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1.0 INTRODUCTION 

This report represents an update on the effect of natural attenuation (NA) on dissolved-
phase constituents in the ground-water at the Dowell, a division of Schlumberger Technology 
Corporation facility in Artesia, New Mexico (Figure 1). Dowell conducted a study in November 
1996 to evaluate the effectiveness of natural attenuation, particularly intrinsic bioremediation, to 
chemically achieve corrective action goals. Results of the study were presented in a report to the 
New Mexico Conservation Division (NMOCD) titled "Initial Evaluation of Natural Attenuation" 
dated April 1997. 

Results of the initial NA evaluation in 1996 indicated aromatic hydrocarbon and 
chlorocarbon concentrations were either stable or declining in both mass and horizontal extent. 
A sequential change in ground-water conditions occurred over time creating an environment 
favorable for aerobic and anaerobic microorganisms to biodegrade chlorocarbons and residual 
aromatic hydrocarbons. In addition, spatial patterns of dissolved-phase constituents across the 
site suggested subsurface environment conditions conducive to long term biodegradation of 
hydrocarbon and chlorinated constituents. 

1.1 Current Status 

The Dowell facility in Artesia was established in 1969 and continues to actively provide 
specialty products and services to the regional petroleum extraction industry. Since 1989 various 
investigation and corrective action activities have been performed involving hydrogeologic 
investigations, removal of underground storage tanks, source area excavation, and soil and 
ground-water sampling. Presently there are two soil vapor extraction systems operating at the 
site. 

Since the initial evaluation of natural attenuation in 1996, six additional monitoring wells 
(MW-25 to MW-30) were installed northeast of the facility to define the extent of dissolved-
phase constituents in the ground-water (Figure 1). Ground-water monitoring is currently 
performed quarterly at 12 of the 30 monitoring wells and annually on 29 of the 30 monitoring 
wells completed in the local surficial aquifer. 

1.2 Local Geology and Hydrology 

Geology beneath the Artesia facility consists of a regional carbonate gravel unit. 
Sediments encountered during drilling consist of red clay, silty clay, and clay interbedded with 
thin (2-4 inch) white and pinkish - cream carbonate or caliche layers. Zones where 
carbonate/caliche layers are common have been identified in core samples but are difficult to 
trace laterally between even closely-spaced ground-water monitoring wells. Drilling at the site 
has reached a maximum depth of 68 feet below surface. A quartzose unit underlying the 
carbonate gravel unit has not been encountered. 
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The water-bearing zones in the shallow aquifer are the carbonate/caliche layers in which 
the permeability apparently has been enhanced by solution of carbonate minerals. Below the 
water table, many, but not all, of the carbonate/caliche layers are saturated, whereas the clays and 
silts appear only damp to moist. Zones of unsaturated carbonate/caliche below the water table 
are present irregularly. Carbonate/caliche zones above and below these dry zones are saturated. 

Depth to ground-water has varied from approximately 17 feet below ground surface in 
1991 to 13 feet April, 1999 (Table 1). The ground-water flow direction has been consistently to 
the northeast since monitoring has been conducted. A potentiometric surface map constructed 
for the April, 1999 water level data shows ground-water continues to flow to the northeast 
(Figure 1). 

1.3 Constituent Status 

The highest concentrations of dissolved-phase aromatic hydrocarbon constituents remains 
localized in the ground-water around MW-3 and MW-12 with residual concentrations around 
MW-2 and MW-25 (Figure 2). Aromatic hydrocarbon concentrations range from a high of 1.570 
parts per million (ppm) in MW-12 to nondetect in most other monitoring wells. Concentrations 
are either stable or declining at this facility. Historical water quality data is provided as Table 2. 

Since the initial natural attenuation evaluation in 1996, concentrations of dissolved-phase 
chlorocarbons remain in a stabilized or declining trend throughout most of the site with the 
exception of a slight increase at monitoring wells MW-18, MW-19, and MW-22. The highest 
concentrations continue to be localized in the ground-water around MW-7 (Figure 3). 
Concentrations range from a high of 0.607 ppm at MW-7 to nondetect levels in most wells on the 
perimeter of the facility. 

2 



2.0 NA TURAL A TTENUA TION MONITORING 

•\ATest estern 
ater , 
onsultants, inc 



2.0 NATURAL ATTENUATION MONITORING 

On April 22, 1999, Western Water Consultants Inc., (WWC) conducted ground-water 
sampling at the Artesia facility for the purpose of updating data to evaluate natural attenuation 
processes. Data collected from the monitoring would be used to assess the chemical and 
environmental conditions of the aquifer in terms of biodegradation. Assessing these conditions 
would involve determining available electron acceptors, environmental parameters that control 
microbiological activity, and evidence of intermediate and end products of contaminant 
biodegradation. 

Field measurements and ground-water samples were collected using a peristaltic pump 
connected to a flow through cell and Hydrolab mini-sonde 4A. Field measurements were 
collected for pH, conductivity, oxidation reduction potential (Eh), temperature, and dissolved 
oxygen (D.O.). Results for the field parameters are presented as Table 3. 

Ground-water samples were collected from 17 monitoring wells (MW-2 to MW- 4, MW-
7, MW-8, MW-10 to MW-13, and MW-18 to MW-25) for natural attenuation parameters. Each 
monitoring well was micropurged until field parameters (pH, conductivity, temperature, and Eh) 
stabilized prior to sample collection. Ground-water samples were analyzed for nitrate-nitrite by 
EPA Method 353.3, orthophosphate by EPA Method 365.3, sulfate by EPA Method 375.4, total 
organic carbon (TOC) by EPA Method 415.1, methane, carbon dioxide, ethane, and ethene. 
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3.0 RESULTS 

Field measurements of the ground-water continue to show evidence of microbial activity 
in the subsurface. PH values ranged from 6.34 to 7.16 with background values of 6.98 to 7.1. 
An area of slightly depressed pH values is localized in the ground-water around MW-11 (Figure 
4). Organic acids and CO2 are typically produced as byproducts of the biodegradation of 
hydrocarbons and can locally lower the pH of ground-water. Eh values which describe the 
oxidation-reduction (REDOX) potential of the measured ground-water ranged from -216 to 543 
millivolts. Plotting of the Eh values indicates ground-water in the vicinity of MW-3 and MW-12 
exhibit conditions indicative of a reducing environment while periphery areas are more 
conducive to an oxidizing environment (Figure 5). 

D.O. values ranged from 0.07 to 2.15 mg/L with background levels between 1.15 and 
2.15 mg/L. A central area of essentially anaerobic conditions exists in the ground-water around 
MW-3 and MW-12 (Figure 6). Environmental conditions within this core of low D.O. are 
anaerobic with aerobic conditions along the periphery. 

Nitrate in ground-water ranged from nondetect to 9.1 mg/L. An area depleted in nitrate 
extends from MW-4 northeast to MW-7 (Figure 7). Water quality data is presented as Table 4. 
Laboratory data sheets are presented as Appendix A. 

Sulfate in ground-water ranged from 400.0 to 3300 mg/L with background levels from 
1800 to 3300 mg/L (Figure 8). Concentrations below background levels are present in the 
ground-water around MW-4 and in the vicinity of MW-3 and MW-12. 

Total Organic Carbon (TOC) was present in the ground-water at 14 of 17 monitoring 
wells. TOC in ground-water ranged from nondetect levels to 58.0 mg/L with the highest 
concentrations were present in the ground-water around MW-3, MW-11, and MW-12 (Figure 9). 

Methane, measured as a gas within ground-water, was present in all 17 monitoring wells 
and ranged from 0.001 to 14.13 mg/L. The highest concentrations are centered at MW-12 (14.13 
mg/L) and decreases in a radial pattern to background levels of 0.001 mg/L (Figure 10). 

Carbon dioxide measured as a gas within ground-water was detected in all 17 monitoring 
wells and ranged from 22.26 to 231.23 mg/L. Areas of high concentrations were centered 
around MW-3, MW-11, and MW-12 (Figure 11). 

Ethane and ethene measured as dissolved gases in ground-water were detected in 10 and 
13 of 17 monitoring wells. The highest concentrations of ethane were present in the area of 
MW-3 and MW-12 (Figure 12). The highest concentrations of ethene were detected in the areas 
of MW-13, MW-3, MW-11, and MW-12 (Figure 13). 
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4.0 DISCUSSION 

4.1 Biodegradation of Hydrocarbons 

Chemical data gathered from the April NA monitoring event supports previous trends 
that are particularly important with regard to intrinsic bioremediation. PH continues to be 
depressed in the area with the highest concentrations of dissolved phase constituents around 
MW-3 and MW-12. D.O. also remains depleted in this area indicating that environmental 
conditions are in an anaerobic state. Depressed Eh values indicate a reducing environment in the 
core area with oxidizing conditions along the periphery conducive to biodegradation of aromatic 
hydrocarbons through aerobic metabolism. 

Nitrate and sulfate are utilized as electron acceptors under anaerobic conditions to 
degrade aromatic hydrocarbons through denitrification and sulfate reduction processes (USEPA 
guidance document 1998). The absence of nitrate in the ground-water from MW-4 northeast 
across the site to MW-12 indicates aromatic hydrocarbons were biodegraded by anaerobic 
microorganisms through denitrification after aerobic respiration of aromatic hydrocarbons 
created anaerobic conditions. Sulfate concentrations are below background levels in the ground­
water at MW-4 and MW-12 and may indicate that anaerobic microorganisms are biodegrading 
aromatic hydrocarbons through sulfate reduction processes. The low Eh value of-216 millivolts 
in the ground-water at MW-12 is indicative of geochemical conditions conducive to the 
biodegradation of aromatic hydrocarbons through sulfate reduction (USEPA guidance document 
1998). Additional monitoring events may verify whether this process is in fact occurring. 

4.2 Biodegradation of Chlorocarbons 

Water quality data for natural attenuation monitoring indicates degradation of 
chlorocarbons is continuing at this facility. As mentioned previously, D.O. values show a 
distinct inverse correlation with the area containing the highest concentrations of dissolved-phase 
constituents. Aerobic respiration of aromatic hydrocarbons over a long period of time has 
created environmental conditions which are now anaerobic. Negative Eh readings of the ground­
water in this same area indicates environmental conditions are in an optimal range for reductive 
dehalogenation to occur (USEPA Guidance Document 1998). 

Elevated methane levels centered around MW-12 represent direct evidence of highly 
reducing conditions ideal for the reductive dehalogenation of chlorocarbons. Methane also 
represents an appropriate carbon source for methanotrophic oxidation of chlorocarbons in the 
soil and ground-water where aerobic conditions persist. 

Carbon dioxide is a byproduct of naturally occurring aerobic and anaerobic 
biodegradation processes that occur in ground-water (USEPA guidance document 1998). 
Elevated C0 2 levels in the same distribution as methane indicates greater microbial activity than 
in the surrounding area. The inverse correlation between the concentration of D.O. and C0 2 also 
indicates that aerobic metabolism is an important process in the subsurface in this area creating 
anaerobic conditions important for the biodegradation of chlorocarbon constituents. 
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Microbial degradation of chlorocarbons such as PCE via the process of reductive 
dechlorination results in the formation of daughter products TCE, isomers of DCE, VC, ethene 
and finally CO2 and H2O. Evidence that the process of reductive dehalogenation has been and is 
still actively occurring is shown on the spatial distribution of chloroethenes across the site 
(Figure 14). PCE makes up a large percentage of the total chloroethenes present in the ground­
water beneath the facility itself. However, the percentage of PCE in the ground-water decreases 
from MW-12 toward the northeast. Daughter products such as TCE and DCE isomers begin to 
make up the larger percentage of the chlorocarbons. In addition the high concentration of ethene 
and ethane in the area of MW-3 and MW-12 strongly suggests that chlorocarbons such as PCE 
and TCE have undergone reductive dehalogenation. 

The Environmental Protection Agency (EPA) developed a screening process and 
weighting system to evaluate anaerobic biodegradation processes (reductive dechlorination) 
using geochemical data at individual sites (USEPA September 1998). The various parameters 
used by EPA in their weighting system were compared to the field data collected for the 
additional NA monitoring. The results of the comparison, shown on Table 5, indicate the Dowell 
facility in Artesia would receive a score of 24. Under the EPA weighting system, a score greater 
than 20 indicates strong evidence that biodegradation of chlorocarbons through reductive 
dechlorination processes is occurring at a site. 
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5.0 CONCLUSIONS 

This evaluation of natural attenuation processes at the Artesia facility confirms the 
conclusions presented in the "Initial Evaluation of Natural Attenuation" report to the NMOCD in 
1996. Chemical and environmental conditions do exist which favor the biodegradation of both 
aromatic hydrocarbons and chlorocarbons to corrective action levels given time. The appropriate 
electron acceptors are available for anaerobic biodegradation of residual aromatic hydrocarbons 
and optimal conditions exist for biodegrading chlorocarbons through the reductive 
dehalogenation and possibly methanotrophic processes. The spatial distribution of dissolved-
phase constituents across the site indicate a subsurface environment conducive to the long term 
biodegradation of hydrocarbon and chlorinated constituents. 

Maintaining the current monitoring program will provide the necessary data to monitor 
existing dissolved-phase constituents and destruction of the contaminants. 
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TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
WELL DATE TOTAL WELL MEASURING ELEVATION* GROUNDWATER WATER FROM PRIOR 

NUMBER MEASURED DEPTH (Ft) POINT (ft) (ft) ELEVATION (Ft) MEASUREMENT 

01/23/91 30.00 Protective Casing 100.56 17.41 83.15 
09/13/91 16.04 84.52 1.37 
11/22/91 14.50 86.06 1.54 
03/16/93 13.72 86.84 0,78 
01/09/94 14.62 85.94 -0.90 
04/19/94 14.48 86.08 0.14 
07/20/94 14.38 86.18 0.10 
10/24/94 14.73 85.83 -0.35 
01/24/95 14.20 86.36 0.53 
04/02/95 14.37 S6.19 -0.17 
07/31/95 14.76 85.80 -0.39 
10/16/95 14.64 85.92 0.12 
01/10/96 14.59 85.97 0.05 
04/09/96 14.77 85.79 -0.18 
07/20/96 15.84 84.72 -1.07 
10/21/96 14.07 86.49 1.77 
01/21/97 13.24 87.32 0.83 
04/08/97 12.97 87.59 0.27 
07/29/97 13.87 86,69 -0.90 
10/16/97 12.26 88.30 1.61 
02/09/99 14.34 86.22 -2.08 
04/21/99 13.91 86.65 0.43 

01/23/91 30.00 Protective Casing 99.56 16.95 82.61 
09/13/91 15.01 84,55 1.94 
11/22/91 13.76 85.80 1.25 
03/16/93 13.16 86.40 0.60 
01/09/94 13.91 85.65 -0.75 
04/19/94 13.80 85.76 0.11 
07/20/94 13.65 85.91 0.15 
10/24/94 13.88 85.68 -0.23 
01/24/95 13.41 86.15 0.47 
04/02/95 13.67 85.89 -0.26 
07/31/95 13.81 85.75 -0.14 
10/16/95 13.78 85.78 0.03 
01/10/96 13.80 85.76 -0.02 
04/09/96 13.98 85.58 -0.18 
07/20/96 14.92 84.64 -0.94 
10/21/96 13.15 86.41 1.77 
01/21/97 12.41 87.15 0.74 
04/08/97 12.21 87.35 0.20 
07/29/97 13.15 86.41 -0.94 
10/16/97 11.63 87.93 1.52 
01/06/98 10.92 88.64 0.71 
04/14/98 11.02 . 88.54 -0.10 
07/17/98 13.03 86.53 -2.01 
10/27/98 13.61 85.95 -0.58 
02/09/99 13.69 85.87 -0.08 
04/21/99 13.24 86.32 0,45 

01/23/91 30.00 Protective Casing 98.33 17.28 81.05 
09/13/91 14.66 83.67 2.62 
11/22/91 13.63 84.70 1.03 
03/16/93 12.89 85.44 0.74 
01/09/94 13.66 84.67 -0.77 
04/19/94 NM NM NM 
07/20/94 13.18 85.15 na 
10/24/94 13.27 85.06 -0.09 
01/24/95 13.23 85.10 0.04 
04/02/95 13.60 84.73 -0.37 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
WELL DATE TOTAL WELL MEASURING ELEVATION' GROUNDWATER WATER FROM PRIOR 

NUMBER MEASURED DEPTH (Ft) POINT (ft) (ft) ELEVATION (Ft) MEASUREMENT 

07/31/95 13.34 84.99 0.26 
10/16/95 13.38 84.95 -0.04 
01/10/96 13.85 84.48 -0.47 
04/09/96 13.91 84.42 -0.06 
07/20/96 14.55 83.78 -0.64 
10/21/96 12.90 85.43 1.65 
01/21/97 12.42 85.91 0.48 
04/08/97 12.43 85.90 -0.01 
07/29/97 13.18 85.15 -0.75 
10/16/97 11.83 86.50 1.35 
01/06/98 11.45 86.88 0.38 
04/14/98 11.44 86.89 0.01 
07/17/98 12.81 85.52 -1 37 
10/27/98 12.60 85.73 0.21 
02/09/99 13.44 84.89 -0.84 
04/21/99 12.75 85.58 0.69 

01/23/91 50.00 Protective Casing 103.18 20.17 83.01 
09/13/91 18.54 84.64 1.63 
11/22/91 17.15 86.03 1.39 
03/16/93 16.49 86.69 0.66 
01/09/94 17.28 85.90 -0.79 
04/19/94 17.15 86.03 0.13 
07/20/94 16.99 86.19 0.16 
10/24/94 17.25 85.93 -0.26 
01/24/95 16.78 86.40 0.47 
04/02/95 16.98 86.20 -0.20 
07/31/95 17.26 85.92 -0.28 
10/16/95 17.01 86.17 0.25 
01/10/96 16.95 86.23 0.06 
04/09/96 17.15 86.03 -0.20 
07/20/96 18.08 85.10 -0.93 
10/21/96 16.28 86.90 1.80 
01/21/97 15.37 87.81 0.91 
04/08/97 15.14 88.04 0.23 
07/29/97 16.05 87.13 -0.91 
10/16/97 14.44 88.74 1.61 
01/06/98 13.59 89.59 0.85 
04/14/98 13.91 89.27 -0.32 
07/17/98 16.40 86.78 -2.49 
10/27/98 17.05 86.13 -0.65 
02/09/99 17.03 86.10 -0.03 
04/21/99 16.67 86.51 0.41 

01/23/91 30.00 Protective Casing 99.87 17.20 82.67 
09/13/91 15,52 84.35 1.68 
11/22/91 14.19 85.68 1.33 
03/16/93 13.47 86.40 0.72 
01/09/94 14.31 85.56 -0.84 
04/19/94 14.17 85.70 0.14 
07/20/94 13.97 85.90 0.20 
10/24/94 14.21 85.66 -0.24 
01/24/95 13.78 86.09 0.43 
04/02/95 14.05 85.82 -0.27 
07/31/95 14.17 85.70 -0.12 
10/16/95 14.07 85.80 0.10 
01/10/96 14.11 85.76 -0.04 
04/09/96 14.31 85.56 -0.20 
07/20/96 15.20 84.67 -0.89 
10/21/96 13.44 86.43 1.76 
01/21/97 12.69 87.18 0.75 
04/08/97 12.52 87.35 0.17 
07/29/97 13.37 86.50 -0.85 
10/16/97 11.82 88.05 1.55 
01/06/98 11.09 88.78 0.73 
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1.0 INTRODUCTION 

This report represents an update on the effect of natural attenuation (NA) on dissolved-
phase constituents in the ground-water at the Dowell, a division of Schlumberger Technology 
Corporation facility in Artesia, New Mexico (Figure 1). Dowell conducted a study in November 
1996 to evaluate the effectiveness of natural attenuation, particularly intrinsic bioremediation, to 
chemically achieve corrective action goals. Results of the study were presented in a report to the 
New Mexico Conservation Division (NMOCD) titled "Initial Evaluation of Natural Attenuation" 
dated April 1997. 

Results of the initial NA evaluation in 1996 indicated aromatic hydrocarbon and 
chlorocarbon concentrations were either stable or declining in both mass and horizontal extent. 
A sequential change in ground-water conditions occurred over time creating an environment 
favorable for aerobic and anaerobic microorganisms to biodegrade chlorocarbons and residual 
aromatic hydrocarbons. In addition, spatial patterns of dissolved-phase constituents across the 
site suggested subsurface environment conditions conducive to long term biodegradation of 
hydrocarbon and chlorinated constituents. 

1.1 Current Status 

The Dowell facility in Artesia was established in 1969 and continues to actively provide 
specialty products and services to the regional petroleum extraction industry. Since 1989 various 
investigation and corrective action activities have been performed involving hydrogeologic 
investigations, removal of underground storage tanks, source area excavation, and soil and 
ground-water sampling. Presently there are two soil vapor extraction systems operating at the 
site. 

Since the initial evaluation of natural attenuation in 1996, six additional monitoring wells 
(MW-25 to MW-30) were installed northeast of the facility to define the extent of dissolved-
phase constituents in the ground-water (Figure 1). Ground-water monitoring is currently 
performed quarterly at 12 of the 30 monitoring wells and annually on 29 of the 30 monitoring 
wells completed in the local surficial aquifer. 

1.2 Local Geology and Hydrology 

Geology beneath the Artesia facility consists of a regional carbonate gravel unit. 
Sediments encountered during drilling consist of red clay, silty clay, and clay interbedded with 
thin (2-4 inch) white and pinkish - cream carbonate or caliche layers. Zones where 
carbonate/caliche layers are common have been identified in core samples but are difficult to 
trace laterally between even closely-spaced ground-water monitoring wells. Drilling at the site 
has reached a maximum depth of 68 feet below surface. A quartzose unit underlying the 
carbonate gravel unit has not been encountered. 
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The water-bearing zones in the shallow aquifer are the carbonate/caliche layers in which 
the permeability apparently has been enhanced by solution of carbonate minerals. Below the 
water table, many, but not all, of the carbonate/caliche layers are saturated, whereas the clays and 
silts appear only damp to moist. Zones of unsaturated carbonate/caliche below the water table 
are present irregularly. Carbonate/caliche zones above and below these dry zones are saturated. 

Depth to ground-water has varied from approximately 17 feet below ground surface in 
1991 to 13 feet April, 1999 (Table 1). The ground-water flow direction has been consistently to 
the northeast since monitoring has been conducted. A potentiometric surface map constructed 
for the April, 1999 water level data shows ground-water continues to flow to the northeast 
(Figure 1). 

1.3 Constituent Status 

The highest concentrations of dissolved-phase aromatic hydrocarbon constituents remains 
localized in the ground-water around MW-3 and MW-12 with residual concentrations around 
MW-2 and MW-25 (Figure 2). Aromatic hydrocarbon concentrations range from a high of 1.570 
parts per million (ppm) in MW-12 to nondetect in most other monitoring wells. Concentrations 
are either stable or declining at this facility. Historical water quality data is provided as Table 2. 

Since the initial natural attenuation evaluation in 1996, concentrations of dissolved-phase 
chlorocarbons remain in a stabilized or declining trend throughout most of the site with the 
exception of a slight increase at monitoring wells MW-18, MW-19, and MW-22. The highest 
concentrations continue to be localized in the ground-water around MW-7 (Figure 3). 
Concentrations range from a high of 0.607 ppm at MW-7 to nondetect levels in most wells on the 
perimeter of the facility. 
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2.0 NATURAL ATTENUATION MONITORING 

On April 22, 1999, Western Water Consultants Inc., (WWC) conducted ground-water 
sampling at the Artesia facility for the purpose of updating data to evaluate natural attenuation 
processes. Data collected from the monitoring would be used to assess the chemical and 
environmental conditions of the aquifer in terms of biodegradation. Assessing these conditions 
would involve determining available electron acceptors, environmental parameters that control 
microbiological activity, and evidence of intermediate and end products of contaminant 
biodegradation. 

Field measurements and ground-water samples were collected using a peristaltic pump 
connected to a flow through cell and Hydrolab mini-sonde 4A. Field measurements were 
collected for pH, conductivity, oxidation reduction potential (Eh), temperature, and dissolved 
oxygen (D.O.). Results for the field parameters are presented as Table 3. 

Ground-water samples were collected from 17 monitoring wells (MW-2 to MW- 4, MW-
7, MW-8, MW-10 to MW-13, and MW-18 to MW-25) for natural attenuation parameters. Each 
monitoring well was micropurged until field parameters (pH, conductivity, temperature, and Eh) 
stabilized prior to sample collection. Ground-water samples were analyzed for nitrate-nitrite by 
EPA Method 353.3, orthophosphate by EPA Method 365.3, sulfate by EPA Method 375.4, total 
organic carbon (TOC) by EPA Method 415.1, methane, carbon dioxide, ethane, and ethene. 
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3.0 RESULTS 

Field measurements of the ground-water continue to show evidence of microbial activity 
in the subsurface. PH values ranged from 6.34 to 7.16 with background values of 6.98 to 7.1. 
An area of slightly depressed pH values is localized in the ground-water around MW-11 (Figure 
4). Organic acids and CO2 are typically produced as byproducts of the biodegradation of 
hydrocarbons and can locally lower the pH of ground-water. Eh values which describe the 
oxidation-reduction (REDOX) potential of the measured ground-water ranged from -216 to 543 
millivolts. Plotting of the Eh values indicates ground-water in the vicinity of MW-3 and MW-12 
exhibit conditions indicative of a reducing environment while periphery areas are more 
conducive to an oxidizing environment (Figure 5). 

D.O. values ranged from 0.07 to 2.15 mg/L with background levels between 1.15 and 
2.15 mg/L. A central area of essentially anaerobic conditions exists in the ground-water around 
MW-3 and MW-12 (Figure 6). Environmental conditions within this core of low D.O. are 
anaerobic with aerobic conditions along the periphery. 

Nitrate in ground-water ranged from nondetect to 9.1 mg/L. An area depleted in nitrate 
extends from MW-4 northeast to MW-7 (Figure 7). Water quality data is presented as Table 4. 
Laboratory data sheets are presented as Appendix A. 

Sulfate in ground-water ranged from 400.0 to 3300 mg/L with background levels from 
1800 to 3300 mg/L (Figure 8). Concentrations below background levels are present in the 
ground-water around MW-4 and in the vicinity of MW-3 and MW-12. 

Total Organic Carbon (TOC) was present in the ground-water at 14 of 17 monitoring 
wells. TOC in ground-water ranged from nondetect levels to 58.0 mg/L with the highest 
concentrations were present in the ground-water around MW-3, MW-11, and MW-12 (Figure 9). 

Methane, measured as a gas within ground-water, was present in all 17 monitoring wells 
and ranged from 0.001 to 14.13 mg/L. The highest concentrations are centered at MW-12 (14.13 
mg/L) and decreases in a radial pattern to background levels of 0.001 mg/L (Figure 10). 

Carbon dioxide measured as a gas within ground-water was detected in all 17 monitoring 
wells and ranged from 22.26 to 231.23 mg/L. Areas of high concentrations were centered 
around MW-3, MW-11, and MW-12 (Figure 11). 

Ethane and ethene measured as dissolved gases in ground-water were detected in 10 and 
13 of 17 monitoring wells. The highest concentrations of ethane were present in the area of 
MW-3 and MW-12 (Figure 12). The highest concentrations of ethene were detected in the areas 
of MW-13, MW-3, MW-11, and MW-12 (Figure 13). 
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4.0 DISCUSSION 

4.1 Biodegradation of Hydrocarbons 

Chemical data gathered from the April NA monitoring event supports previous trends 
that are particularly important with regard to intrinsic bioremediation. PH continues to be 
depressed in the area with the highest concentrations of dissolved phase constituents around 
MW-3 and MW-12. D.O. also remains depleted in this area indicating that environmental 
conditions are in an anaerobic state. Depressed Eh values indicate a reducing environment in the 
core area with oxidizing conditions along the periphery conducive to biodegradation of aromatic 
hydrocarbons through aerobic metabolism. 

Nitrate and sulfate are utilized as electron acceptors under anaerobic conditions to 
degrade aromatic hydrocarbons through denitrification and sulfate reduction processes (USEPA 
guidance document 1998). The absence of nitrate in the ground-water from MW-4 northeast 
across the site to MW-12 indicates aromatic hydrocarbons were biodegraded by anaerobic 
microorganisms through denitrification after aerobic respiration of aromatic hydrocarbons 
created anaerobic conditions. Sulfate concentrations are below background levels in the ground­
water at MW-4 and MW-12 and may indicate that anaerobic microorganisms are biodegrading 
aromatic hydrocarbons through sulfate reduction processes. The low Eh value of-216 millivolts 
in the ground-water at MW-12 is indicative of geochemical conditions conducive to the 
biodegradation of aromatic hydrocarbons through sulfate reduction (USEPA guidance document 
1998). Additional monitoring events may verify whether this process is in fact occurring. 

4.2 Biodegradation of Chlorocarbons 

Water quality data for natural attenuation monitoring indicates degradation of 
chlorocarbons is continuing at this facility. As mentioned previously, D.O. values show a 
distinct inverse correlation with the area containing the highest concentrations of dissolved-phase 
constituents. Aerobic respiration of aromatic hydrocarbons over a long period of time has 
created environmental conditions which are now anaerobic. Negative Eh readings of the ground­
water in this same area indicates environmental conditions are in an optimal range for reductive 
dehalogenation to occur (USEPA Guidance Document 1998). 

Elevated methane levels centered around MW-12 represent direct evidence of highly 
reducing conditions ideal for the reductive dehalogenation of chlorocarbons. Methane also 
represents an appropriate carbon source for methanotrophic oxidation of chlorocarbons in the 
soil and ground-water where aerobic conditions persist. 

Carbon dioxide is a byproduct of naturally occurring aerobic and anaerobic 
biodegradation processes that occur in ground-water (USEPA guidance document 1998). 
Elevated C0 2 levels in the same distribution as methane indicates greater microbial activity than 
in the surrounding area. The inverse correlation between the concentration of D.O. and C0 2 also 
indicates that aerobic metabolism is an important process in the subsurface in this area creating 
anaerobic conditions important for the biodegradation of chlorocarbon constituents. 
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Microbial degradation of chlorocarbons such as PCE via the process of reductive 
dechlorination results in the formation of daughter products TCE, isomers of DCE, VC, ethene 
and finally CO2 and H2O. Evidence that the process of reductive dehalogenation has been and is 
still actively occurring is shown on the spatial distribution of chloroethenes across the site 
(Figure 14). PCE makes up a large percentage of the total chloroethenes present in the ground­
water beneath the facility itself. However, the percentage of PCE in the ground-water decreases 
from MW-12 toward the northeast. Daughter products such as TCE and DCE isomers begin to 
make up the larger percentage of the chlorocarbons. In addition the high concentration of ethene 
and ethane in the area of MW-3 and MW-12 strongly suggests that chlorocarbons such as PCE 
and TCE have undergone reductive dehalogenation. 

The Environmental Protection Agency (EPA) developed a screening process and 
weighting system to evaluate anaerobic biodegradation processes (reductive dechlorination) 
using geochemical data at individual sites (USEPA September 1998). The various parameters 
used by EPA in their weighting system were compared to the field data collected for the 
additional NA monitoring. The results of the comparison, shown on Table 5, indicate the Dowell 
facility in Artesia would receive a score of 24. Under the EPA weighting system, a score greater 
than 20 indicates strong evidence that biodegradation of chlorocarbons through reductive 
dechlorination processes is occurring at a site. 
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5.0 CONCLUSIONS 

This evaluation of natural attenuation processes at the Artesia facility confirms the 
conclusions presented in the "Initial Evaluation of Natural Attenuation" report to the NMOCD in 
1996. Chemical and environmental conditions do exist which favor the biodegradation of both 
aromatic hydrocarbons and chlorocarbons to corrective action levels given time. The appropriate 
electron acceptors are available for anaerobic biodegradation of residual aromatic hydrocarbons 
and optimal conditions exist for biodegrading chlorocarbons through the reductive 
dehalogenation and possibly methanotrophic processes. The spatial distribution of dissolved-
phase constituents across the site indicate a subsurface environment conducive to the long term 
biodegradation of hydrocarbon and chlorinated constituents. 

Maintaining the current monitoring program will provide the necessary data to monitor 
existing dissolved-phase constituents and destruction of the contaminants. 
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TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
WELL DATE TOTAL WELL MEASURING ELEVATION* GROUNDWATER WATER FROM PRIOR 

NUMBER MEASURED DEPTH (Ft) POINT (ft) (ft) ELEVATION (Ft) MEASUREMENT 

01/23/91 30.00 Protective Casing 100.56 17.41 83.15 
09/13/91 16.04 84.52 1.37 
11/22/91 14.50 86.06 1.54 
03/16/93 13.72 86.84 0,78 
01/09/94 14.62 85.94 -0.90 
04/19/94 14.48 86.08 0.14 
07/20/94 14.38 86.18 0.10 
10/24/94 14.73 85.83 -0.35 
01/24/95 14.20 86.36 0.53 
04/02/95 14.37 S6.19 -0.17 
07/31/95 14.76 85.80 -0.39 
10/16/95 14.64 85.92 0.12 
01/10/96 14.59 85.97 0.05 
04/09/96 14.77 85.79 -0.18 
07/20/96 15.84 84.72 -1.07 
10/21/96 14.07 86.49 1.77 
01/21/97 13.24 87.32 0.83 
04/08/97 12.97 87.59 0.27 
07/29/97 13.87 86,69 -0.90 
10/16/97 12.26 88.30 1.61 
02/09/99 14.34 86.22 -2.08 
04/21/99 13.91 86.65 0.43 

01/23/91 30.00 Protective Casing 99.56 16.95 82.61 
09/13/91 15.01 84,55 1.94 
11/22/91 13.76 85.80 1.25 
03/16/93 13.16 86.40 0.60 
01/09/94 13.91 85.65 -0.75 
04/19/94 13.80 85.76 0.11 
07/20/94 13.65 85.91 0.15 
10/24/94 13.88 85.68 -0.23 
01/24/95 13.41 86.15 0.47 
04/02/95 13.67 85.89 -0.26 
07/31/95 13.81 85.75 -0.14 
10/16/95 13.78 85.78 0.03 
01/10/96 13.80 85.76 -0.02 
04/09/96 13.98 85.58 -0.18 
07/20/96 14.92 84.64 -0.94 
10/21/96 13.15 86.41 1.77 
01/21/97 12.41 87.15 0.74 
04/08/97 12.21 87.35 0.20 
07/29/97 13.15 86.41 -0.94 
10/16/97 11.63 87.93 1.52 
01/06/98 10.92 88.64 0.71 
04/14/98 11.02 . 88.54 -0.10 
07/17/98 13.03 86.53 -2.01 
10/27/98 13.61 85.95 -0.58 
02/09/99 13.69 85.87 -0.08 
04/21/99 13.24 86.32 0,45 

01/23/91 30.00 Protective Casing 98.33 17.28 81.05 
09/13/91 14.66 83.67 2.62 
11/22/91 13.63 84.70 1.03 
03/16/93 12.89 85.44 0.74 
01/09/94 13.66 84.67 -0.77 
04/19/94 NM NM NM 
07/20/94 13.18 85.15 na 
10/24/94 13.27 85.06 -0.09 
01/24/95 13.23 85.10 0.04 
04/02/95 13.60 84.73 -0.37 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
WELL DATE TOTAL WELL MEASURING ELEVATION' GROUNDWATER WATER FROM PRIOR 

NUMBER MEASURED DEPTH (Ft) POINT (ft) (ft) ELEVATION (Ft) MEASUREMENT 

07/31/95 13.34 84.99 0.26 
10/16/95 13.38 84.95 -0.04 
01/10/96 13.85 84.48 -0.47 
04/09/96 13.91 84.42 -0.06 
07/20/96 14.55 83.78 -0.64 
10/21/96 12.90 85.43 1.65 
01/21/97 12.42 85.91 0.48 
04/08/97 12.43 85.90 -0.01 
07/29/97 13.18 85.15 -0.75 
10/16/97 11.83 86.50 1.35 
01/06/98 11.45 86.88 0.38 
04/14/98 11.44 86.89 0.01 
07/17/98 12.81 85.52 -1 37 
10/27/98 12.60 85.73 0.21 
02/09/99 13.44 84.89 -0.84 
04/21/99 12.75 85.58 0.69 

01/23/91 50.00 Protective Casing 103.18 20.17 83.01 
09/13/91 18.54 84.64 1.63 
11/22/91 17.15 86.03 1.39 
03/16/93 16.49 86.69 0.66 
01/09/94 17.28 85.90 -0.79 
04/19/94 17.15 86.03 0.13 
07/20/94 16.99 86.19 0.16 
10/24/94 17.25 85.93 -0.26 
01/24/95 16.78 86.40 0.47 
04/02/95 16.98 86.20 -0.20 
07/31/95 17.26 85.92 -0.28 
10/16/95 17.01 86.17 0.25 
01/10/96 16.95 86.23 0.06 
04/09/96 17.15 86.03 -0.20 
07/20/96 18.08 85.10 -0.93 
10/21/96 16.28 86.90 1.80 
01/21/97 15.37 87.81 0.91 
04/08/97 15.14 88.04 0.23 
07/29/97 16.05 87.13 -0.91 
10/16/97 14.44 88.74 1.61 
01/06/98 13.59 89.59 0.85 
04/14/98 13.91 89.27 -0.32 
07/17/98 16.40 86.78 -2.49 
10/27/98 17.05 86.13 -0.65 
02/09/99 17.03 86.10 -0.03 
04/21/99 16.67 86.51 0.41 

01/23/91 30.00 Protective Casing 99.87 17.20 82.67 
09/13/91 15,52 84.35 1.68 
11/22/91 14.19 85.68 1.33 
03/16/93 13.47 86.40 0.72 
01/09/94 14.31 85.56 -0.84 
04/19/94 14.17 85.70 0.14 
07/20/94 13.97 85.90 0.20 
10/24/94 14.21 85.66 -0.24 
01/24/95 13.78 86.09 0.43 
04/02/95 14.05 85.82 -0.27 
07/31/95 14.17 85.70 -0.12 
10/16/95 14.07 85.80 0.10 
01/10/96 14.11 85.76 -0.04 
04/09/96 14.31 85.56 -0.20 
07/20/96 15.20 84.67 -0.89 
10/21/96 13.44 86.43 1.76 
01/21/97 12.69 87.18 0.75 
04/08/97 12.52 87.35 0.17 
07/29/97 13.37 86.50 -0.85 
10/16/97 11.82 88.05 1.55 
01/06/98 11.09 88.78 0.73 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
WELL DATE TOTAL WELL MEASURING ELEVATION* GROUNDWATER WATER FROM PRIOR 

NUMBER MEASURED DEPTH (Ft) POINT (ft) (ft) ELEVATION (Ft) MEASUREMENT^ 

MW-5 Cont. 04/14/98 12.30 87.57 -1.21 

07/17/98 13.32 86.55 -1.02 

10/27/98 13.93 85.94 -0,61 

02/09/99 14.04 85.83 -0,11 

04/21/99 13.54 86.33 0.50 

01/23/91 35.00 Protective Casing 100.84 19.59 81.25 
09/13/91 17.43 83.41 2.16 

11/21/91 16.30 84.54 1.13 

03/16/93 15.57 85.27 0.73 

01/09/94 16.42 84.42 -0.85 

04/19/94 16.29 84.55 0.13 

07/19/94 15.79 85.05 0,50 

10/24/94 15.83 85.01 -0,04 

01/24/95 15.94 84.90 -0,11 

04/02/95 16.38 84,46 -0.44 

07/31/95 15.88 84.96 0,50 

10/16/95 16.01 84.83 -0.13 

01/10/96 16.52 84,32 -0.51 

04/09/96 16.70 84,14 -0.18 

07/21/96 17.26 83.58 -0.56 

10/21/96 15.62 85.22 1.64 

01/21/97 15.21 85.63 0.41 

04/08/97 . 15.30 85.54 -0,09 

07/29/97 16,01 84.83 -0.71 

10/16/97 15.01 85.83 1,00 

01/06/98 14,69 86.15 0.32 

04/14/98 14,45 86.39 0.24 

07/17/98 15.62 85.22 -1.17 

10/27/98 15.77 85.07 -0.15 

02/09/99 16.34 84.50 -0.57 

04/21/99 15.57 85.27 0.77 

01/23/91 35.00 Protective Casing 100.23 19.01 81.22 

09/13/91 17.43 82.80 1.58 

11/21/91 16.00 84.23 1.43 

03/16/93 14.91 85.32 1.09 

01/09/94 15.99 84.24 -1.08 
04/19/94 15.83 84.40 0.16 

07/19/94 15.24 84.99 0.59 

10/24/94 15.32 84.91 -0,08 

01/24/95 15.54 84.69 -0.22 

04/02/95 16.00 84.23 -0.46 

07/31/95 15.57 84.66 0.43 

10/16/95 15.61 84.62 -0.04 

01/10/96 16.13 84.10 -0.52 

04/09/96 16.30 83.93 -0 17 

07/21/96 16.81 83,42 -0.51 

10/21/96 15.15 85.08 1.66 

01/21/97 14.81 85.42 0.34 

04/08/97 14.91 85.32 -0.10 

07/29/97 15.48 84.75 -0.57 

10/16/97 14.52 85.71 0.96 

01/06/98 13.27 86.96 1.25 

04/14/98 14.02 86.21 -0.75 

07/17/98 15.10 85.13 -1.08 

10/27/98 15.21 85.02 -0.11 

02/09/99 15.86 84.37 -0.65 

04/21/99 14.96 85.27 0.90 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
WELL DATE TOTAL WELL MEASURING ELEVATION* GROUNDWATER WATER FROM PRIOR 

NUMBER MEASURED DEPTH (Ft) POINT (ft) (ft) ELEVATION (Ft) MEASUREMENT 

01/23/91 35.00 Protective Casing 101,47 20.16 81.31 
09/13/91 18.80 82.67 1.36 

11/21/91 17.29 84.18 1.51 

03/16/93 16.03 85.44 1.26 

01/09/94 17.23 84.24 -1.20 
04/19/94 17.05 84.42 0.18 

07/19/94 16.50 84.97 0.55 

10/24/94 16.56 84.91 -0.06 

01/24/95 16.79 84.68 -0.23 

04/02/95 17.24 84.23 -0.45 

07/31/95 16.94 84.53 0.30 

10/16/95 16.88 84.59 0.06 
01/10/96 17.38 84.09 -0.50 

04/09/96 17.54 83.93 -0.16 
07/21/96 18.10 83.37 -0.56 
10/21/96 16.40 85.07 1.70 

11/22/96 16.42 85.05 -0.02 

01/21/97 16.05 85.42 0.37 
04/08/97 16.11 85.36 -0.06 

07/29/97 16.69 84.78 -0.58 

10/16/97 15.69 85.78 1.00 
01/06/98 15.38 86.09 0.31 

04/14/98 15.15 86.32 0.23 
07/17/98 16.29 85.18 -1.14 

10/27/98 16.39 85 08 -0.10 
02/09/99 17.02 84.45 -0.63 

04/21/99 16.08 85.39 0.94 

01/26/91 30.00 Protective Casing 102.18 20.08 82.10 
09/13/91 18.93 83.25 1.15 
11/21/91 17.35 84.83 1.58 

03/16/93 16.19 85.99 1.16 
01/09/94 17.31 84.87 -1.12 
04/19/94 17.33 84.85 -0.02 
07/19/94 16.85 85.33 0.48 

10/24/94 17.05 85.13 -0.20 
01/24/95 16.92 85.26 0.13 
04/02/95 17.23 84.95 -0.31 

07/31/95 17.30 84.88 -0.07 

10/16/95 17.16 85.02 0.14 
01/10/96 17.39 84.79 -0.23 
04/09/96 17.58 84.60 -0.19 
07/21/96 18.38 83.80 -0.80 
10/21/96 16.65 85.53 1.73 
01/21/97 16.12 86.06 0.53 
04/08/97 16.04 86.14 0.08 
07/29/97 16.67 85.51 -0.63 
10/16/97 15.29 86.89 1.38 

01/06/98 14.78 87.40 0.51 
04/14/98 14.89 87.29 -0.11 
07/17/98 16.30 85.88 -1.41 
10/27/98 16.62 85.56 -0.32 

02/09/99 17.14 85.04 -0.52 
04/21/99 16.38 85.80 0.76 

01/26/91 30.00 Protective Casing 101.34 19.68 81.66 
09/13/91 18.56 82.78 1.12 

11/21/91 16.96 84.38 1.60 

03/16/93 15.64 85.70 1.32 

01/09/94 16.89 84,45 -1,25 

04/19/94 16.73 84.61 0.16 

07/19/94 16.29 85.05 0.44 
10/24/94 16.39 84.95 -0.10 
01/24/95 16,48 84.86 -0.09 
04/02/95 16.88 84.46 -0.40 
07/31/95 16,82 84,52 0,06 
10/16/95 16.65 84.69 0.17 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
WELL DATE TOTAL WELL MEASURING ELEVATION* GROUNDWATER WATER FROM PRIOR 

NUMBER MEASURED DEPTH (Ft) POINT (ft) (fl) ELEVATION (Ft) MEASUREMENT 

01/10/96 17.01 84.33 -0.36 
04/09/96 17 20 84.14 -0.19 
07/21/96 17.85 83.49 -0.65 
10/21/96 16.13 85.21 1.72 
01/21/97 15.73 85.61 0.40 
04/08/97 15.70 85.64 0.03 
07/29/97 16.28 85.06 -0.58 
10/16/97 15.16 86.18 1.12 
01/06/98 14.74 86.60 0.42 
04/14/98 14.65 86.69 0.09 
07/17/98 15.90 85.44 -1.25 
10/27/98 16.04 85.30 -0.14 
02/09/99 16.61 84.73 -0.57 
04/21/99 15.68 85.66 0.93 

01/26/91 30.00 Protective Casing 100.60 19.27 81.33 
09/13/91 17.81 82.79 1.46 
11/21/91 16.35 84.25 1.46 
03/16/93 15.20 85.40 1.15 
01/09/94 16.31 84.29 -1.11 
04/19/94 16.17 84.43 0.14 
07/19/94 15.63 84.97 0.54 
10/24/94 15.72 84.88 -0.09 
01/24/95 15.89 84.71 -0.17 
04/02/95 16.33 84,27 -0.44 
07/31/95 16.03 84 57 0.30 
10/16/95 16.00 84.60 0.03 
01/10/96 16.45 84,15 -0.45 
04/09/96 16.62 83.98 -0.17 
07/21/96 17.21 83.39 -0.59 
10/21/96 15.52 85.08 1.69 
01/21/97 15.15 85.45 0.37 
04/08/97 15.19 85.41 -0.04 
07/29/97 15.78 84.82 -0.59 
10/16/97 14.75 85.85 1.03 
01/06/98 14.44 86.16 0.31 
04/14/98 14.22 86.38 0.22 
07/17/98 15.41 85.19 -1.19 
10/27/98 15.50 85.10 -0.09 
02/09/99 16.11 84.49 -0.61 
04/21/99 15.21 85.39 0.90 

01/26/91 34.00 Protective Casing 100.69 19.24 81.45 
09/13/91 17.59 83.10 1.65 
11/21/91 16.21 84.48 1.38 
03/16/93 15.22 85.47 0.99 
01/09/94 16.25 84,44 -1.03 
04/19/94 16.13 84.56 0.12 
07/19/94 15.63 85.06 0.50 
10/24/94 15.73 84.96 -0.10 
01/24/95 15.80 84.89 -0.07 
04/02/95 16.23 84.46 -043 
07/31/95 15.96 84.73 0.27 
10/16/95 15.93 84.76 0.03 
01/10/96 16.35 84.34 -0.42 
04/09/96 16.52 84.17 -0.17 
07/21/96 17.15 83.54 -0.63 
10/21/96 15.48 85.21 1.67 
01/21/97 15.04 85.65 0,44 
04/08/97 15.10 85.59 -0.06 
07/29/97 15.73 84.96 -0.63 
10/16/97 14.57 86.12 1,16 
01/06/98 14.22 86.47 0.35 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

WELL 
NUMBER 

MW-12 Cont. 

MW-13 

MW-14 

MW-15 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
DATE TOTAL WELL MEASURING ELEVATION* GROUND WATER WATER FROM PRIOR 

MEASURED DEPTH (Ft) POINT (ft) (ft) ELEVATION (Ft) MEASUREMENT 

04/14/98 14.09 86.60 0.13 
07/17/98 15.35 85.34 -1.26 
10/27/98 15.36 85.33 -0.01 
02/09/99 16.00 84.69 -0.64 
04/21/99 15.19 85.50 0.81 

09/13/91 45.00 Protective Casing 99.25 15.10 84.15 
11/21/91 13.95 85.30 1.15 
03/16/93 13.22 86.03 0.73 
01/09/94 14.03 85.22 -0,81 
04/19/94 13.90 85.35 0.13 
07/20/94 13.70 85.55 0.20 
10/24/94 13.86 85.39 -0,16 
01/24/95 13.56 85.69 0.30 
04/02/95 13.87 85.38 -0,31 
07/31/95 13.84 85.41 0.03 
10/16/95 13.83 85.42 0.01 
01/10/96 14.02 85.23 -0,19 
04/09/96 14.20 85.05 -0,18 
07/20/96 15.04 84.21 -0,84 
10/21/96 13.31 85.94 1.73 
01/21/97 12.70 86.55 0.61 
04/08/97 12.48 86.77 0.22 
07/29/97 13.43 85.82 -0.95 
10/16/97 12.02 87 23 1.41 
01/06/98 11.44 87.81 0.58 
04/14/98 11.50 87.75 -0.06 
07/17/98 13.10 86.15 -1.60 
10/27/98 13.58 85.67 -0.48 
02/09/99 13.81 85.44 -0.23 
04/21/99 13.22 86.03 0.59 

09/13/91 35.00 Protective Casing 98.74 14.60 84.14 
11/21/91 13.61 85.13 0.99 
03/16/93 13.00 85.74 0.61 
01/09/94 13.71 85.03 -0.71 
04/19/94 13.63 85.11 0.08 
07/20/94 13.39 85.35 0.24 
10/24/94 13.48 85.26 -0.09 
01/25/95 13.26 85.48 0.22 
04/02/95 13.61 85.13 -0.35 
07/31/95 13.44 85.30 0.17 
10/16/95 13.52 85.22 -0.08 
01/10/96 13.76 84.98 -0.24 
04/09/96 13.96 84.78 -0.20 
07/20/96 14.74 84.00 -0.78 
10/21/96 13.03 85.71 1.71 
01/21/97 12.47 86.27 0.56 
04/08/97 12.44 86.30 0.03 
07/29/97 13,30 85.44 -0.86 
10/16/97 11.93 86.81 1.37 
01/06/98 11,46 87.28 0.47 
04/14/98 11.48 87.26 -0,02 
07/17/98 12.94 85.80 -1.46 
10/27/98 13.25 85.49 -0.31 
02/09/99 13.59 85.15 -0.34 
04/21/99 12.96 85.78 0.63 

09/13/91 34.00 Protective Casing 100.05 16.30 83.75 
11/21/91 15.01 85.04 1,29 
03/16/93 13.95 86.10 1.06 
01/09/94 14.91 85.14 -0.96 
04/19/94 14.80 85,25 0.11 
07/20/94 14.56 85,49 0.24 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

WELL 
NUMBER 

MW-15 Cont. 

MW-17D 

MW-17A 

MW-17B 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
DATE TOTAL WELL MEASURING ELEVATION* GROUND WATER WATER FROM PRIOR 

MEASURED DEPTH (Ft) POINT (») (ft) ELEVATION (Ft) MEASUREMENT 

10/24/94 14.73 85.32 -0.17 
01/24/95 16.00 84.05 -1.27 
04/02/95 14.80 85,25 1.20 
07/31/95 14.82 85.23 -0.02 
10/16/95 14,74 85.31 0.08 
01/10/96 14.95 85.10 -0.21 
04/09/96 15,11 84.94 -0.16 
07/20/96 15,96 84.09 -0.85 
10/21/96 14.22 85.83 1.74 
01/21/97 13.64 86.41 0,58 
04/08/97 13.53 86,52 0.11 
07/29/97 14.32 85.73 -0.79 
10/16/97 12.90 87.15 1.42 
01/06/98 12.30 87.75 0.60 
04/14/98 12.38 87.67 -0.08 
07/17/98 13.93 86.12 -1.55 
10/27/98 14.38 85.67 -0.45 
02/09/99 14.68 85.37 -0.30 
04/21/99 14.03 86.02 0.65 

04/02/95 19.00 Protective Casing 101.29 16.80 84.49 
07/31/95 16.48 84.81 0.32 
10/16/95 16.51 84.78 -0.03 
01/10/96 16.90 84.39 -0.39 
04/09/96 17.10 84.19 -0,20 
07/21/96 17.70 83.59 -0,60 
10/21/96 16.02 85.27 1,68 
01/21/97 15.60 85.69 0.42 
04/08/97 15.64 85.65 -0.04 
07/29/97 16.32 84.97 -0.68 
10/16/97 15.11 86.18 1.21 
01/06/98 14.80 86.49 0.31 
04/14/98 14.68 86.61 0.12 
07/17/98 15.92 85.37 -1.24 
10/27/98 15.95 85.34 -0.03 
02/09/99 16.63 84.66 -0.68 
04/21/99 15.82 85.47 0.81 

04/02/95 26.00 Protective Casing 100.57 16.05 84.52 
07/31/95 15.75 84.82 0.30 
10/16/95 15.77 8480 -0.02 
01/10/96 16.18 84.39 -0.41 
04/09/96 16.37 84,20 -0.19 
07/21/96 16.98 83.59 -0.61 
10/21/96 15.30 85.27 1.68 
01/21/97 14.88 85.69 042 
04/08/97 14.92 85.65 -0.04 
07/29/97 15.59 84.98 -0.67 
10/16/97 14.41 86.16 1.18 
01/06/98 14.09 86.48 0.32 
04/14/98 13.95 86.62 0.14 
07/17/98 15.20 85.37 -1.25 
10/27/98 15,23 85.34 -0.03 
02/09/99 15.88 84.69 -0.65 
04/21/99 15.10 85.47 0.78 

04/02/95 34.00 Protective Casing 101.28 16.79 84.49 
07/31/95 16.50 84.78 0,29 
10/16/95 16,51 84.77 -0.01 
01/10/96 16,92 84.36 -0,41 
04/09/96 17,10 84,18 -0.18 
07/21/96 17,71 83.57 -061 
10/21/96 16.02 85.26 1.69 
01/21/97 15.64 85.64 0,38 
04/08/97 15.67 85.61 -0,03 
07/29/97 16.30 84.98 -0.63 
10/16/97 15.16 86.12 1.14 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

WELL 
NUMBER 

MEASURING POINT DEPTH TO STATIC DIFFERENCE 
DATE TOTAL WELL MEASURING ELEVATION* GROUND WATER WATER FROM PRIOR 

MEASURED DEPTH (Ft) POINT (ft) (ft) ELEVATION (Ft) MEASUREMENT 

01/06/98 14,84 86.44 0.32 
04/14/98 14.70 86.58 0.14 
07/17/98 15,92 85.36 -1.22 
10/27/98 16,00 85,28 -0.08 
02/09/99 16.62 84.66 -0.62 
04/21/99 15,79 85,49 0.83 

04/02/95 61.00 Protective Casing 101.33 16.93 84.40 
07/31/95 16.66 84.67 0.27 
10/16/95 16.64 84,69 0.02 
01/10/96 17.08 84.25 -0.44 
04/09/96 17.25 84.08 -0.17 
07/21/96 17.85 83.48 -0.60 
10/21/96 16.17 85.16 1.68 
01/21/97 15.75 85.58 0.42 
04/08/97 15.80 85.53 -0.05 
07/29/97 16.46 84.87 -0.66 
10/16/97 15.33 86.00 1.13 
01/06/98 15.00 86,33 0.33 
04/14/98 14.85 86,48 0.15 
07/17/98 16.09 85.24 -1.24 
10/27/98 16.17 85.16 -0.08 
02/09/99 16.77 84.56 -0.60 
04/21/99 15.95 85,38 0.82 

04/02/95 28.00 Protective Casing 98,72 14.77 83,95 
07/31/95 14.21 84.51 0.56 
10/16/95 14.25 84.47 -0.04 
01/10/96 14.90 83.82 -0.65 
04/09/96 15.05 83.67 -0.15 
07/21/96 15.44 83.28 -0.39 
10/21/96 13.78 84.94 1.66 
11/22/96 13.84 84.88 -0.06 
01/21/97 13.54 85.18 0,30 
04/08/97 13.66 85.06 -0.12 
07/29/97 14.13 84.59 -0.47 
10/16/97 13.34 85.38 0.79 
01/06/98 13.13 85,59 0.21 
04/14/98 12.79 85.93 0,34 
07/17/98 13.75 84.97 -096 
10/27/98 13,82 84.90 -0.07 
02/09/99 14.58 84.14 -0.76 
04/21/99 13.58 85.14 1.00 

04/02/95 28.00 Protective Casing 99.08 14.86 84.22 
07/31/95 14.29 84.79 0.57 
10/16/95 14,39 84.69 -0.10 
01/10/96 14.98 84.10 -0.59 
04/09/96 15.14 83.94 -0.16 
07/21/96 15.62 83.46 -0.48 
10/21/96 14.00 85.08 1.62 
11/22/96 14.03 85.05 -003 
01/21/97 13.69 85.39 0.34 
04/08/97 13.76 85.32 -0.07 
07/29/97 14,37 84.71 -0.61 
10/16/97 13.47 85.61 0.90 
01/06/98 13.21 85.87 0 2 6 
04/14/98 12.90 86.18 0.31 
07/17/98 13.96 85.12 -1.06 
10/27/98 14.11 84.97 -0,15 
02/09/99 14.74 84.34 -0,63 
04/21/99 13.91 85.17 0.83 

11/22/96 28.00 Protective Casing 101,09 16.28 84.81 
01/21/97 16.08 85.01 0.20 
04/08/97 16.04 85.05 0.04 
07/29/97 16.46 84.63 -0.42 

MW-17B Cont. 

MW-17C 

MW-16 

MW-19 

MW-19 Cont. 

MW-20 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

WELL 
NUMBER 

DATE 
MEASURED 

TOTAL WELL 
DEPTH (Ft) 

MEASURING 
POINT 

MEASURING POINT 

ELEVATION' 

(ft) 

DEPTH TO 

GROUND WATER 

(ft) _ 

STATIC 
WATER 

ELEVATION (Ft) 

DIFFERENCE 
FROM PRIOR 

MEASUREMENT 

MW-20 Cont. 10/16/97 
01/06/98 
04/14/98 
07/17/98 
10/27/98 
02/09/99 
04/21/99 

15.76 
15.61 
15.13 
16.15 
16.07 
16.94 
15.48 

85.33 
85.48 
85.96 
84,94 
85.02 
84.15 
85.61 

0.70 
0.15 
0.48 
-1.02 
0.08 
-0.87 
1.46 

MW-21 11/22/96 
01/21/97 
04/08/97 
07/29/97 
10/16/97 
01/06/98 
04/14/98 
07/17/98 
10/27/98 
02/09/99 
04/21/99 

25.00 Protective Casing 98.88 

98.89 

14.36 
14.26 
14.41 
14.54 
14.18 
14.17 
13.60 
14.21 
14.22 
15.29 
13.94 

84.52 
84.62 
84.48 
84.35 
84.71 
84.72 
85.29 
84.68 
84.67 
83.60 
84.95 

0.10 
-0.14 
-0.13 
0.36 
0.01 
0.57 
-0 61 
-0.01 
-1.07 
1.35 

MW-22 11/22/96 
01/21/97 
04/08/97 
07/29/97 
10/16/97 
01/06/98 
04/14/98 
07/17/98 
10/27/98 
02/09/99 
04/21/99 

24.50 Protective Casing 97.16 

97.14 

12.88 
12.94 
13.42 
13.16 
13.23 
13.46 
12.80 
12.65 
12.90 
14.35 
13.15 

84.28 
84.22 
83,72 
83.98 
83.91 
83.68 
84.34 
84.49 
84.24 
82.79 
83.99 

-0.06 
-0.50 
0.26 
-0.07 
-0.23 
0.66 
0.15 
-0.25 
-1.45 
1.20 

MW-23 11/22/96 
01/21/97 
04/08/97 
07/29/97 
10/16/97 
01/06/98 
04/14/98 
07/17/98 
10/27/98 
02/09/99 
04/21/99 

25.00 Protective Casing 97.33 

97.30 

12.72 
12.59 
13.07 
13.14 
13.06 
13.13 
12.52 
12.64 
12.84 
14.16 
13.25 

84.61 
84.74 
84.23 
84.16 
84.24 
84.17 
84.78 
84.66 
84.46 
83.14 
84.05 

0.13 
-0.51 
-0.07 
0.08 
-0.07 
0.61 
-0.12 
-0.20 
-1.32 
0.91 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

WELL 
NUMBER 

DATE 
MEASURED 

TOTAL WELL 
DEPTH (Ftj 

MEASURING 
POINT 

MEASURING POINT 
ELEVATION* 

(Sl 

DEPTH TO 

GROUND WATER 

(ft) 

STATIC 
WATER 

ELEVATION (Ft) 

DIFFERENCE 
FROM PRIOR 

MEASUREMENT 

MW-24 11/22/96 
01/21/97 
04/08/97 
07/29/97 
10/16/97 
01/06/98 
04/14/98 
07/17/98 
10/27/98 
02/09/99 
04/21/99 

27.00 Protective Casing 103.42 

103.41 

17.91 
17.56 
17.40 
17.72 
16.58 
16.01 
16.17 
17.49 
17.40 
18.09 
16.98 

85.51 
85.86 
86.01 
85.69 
86.83 
87.40 
87.24 
85.92 
86.01 
85.32 
86.43 

0.35 
0.15 
-0.32 
1.14 
0.57 
-0.16 
-1.32 
0.09 
-0.69 
1.11 

MW-25 04/08/97 
07/29/97 
10/16/97 
01/06/98 
04/14/98 
07/17/98 
10/27/98 
02/09/99 
04/21/99 

25.00 Protective Casing 97.64 14.23 
13.77 
13.99 
14.37 
13.65 
13.26 
13.57 
15.17 
13.75 

83.41 
83.87 
83.65 
83.27 
83.99 
84.38 
84.07 
82.47 
83.89 

0.46 
-0.22 
-0.38 
0.72 
0.39 
-0.31 
-1.60 
1.42 

MW-26 04/08/97 
07/29/97 
10/16/97 
01/06/98 
04/14/98 
07/17/98 
10/27/98 
02/09/99 
04/21/99 

25.00 Protective Casing 96.11 13.06 
12.23 
12.75 
13.40 
12.61 
11.64 
12.16 
14.13 
12.41 

83.05 
83.88 
83.36 
82.71 
83.50 
84.47 
83.95 
81.98 
83.70 

0.83 
-0.52 
-0.65 
0.79 
0.97 
-0.52 
-1.97 
1.72 

MW-27 04/08/97 
07/29/97 
10/16/97 
01/06/98 
04/14/98 
07/17/98 
10/27/98 
02/09/99 
04/21/99 

25.00 Protective Casing 96.17 13.06 
12.21 
12.79 
13.56 
12.75 
11.53 
12.09 
14.29 
12.53 

83.11 
83.96 
83.38 
82,61 
83.42 
84,64 
84.08 
81,88 
83.64 

0.85 
-0.58 
-0.77 
0.81 
1.22 

-0.56 
-2.20 
1.76 

MW-28 07/17/98 
10/27/98 
02/09/99 
04/21/99 

25.00 Protective Casing 97.93 14.32 
14.43 
15.71 
14.28 

83.61 
83.50 
82.22 
83.65 

-0.11 
-1.28 
1.43 

MW-29 07/17/98 
10/27/98 
02/09/99 
04/21/99 

25.00 'Protective Casing 97.04 14.07 
14.36 
15.83 
14.48 

82.97 
82.68 
81.21 
82.56 

-0.29 
-1.47 
1.35 



TABLE 1. GROUND-WATER MEASUREMENTS AND ELEVATIONS, 
DOWELL, ARTESIA, NEW MEXICO. 

WELL 
NUMBER 

DATE 
MEASURED 

TOTAL WELL 
DEPTH (Ft) 

MEASURING 
POINT 

MEASURING POINT 
ELEVATION* 

im 

DEPTH TO 
GROUND WATER 

(ft) 

STATIC 
WATER 

ELEVATION (Ft) 

DIFFERENCE 
FROM PRIOR 

MEASUREMENT 

MW-30 07/17/98 
10/27/98 
02/09/99 
04/21/99 

25.00 Protective Casing 96.58 12.68 
13.12 
14.88 
13.38 

83.90 
83.46 
81.70 
83.20 

-0.44 
-1.76 
1.50 

NOTES: 
NM = not measured 
* = measured from a temporary benchmark of arbitrary elevation = 100.00 feet. 

Benchmark is located on the concrete right up against the east shop wall, 
at the northeast corner of the shop. 

** = water level measurement may be in error 
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Table 3. Field Parameters at the Dowell, a division of 
Schlumberger Technology Corporation Facility 
Artesia, New Mexico 

Location Date 
PH 

standard 
Conductivity 

uM/cm 
Temperature 

Celcius 

Dissolved 
Oxygen 

mg/l 

Redox 
Potential 

mv 

MW-2 4/22/99 6.93 1453 20.13 0.17 -130 

MW-3 4/22/99 6.46 6430 20.54 0.07 -183 

MW-4 4/22/99 6.95 1690 20.46 0.30 -61 

MW-7 4/22/99 6.60 7467 19.05 0.16 160 

MW-8 4/22/99 6.88 4148 19.13 0.26 153 

MW-10 4/22/99 7.02 4084 18.77 0.36 148 

MW-11 4/22/99 6.34 7825 19.47 0.11 56 

MW-12 4/22/99 6.46 5575 19.74 0.09 -216 

MW-13 4/22/99 6.90 1611 20.70 0.15 26 

MW-18 4/22/99 6.59 6150 18.64 0.32 185 

MW-19 4/22/99 6.79 6432 19.25 0.20 248 

MW-20 4/22/99 6.98 4043 18.11 1.33 224 

MW-21 4/22/99 6.98 3954 18.98 0.36 399 

MW-22 4/22/99 6.84 6187 18.79 0.16 361 

MW-23 4/22/99 6.97 4443 18.62 0.39 543 

MW-24 4/22/99 6.98 3102 18.86 2.15 149 

MW-25 4/22/99 6.91 4961 19.17 0.15 475 

MW-26 4/22/99 7.11 3223 18.93 0.38 39 

MW-27 4/22/99 7.10 3702 18.92 0.37 32 

MW-28 4/22/99 6.96 4074 19.03 0.38 20 

MW-29 4/22/99 7.16 4692 19.12 1.15 37 

MW-30 4/22/99 7.09 3925 18.94 0.18 32 

Note: mg/l = milligrams per liter 
uM/cm = micro moses per centimeter 
mv = millivolts 
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MICROSEEPS 

Client: Western Water Consult. Page 1 of 7 
611 Skyline Road Date: 05/28/99 
Laramie, WY 82070 Report No: 29360 

Cocid No: 150719 
Attention: Kevin Mattsson 

ANALYTICAL REPORT 

This report contains information for the following samples: 

Microseeps Client Client Microseeps Client Client 
Sample No Sample ID Group ID Sample No Sample ID Group ID 

3619/0001 2.4/99 90- 125L 3619/0002 3.4/99 90- 125L 
3619/0003 4.4/99 90- 125L 3619/0004 7.4/99 90- 125L 
3619/0005 8.4/99 90- 125L 3619/0006 10.4/99 90- 125L 
3619/0007 11.4/99 90- 125L 3619/0008 12.4/99 90- 125L 
3619/0009 13.4/99 90- 125L 3619/0010 18.4/99 90- 125L 
3619/0011 19.4/99 90- 125L 3619/0012 20.4/99 90- 125L 
3619/0013 21.4/99 90- 125L 3619/0014 22.4/99 90- 125L 
3619/0015 23.4/99 90- 125L 3619/0016 24.4/99 90- 125L 
3619/0017 25.4/99 90- 125L 

4/H.n 
•J 

220 William Pitt Way, Pittsburgh, PA 1 5238 • Phone (41 2) 826-5245, Fax (412) 826-3433 
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MICROSEEPS 

Western Water Consult. Date:05/28/99 Lab C-o-C No.:150719 Report No.:29360 Page 2 of 7 

Samp.//: 3619/0001 Samp.ID: 2.4/99 Group ID: 90-125L 

F i e l d Parameters-> Date Sampled:04/22/99 Time Sampled:08:45 

Parameter Result Units 

Date Received: 04/24/99 

Method 
Reference 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
T o t a l Organic Carbon 

< 0.05 
0.39 
1900 
2 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.//: 3619/0002 Samp.ID: 3.4/99 Group ID: 90-125L 

F i e l d Parameters-> Date Sampled:04/22/99 Time Sampled:16:25 

Date Received: 04/24/99 

Parameter Result Units 
Method 

Reference 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
T o t a l Organic Carbon 

< 0.05 
0.38 
1200 
58 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.//: 3619/0003 Samp.ID: 4.4/99 Group ID: 90-125L 

F i e l d Parameters-> Date Sampled:04/22/99 Time Sampled:09:25 

Parameter Result Units 

Date Received: 04/24/99 

Method 
Reference 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
T o t a l Organic Carbon 

< 0.05 
0.54 
400 
2 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Jsamp.//: 3619/0004 Samp.ID: 7.4/99 Group ID: 90-125L 

Continued on next page 

1 
jig 220 William Pitt Way, Pittsburgh, PA 1 5238 • Phone (412) 826-5245, Fax (41 2) 826-3433 

Date Received: 04/24/99 



MICROSEEPS 

Western Water Consult. Date:05/28/99 Lab C-o-C No.:150719 Report No.:29360 Page 3 of 7 

Samp.//: 3619/0004 Samp.ID: 7.4/99 
Continued from previous page. 

Parameter 

Group ID: 90-125L 

Result Units 

Date Received: 04/24/99 

Method 
Reference 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

< 0.05 
1.0 
2000 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.//: 3619/0005 Samp.ID: 8.4/99 Group ID: 90-125L 

Field Parameters-> Date Sampled:04/22/99 Time Sampled:14:30 

Parameter Result Units 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

5 
0.23 
1500 
3 

Date Received: 04/24/99 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.//: 3619/0006 Samp.ID: 10.4/99 Group ID: 90-125L 

Fie l d Parameters-> Date Sampled:04/22/99 Time Sampled:15:30 

Parameter Result Units 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

9.1 
0.65 
1700 
2 

Date Received: 04/24/99 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.//: 3619/0007 Samp.ID: 11.4/99 Group ID: 90-125L 

Field Parameters-> Date Sampled:04/22/99 Time Sampled:15 : 00 

Date Received: 04/24/99 

Continued on next page. 

220 William Pitt Way, Pittsburgh, PA 1 5238 • Phone (412) 826-5245, Fax (412) 826-3433 



MICROSEEPS 

Western Water Consult. Date:05/28/99 Lab C-o-C No.:150719 Report No.:29360 Page 4 of 7 

Samp.#: 3619/0007 Samp.ID: 11.4/99 Group ID: 90-125L Date Received: 04/24/99 
Continued from previous page. 

Method 
Parameter Result Units Reference 

N i t r a t e - N i t r i t e 
Orthophosphate 
S u l f a t e 
T o t a l Organic Carbon 

< 0.05 
0.55 
1600 
21 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0008 Samp.ID: 12.4/99 Group ID: 90-125L Date Received: 04/24/99 

F i e l d Parameters-> Date Sampled:04/22/99 Time Sampled:15:50 

Method 

Parameter Result Units Reference 

N i t r a t e - N i t r i t e < 0.05 mg/l EPA 353.3 
Orthophosphate 0.86 mg/l as P EPA 365.3 
Sul f a t e 960 mg/l EPA 375.4 
Tota l Organic Carbon 50 mg/l EPA 415.1 

Samp.#: 3619/0009 Samp.ID: 13.4/99 Group ID: 90-125L Date Received: 04/24/99 

F i e l d Parameters-> Date Sampled:04/22/99 Time Sampled:10 :00 

Method 

Parameter Result Units Reference 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
T o t a l Organic Carbon 

< 0.05 
2.4 
650 
3 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0010 Samp.ID: 18.4/99 Group ID: 90-125L Date Received: 04/24/99 

F i e l d Parameters-> Date Sampled:04/22/99 Time Sampled:13:30 

Continued on next page 

220 William Pitt Way, Pittsburgh, PA 1 5238 ® Phone (412) 826-5245, Fax (412) 826-3433 



MICROSEEPS 

Western Water Consult. Date:05/28/99 Lab C-o-C No.:150719 Report No.:29360 Page 5 of 7 

Samp.#: 3619/0010 Samp.ID: 18.4/99 
Continued from previous page. 

Parameter 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

Group ID: 90-125L 

Result Units 

0.3 
0.69 
3300 
6 

Date Received: 04/24/99 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0011 Samp.ID: 19.4/99 Group ID: 90-125L 

Fie l d Parameters-> Date Sampled:04/22/99 Time Sampled:13:10 

Parameter Result Units 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

2.2 
0.17 
1900 
3 

Date Received: 04/24/99 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0012 Samp.ID: 20.4/99 Group ID: 90-125L 

Fi e l d Parameters-> Date Sampled:04/22/99 Time Sampled:10:55 

Parameter Result Units 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

5.9 
0.36 
1100 

< 2.0 

Date Received: 04/24/99 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0013 Samp.ID: 21.4/99 Group ID: 90-125L 

Fie l d Parameters-> Date Sampled:04/22/99 Time Sampled:12:00 

Date Received: 04/24/99 

Continued on next page. 
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MICROSEEPS 

Western Water Consult. Date:05/28/99 Lab C-o-C No.:150719 Report No.:29360 Page 6 of 7 

Samp.#: 3619/0013 Samp.ID: 21.4/99 
Continued from previous page. 

Parameter 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

Group ID: 90-125L 

Result Units 

Date Received: 04/24/99 

4.7 
0.33 
2000 
2 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0014 Samp.ID: 22.4/99 Group ID: 90-125L 

Field Parameters-> Date Sampled:04/22/99 Time Sampled:12:40 

Parameter Result Units 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

0.58 
0.7 
1800 
3 

Date Received: 04/24/99 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0015 Samp.ID: 23.4/99 Group ID: 90-125L 

Fie l d Parameters-> Date Sampled:04/22/99 Time Sampled:11:40 

Parameter Result 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

5.2 
0.5 
1800 

< 2.0 

Units 

Date Received: 04/24/99 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0016 Samp.ID: 24.4/99 Group ID: 90-125L 

Field Parameters-> Date Sampled:04/22/99 Time Sampled:10:30 

Date Received: 04/24/99 

Continued on next page. 
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MICROSEEPS 

Western Water Consult. Date:05/28/99 Lab C-o-C No.:150719 Report No.:29360 Page 7 of 7 

Samp.#: 3619/0016 Samp.ID: 24.4/99 
Continued from previous page. 

Parameter 

Group ID: 90-125L 

Result Units 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

0.71 
0.84 
2000 

< 2.0 

Date Received: 04/24/99 

Method 
Reference 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

Samp.#: 3619/0017 Samp.ID: 25.4/99 Group ID: 90-125L 

Field Parameters-> Date Sampled:04/22/99 Time Sampled:12:20 

Parameter 

N i t r a t e - N i t r i t e 
Orthophosphate 
Sulfate 
Total Organic Carbon 

Result Units 

Date Received: 04/24/99 

Method 
Reference 

5.8 
0.71 
1800 
5 

mg/l EPA 353.3 
mg/l as P EPA 365.3 
mg/l EPA 375.4 
mg/l EPA 415.1 

220 William Pitt Way, Pittsburgh, PA 1 5238 » Phone (412) 826-5245, Fax (412) 826-3433 
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