produced water chlorides and they retain much of their carbonate-bicarbonate composition. 

In the cation triangle, sodium-calcium ion exchange reactions complicate interpretation, but the 
sodium plus potassium percentage in well #2 is higher than that in #5. Well #4 shows a lower 
percentage of sodium plus potassium in the water which may be the result of the sodium from the 
produced water replacing calcium and magnesium in the sediments and releasing these two 
constituents to the groundwater. The windmill waters (#1, #3) have a moderate amount of 
calcium and a lessor amount of magnesium than the other samples 

In the diamond center, water from the Main House well (#2) is located between the produced 
water and water from the Front House well (#5). Water from the two windmills (#1, #3) retains 
its calcium carbonate-bicarbonate composition while the Bristol water shows the result of high 
chlorides and the exchange of sodium in the produced water for calcium and magnesium present 
in the sediments. 

Water in the North (Section 7) well (#6) and in the Southwest (TX-NM) well (#7) are unrelated. 
Although both wells are located on the western edge of the study area, #6 has been severely 
impacted by chlorides from produced water while #7 has been impacted very little i f at all. For 
many years oilfield tank batteries have been located upgradient from the North well (#6). 
Although located near oilfield production and installed to detect and monitor groundwater 
impacts from a hydrocarbon release, the Southwest well (ffl) contains less than 30 percent 
chlorides (vs. 70 percent for #6), and greater than 50 percent calcium (versus 40 percent for #6) 

The conclusions to be drawn from the examination of the Piper Diagram are 1) that the water in 
the Main House Well (#2) is a mixture of native groundwater and oilfield produced water, and 2) 
that elevated levels of chloride in the Bristol monitor well is due to mixing of native groundwater 
with produced water although some sodium in the water in the vicinity of the well has been 
exchanged on the calcareous sediments for calcium which is dissolved in the water. 

6.0 Discussion 

In their discussion of brine contamination of shallow groundwater in southern Lea County, 
Nicholson and Clebsch (1961, p. 104) point out that under some circumstances a mixture of brine 
and fresh water can be pumped by water wells. Although the brine might move very near a 
producing well, it still may not be pumped by the well for several reasons. The well may not 
extend to the base of the aquifer or low permeability beds may retard water movement into the 
well. The pumping schedule and rate of pumping may not be sufficient to draw the produced 
water into the well except after prolonged and heavy pumping; contamination might appear less 
intense in samples collected during short pumping cycles. Also, samples taken only 
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intermittently from monitor wells receiving little pumping can mask effects of contamination 
which might appear with heavier and more frequent use. 

Several of these points have applicability at the Osborn ranch. First, it appears that the Main 
House well (#2) supplied most of the water in the area of the ranch houses prior to the time that 
chloride and dissolved solids concentrations accelerated upward in 1996. Lessor pumping of that 
well in the future may well reduce the amount of brine captured by the cone of depression. Wells 
pumped to a lessor extent, especially the two windmills, show lower concentration impacts of the 
produced water. Secondly, the two monitor wells having shallow completions (Bristol #4 with 
11 feet of saturation and the Southwest (TX-NM) #7 with 13 feet of saturation) show markedly 
different concentrations of constituents. The Bristol well especially shows impacts of produced 
water even though it is not completed in a deep zone and has not been heavily pumped. This 
could indicate that contamination has migrated from the surface to the upper portion of the 
aquifer versus contamination flowing at the base of the aquifer in channels and along the top of 
Triassic redbed surface. 

7.0 Conclusions 
1. As a result of the study, groundwater movement in the vicinity of the Osborn Ranch is from 

the north and northwest to the south and southeast. Movement was in a more southerly 
direction in December 1999 than in February 2000, with the slight change in direction likely 
due a change in pumping locations from the Main House well to the Front House windmill. 

2. The groundwater movement is from the general location of oil and gas production operations 
on the ranch. Mapping of groundwater contours in December 1999 indicate groundwater 
movement from the vicinity of a surface leak of oil and gas produced water (i.e. wastewater); 
a monitor well (#4) placed intermediate between the leak and the pumping wells at the ranch 
shows chloride contamination consistent with a release of produced water. Use of the Piper 
Trilinear Diagram shows the water in the Main House well to be a mixture of the produced 
water and native water. 

3. Based on data from the shallow monitor well (Bristol, #4) discussed in Section 6.0, above, it 
is very likely that contamination of the shallow subsurface water zone resulted from one or 
more leaks in the produced water lines. Since other oil and gas-related sources are in the area 
(e.g. an injection well, production wells, tanks and tank batteries) and may have potentially 
contributed to the groundwater contamination, the degree of contribution from the line leak 
can not be ascertained without additional investigation. 

4. Due to the south and southeasterly direction of groundwater movement and the 
contamination of groundwater by oilfield operations (either past or present) as determined by 
analysis of the groundwater, there is a likelihood that the water wells in the vicinity of the 
ranch residences will continue to show increased salt concentrations resulting in a decrease in 
quality of the potable water available to the ranch owners and residents. 
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APPENDIX 
COPIES OF WATER ANALYSES 
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4725 Ripley Avenue, Suite A 

Lubbock, Texas 79424 800 •378*1296 806*794 -1296 
El Paso, Texas 79922 888 • 588 • 3443 915 • 585 • 3443 

E-Mail: lab@traceanalysis.com 

FAX 80B-794-1298 
FAX 915-585-4944 

Analytical and Quality Control Report 

Bob Allen 
Safety & Environmental Solutions Inc. 
P. O. Box 1613 
Hobbs, NM 88240 

Project Number: N/A 
Project Name: Osburn Ranch 
Project Location: Jal, NM 

Report Date: 3/9/00 

Order ID Number: A00030309 

Enclosed are the Analytical Results and Quality Control Data Reports for the following samples submitted to TraceAnalysis, Inc. 
for analysis: 

Date Time Date 
Sample Number Sample Description Matrix Taken Taken Received 

141693 Produced Water Water 3/3/00 7:00 3/3/00 

141694 Monitor Well #4 Water 3/3/00 7:00 3/3/00 

141695 West Water Well #14 Water 3/3/00 7:00 3/3/00 

141696 Main House Well #2 Water 3/3/00 7:00 3/3/00 

These results represent only the samples received in the laboratory. The Quality Control Report is generated on a batch basis. 
All information contained in this report is for the analytical batch(es) in which your sample(s) were analyzed. 

This report consists of a total of 7 pages and shall not be reproduced except in its entirety, without written approval of 
TraceAnalysis, Inc. 

Dr. Blair Leftwich, Director 



Report Date: 3/9/00 

N/A 

Order ID Number: A00030309 

Osburn Ranch 

Page Number: 2 of 7 

Jal, NM 

Analytical Results Report 

Sample Number: 141693 
Description: Produced Water 

Analytical Date Date Prep QC 
Param Result Dilution Method Prepared Analyzed Analyst Batch # Batch # RDL 

Alkalinity (mg/L as CaCo3) 
Hydroxide Alkalinity <1.0 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Carbonate Alkalinity <1.0 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Bicarbonate Alkalinity 827 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Total Alkalinity 827 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 

Dissolved Metals (mg/L) 
Dissolved Calcium 1125 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Magnesium 3127 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Potassium 557 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Sodium 11490 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 

Ion Chromatography (IC) (mg/L) 
CL * 30,000 I E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.5 
Nitrate-N <1.0 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.2 
Sulfate *4500 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.5 
* CL - Chloride was re-ran on IC030600.sch (PB01099; QC01326). ICV %IA = 93; CCV %IA = 92; Matrix spikes RPD = 1; Matrix spikes 
%EA = 83. 
* Sulfate - Sulfate was re-ran on IC030600.sch (PB01099; QC01326). ICV %IA = 96; CCV %IA = 98; Matrix spikes RPD = 2; Matrix spikes 
%EA = 98. 

Sample Number: 141694 
Description: Monitor Weil #4 

Analytical Date Date Prep QC 
Param Result Dilution Method Prepared Analyzed Analyst Batch # Batch # RDL 

Alkalinity (mg/L as CaCo3) 
Hydroxide Alkalinity <1.0 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Carbonate Alkalinity <1.0 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Bicarbonate Alkalinity 130 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Total Alkalinity 130 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 

Dissolved Metals (mg/L) 
Dissolved Calcium 164 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Magnesium 58 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Potassium 6.7 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Sodium 125 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 

Ion Chromatography (IC) (mg/L) 
CL 410 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.5 
Fluoride 2.1 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.2 
Nitrate-N 3.1 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.2 
Sulfate 150 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.5 

Sample Number: 141695 
Description: West Water Well # 14 

Analytical Date Date Prep QC 
Param Result Dilution Method Prepared Analyzed Analyst Batch # Batch # RDL 

Alkalinity (mg/L as CaCo3) 
Hydroxide Alkalinity <1.0 1 E 310.1 3/6/00 3/6/00 JS PB01089 QC01314 
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Carbonate Alkalinity <1.0 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Bicarbonate Alkalinity 142 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Total Alkalinity 142 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 

Dissolved Metals (mg/L) 
Dissolved Calcium 150 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Magnesium 44 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Potassium 3.4 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Sodium 154 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 

Ion Chromatography (IC) (mg/L) 
CL 270 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.5 
Fluoride 2.2 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.2 
Nitrate-N 6.7 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.2 
Sulfate 460 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.5 

Sample Number: 141696 
Description: Main House Well #2 Description: Main House Well #2 

Analytical Date Date Prep QC 
Param Result Dilution Method Prepared Analyzed Analyst Batch # Batch # RDL 

Alkalinity (mg/L as CaCo3) 
Hydroxide Alkalinity <1.0 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Carbonate Alkalinity <1.0 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Bicarbonate Alkalinity 165 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 
Total Alkalinity 165 1 E310.1 3/6/00 3/6/00 JS PB01089 QC01314 1 

Dissolved Metals (mg/L) 
Dissolved Calcium 225 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Magnesium 67 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Potassium 3.4 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 
Dissolved Sodium 98 1 E 200.7 3/7/00 3/7/00 RR PB01161 QC01328 0.5 

Ion Chromatography (IC) (mg/L) 
CL 420 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.5 
Fluoride 2.3 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.2 
Nitrate-N 9.3 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.2 
Sulfate 320 1 E 300.0 3/2/00 3/4/00 JS PB01066 QC01291 0.5 



Report Date: 3/9/00 

N/A 

Order ID Number: A00030309 

Osburn Ranch 

Page Number: 4 of 7 

Jal, NM 

Quality Control Report 
Method Blanks 
Blank Reporting Date Prep QC 

Param Flag Result Limit Analyzed Batch # Batch # 

Hydroxide Alkalinity (mg/L as CaCo3) <1.0 1 3/6/00 PB01089 QC01314 
Carbonate Alkalinity (mg/L as CaCo3) <1.0 1 3/6/00 PB01089 QC01314 
Bicarbonate Alkalinity (mg/L as CaCo3) <2.0 1 3/6/00 PB01089 QC01314 
Total Alkalinity (mg/L as CaCo3) <2.0 1 3/6/00 PB01089 QC01314 

Blank Reporting Date Prep QC 
Param Flag Result Limit Analyzed Batch # Batch # 

Dissolved Calcium (mg/L) <5 0.5 3/7/00 PB01161 QC01328 
Dissolved Magnesium (mg/L) <5 0.5 3/7/00 PB01161 QC01328 
Dissolved Potassium (mg/L) <.5 0.5 3/7/00 PB01161 QC01328 
Dissolved Sodium (mg/L) <.5 0.5 3/7/00 PB01161 QC01328 

Blank Reporting Date Prep QC 
Param Flag Result Limit Analyzed Batch # Batch # 

CL (mg/L) <0.5 0.5 3/4/00 PB01066 QC01291 

Fluoride (mg/L) <0.2 0.2 3/4/00 PB01066 QC01291 

Nitrate-N (mg/L) <0.2 0.2 3/4/00 PB01066 QC01291 
Sulfate (mg/L) <0.5 0.5 3/4/00 PB01066 QC01291 



Report Date: 3/9/00 

N/A 

Order ID Number: A00030309 

Osburn Ranch 

Page Number: 5 of 7 

Jal, NM 

Quality Control Report 
Matrix Spike and Matrix Duplicate Spike 

Spike Matrix 
Sample Amount Spike % % Rec. RPD QC 

Standard Param Result Dil. Added Result Rec. RPD Limit Limit Batch # 

MS CL (mg/L) 420 1 125 526.03 85 80-120 0-20 QC01291 

MS Fluoride (mg/L) 2.3 1 25 28.39 104 80-120 0-20 QC01291 

MS Nitrate-N (mg/L) 9.3 1 50 56.82 95 80- 120 0-20 QC01291 

MS Sulfate (mg/L) 320 1 125 436.35 93 80- 120 0-20 QC01291 

MSD CL (mg/L) 420 1 125 532.63 90 6 80 - 120 0-20 QC01291 

MSD Fluoride (mg/L) 2.3 1 25 27.85 102 2 80 - 120 0-20 QC01291 

MSD Nitrate-N (mg/L) 9.3 1 50 56.00 93 2 80- 120 0-20 QC01291 

MSD Sulfate (mg/L) 320 1 
125 440.58 96 4 80- 120 0-20 QC01291 

Spike Matrix 
Sample Amount Spike % % Rec. RPD QC 

Standard Param Result Dil. Added Result Rec. RPD Limit Limit Batch # 

MS Dissolved Calcium (mg/L) 1125 1 1000 2196 107 75 - 125 0-20 QC01328 

MS Dissolved Magnesium (mg/L) 3127 1 1000 4112 99 75 - 125 0-20 QC01328 

MS Dissolved Potassium (mg/L) 557 1 1000 1721 116 75 - 125 0-20 QC01328 

MS Dissolved Sodium (mg/L) 11490 1 1000 12410 92 75- 125 0-20 QC01328 

MSD Dissolved Calcium (mg/L) 1125 1 1000 2165 104 3 75 - 125 0-20 QC01328 

MSD Dissolved Magnesium (mg/L) 3127 1 1000 4037 91 8 75 - 125 0-20 QC01328 

MSD Dissolved Potassium (mg/L) 557 1 1000 1747 119 2 75 - 125 0-20 QC0I328 

MSD Dissolved Sodium (mg/L) 11490 
1 

1000 12620 113 20 75 - 125 0-20 QC01328 

Quality Control Report 
Duplicates 

Duplicate Sample RPD QC 
Standard Param Flag Result Result Dilution RPD Limit Batch # 

Duplicate Hydroxide Alkalinity (mg/L as CaCo <1.0 <1.0 1 0 0 -20 QC01314 
Duplicate Carbonate Alkalinity (mg/L as CaCo <1.0 <1.0 1 0 0 -20 QC01314 
Duplicate Bicarbonate Alkalinity (mg/L as CaC 47 49 1 4 0 -20 QC01314 
Duplicate Total Alkalinity (mg/L as CaCo3) 47 49 1 4 0 -20 QC01314 



Report Date: 3/9/00 

N/A 

Order ID Number: A00030309 

Osburn Ranch 

Page Number: 6 of 7 

Jal, NM 

Quality Control Report 
Lab Control Spikes and Duplicate Spike 

Spike Matrix 
Blank Amount Spike % % Rec. RPD QC 

Param Result Dil. Added Result Rec. RPD Limit Limit Batch # 

LCS Dissolved Calcium (mg/L) <.5 1 1000 980 98 75 - 125 0-20 QC01328 
LCS Dissolved Magnesium (mg/L) <.5 1 1000 999 100 75-125 0-20 QC01328 
LCS Dissolved Potassium (mg/L) <.5 1 1000 999 100 75- 125 0-20 QC01328 
LCS Dissolved Sodium (mg/L) <.5 1 1000 976 98 75 -125 0-20 QC01328 

LCSD Dissolved Calcium (mg/L) <.5 1 1000 984 98 0 75 - 125 0-20 QC01328 
LCSD Dissolved Magnesium (mg/L) <.5 1 1000 944 94 6 75 - 125 0-20 QC01328 
LCSD Dissolved Potassium (mg/L) <.5 1 1000 1003 100 0 75 - 125 0-20 QC01328 
LCSD Dissolved Sodium (mg/L) < 5 1 1000 983 98 1 75 - 125 0-20 QC01328 



Report Date: 3/9/00 

N/A 

Order ID Number: A00030309 

Osburn Ranch 

Page Number: 7 of 7 

Jal, NM 

Quality Control Report 
Continuing Calibration Verification Standard 

CCVs CCVs CCVs Percent 
TRUE Found Percent Recovery Date QC Batch 

Standard Param Flag Cone. Cone. Recovery Limits Analyzed # 

ICV Hydroxide Alkalinity (mg/L as CaCo3) 0 <1.0 0 80-120 3/6/00 QC01314 

ICV Carbonate Alkalinity (mg/L as CaCo3) 0 208 0 80-120 3/6/00 QC01314 

ICV Bicarbonate Alkalinity (mg/L as CaCo3) 0 20 0 80- 120 3/6/00 QC01314 
ICV Total Alkalinity (mg/L as CaCo3) 236 228 97 80- 120 3/6/00 QC01314 

CCV 1 Hydroxide Alkalinity (mg/L as CaCo3) 0 <1.0 0 80- 120 3/6/00 QC01314 

CCV 1 Carbonate Alkalinity (mg/L as CaCo3) 0 214 0 80-120 3/6/00 QC01314 

CCV 1 Bicarbonate Alkalinity (mg/L as CaCo3) 0 15 0 80-120 3/6/00 QC01314 

CCV 1 Total Alkalinity (mg/L as CaCo3) 236 229 97 80- 120 3/6/00 QC01314 

CCVs CCVs CCVs Percent 
TRUE Found Percent Recovery Date QC Batch 

Standard Param Flag Cone. Cone. Recovery Limits Analyzed # 

ICV Dissolved Calcium (mg/L) 20 20.9 105 75-125 3/7/00 QC01328 

ICV Dissolved Magnesium (mg/L) 20 20.2 101 75 - 125 3/7/00 QC01328 
ICV Dissolved Potassium (mg/L) 20 21.1 106 75 - 125 3/7/00 QC01328 
ICV Dissolved Sodium (mg/L) 20 20.6 103 75 - 125 3/7/00 QC01328 

CCV 1 Dissolved Calcium (mg/L) 1 21 2100 75 - 125 3/7/00 QC01328 
CCV 1 Dissolved Magnesium (mg/L) 20 20.4 102 75 - 125 3/7/00 QC01328 

CCV 1 Dissolved Potassium (mg/L) 20 20.5 102 75 - 125 3/7/00 QC01328 
CCV 1 Dissolved Sodium (mg/L) 20 20.3 102 75 - 125 3/7/00 QC01328 

CCVs CCVs CCVs Percent 
TRUE Found Percent Recovery Date QC Batch 

Standard Param Flag Cone. Cone. Recovery Limits Analyzed # 

ICV CL (mg/L) 12.5 11.46 92 80- 120 3/4/00 QC01291 
ICV Fluoride (mg/L) 2.5 2.53 101 80- 120 3/4/00 QC01291 
ICV Nitrate-N (mg/L) 5 4.63 93 80-120 3/4/00 QC0129I 
ICV Sulfate (mg/L) 12.5 12.26 98 80- 120 3/4/00 QC01291 

CCV 1 CL (mg/L) 12.5 11.40 91 80- 120 3/4/00 QC01291 
CCV 1 Fluoride (mg/L) 2.5 2.53 101 80- 120 3/4/00 QC01291 
CCV 1 Nitrate-N (mg/L) 5 4.61 92 80- 120 3/4/00 QC01291 
CCV 1 Sulfate (mg/L) 12.5 11.88 95 80-120 3/4/00 QC01291 
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6701 Aberdeen Avenue, Suite 9 
4725 Ripley Avenue, Suite A 

Lubbock, Texas 79424 800»378«1296 806»794»1296 
El Paso, Texas 79922 888»588»3443 915»585»3443 

E-Mail: lab@traceanalysis.com 

FAX 806»794»1298 
FAX 915* 585* 4944 

Analytical and Quality Control Report 

Bob Allen 
Safety & Environmental Solutions Inc. 
P. O. Box 1613 
Hobbs, NM 88240 

Project Number: N/A 
Project Name: Osburn Ranch 
Project Location: Jal, NM 

Report Date: 3/15/00 

Order ID Number: A00030309 

Enclosed are the Analytical Results and Quality Control Data Reports for the following samples submitted to TraceAnalysis, Inc. 
for analysis: 

Date Time Date 
Sample Number Sample Description Matrix Taken Taken Received 

141693 Produced Water Water 3/3/00 7:00 3/3/00 

141694 Monitor Well #4 Water 3/3/00 7:00 3/3/00 

141695 West Water Well #14 Water 3/3/00 7:00 3/3/00 

141696 Main House Well #2 Water 3/3/00 7:00 3/3/00 

These results represent only the samples received in the laboratory. The Quality Control Report is generated on a batch basis. 
All information contained in this report is for the analytical batch(es) in which your sample(s) were analyzed. 

This report consists of a total of 3 pages and shall not be reproduced except in its entirety, without written approval of 
TraceAnalysis, Inc. 



Report Date: 3/15/00 

N/A 

Order ID Number: A00030309 

Osburn Ranch 

Page Number: 2 of 3 

Jal, NM 

Analytical Results Report 

Sample Number: 141693 
Description: Produced Water 

Param Result Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Conductivity (uMHOS/cm) 
Specific Conductance 80000 1 SM 2510B 3/13/00 3/13/00 MD PB01215 QC01464 

TDS (mg/L) 
Total Dissolved Solids 59000 1 E 160.1 3/14/00 3/15/00 MD PB01259 QC01519 10 

Sample Number: 141694 
Description: Monitor Well #4 

Analytical Date Date Prep QC 
Param Result Dilution Method Prepared Analyzed Analyst Batch # Batch # RDL 

Conductivity (uMHOS/cm) 

Specific Conductance 1700 1 SM2510B 3/13/00 3/13/00 MD PB01215 QC01464 

TDS (mg/L) 
Total Dissolved Solids 1200 1 E 160.1 3/14/00 3/15/00 MD PB01259 QC01519 10 

Sample Number: 141695 
Description: West Water Well # 14 

Analytical Date Date Prep QC 
Param Result Dilution Method Prepared Analyzed Analyst Batch # Batch # RDL 

Conductivity (uMHOS/cm) 

Specific Conductance 1800 1 SM2510B 3/13/00 3/13/00 MD PB01215 QC01464 

TDS (mg/L) 
Total Dissolved Solids 1300 1 E 160.1 3/14/00 3/15/00 MD PB01259 QC01519 10 

Sample Number: 141696 
Description: Main House Well #2 

Analytical Date Date Prep QC 
Param Result Dilution Method Prepared Analyzed Analyst Batch # Batch # RDL 

Conductivity (uMHOS/cm) 
Specific Conductance 2100 1 SM2510B 3/13/00 3/13/00 MD PB01215 QC01464 

TDS (mg/L) 
Total Dissolved Solids 1500 1 E 160.1 3/14/00 3/15/00 MD PB01259 QC01519 10 



Report Date: 3/15/00 

N/A 

Order ID Number: A00030309 

Osburn Ranch 

Page Number: 3 of 3 

Jal, NM 

Quality Control Report 
Method Blanks 

Param Flag 
Blank 
Result 

Reporting 
Limit 

Date 
Analyzed 

Prep 
Batch # 

QC 
Batch # 

Specific Conductance (uMHOS/cm) 6.0 3/13/00 PB01215 QC01464 

Param Flag 
Blank 
Result 

Reporting 
Limit 

Date 
Analyzed 

Prep 
Batch # 

QC 
Batch # 

Total Dissolved Solids (mg/L) <10 10 3/15/00 PB01259 QC01519 

Quality Control Report 
Duplicates 

Standard Param Flag 
Duplicate 

Result 
Sample 
Result Dilution RPD 

RPD 
Limit 

QC 
Batch # 

Duplicate Specific Conductance (uMHOS/cm) 3062 3100 1 1 0-20 QC01464 

Standard Param Flag 
Duplicate 

Result 
Sample 
Result Dilution RPD 

RPD 
Limit 

QC 
Batch # 

Duplicate Total Dissolved Solids (mg/L) 591 590 1 0 0-20 QC01519 

Quality Control Report 
Continuing Calibration Verification Standard 

CCVs CCVs CCVs Percent 
TRUE Found Percent Recovery Date QC Batch 

Standard Param Flag Cone. Cone. Recovery Limits Analyzed n 
ICV Specific Conductance (uMHOS/cm) 1413 1308 93 80 - 120 3/13/00 QC01464 

CCV 1 Specific Conductance (uMHOS/cm) 1413 1337 95 80-120 3/13/00 QC01464 

CCVs CCVs CCVs Percent 
TRUE Found Percent Recovery Date QC Batch 

Standard Param Flag Cone. Cone. Recovery Limits Analyzed # 

ICV Total Dissolved Solids (mg/L) 1000 990 99 80-120 3/15/00 QC01519 

CCV 1 Total Dissolved Solids (mg/L) 1000 997 100 80-120 3/15/00 QC01519 
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LABORATORI ES 

P H O N E (915) 6 7 3 - 7 0 0 1 • 2 1 1 1 B E E C H W O O D • A B I L E N E , TX 7 9 6 0 3 

P H O N E (505) 3 9 3 - 2 3 2 6 • 101 E. M A R L A N D • H O B B S , N M 8 8 2 4 0 

Receiving Date: 02/22/00 
Reporting Date: 02/28/00 
Project Number: NOT GIVEN 
Project Name: OSBORN RANCH 
Project Location: JAL 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: DAVID BOYER 
703 E. CLINTON, SUITE #103 
HOBBS, NM 88240 
FAX TO: (505) 393-4388 

Sampling Date: 02/22/00 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: AH 
Analyzed By: AH 

LAB NUMBER SAMPLE ID 
Na Ca Mg K Conductivity T-AlKalinity 

(mg/L) (mg/L) (mg/L) (mg/L) (u mhos/cm) (mgCaCOa/L) 

ANALYSIS DATE: 02/28/00 02/23/00 02/23/00 02/23/00 02/23/00 02/23/00 
H4661-1 JAL CC EFFLUENT 231 91 61 24 1818 260 
H4661-3 JAL CC MW-3 386 337 143 16 4497 220 
H4661-4 JAL CC MW-4 369 257 131 12 3806 172 

Quality Control NR 52 53 4.89 1392 NR 
True Value QC NR 50 50 5.00 1413 NR 
% Recovery NR 104 106 98 98.5 NR 
Relative Percent Difference NR 7.7 7.5 NR 0.2 NR 

METHODS: SM3500-Ca-D 3500-Mg E 8049 120.1 310.1 

Cl 
(mg/L) 

so 4 

(mg/L) 
C0 3 

(mg/L) 
HC0 3 

(mg/L) 
PH 

(s.u.) 
TDS 

(mg/L) 

ANALYSIS DATE: 02/23/00 02/23/00 02/23/00 02/23/00 02/23/00 02/23/00 
H4661-1 JAL CC EFFLUENT 188 468 115 83 8.75 1153 
H4661-3 JAL CC MW-3 668 1085 0 268 7.25 2650 
H4661-4 JAL CC MW-4 596 948 0 210 7.29 2080 

Quality Control 960 53.2 NR 971 7.01 NR 
True Value QC 1000 50.0 NR 1000 7.00 NR 
% Recovery 96 106 NR 97 100 NR 
Relative Percent Difference 5.2 8.5 NR NR 0.1 NR 

METHODS: SM4500-CI-B 375.4 310.1 310.1 150.1 160.1 

Chemist Date 

PLEAM j t f l ZE i HoMfvQnd Damages. Cardinal's liability and client's exclusive remedy tor any claim arising, whether based in contract or tort, shall be limited to the amount paid by client tor analyses. 
All claims/incLding'thoselor negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion ol the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss ot use, or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. 



A R D I N A L 
LABORATORIES 

P H O N E (915 ) 6 7 3 - 7 0 0 1 o 2 1 1 1 B E E C H W O O D • A B I L E N E , TX 7 9 6 0 3 

P H O N E (505 ) 3 9 3 - 2 3 2 6 • 1 0 1 E. M A R L A N D • H O B B S , N M 8 8 2 4 0 

Receiving Date: 02/22/00 
Reporting Date: 03/02/00 
Project Number NOT GIVEN 
Project Name: OSBORN RANCH 
Project Location: JAL 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: DAVID BOYER 
703 E. CLINTON, SUITE #103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Sampling Date: 02/22/00 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: AH 
Analyzed By: AH 

LAB NUMBER SAMPLE ID 
TKN 

(mg/L) 
NO3-N 
(mg/L) 

NO2-N 
(mg/L) 

ANALYSIS DATE: ^ 03/02/00 02/23/00 02/23/00 
H4661 -2 NQRT+TPG*JB^£X\ Cr 5.25 0.07 
H4661-3 JAL CC MW-3 5.51 0.06 
H4661-4 JAL CC MW-4 5.46 0.06 
H4661-5 OSBORN FISH POND 1.30 3.61 0.12 

Quality Control 2.45 3.09 0.23 
True Value QC 2.50 3.00 0.25 
% Recovery 98 103 92 
Relative Percent Difference 4.0 6.1 13.0 

METHODS: EPA 600/4-79-020 351.3 352.1 354.1 

Date 

P L E / t f e t K R a W a X l ! © n d Damages. Cardinal's liability and client's exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses. 
All claims, including those for negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss ot use, or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out ol or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. 
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A R D I N A L 
LABORATORIES 

PHONE (915) 673-7001 a 2111 BEECHWOOD » ABILENE, TX 79603 

PHONE (505) 393-2326 • 101 E. MARLAND • HOBBS, NM 88240 

Receiving Date: 02/29/00 
Reporting Date: 03/02/00 
Project Number: NOT GIVEN 
Project Name: OSBURN RANCH 
Project Location: JAL, NM 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: DEE WHATLEY 
703 E. CLINTON, STE 103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Sampling Date: 02/29/00 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: AH 
Analyzed By: AH 

LAB NUMBER SAMPLE ID 
Na Ca Mg K Conductivity T-Alkalinity 

(mg/L) (mg/L) (mg/L) (mg/L) (umhos/cm) (mgCaCOg/L) 

ANALYSIS DATE: 03/02/00 03/01/00 03/01/00 03/01/00 03/01/00 03/01/00 
H4683-1 WELL #4 85 147 50 9.7 1621 120 
H4683-4 WELL #10 79 77 21 6.2 952 128 
H4683-5 WELL #11 95 43 62 12.2 1251 112 

Quality Control NR 52 53 4.89 1392 NR 
True Value QC NR 50 50 5 1413 NR 
% Accuracy NR 104 106 98 98.5 NR 
Relative Percent Difference NR 7.7 7.5 2.2 0.2 NR 

METHODS: SM3500-Ca-D 3500-Mg E 8049 120.1 310.1 

Cl S 0 4 CO3 HCO3 pH TDS 
(mg/L) (mg/L) (mg/L) (mg/L) (s.u.) (mg/L) 

ANALYSIS DATE: 03/01/00 03/02/00 03/01/00 03/01/00 03/01/00 03/03/00 
H4683-1 WELL #4 380 111 0 146 7.27 915 
H4683-4 WELL #10 152 111 0 156 7.59 623 
H4683-5 WELL #11 332 3.87 0 137 7.90 788 

Quality Control 1000 53.17 NR 971 7.02 NR 
True Value QC 1000 50.00 NR 1000 7.00 NR 
% Accuracy 100 106 NR 97 100 NR 
Relative Percent Difference 4.0 8.5 NR - 0 NR 

METHODS: SM4500-CI-B 375.4 310.1 310.1 150.1 160.1 

Chemist Date 

P L E A M J I R f K M a M l y g n d Damages. Cardinal's liability and client's exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses. 
All claimsT^cwding'fnoseTor negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out ol or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. 



A R D I N A L 
LABORATORIES 

P H O N E (915 ) 6 7 3 - 7 0 0 1 » 2 1 1 1 B E E C H W O O D • A B I L E N E , TX 7 9 6 0 3 

P H O N E (505) 3 9 3 - 2 3 2 6 • 101 E . M A R L A N D • H O B B S , NM 8 8 2 4 0 

Receiving Date: 02/29/00 
Reporting Date: 03/01/00 
Project Number: NOT GIVEN 
Project Name: OSBURN RANCH 
Project Location: JAL, NM 

ANALYTICAL R E S U L T S FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: DEE WHATLEY 
703 E. CLINTON, STE 103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Sampling Date: 02/29/00 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: AH 
Analyzed By: AH 

NO3-N NO2-N 
LAB NUMBER SAMPLE ID (mg/L) (mg/L) 

ANALYSIS DATE: 03/01/00 03/01/00 
H4683-1 WELL #4 BRISTOL 1.18 0.02 
H4683-2 WELL #6 SEC. 7 WW 0.65 0.02 
H4683-3 WELL #7 TNM 1.37 0.02 
H4683-4 WELL#10JCC 1.71 0.03 
H4683-5 WELL #11 JCC 0.21 0.02 

Quality Control 3.08 0.23 
True Value QC 3.00 0.25 
% Recovery 103 93 
Relative Percent Difference 0.3 0 

METHOD: EPA 600/4-79-020,352.1,354.1 

Date 

PLEA3SM<2^3E$ t XfY9 1 c * D a m a 9 e s Cardinal's liability and client's exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses. 
All claims, including those lor negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. 
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A R D I N A L 
LABORATORIES 

PHONE (915) 673-7001 • 2111 BEECHWOOD • ABILENE, TX_79603 

PHONE (505) 393-2326 • 101 E. MARLAND • HOBBS. NM 88240 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: BETH ALDRICH 
703 E. CLINTON, SUITE #103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Receiving Date: 12/15/99 
Reporting Date: 12/17/99 
Project Owner. NOT GIVEN 
Project Name: OSBORN RANCH 
Project Location: JAL, NM 

Sampling Date: 12/15/99 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: GP 
Analyzed By: BC 

LAB NO. SAMPLE ID 
BENZENE 

(mg/L) 
TOLUENE 

(mgA) 

ETHYL 
BENZENE 

(mg/L) 

TOTAL 
XYLENES 

(mg/L) 

ANALYSIS DATE 12/16/99 12/16/99 12/16/99 12/16/99 
H4514-1 WEST WATER WELL <0.002 <0.002 <0.002 <0.006 
H4514-2 HOUSE WELL <0.002 <0.002 <0.002 <0.006 
H4514-3 FRONT HOUSE WELL <0.002 <0.002 <0.002 <0.006 
H4514-4 FR. HOUSE WINDMILL <0.002 <0.002 <0.002 <0.006 
H4514-5 BACK HOUSE WINDMILL <0.002 <0.002 <0.002 <0.006 

-

Quality Control 0.092 0.104 0.100 0.307 
True Value QC 0.100 0.100 0.100 0.300 
% Recovery 91.8 104 99.8 102 
Relative Percent Difference 3.4 3.1 0.7 1.6 

METHOD: EPA SW-846 8260 

Date 

H4514A.XLS 

PLEASE NOTE- Liability and Damages Cardinal's liability and client's exclusive remedy lor any claim arising, whether based in contract or tort, shall be limited to the amount paid by client lor analyses. 
All claims including Ihose lor negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days alter completion ot the applicable 
service In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss of use. or loss of profits incurred by client. ,(s subsidiaries, 
affiliates or successors arising out of or related to the porlormance of services hereunder by Cardinal, regardless ol whether such claim is based upon any ol the above-stated reasons or otherwise. 



C A R D I N A L 
LABORATORIES 

PHONE (915) 673-7001 • 2111 BEECHWOOD • ABILENE, TX 79603 

PHONE (505) 393-2326 • 101 E. MARLAND • HOBBS, NM 88240 

Receiving Date: 12/15/99 
Reporting Date: 12/17/99 
Project Owner NOT GIVEN 
Project Name: OSBORN RANCH 
Project Location: JAL, NM 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: BETH ALDRICH 
703 E. CLINTON, SUITE #103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Sampling Date: 12/15/99 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: GP 
Analyzed By: GP 

Na Ca Mg K Conductivity NO3-N 
LAB NUMBER SAMPLE ID (mg/L) (mg/L) (mg/L) (mg/L) (umhos/cm) (mg/L) 
ANALYSIS DATE: 12/17/99 12/16/99 12/16/99 12/16/99 12/17/99 12/16/99 
H4514-1 WEST WATER WELL 186 114 47 6.0 2328 5.08 
H4514-2 HOUSE WELL 213 162 47 6.7 2508 7.47 
H4514-3 FRONT HOUSE WELL 94 85 50 6.4 1570 7.14 
H4514-4 FR. HOUSE WINDMILL 116 64 27 4.3 1305 2.63 
H4514-5 BACK. HOUSE WINDMILL 81 73 9.3 4.4 929 1.22 

Quality Control NR 80 49 4.96 1392 3.19 
True Value QC NR 80 50 5.00 1413 3.00 
% Accuracy NR 100 98 99 99 106 
Relative Percent Difference NR 0 2.0 0 0.2 5.6 
METHODS: SM3500-Ca-D 3500-Mg E 8049 120.1 i _ 353.3 

Cl SO4 CO3 HCO3 pH TDS 
(mg/L) (mg/L) (mg/L) (mg/L) (s.u.) (mg/L) 

ANALYSIS DATE: 12/14/99 12/17/99 12/16/99 12/16/99 12/17/99 12/16/99 
H4514-1 WEST WATER WELL 295 364 0 116 7.81 1502 
H4514-2 HOUSE WELL 432 282 0 205 7.73 1782 
H4514-3 FRONT HOUSE WELL 158 243 0 190 7.78 918 
H4514-4 FR. HOUSE WINDMILL 125 171 0 215 7.80 780 
H4514-5 BACK. HOUSE WINDMILL 121 83 0 176 7.68 484 

Quality Control 1010 48.63 NR 971 7.07 NR 
True Value QC 1000 50.00 NR 1000 7.00 NR 
% Accuracy 101 97 NR 97 101 NR 
Relative Percent Difference 2.0 2.9 NR - 0.6 NR 
METHODS: SM4500-CI-B 375.4 310.1 310.1 150.1 160.1 

Date I ^Bayle Abetter, Chemist 

H4514B.XLS 
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A R D I N A L 
LABORATORIES 

P H O N E (915 ) 6 7 3 - 7 0 0 1 » 2 1 1 1 B E E C H W O O D • A B I L E N E , TX 7 9 6 0 3 

P H O N E ( 5 0 5 ) 3 9 3 - 2 3 2 6 • 1 0 1 E. M A R L A N D • H O B B S , N M 8 8 2 4 0 

Receiving Date: 12/17/99 
Reporting Date: 12/20/99 
Project Owner NOT GIVEN 
Project Name: OSBORN RANCH 
Project Location: JAL, NM 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: BETH ALDRICH 
703 E. CLINTON, SUITE #103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Sampling Date: 12/17/99 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: GP 
Analyzed By: AH 

LAB NO. SAMPLE ID 

Na Ca Mg K Conductivity T-Alkalinity 

(mg/L) (mg/L) (mg/L) (mg/L) (umhos/cm) (mgCaCOa/L) 

ANALYSIS DATE: 12/20/99 12/20/99 12/20/99 12/20/99 12/20/99 12/20/99 
H4523-1 BACK HOUSE WINDMILL 89 52 19 4.39 928 124 
H4523-2 FRONT HOUSE WINDMILL 110 67 22 4.45 1306 164 

Quality Control NR 80 49 4.96 1392 NR 
True Value QC NR 80 50 5.00 1413 NR 
% Accuracy NR 100 98 99 99 NR 
Relative Percent Difference NR 0 2.0 0 0.2 NR 

METHODS: SM3500-Ca-D 3500-Mg E 8049 120.1 310.1 

Cl 
(mg/L) 

so4 

(mg/L) 

CO3 
(mg/L) 

HCO3 
(mg/L) 

pH 
(s.u.) 

TDS 
(mg/L) 

ANALYSIS DATE: 12/20/99 12/20/99 12/20/99 12/20/99 12/20/99 12/20/99 
H4523-1 BACK HOUSE WINDMILL 133 92 0 151 7.51 623 
H4523-2 FRONT HOUSE WINDMILL 133 146 0 200 7.60 872 

Quality Control 1041 48.63 NR 971 7.07 NR 
True Value QC 1000 50.00 NR 1000 7.00 NR 
% Accuracy 104 97 NR 97 101 NR 
Relative Percent Difference 3.0 2.9 NR - 0 NR 

METHODS: SM4500-CI-B 375.4 310.1 310.1 150.1 120.11 

Date' 

PLEM4S7T»- Xfetff l ty and Damages Cardinal's liability and client's exclusive remedy tor any daim arising, whether based in contract or tort, shall be limited to the amount paid by client lor analyses. 
All claiiro^indudingtn^se tor negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days alter completion ot the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss of use. or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. 
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A R D I N A L 
LABORATORIES 

PHONE (915) 673-7001 « 2111 BEECHWOOD • ABILENE, TX 79603 

PHONE (505) 393-2326 • 101 E. MARLAND • HOBBS, NM 88240 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: BETH ALDRICH 
703 E. CLINTON, STE 103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Receiving Date: 12/30/99 
Reporting Date: 01/03/00 
Project Owner. CLAY OSBORN 
Project Name: OSBORN RANCH 
Project Location: NORTH WATER WELL 

Sampling Date: 12/30/99 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: AH 
Analyzed By: BC 

LAB NO. SAMPLE ID 

ETHYL TOTAL 
BENZENE TOLUENE BENZENE XYLENES 

(mg/L) (mg/L) (mg/L) (mg/L) 

ANALYSIS DATE 12/30/99 12/30/99 12/30/99 12/30/99 
H4547-1 N. WATER WELL <0.002 <0.002 <0.002 <0.006 

-

Quality Control 0.090 0.103 0.101 0.309 
True Value QC 0.100 0.100 0.100 0.300 
% Recovery 89.7 103 101 103 
Relative Percent Difference 0.5 3.0 2.4 2.8 

METHOD: EPA SW-846 8260 

Chemisf' Date 

H4547A.XLS 

PLEASE NOTE: Liability and Damages. Cardinal's liability and client's exclusive remedy (or any claim arising, whether based in contract or tort, shall be limited to the amount paid by client tor analyses. 
Ail claims, including those for negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable 
service, ln no event shall Cardlnai be liable for incidental or consequential damages, including, without limitation, business interruptions, toss of use, or loss of profits incurred by client, its substdiaries. 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. 



C A R D I N A L 
LABORATORIES 

PHONE (915) 673-7001 > 2111 BEECHWOOD • ABILENE, TX 79603 

PHONE (505) 393-2326 • 101 E. MARLAND • HOBBS. NM 88240 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: BETH ALDRICH 
703 E. CLINTON, STE 103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Receiving Date: 12/30/99 
Reporting Date: 01/03/00 
Project Owner CLAY OSBORN 
Project Name: OSBORN RANCH 
Project Location: NORTH WATER WELL 

Sampling Date: 12/30/99 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: AH 
Analyzed By: AH 

LAB NUMBER SAMPLE ID 

Na Ca Mg K Conductivity T-Alkalinity 

(mg/L) (mg/L) (mg/L) (mg/L) (umhos/cm) (mgCaCOVL) 

ANALYSIS DATE: 12/30/99 12/30/99 12/30/99 12/30/99 12/30/99 12/30/99 
H4547-1 N. WATER WELL 396 195 67 7.64 3450 160 

Quality Control NR 79.97 48.70 4.96 1443 NR 
True Value QC NR 80.00 50.00 5.00 1413 NR 
% Accuracy NR 99 97 99 102 NR 
Relative Percent Difference NR - - 0 0.4 NR 

METHODS: SM3500-Ca-D 3500-Mg E 8049 120.1 310.1 

Cl 

(mg/L) 
so4 

(mg/L) 

C 0 3 

(mg/L) 
HCO3 

(mg/L) 
PH 

(s.u.) 
TDS 

(mg/L) 

ANALYSIS DATE: 12/30/99 12/30/99 12/30/99 12/30/99 12/30/99 12/31/99 
H4547-1 N. WATER WELL 857 257 0 195 7.10 2300 

Quality Control 919 48.63 NR 971 7.03 NR 
True Value QC 1000 50.00 NR 1000 7.00 NR 
% Accuracy 91 97 NR 97 100 NR 
Relative Percent Difference 1.3 2.9 NR - 0 

METHODS: SM4500-CI-B 375.4 310.1 310.1 150.1 160.1 

01163/06 
Datfc 

PLEMa*t«T?- W W t y and Damages Cardinal's liability and client's exclusive remedy lor any claim arising, whether based in contract or tort, shall be limited to the amount paid by client lor analyses. 
All c l l i m t ^ l i ^ g i h o s e (or negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion ol the applicable 
service. In no event shall Cardinal bo liable lor incidental or consequential damages, including, without limitation, business interruptions, loss ot use. or loss ot profits .ncuned by client, its subs id ies , 
affiliates or successors arising out ol or related to the performance ol services hereunder by Cardinal, regardless ol whether such claim is based upon any ot the above-stated reasons or otherwise. 
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i i ̂ A R D I N A L 
LABORATORIES 

PHONE (915) 673-7001 • 2111 BEECHWOOD • ABILENE, TX 79603 

PHONE (505) 393-2326 • 101 E. MARLAND • HOBBS, NM 88240 

Receiving Date: 01/06/00 
Reporting Date: 01/10/00 
Project Number NOT GIVEN 
Project Name: OSBORN RANCH 
Project Location: JAL, NM 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: BETH ALDRICH 
703 E. CLINTON, STE 103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Sampling Date: 01/06/00 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: AH 
Analyzed By: AH 

LAB NUMBER SAMPLE ID 
Na Ca Mg K Conductivity T-Alkalinity 

(mg/L) (mg/L) (mg/L) (mg/L) (umhos/cm) (mgCaCCb/L) 

ANALYSIS DATE: 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 
H4557-1 SOUTHWEST MW 125 134 54 6.93 2006 272 
H4557-2 GOLF COURSE TANKS 504 218 58 8.06 4133 212 

Quality Control NR 79.97 48.70 4.96 1443 NR 
True Value QC NR 80.00 50.00 5.00 1413 NR 
% Accuracy NR 100 97 99 102 NR 
Relative Percent Difference NR - - 0 0.4 NR 

METHODS: SM3500-Ca-D 3500-Mg E 8049 120.1 310.1 

Cl S 0 4 C 0 3 HCO3 pH TDS 
(mg/L) (mg/L) (mg/L) (mg/L) (s.u.) (mg/L) 

ANALYSIS DATE: 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 01/07/00 
H4557-1 SOUTHWEST MW 210 274 0 312 7.14 1419 
H4557-2 GOLF COURSE TANKS 610 786 0 259 7.23 5170 

Quality Control 919 48.63 NR 971 7.02 NR 
True Value QC 1000 50.00 NR 1000 7.00 NR 
% Accuracy 91 97 NR 97 100 NR 
Relative Percent Difference 1.3 2.9 NR - 0 NR 

METHODS: SM4500-CI-B 375.4 310.1 310.1 150.1 160.1 

f)i / / oiOo 
Date 

PLEAfifiJJftTc£7Jj(a V f t ^ S n c l Damages. Cardinal's liability and client's exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses. 
AH claims. mciuaTng(nb?eTor negligence and any other causa whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion ol the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. 



A R D I N A L 
LABORATORIES 

PHONE (915) 673-7001 • 2111 BEECHWOOD a ABILENE, TX 79603 

PHONE (505) 393-2326 • 101 E. MARLAND • HOBBS, NM 88240 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS, INC. 
ATTN: BETH ALDRICH 
703 E. CLINTON, STE 103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Receiving Date: 01/06/00 
Reporting Date: 01/08/00 
Project Number NOT GIVEN 
Project Name: OSBORN RANCH 
Project Location: JAL, NM 

Sampling Date: 01/06/00 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: AH 

Analyzed By. BC 

LAB NO. SAMPLE ID 

ETHYL TOTAL 
BENZENE TOLUENE BENZENE XYLENES 

(mg/L) (mg/L) (mg/L) (mg/L) 

ANALYSIS DATE 01/06/00 01/06/00 01/06/00 01/06/00 
H4557-1 SOUTHWEST MW <0.002 <0.002 <0.002 <0.006 
H4557-2 GOLF COURSE TANKS <0.002 <0.002 <0.002 <0.006 

• Quality Control 0.087 0.100 0.097 0.298 
True Value QC 0.100 0.100 0.100 0.300 
% Recovery 87.3 99.9 96.6 99.5 
Relative Percent Difference 1.3 3.2 4.5 5.1 

METHOD: EPA SW 846-8021B, 5030, 5021 Gas Chromatography 

Date 

H4557B.XLS 

PLEASE NOTE: Liability and Damages. Cardinal's liability and client's exclusive remedy (or any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses. 
All claims, including those for negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable 
service. In no event shall Cardinal be liable for incidental or consequential damages, including, without limitation, business interruptions, loss ol use. or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out of or related to the performance of services hereunder by Cardinal, regardless of whether such claim is based upon any of the above-stated reasons or otherwise. 
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A R D I N A L 
LABORATORIES 

P H O N E (915 ) 6 7 3 - 7 0 0 1 *> 2 1 1 1 B E E C H W O O D • A B I L E N E , TX 7 9 6 0 3 

P H O N E (505 ) 3 9 3 - 2 3 2 6 • 1 0 1 E. M A R L A N D • H O B B S , N M 8 8 2 4 0 

Receiving Date: 01/12/00 
Reporting Date: 01/14/00 
Project Number NOT GIVEN 
Project Name: OSBORN 
Project Location: NOT GIVEN 

ANALYTICAL RESULTS FOR 
SAFETY & ENVIRONMENTAL SOLUTIONS. INC. 
ATTN: BOB ALLEN 
703 E. CLINTON, SUITE #103 
HOBBS, NM 88240 
FAX TO: (505)393-4388 

Sampling Date: 01/12/00 
Sample Type: GROUNDWATER 
Sample Condition: COOL & INTACT 
Sample Received By: GP 
Analyzed By: AH 

LAB NUMBER SAMPLE ID 

Na Ca Mg K Conductivity T-Alka!inity 

(mg/L) (mg/L) (mg/L) (mg/L) (umhos/cm) (mgCaC03/L) 

ANALYSIS DATE: 01/14/00 01/13/00 01/13/00 01/13/00 01/13/00 01/13/00 
H4573-1 COUNTRY CLUB TANKS 579 180 59 10.6 3290 196 

Quality Control NR 80.0 48.7 5.00 1392 NR 
True Value QC NR 80.0 50.0 5.00 1413 NR 
% Recovery NR 100 97.4 100 98.5 NR 
Relative Percent Difference NR 0 0.6 0.8 0.2 NR 

METHODS: SM3500-Ca-D 3500-Mg E 8049 120.1 310.1 

Cl S 0 4 CO3 HCO3 pH TDS 
(mg/L) (mg/L) (mg/L) (mg/L) (s.u.) (mg/L) 

ANALYSIS DATE: 01/13/00 01/13/00 01/13/00 01/13/00 01/13/00 01/13/00 
H4573-1 COUNTRY CLUB TANKS 667 796 0 239 6.98 2260 

Quality Control 1010 48.63 NR 971 7.03 NR 
True Value QC 1000 50.00 NR 1000 7.00 NR 
% Recovery 101 97.3 NR 97.1 100 NR 
Relative Percent Difference 10.0 2.9 NR 3.0 0.1 

METHODS: SM4500-CI-B 375.4 310.1 310.1 150.1 160.1 

Of / l ^ f / ^ o a o 

Date / / 

L E A F f 4 5 7 v i . S ' t t i S 3 v a n d Damages. Cardinal's liability and client's exclusive remedy lor any claim arising, whether based in contract or tort, shall be limited to the amount paid by client lor analyses. 
II claims, including those I 

PLE < i ^ _ ^ 
All cla'im? VncluMg^nose | o r negligence and any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion ol the applicable 
service. In no event shall Cardinal be liable lor incidental or consequential damages, including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, 
affiliates or successors arising out of or related to the performance ol services hereunder by Cardinal, regardless ol whether such claim is based upon any ot the above-stated reasons or otherwise. 
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Sent By: TRACEANALYSIS; 

Apr Iii £?S 07 : 33A 

7941 29B; 17 Mar'00 6:26PM;Job 29; Page 1 

! ! i j I 1 
1 

I 1 1 
1 1 — _ 

II ll_U)_̂ ^ LxciiiiiljLlijMl 
S7«Bip!evAvanu»,SuiuiA H P95O. T « m 799H Ba8"Se8*3«3 915-585*31*3 FAX 315-5BS-4944 

FAX COVER SHEET 
TO: W y r f c f £ ? j s e ^ 

COMPANY: S ^ f ^ l ^ y ^ 

DATE: {? 3 y / p y o O 

FAX NO. ( raring /- / 3 ?J 

NO OF PAGES FOLLOWING; 

FROM: 

MAR-17-2000 16:38 

JRACEANALYSIS, INC 
A Laboratory For Advanced 

Environmental R«**atch and Analysis 

MESSAGE: ] ^ f ^ * J f j . * x * , „ / V 

7341298 

irn^oronS p i i i i M i i i l t i i tmendei fW i h * u ie o f t f ic iroJi'-i^itilo'' 
«nliiy » vhich i i is sddrsjsed »nd mjy eantttf l IfttortTtttiwi l h * i i 

pr1ril(_td. nmfiiStMW Wrf «wmpt tfitelMur* tif«fct »pjKc»b!« 
law. I f ihc mdc ro f * ; t mc*»_c i t no! (>>o r*c lp l tnt or the tmpio^M. 

er l j)£u mpomiMe Fur dcfi»efing OiU m t u a x i ts the uitmdtd 
wc ip i * " . j t ju Kt'hertfcy hadfird Out »ny diatnHrnTOn, diiwRiatieii, 
or coj]yli_ of i tu* t» i—ur iKi t ion i t Unary prsMfeted, I f you haw 

fcc«N»d thu CTtmnuiifcaiion in error. p!r**c not! i > 111 irronetfear/ ft/ 
teltpitaac return tht or _ i m l rncsfcif^t to u i « t h e i bev r i dd r ra 

vnt r r fu lsrpa ia l wr>;c i . Th-tajc you. 

PLEASE CALL IMMEDIATELY IF THERE ARE 
ANY PROBLEMS EN RECEIVING THIS 

TRANSMISSION. 

34Z P. 0 1 



Sent By: TRACSANAiVSIS; 7941298; 1? Mar'DO 6:2BPM;Job 29; p a g e 2/11 

TRACEANALYSIS, INC. 
BW Aberdeen Avenue, Siuta 'J 
4725 Hipi«y Artiitut, Suite A 

LubbgcMwiw 800*37B»r/Hri 
Ft Paw. Tews 79927 Htl6*585«3443 

808*794-1296 fAX 906-794»l?9H 

Analytical and Quality Control Report 

David Boyer 
Safety & Environmental Solution* Iou. 
P. 0 Ufx 1613 
Hobbs, NM 8_24U 

Report Date: 3/17/00 

Princci Number. 
Project Name: 
Protect Location: 

Osbum Rmicb 
Jal, NM 

Order I t) "Number. AOO<»\502 

Enclosed arc the Analytical Result* and Quality Control Data Reports for the following sample* submitted to TraceAnalysis, Inc. 
for analysis: 

Date Time Date 
Sample Number Sample Description Matrix Taken Taken Received 

142562 North WtaiC.C. Well ^ l i Water 3/14/00 10:40 VI5/00 

142563 MW#<iSwc-7 Well Water 3'14/W) 11:00 jt/lVOO 
145564 #7 Tex Nev* Mex Water 3/14/nu U:20 3/1V00 

These results represent only the samn!« ureeived in 0 K laboratory- The Quality Control Report a generated on « buicb basjs 
All information eohtunud in tbis report is ftirtfte analytical b»tch(cs) in which your samplers) were analyzed, 

Tnis ri:pon consist* of a total of 8 pages and shall cot be reproduced except in its entirety, without written approval of 
TraceAfwIysii. Inc. 

™ l b " " j 9 7941298 Q , v 

31-< p . 0 2 

i - t i o T I r-i—it—..—-



Sent By: TRACEANALYSIS; 7 9 4 1 2 9 6 ; 17 Mar"00 6:29PM;Job 29 ; Page 3 / ) 1 

Report Dale: 

N/'A 

3/17/00 Order H3 Number: A00031S02 

Osbum Ranch 

PRKC Number. 2 of 8 

Jal.NM 

Analytical Results Report 

Sampie Number: 
Description. 

142562 
North W u - i t C . C W e l l #11 

Paratn Result Dilution 

Alkalinity i.mv/1 as Cs'.V>3> 
Hydrowde Atknlnnty 
Curl>OuaM Alk*Inj;l> 
BiwuboraW AJkmlinily 
I otal AlkAlinlry 

Conflucurlb |uMll(>S/«n; 

Specttit C w uiuewnce 13 00 

Dusolvwl Mt'tali [i»s/l .) 

Dissolved Caluuiii 

t>L5solvtd Magnesium 

Pi$solve<)1'obtwuiu 

L*i»<>3ve*.1 .Sr>d>un> 

Inn thiouKilogt*I»>iy (IC) (.nijj/L) 
C l . * 400 

FliKirxk 082 
NffratcN 0 
Sultive 5,2 
* CL - (..hloriiie <e-ran w i 1C03 1600 wU'PItOUOS; QC01574) 
97 

Analytical 
Method 

IJMC 
Preparcd 

Dale 
Analyzed Analyst 

Prep 
Batch » Batch * RDL 

i K510 t 3/17/00 3/17/00 0C01J7f, 1 

<1.0 i i ; 3 i<i . i 3/17/00 3/17/0O t"BOI307 QC0157A i 

i r.nn.i 3/17/00 3/1 7/O0 JS PltOJiO? QC0l*7{, t 

w l £31(1.1 3/17/00 3/17/QO )S t)C0lS7G I 

1 SM25I0B 1/17/00 3/17/00 JS PB013GS OCU1578 

54 1 t 200,7 3/17/00 3/17/00 R i l PBQ1312 QC01VJ2 1 

57 1 H 200.7 V17/W 3^17/00 RR l ' B O O U QC.01172 1 

7.S I i : 200.7 3/17/00 3/17/00 fcft l 4 B013!2 QC01572 1 

K5 I r. joo.7 3/17/00 3/17/00 RR QC01572 1 

E 300,0 
E 300.0 
E 300.0 
E 300.0 

K:V % I A 

3/15/00 
3/1S/00 
3/15/00 
3/JS/1W 

06- CCV % I A 

3/J5/l«> 
3/15/00 
3/15W) 
i l J 5/00 

JS 
JS 
IS 
IS 

PB013D4 

P801301 

PBO1504 

PB01304 

VC01573 
<JCUl573 
CJV.01S73 
QC0I573 

0 !i 

0 2 

0,2 

0.5 

- 96; Matrix *f>ifcc* W D 0. Matii> spiKes % t A 

rns iaiK/t) 
Troai L)is>olvtd Sfilid.1 710 £1601 3/15/00 3/id/co MD PBown QCOISSS 10 

Sample Number: 
L5eKtriptiOft: 

142S63 
M W iTO Sec. 7 Wi.-!) 

Analytical Dale n«e Prep QC 
Result Dilution Methr>4 l*repured Artnlyrad Analyst Ratch » KH1. 

AtfcaJmily (ff i&' l at CuCt>3) 

1 Lydiv».ide Alkalinity <\ (» 1 E 3101 3/17/00 3/I7/IK1 JS Pnt) 1.307 QC01576 1 

< .'irtxiattfe Alfcri inrt j ' " .IO 1 E 3 I 0 1 3/17/O0 3/17/tM) JS P B O t i t n UC01576 I 

Iticarbuiuite Alkalinity 1 E 310 t 1/17/00 3/I7/0O JS PB01307 tJt.-G1576 I 

TV"»I AJthlinity 69 1 E 310.1 3/17/00 3/37/00 IS O f . « t S 7 t 1 

Cwxtvctivtiy (.uMKOS/'cm) 
Specific C ?ondiM.~lufiCe 3000 1 S M 2 5 I 0 B 3/17/00 -V17/00 IS I'UU1309 OC0157? 

Uwsulved Metals <mn/L) 

L>i3s^lvoiJ Calcium m 1 E 20U 7 3/17/00 3/t7/WJ RR PIWI312 QC01S7J 1 

Uisiwlved Mafnesiura 6S 1 E 200,7 3/17/00 3/17/00 RR PB0131Z y u u i S 7 2 1 

Dimwlved Potassium 5.2 1 E 200.7 3/17/00 3/17/00 RK PB01312 W-t)1572 1 

Disttulved ScxHlim 203 1 E 200.7 3/17/00 3/17/00 K i t PB01312 Qt'.yt572 1 

Ion t:r>roni»UJ8iaphy (H.") (ms/l-} 

t . ' l . * 770 1 E 300 0 3/1 3/15/00 JS PB01304 QC01573 0.5 

Fluoride l - l 1 fc; 300.0 3/1J/0U 3/15/00 JS 1*B01304 QC0I573 0.2 

<l.O 1 h. 300,0 3/is/oa 3/15/00 1$ l'B01304 QC0157T 

Sulfite 250 1 l f . JOO.O VI5 /00 3/15/00 15 t 'B01i04 Qcoiin «.5 

HflR-17-2000 16=39 7941293 
P . 0 3 



MAR-20-2000 14:33 SAFETY & END. SOLUTIONS 5 281 1335 P .01 

Report Dar*. VI7/00 

N/A 

Order li? Number; AQQV31502 

Osbum Ranch 

Ĵ age Number: 3 of il 

Jal, N M 

•1:1. • CWorlderc-ranw»lC031r>tHJ.swh(,PB013WM?C()1574> ICV 'JiiA - 96; CCV %|A = 9(5: Matrix spikes RPD ' 0; Matrix spikes%£A 
97 

TWS (.mg/l-) 
Total Dissolved Solid* 1700 1 i-: 16O.1 3/15/M 3/16/00 M U PB01287 QOJ 135.2 10 

Sample Number: 

Description: M W #7 Tex New Mex. 
AnulytiC^l Daw Prep QC 

Furum Result Dilution JvJethed Prepared Analyzed Batch ft li&leh « ROI. 

Atkuliairy CmR/t us CflCo?> 
KydrMudc Alkalinity <t.O ! K 310.1 3/3 7/1)0 3/17/00 JS PB0I30? Cjt;tM576 1 

("artx/aste Alkalinity <i.Q 1 r-:3i<M 3/17/00 3/17/00 JS PB0I307 QC0157f) 1 

ArcirtHJuaw Alkalinity 297 i E 310.1 5/17/00 3/17/00 JS H*O1307 QC0157A 1 

T«ui AlKol wi^ ' vn 1 E 3U>I 3/17/00 3/17/00 JS I ' U O I 307 QC0157A 1 

Conductivity (uMHfWcm) 
Specific Conductance 1700 I SM 2510R VI7/0O 3/17/00 JS PB0I3W t^C-01378 

Dissolved Mctsl» (mf/L) 
Dissolved trali-ium 208 1 £200 .7 3/17/00 3/17/00 HH PB0131Z t*:ul572 I 

Ui*jv!ve<! N/iagjaesium 62 1 1- 200.7 3/17/00 3/17/00 RR PB01312 00)1572 1 

Dissoivtd Poiassium 17 I i i Z00.7 3/17/01) 3/17/00 RR PB01312 QOM572 1 

Oixsulved Sodlurti 76 1 F. 21X1.7 3/17/00 3/17/00 RR l'BCt312 QC01172 1 

Ion Chromalvjjiaphy (It:) (my/l-} 

Cl 200 1 E 300.0 >/J5/0O 371 V W JS PU0U04 QC015 7.3 0 5 

Flunnclc 2.7 t E 300.0 3/15/00 3/1 WW JS PROI3U4 QC0I573 0.2 

Nitnue-N t ? 1 e 300 rt 3/t5/00 ?/l 5/0O JS PftOHlW QC0157J 0 2 

Sulfate j J ^ , + « •420 1 £ 3 0 0 . 0 3/15/00 3/15/00 IS PBor.304 yCOI573 05 

«^EA= 103 

TDS (TIR/D 

Total Dissolved Solids 1200 

R?D - 3; NUtrlx spike* 

E160 1 3/15/00 3/KS/iW MD PR0I2X7 QC0S552 u> 

WR-17-2000 16:40 7941298 97>; P. 04 



MAR-20-2000 14:34 SAFETY & ENU. SOLUTIONS 505 231 1335 P.02 

Report D»ic 3/J7/00 Order ID Number: A00031502 

Osburn Roiwh 

Page Number; 4 of IS 

Jal,NM 

Pojaro 
Hydroxide Alkalinity (mg/L as CaCo3) 
C<ubarare Alkalinity (roft'L as C»Co3) 
Bicarbonate Alkatiuiry (mg/L a* CaCo3) 
Total Alkalinity (uig/L. as CaCo3) 

Quality Control Report 
Method Blanks 
Blank 
Result 

Param Fla* 

Specific Conductance (uMHOS/cm) 

<I.O 
<l.O 
<4,0 
<4.0 

Blank 
Result 

4.3 

Reporting 
Limit 

Reporting 
Limit 

Date 
Analyzed 

3/17/00 
3/17/00 
3/17/00 
3/17/00 

Prep 
Batch ft 

m o 1307 
PB0J307 
PB01307 
PBO1307 

Date 
Analyzed 

3/17/00 

Prep 
Batch * 

PB01309 

QC 
Hatch X 

QC01576 

C?C:0157ri 
QC0IJ7*; 

CK: 
Batch tt 

QC0J57S 

f'arjuu 

I )wHolved Calcium (mg/L) 
Dissolved Magnesium (m&/L) 
Dissolved Potassium (ntg/L) 
Dissolved Sodium (mg/L) 

Ftag 
Blank 
Result 

<1.0 
<1.0 

<l.0 

Reporting 
Limit 

Date 
Analyzed 

i h 7/00 
3/17/00 
3/17/00 

3/17/00 

Prep 
Ratah it 

PB01112 
PU01312 
PB01312 

QC 
Batch # 

OC01572 
QC01572 
QC01572 
QC01572 

Param 

Fluoride {m$/l) 
NirratE-M (mg/L) 

I fait- (uig/L) 

Result 

•;0.S 
<0.2 
<0.2 
<0.5 

Reporting 
Limit 

05 
0.2 
0.2 
0.5 

Due 
Analysed 

3/15/00 
3/15/00 
3/15/00 
3/15/00 

Prep 

P801304 
PB0I304 
PB01304 
PB01304 

QC 
R»Kh tt 

QC01.573 
y c o 1573 
QCOI573 
QC01573 

Param Flag 

Total Dissolved Solids <mg/L; 

Blank 
Result 

Reporting 
Limit 

10 

Date 
Analyzed 

3/16/00 

Prep 
Batch tt 

PU0I2R7 

Batch * 

QC01552 

Mf>R~ 17-2000 16-"40 7941298 97* P.05 



MAR-20-2000 14:34 SAFETY & ENU. SOLUTIONS 505 281 1335 P.03 

Report Dale: 3/17/00 Order ID Numbert A0003IS02 Page Number SufS 

N/A Oxburn Ranch Jal. NM 

Quality Control Report 
Matrix Spike and Matrix Duplicate Spike 

Spike Matrix 
Sample Amount Spilt c % % Ret. RPD QL 

Standard Param Result Di l . Added Result Kec RPD Limit Limit Batch it 

MS Dissolved Calcium (mg/L) 54 1 1000 1029 9* 75- 125 - QC0 IS 72 

MS Dissolved Magnesium (my/?.) 57 1 1000 1040 98 75 - 125 - gCO 1572 

MS Dissolved Potassium (mg/L) 7.R 1 1000 1146 114 75 . 125 

• 
QC01572 

MS Dissolved Sodium (mg/L) S5 ) 1QQ0 1167 10* 75 - 125 - OCO 1572 

MSD Dissolved Calcium (mg'L) 54 1 I0OO 1043 99 1 - 0 20 QC01572 

MSD Dissolved Magnesium (mg/L) 57 1 1000 1054 100 1 - 0 - 2 0 OCO 1572 

MSD Dissolved Potassium (mg/L) 7.8 1 tftOQ 115$ 115 1 - 0-20 OCots?2 

MSD Dirao Ived Sodium (mg/L) as 1 1000 1182 110 1 0 -20 OLD 1572 

Spike Matrix 
Sample Amount Spike % % Rec. ft ITJ oc 

iSranrlarJ Param Result DU. Added Result Rec. RPD Limn Limit Batch tf 

MS CL (UJS'L) 39000 1 12500 49281.40 82 80- 120 - <X3"573 

MS Niirate-N Cm&'L) t 5000 103 SO - 120 g e o 1573 

MS Sulfate (mg/L) «TOO 1 12500 19468.07 108 RO - 120 - QC01573 

mn CL Cmg/L> 39000 1 12500 49406.98 83 1 - U-20 QCOI573 

MSD Nitrate-N (mtfL) <10 1 5000 5185.49 104 1 - 0-20 OCO1573 

MSD Sulfate (mg/l ) 6000 12500 19303,78 106 I 0 - 20 QC0I573 

Quality Control Report 
Duplicates 

Duplicate Sample RPD OC 

Sim K1 aid Param f l a g Result Result Dilution RPD Limit Batch?/ 

Implicate Hydroxide Alkalinity (rng/L »-» CaCo <\ 0 <l.O 1 0 O-20 OCO 1576 

D\ipltcaw Carbonate Alkalinity (tng'L as CaCo <1.0 1 0 0 -20 QC01576 

Duplicate Bicarbonate AlkaUiuty {ms/L « C»e 44 46 1 4 0 -20 QC01576 

Duplicate Total Alkalinity ( m p l . a* CaCo3) 44 46 1 4 0-20 QCUl57f> 

Duplicate Sample RPD QC 
Suuubi'd Param Flag Result Result Dilution RPD l imit Bateh U 

Duplicate Specific Conductance. (uMHOS/cm) 103613 I0O0O0 1 4 U - 20 QC0157R 

W R - ! 7-2080 16 41 7941298 P. 



MPR-20-2000 14=34 SAFETY & ENV. SOLUTIONS 505 281 1335 P.04 

Report Dale: 3/17/00 Order ID Number A000315O2 Page Number: 6 of 8 

N/A Osburn Ranch Jal. NM 

Duplicate Sample RPD QC 

Standard Param Flag Result Result Dilution RPD Limit Hatch* 

Duplicate Total Dissolved Solid;. (mg/L) 1214 1200 1 1 0-20 QC01552 

Quality Control Report 
Lab Control Spikes and Duplicate Spike 

Spike Matrix 
blank Amount Spike % %Rec RPD Q C 

Param Kesull DiL Added Kesuk Rise. RPD Limit 1 . imi | Bauh » 

LCS Dissolved Cur ium (mg/L) <4.0 1 1000 986 99 7 5 . - « J - ~QO\ l 572 

LCS Dissolved Magnesium (mg/L) •-'1.0 1 1000 988 99 75- 125 - QC01572 

LCS Dissolved Potassium {mg/L) <[.0 1 1000 1087 (09 75 - 125 - QC01572 

LCS Dissolved Sudiom (m&'L) <i.a IO00 1044 U>4 75 - 125 OCO 1572 

I.CSD Dissolved Calcium Ong/L) <1.0 1000 982 98 0 0 -20 QC01572 

LCSD Dissolved Magnesium (mg/L) <I.O 1 1000 084 98 0 - 0-20 QC01572 

LCSD Dissolved Potassium (mg/L) '-1.U 1 1000 1100 UO 5 - 0 - 2 0 QCftlST? 

I.CSD Dissolved Sodium (mg/L) '-1.0 1 1000 1042 104 4 - 0 - 2 0 QC01572 

Spike Matrix 
a lank Amount Spike • ' i % Rec. RPD QC 

Param Result Di l . Added Result Rec. RPD Limit Limit Rallih U 

l.CS Fluoride (mg/L) » <0-2 1 2.5 2J1 10U 80 -120 - OC01571 

* Fluotidr - FU»ftk jtpikra used becnuse I'm rq-runnrng tlx fluoride (rti lhc Sartiplc Llml I spiked. 

LCSD Huoride (mg/L) * '-0.2 I 2.5 2.67 107 6 - O-20 QC01573 

* Fluoride • Ulank. apices »serf hecauw: I'm re-runmag the flwondc on the MUltpl* diarl spHced 

MflR-17-2300 16=41 7941290 90* P.07 



MAR-20-2000 14:35 SAFETY ENV. SOLUTIONS 505 281 1335 P. 05 

Report Date: 

N / A 

3/17/00 Order ID Number: AO0O31502 

Osburu Ranch 

Page Number- ?of(* 

Jal, NM 

Quality Control Report 
Continuing Calibration Verification Standard 

CCVs CCVs CCVs Percent 
0C Batch TRUli Found Percent Recovery Date 0C Batch 

Stat Inlaid Param Cone Cone. Recovery Limits Analyzed # 

HW Hydroxide A ikaJinily (111&/L as CaCo3) 0 <1.0 0 80 -120 3/17/00 QC01576 

ICV Carbonate Alkalinity (mg/L as CaC.u3) 0 240 0 80- 120 V17/00 OCO 1576 

ICV Btearbooate Alkalinity (mg/L as CaCo3) 0 4 0 80- 120 3/17/00 QC01576 

ICV Total Alkalinity (mg/L as CaCo3) 236 244 103 80 -120 3/17/00 QC0157<i 

c::cv 1 Hydroxide Alkalinity {mg/L as CaCo3) 0 <t.O 0 80 - 120 3/17/00 QU>157*> 

CCV 1 Carbonate Alkalbiiry (mg/L as C«Co3) 0 228 0 80 - 120 3/17/00 0001576 

CCV 1 Bicarbonate Alkalinity (mg/I. a* CaCo3) 0 10 0 80 -120 3/17/00 OCO 1576 

CCV 1 Total Alkalinity (mg/l. «> CoCo3) 236 238 101 RO - 120 3/17/00 QC0157G 

CCVs CCVs CCVs Percent 
TRUE Found PercenE Recovery Date QC ifcwch 

Standard Paiam l-'tag Cooc. Cone. Recovery Limits Analyzed H 

ICV Specific Conductance (uMH OS/em) 1413 1381 98 80* 120 3/17/00 QC01578 

CCV 1 Specific Conductance (uMHOS/cm) 1413 1303 96 R0 - 120 3/17/00 QC01578 

CCVs CCVs CCVs Percent 
QC Uatch TRUE Found Percent Recovery Date QC Uatch 

Standard Paraai I'laft Coac. Cone. Recovery Limits Analyzed a 

lev Dissolved Calcium (truj/l j 20 21 105 75- 125 3/17/00 QC01572 

ICV Dissolved Magnesium (mg/L) 20 21 105 75-125 3/17/00 yCl>!572 

ICV Dissolved Potassium (rag/L) 20 iS 90 75 - 125 3/17/00 OCO 1572 

ICV Dissolved Sodium (mg/I.) 20 18 90 75 - 125 3/17/00 QC01572 

CCV l Dissolved Calcium (m^L) 20 21 1U5 73 - 125 3/17/00 QC01572 

CCV 1 Dissolved Magnesium (rng/L) 20 21 IOS 75-125 3/\7/0O OCXUS 72 

CCV 1 Dissolved Potassium (mg/L) 20 19 95 75 - 125 3/17/00 OCO [ 5 72 

CCV I Dissolved Sodium (mg/f.) 20 18 90 75-125 3/17/00 QC01572 

CCVs CCVs CCVs Percent 
QC Batch TRUE Fvurid Percent Recovery Date QC Batch 

Standard Pax am Plag Conc- Cone. Recovery Limits Analyzed •fl 

ICV CL (m*/L) 12.5 11.89 9S 80 - 120 3/15/00 OCO 1573 

ICV Fluoride (rag-'l.) 2 5 2.59 104 80 - 120 3/15/00 QC01573 

ICV Nitrate-N (mg/L) 5 4.75 95 80- 120 3/15/00 QC01573 

ICV Sulfate (mg/L) 12.5 13.01 104 80- 120 3/15/OU QC01573 

CCV I CL (msvT.) 12.5 11.93 95 «0 - 120 3/15/00 QC01573 

CCV 1 Fluoride (mg/l.) 2.5 2.S3 101 80- 120 3/15/00 QC01573 

CCV I Nitrate-N (mg/L) 5 4,8$ 97 80 -120 3/15/00 OCO 1573 

ccv 1 Sulfate imz/L) 12.5 12 59 t o i 80- 120 3/(5/00 QC0IS7J 

MAR-17-2000 16 -" 42 734129B sex p . ea 



MfiR-20-2000 14=35 SPFETY & ENU. SOLUTIONS 505 281 1335 P.06 

Report Date: 3-/17/00 Oder ID Number: A00031502 Page Number: 8 of 8 

N/A Osbum Ranch Ja), NM 

Quality Control Report 
Continuing Calibration Verification Standard 

Srandard Param Flag 

ICV Tumi Dissolved Solids (mgA.) 

CCV I Total Dissolved Solids (mg/L) 

CCVs CCVs CCVs Pt:«:v:rjl 

TRUE Found Percent Recovery Dale QC Batch 
Cone. CODC. Recovery I,imi£a Analy « d tf 

1000 999 100 80 - 120 3/16/00 QC01552 

1000 976 98 80-120 3/16/00 QC01552 

MftR-t 7-20130 1.5 = 43 7941293 95% P. Pig 
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MAR-17-2000 I S : 4 3 ?941298 92% P. 10 

TOTAL P . 0 7 
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