
GW-

MONITORING 
REPORTS 

DATE: 



1999 Annual Groundwater Monitoring and Sampling 
and Remediation System Performance Report 
Navajo Refining Company - Lea Refinery 
Lea County, New Mexico 

JANUARY 12, 2000 

Prepared For: 

Navajo Refining Company 
P. O. Box 159 

Artesia, New Mexico 88211 

Prepared By: 

Energy & Environmental Integration Services 
415 West Wall, Suite 1818 

Midland, Texas 79701 



1999 Annual Groundwater Monitoring and Sampling 
and Remediation System Performance Report 

Navajo Refining Company - Lea Refinery 
Lea County, New Mexico 

Prepared by: 

TRW Inc. 

Energy & Environmental Integration Services 
415 West Wall Street, Suite 1818 

Midland, Texas 79701 
(915) 682-0008 

FAX (915) 682-0028 

JAN 1 9 1899T 
ENVIRONMENTAL BUREAU 

OIL CONSERVATION DIVISION 

SUBMITTED BY: 

Gilbert J. Van Devente/REM 
Project Manager 

DATE: 

I-I7.-OQ 

REVIEWED BY: 

Dale T. Littlejohn 
Quality Assurance Officer 

DATE: 



TABLE OF CONTENTS 

1.0 Executive Summary 1 

2.0 Chronology of Events 3 

3.0 Procedures 5 

4.0 Water Table Elevations, Gradient and Flow Direction 7 

5.0 Groundwater Quality Conditions 16 

5.1 Distribution of Hydrocarbons in Groundwater 16 

5.2 Distribution of Dissolved Metals and Major Ions in Groundwater 25 

6.0 Remediation System Performance 27 

6.1 Air Sparge/Vapor Extraction System 27 

6.2 Product Recovery System 28 

6.3 Groundwater Temperatures 28 

7.0 Conclusions 36 

8.0 Recommendations 38 



FIGURES 

Figure la Water Table Elevation Map (2/16/99) 8 

Figure lb Water Table Elevation Map (4/21/99) 9 

Figure lc Water Table Elevation Map (8/16/99) 10 

Figure Id Water Table Elevation Map 11/23/99) 11 

Figure 2 Water Table Elevation versus Time 12 

Figure 3a BTEX in Groundwater Map (2/16/99) 19 

Figure 3b BTEX in Groundwater Map (4/21/99) 20 

Figure 3c BTEX in Groundwater Map (8/16/99) 21 

Figure 3d BTEX in Groundwater Map (11/23/99) 22 

Figure 4a Benzene Concentrations versus Time (MW-6) 23 

Figure 4b Benzene Concentrations versus Time (MW-9) 24 

Figure 5 Remediation System Map 30 

Figure 6 Soil Vapor Concentrations versus Time 32 

Figure 7 Product Recovery Volumes 34 

Figure 8 Groundwater Temperatures 35 

TABLES 

Table 1 Summary of Purging and Sampling Methods 6 

Table 2 Summary of Groundwater Elevations 13 

Table 3 Summary of Dissolved BTEX Concentrations in Groundwater 17 

Table 4 Summary of Metal and Major ion Analytical Results 25 

Table 5 Air Sparge/Vapor Extraction System Performance 31 

Table 6 Total Fluids and Product Recovery Volumes 33 

APPENDIX 

Appendix A Laboratory Analytical Reports and Chain-of-Custody Documentation 



1999 Annual Sampling and Monitoring Report 
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1.0 EXECUTIVE SUMMARY 

TRW Inc. (TRW), was retained by Navajo Refining Company (Navajo) to perform groundwater sampling 
and monitoring ofthe remediation system at the Lea Refinery located in Lovington, New Mexico. This 
1999 annual report documents the four quarterly sampling events performed by TRW at the Navajo Lea 
Refinery on February 16, 1999; April 21, 1998; August 16, 1999; and November 23, 1999. The report also 
contains the historical groundwater elevation and analytical data for the life of the project that began in 
September 1995. This monitoring and sampling program was conducted in accordance with the guidelines 
specified by Mr. Bill Olson of the New Mexico Oil Conservation Division (OCD) in his letters dated 
November 21, 1996 and March 26, 1998. 

Based on the sampling and monitoring data to date, the following conclusions relevant to groundwater 
conditions and remediation system performance at the Lea Refinery are evident: 

• Benzene, toluene, ethylbenzene, and xylene (BTEX) concentrations in upgradient monitoring 
wells MW-2 and MW-4 have remained at levels below the laboratory detection limits and 
below New Mexico Water Quality Control Commission (WQCC) standards. 

• BTEX concentrations in downgradient wells MW-5, MW-6, MW-8, and MW-10 have also 
remained at levels near or below the laboratory detection limits and below WQCC standards. 

• Benzene concentrations in MW-9 fluctuate over time but have declined from a high of 1.69 
mg/L in April 1996 to its lowest levels of below laboratory detection limits during the first, 
third, and fourth quarter sampling events during 1999. This significant decrease has been 
attributed to the successful operation of the air sparge/vapor extraction (AS/VE) system. 

• BTEX concentrations in downgradient well MW-3 have also remained at levels near or below 
the laboratory detection limit and below WQCC standards, with the exception of the November 
23, 1999, sampling event. It is suspected that the BTEX increase during this fourth quarter 
sampling event represents the downgradient movement of a limited slug of contaminants that 
was observed in upgradient well MW-9 during the August 14, 1997. The next two quarterly 
sampling events should reveal that the slug has passed the area of MW-3 and that BTEX 
concentrations are attenuating toward levels below WQCC standards. 

• A boron concentration of 0.84 mg/L in MW-8 slightly exceeded the WQCC standard of 
0.75 mg/L. The source of boron is unknown. 

• Chloride concentrations in MW-3 (580 mg/L) and MW-9 (420 mg/L) exceeded the WQCC 
standard of 250 mg/L. These choride levels are consistent with the supposition that a limited 
and attenuating slug of contaminants has migrated downgradient from MW-9 to MW-3. 

• Fluoride concentrations varied from 0.92 mg/L in MW-3 to 2.6 mg/L in MW-8. Fluoride 
levels in monitoring wells MW6, MW-8, and MW-9 are equal to or slightly exceed the WQCC 
standard of 1.6 mg/L. Since fluoride is not a constituent for the refinery processes on site, its 
presence is likely due to natural conditions as it is a common natural occurrence in groundwater 
(1989, USGS Water-Supply Paper 2254, pg. 120-123). 
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• Monitoring well MW-6 had a vanadium concentration of 0.35 mg/L, which exceeds the WQCC 
standard of 0.05 mg/L. Since vanadium is not a constituent for the refinery processes on site, 
this anomaly is most likely due to its natural occurrence. 

• The WQCC standard for TDS (1,000 mg/L) was exceeded in MW-3 (1,300 mg/L) and MW-9 
(1.100 mg/L). As suggested by increased levels of BTEX and chlorides in MW-3, these TDS 
levels are consistent with the supposition that a limited and attenuating slug of contaminants 
has migrated downgradient from MW-9 to MW-3. Background TDS concentrations in Lea 
County typically range from 500 mg/L to 3,000 mg/L. 

• Based on the analytical results of the VE exhaust and measured flow rates, the VE system has 
recovered an estimated 19,514 kilograms (8,870 LB) oftotal volatile hydrocarbons (TVHC) 
sirce the startup of the system on October 2,1996. 

• Approximately 167.8 gallons of free product has been recovered since installation of the Xitech 
product recovery system in recovery well RW-1 on January 21, 1998. 

• Product recovery rates appear to decreasing due to the declining volume of free product in the 
free product plume as evidenced by the decreasing product thickness trend in MW-1 and MW-
7. Free product thickness in MW-1 and MW-7 have fluctuated since October 1996, but have 
generally declined to the present thickness of 0.82 feet and 0.14 feet, respectively. 

• During 1999, groundwater temperatures within the hydrocarbon plume (MW-1, MW-6, and 
MW-7) have stabilized to an average of 13°F above those outside of the plume. This reflects 
an approximate decrease of approximately 12°F from 1997 temperatures. A dye trace test and 
ground temperature survey conducted in early 1999 did not reveal a source for the elevated 
groundwater temperatures. 

Based on the sampling and monitoring data to date, the following recommendations are suggested for the 
remediation system and monitoring operations at the Lea Refinery. 

• Continue product recovery operations since the present system has been effective in recovering 
167.8 gallons of free product from RW-1. 

• Although the free product recovery system is performing as designed, free product and elevated 
groundwater temperatures remain present near recovery well RW-1; therefore BTEX levels 
may indeed increase in the downgradient wells during subsequent sampling events. This 
situation can be closely monitored by continuing the quarterly sampling program. The air 
sparge/vapor extraction system should be restarted if BTEX concentrations in monitoring wells 
MW-6 and MW-9 rebound to levels above WQCC standards. 

• Continue the sampling and monitoring program on a quarterly basis. The next sampling event 
is scheduled during the first quarter of 2000. 
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2.0 CHRONOLOGY OF EVENTS 

August 1995 

September 1995 

October 25, 1995 

December 12, 1995 

December 14, 1995 

February 9, 1996 

March 18, 1996 

April 1996 

April 23, 1996 

October 1,1996 

October 11, 1996 

November 19, 1996 

November 21, 1996 

January 20, 1997 

April 16, 1997 

Navajo discovered a pipe leak at a sewer junction box near the API separator 
system. 

Navajo initiated an investigation to determine the horizontal and vertical extent of 
the hydrocarbon release from the sewer junction box. The investigation included 
the installation and sampling of nine soil borings (B-1 through B-9) and seven 
monitoring wells (MW-1 through MW-7). 

Navajo retained Geoscience Consultants, Ltd. (GCL) to design, install, and 
maintain a remediation system at the Lea Refinery. 

GCL submitted the remediation work plan to Navajo. The work plan addressed the 
remediation and additional investigation plans for the hydrocarbon-impacted 
groundwater at the Lea Refinery. 

Navajo submitted the remediation work plan to the OCD. 

Navajo submitted the revised remediation work plan to the OCD. 

The OCD approved the remediation work plan for Lea Refinery. 

GCL installed a groundwater recovery well (RW-1), eight AS/VE wells (AS-
1 through AS-8), and three additional monitoring wells (MW-8, MW-9, and MW-
10). 

GCL conducted the second quarter 1996 sampling event at Lea Refinery. 

GCL completed the installation of the remediation system at the Lea Refinery and 
the system began operation. 

GCL submitted the Soil and Groundwater Investigation and Remediation Work 
Plan to the OCD. 

GCL conducted the fourth quarter 1996 sampling event at Lea Refinery. 

The OCD approved the remediation work plan. 

BDM International, Inc. (formerly GCL) conducted the first quarter 1997 sampling 
event at Lea Refinery. 

BDM International, Inc. (BDM) conducted the second quarter 1997 sampling 
event at Lea Refinery. 

August 14, 1997BDM conducted the third quarter 1997 sampling event at Lea Refinery. 

October 28, 1997 BDM conducted the fourth quarter 1997 sampling event at Lea Refinery. 
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January 21,1998 

April 23, 1998 

August 4, 1998 

October 28, 1998 

December 14,1998 

January 18, 1999 

TRW (formerly BDM) conducted the first quarter 1998 sampling event at Lea 
Refinery. 

TRW conducted the second quarter 1998 sampling event at Lea Refinery. 

TRW conducted the third quarter 1998 sampling event at Lea Refinery. 

TRW conducted the fourth quarter 1998 sampling event at Lea Refinery. 

Dye tracer test was performed by placing approximately 2/4 pounds (lbs.) of 
yellow-green dye into the oily water side of the API sump to assist in identifying 
the source for the elevated groundwater temperatures observed on site. 

Approximately 2 lbs. of red dye was placed on the clean water side of the API 
sump. 

Dec 1998 - Feb 1999 Weekly inspection of groundwater samples did not reveal presence of dye that 
might indicate the API sump as a potential source for elevated groundwater 
temperatures observed in RW-1, MW-1, MW-6, and MW-7. 

February 16, 1999 

February 19, 1999 

TRW conducted the first quarter 1999 sampling event at Lea Refinery. 

A ground temperature survey did not reveal any anomalous ground temperatures to 
indicate a probable source for elevated groundwater temperatures observed in RW-
1, MW-1, MW-6, and MW-7. 

April 21, 1999 TRW conducted the second quarter 1999 sampling event at Lea Refinery. 

August 16, 1999TRW conducted the third quarter 1999 sampling event at Lea Refinery. 

August 16, 1999TRW shut down the air sparge/vapor extraction system indefinitely. 

November 23, 1999 TRW conducted the fourth quarter 1999 sampling event at Lea Refinery. 
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3.0 PROCEDURES 

The following sampling frequency and remediation schedule was followed to document the groundwater 
quality conditions and remediation system performance in accordance with the remediation work plan and 
the OCD letters dated November 21, 1996 and March 26, 1998: 

Monthly 

• Air injection rates/volumes 

• Vapor extraction rates/volumes 

• Free product recovery rates from RW-1 

• Free product thickness in monitoring wells MW-1 and MW-7 using a Heron Model 
H0.1L oil/water interface probe 

• Vapor extraction sample for BTEX (EPA Method 8021B) and total volatile hydrocarbon 
(TVHC) analysis (EPA Method 8015-gas range) 

• Groundwater samples from MW-3, MW-6, MW-8, MW-9, and MW-10 for BTEX 
analysis (EPA Method 802IB) 

• Dissolved oxygen and temperature for monitoring wells MW-3, MW-6, MW-8, MW-9, 
and MW-10 using a Hanna Model 9143 DO meter 

• Conductivity and pH for monitoring wells MW-3, MW-6, MW-8, MW-9, and MW-10 
using a Hydac Model 910 pH/conductivity meter 

• Depth to groundwater in monitoring wells MW-1 through MW-10 

• Monthly parameters noted above 

Annually 

• Groundwater samples from MW-2, MW-3, MW-4, MW-5, MW-6, MW-8, MW-9, and 
MW-10 for BTEX, chloride, fluoride, iron, manganese, nitrate, sulfate, and TDS analysis 

• Dissolved oxygen, pH, conductivity, and temperature for monitoring wells MW-1 
through MW-10 

• Quarterly parameters noted above 

Quarterly 
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Prior to sampling, the on-site monitoring wells (MW-1 through MW-10) were gauged for depth to 
groundwater and free product thickness using the oil/water interface probe. Immediately prior to collecting 
groundwater samples, each monitoring well was purged of a minimum of three well casing volumes. The 
monitoring wells were purged during each sampling event using clean, decontaminated PVC bailers. A 
summary of purging and sampling methods is provided in Table 1. Groundwater samples were obtained 
using a new, decontaminated, disposable bailer for each well after purging. Groundwater parameters, 
including pH, conductivity, temperature, and dissolved oxygen (DO) were measured using a Hydac Model 
910 pH/conductivity meter and a Hanna Model 9143 DO/temperature meter. 

The first set of water samples were transferred into air-tight, septum-sealed, 40 milliliter glass, volatile 
organic analysis sample vials with zero head space for analysis of BTEX using EPA Method 8021B. A 
duplicate sample of MW-9 was collected during each sampling event for BTEX analysis. During the 
annual sampling event on November 23, 1999, a second and third set of water samples was transferred into 
appropriately preserved containers for analysis of major ions and WQCC metals. Chain-of-custody (COC) 
forms documenting sample identification numbers, collection times, and delivery times to the laboratory 
were completed for each set of samples. The water samples were placed in an ice-filled cooler immediately 
after collection and shipped to Trace Analysis, Inc. of Lubbock, Texas for laboratory analysis. 

Table 1 

Summary of Purging and Sampling Methods 

Monitoring 

Well No. 

Sample 
Date 

Sample Event Purge Method 
Purge 

Volume 
(gallons) 

Sampling 

Method 
Groundwater Analytes 

MW-2 11/23/99 Fourth Quarter Hand bailer 8 Disposable bailer BTEX, WQCC Metals, Ions 

MW-3 

02/16/99 
04/21/99 
08/16/99 
11/23/99 

F irst Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Hand bailer 
Hand bailer 
Hand bailer 
Hand bailer 

8 
8 
6 
8 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

MW-4 11/23/99 F ourth Quarter Hand bailer 8 Disposable bailer BTEX 
MW-5 11/23/99 1* ourth Quarter Hand bailer 8 Disposable bailer B1EX 

MW-6 

02/16/99 
04/21/99 
08/16/99 
11/23/99 

First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Hand bailer 
Hand bailer 
Hand bailer 
Hand bailer 

2 
2 
3 
2 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

MW-8 

02/16/99 
04/21/99 
08/16/99 
11/23/99 

hirst Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Hand bailer 
Hand bailer 
Hand bailer 
Hand bailer 

8 
8 
7 
5 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

MW-9 

02/16/99 
04/21/99 
08/16/99 
11/23/99 

h irst Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Hand bailer 
Hand bailer 
Hand bailer 
Hand bailer 

8 
8 
6 
8 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

MW-10 

02/16/99 
04/21/99 
08/16/99 
11/23/99 

First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Hand bailer 
Hand bailer 
Hand bailer 
Hand bailer 

8 
8 
6 
8 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

ti 1 bX- benzene, toluene, ethyl 
WQCC Metals - arsenic (As), b 
Ions - chloride (Cl), fluoride (F) 
Monitoring wells MW-1 and M 

benzene, xylenes(hi'A Method SU2IB) 
oron (B), barium (Ba), iron (Fe), manganese (Mn), and vanadium (V). 
, nitrate (NO,), sulfate (S04), and total dissolved solids (TDS),. 
W-7 were not sampled due to presence of phase-separated hydrocarbons. 

Page 6 of38 



1999 Annual Sampling and Monitoring Report 
Navajo - Lea Refinery 

4.0 WATER TABLE ELEVATIONS, HYDRAULIC GRADIENT AND FLOW DHtECTION 

Based on the gauging data collected between September 10, 1995 and November 23, 1999, the groundwater 
conditions at the Lea Refinery are characterized below. 

• The depth to the water table across the site varies from approximately 75 to 98 feet below 
ground surface. 

• The hydraulic gradient is approximately 0.0044 feet/foot. 

• The direction of groundwater flow is to the southeast. 

• The water table elevations have been declining at the rate of approximately 1.35 feet per year 
for the past 4 years. 

The direction of groundwater flow and hydraulic gradient has remained consistent for the past four years. 
Groundwater elevation maps depicting the water table elevation and direction of groundwater flow using 
the gauging data obtained during the four 1999 sampling events are presented in Figure la (February 16, 
1999), Figure lb (April 21, 1999), Figure lc (August 16, 1999), and Figure Id (November 23, 1999). 
Gauging data for monitoring wells MW-1 and MW-7 were not incorporated into the water table elevation 
maps due to the presence of free product in these wells. 

Figure 2 depicts the water table elevation changes over time in monitoring wells MW-1 through MW-10. 
Historical groundwater elevations and depth to water measurements are summarized in Table 2. 

Page 7 of38 
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Table 2 
Summary of Groundwater Elevations 

Relative Relative Depth to Relative Phase-Separated 
Monitoring Date Ground Surface Top of Casing Groundwater Groundwater Hydrocarbon 

Well Gauged Elevation Elevation Below Top of Elevation Thickness 
(feet) (feet)* Casing (feet) (feet)** (feet) 

09/10/95 3835.90 3835.67 95.89 3745.38 6.44 
04/22/96 3835.90 3835.67 96.49 3744.82 6.48 
11/19/96 3835.90 3835.67 93.57 3744.16 2.37 
02/07/97 3835.90 3835.67 93.39 3744.15 2.15 
04/16/97 3835.90 3835.67 95.49 3743.40 3.70 
08/14/97 3835.90 3835.67 96.23 3742.62 3.66 
10/28/97 3835.90 3835.67 96.88 3742.15 3.86 

MW-1 01/20/98 3835.90 3835.67 95.07 3742.70 2.41 
04/23/98 3835.90 3835.67 94.75 3742.49 1.81 
08/04/98 3835.90 3835.67 97.13 3741.69 3.62 
10/29/98 3835.90 3835.67 94.98 3741.27 0.67 
02/16/99 3835.90 3835.67 95.35 3741.07 0.86 
04/21/99 3835.90 3835.67 95.60 3741.05 1.13 
08/16/99 3835.90 3835.67 96.50 3740.13 1.10 
11/23/99 3835.90 3835.67 96.60 3739.78 0.82 
09/10/95 3835.14 3834.94 89.18 3745.76 0.00 
04/22/96 3835.14 3834.94 89.42 3745.52 0.00 
11/19/96 3835.14 3834.94 89.83 3745.11 0.00 
02/07/97 3835.14 3834.94 89.71 3745.23 0.00 
04/16/97 3835.14 3834.94 90.16 3744.78 0.00 
08/14/97 3835.14 3834.94 91.05 3743.89 0.00 
10/28/97 3835.14 3834.94 91.05 3743.89 0.00 

MW-2 01/20/98 3835.14 3834.94 90.79 3744.15 0.00 
04/23/98 3835.14 3834.94 91.33 3743.61 0.00 
08/04/98 3835.14 3834.94 92.51 3742.43 0.00 
10/28/98 3835.14 3834.94 92.67 3742.27 0.00 
02/16/99 3835.14 3834.94 92.83 3742.11 0.00 
04/21/99 3835.14 3834.94 92.96 3741.98 0.00 
08/16/99 3835.14 3834.94 94.15 3740.79 0.00 
11/23/99 3835.14 3834.94 94.16 3740.78 0.00 
09/10/95 3829.83 3829.55 87.53 3742.02 0.00 
04/22/96 3829.83 3829.55 87.90 3741.65 0.00 
11/19/96 3829.83 3829.55 88.72 3740.83 0.00 
02/07/97 3829.83 3829.55 88.98 3740.57 0.00 
04/16/97 3829.83 3829.55 89.00 3740.55 0.00 
08/14/97 3829.83 3829.55 89.56 3739.99 0.00 
10/28/97 3829.83 3829.55 89.62 3739.93 0.00 

MW-3 01/20/98 3829.83 3829.55 90.18 3739.37 0.00 
04/23/98 3829.83 3829.55 90.58 3738.97 0.00 
08/04/98 3829.83 3829.55 90.72 3738.83 0.00 
10/28/98 3829.83 3829.55 91.03 3738.52 0.00 
02/16/99 3829.83 3829.55 91.42 3738.13 0.00 
04/21/99 3829.83 3829.55 91.42 3738.13 0.00 
08/16/99 3829.83 3829.55 92.14 3737.41 0.00 
11/23/99 3829.83 3829.55 92.67 3736.88 0.00 
09/10/95 3837.85 3837.56 91.40 3746.16 0.00 
04/22/96 3837.85 3837.56 91.84 3745.72 0.00 
11/19/96 3837.85 3837.56 92.67 3744.89 0.00 
02/07/97 3837.85 3837.56 92.54 3745.02 0.00 
04/16/97 3837.85 3837.56 92.80 3744.76 0.00 
08/14/97 3837.85 3837.56 93.43 3744.13 0.00 
10/28/97 3837.85 3837.56 93.73 3743.83 0.00 

MW-4 01/20/98 3837.85 3837.56 93.59 3743.97 0.00 
04/23/98 3837.85 3837.56 93.84 3743.72 0.00 
08/04/98 3837.85 3837.56 94.65 3742.91 0.00 
10/28/98 3837.85 3837.56 95.14 3742.42 0.00 
02/16/99 3837.85 3837.56 95.27 3742.29 0.00 
04/21/99 3837.85 3837.56 95.30 3742.26 0.00 
08/16/99 3837.85 3837.56 96.15 3741.41 0.00 
11/23/99 3837.85 3837.56 96.51 3741.05 0.00 
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Table 2 (Continued) 

Summary of Groundwater Elevations 

Monitoring Date Ground Surface Top of Casing 
Depth to 

Groundwater 
Groundwater 

Elevation 
(feet)** 

Phase-Separated 

Hydrocarbon 

Thickness (feet) 
Well Gauged Elevation (feet) Elevation (feet)* Below Top of 

Casing (feet) 

Groundwater 
Elevation 
(feet)** 

Phase-Separated 

Hydrocarbon 

Thickness (feet) 

09/10/95 3813.87 3816.88 75.82 3741.06 0.00 
04/22/96 3813.87 3816.88 74.58 3742.30 0.00 
11/19/96 3813.87 3816.88 74.95 3741.93 0.00 
02/07/97 3813.87 3816.88 75.23 3741.65 0.00 
04/16/97 3813.87 3816.88 75.43 3741.45 0.00 
10/28/97 3813.87 3816.88 76.47 3740.41 0.00 

MW-5 01/20/98 
04/23/98 

3813.87 
3813.87 

3816.88 
3816.88 

76.71 
76.95 

3740.17 
3739.93 

0.00 
0.00 

08/04/98 3813.87 3816.88 77.74 3739.14 0.00 
10/28/98 3813.87 3816.88 78.36 3738.52 0.00 
02/16/99 3813.87 3816.88 78.25 3738.63 0.00 
04/21/99 3813.87 3816.88 78.28 3738.60 0.00 
08/16/99 3813.87 3816.88 78.85 3738.03 0.00 
11/23/99 3813.87 3816.88 79.35 3737.53 0.00 
04/22/96 3835.70 3835.50 91.18 3744.32 0.00 
11/19/96 3835.70 3835.50 90.64 3744.86 0.00 
02/07/97 3835.70 3835.50 90.91 3744.59 0.00 
04/16/97 3835.70 3835.50 92.23 3743.27 0.00 
08/14/97 3835.70 3835.50 92.93 3742.57 0.00 
10/28/97 3835.70 3835.50 93.23 3742.27 0.00 

MW-6 
01/20/98 3835.70 3835.50 93.23 3742.27 0.00 MW-6 
04/23/98 3835.70 3835.50 93.54 3741.96 0.00 
08/04/98 3835.70 3835.50 94.25 3741.25 0.00 
10/28/98 3835.70 3835.50 94.48 3741.02 0.00 
02/16/99 3835.70 3835.50 94.71 3740.79 0.00 
04/21/99 3835.70 3835.50 94.78 3740.72 0.00 
08/16/99 3835.70 3835.50 95.61 3739.89 0.00 
11/23/99 3835.70 3835.50 96.03 3739.47 0.00 
04/22/96 3836.07 383184 96.56 3743.95 5.37 
11/19/96 3836.07 3835.84 93.13 3744.27 1.79 
02/07/97 3836.07 3835.84 93.05 3744.14 1.55 
04/16/97 3836.07 3835.84 95.57 3743.45 3.65 
08/14/97 3836.07 3835.84 96.30 3742.98 3.95 
10/28/97 3836.07 3835.84 96.38 3741.66 2.53 

MW-7 01/20/98 3836.07 3835.84 94.82 3742.69 1.92 MW-7 
04/23/98 3836.07 3835.84 94.68 3742.50 1.54 
08/04/98 3836.07 3835.84 96.49 3741.40 2.36 
10/29/98 3836.07 3835.84 95.49 3741.28 1.07 
02/16/99 3836.07 3835.84 94.91 3741.06 0.15 
04/21/99 3836.07 3835.84 94.83 3741.08 0.08 
08/16/99 3836.07 3835.84 95.59 3740.26 0.01 
11/23/99 3836.07 3835.84 95.94 3740.02 0.14 
04/22/96 3834.42 3838.09 94.73 3743.36 0.00 
11/19/96 3834.42 3838.09 95.50 3742.59 0.00 
02/07/97 3834.42 3838.09 95.50 3742.59 0.00 
04/16/97 3834.42 3838.09 95.66 3742.43 0.00 
08/14/97 3834.42 3838.09 96.25 3741.84 0.00 
10/28/97 3834.42 3838.09 96.45 3741.64 0.00 

MW-8 01/20/98 3834.42 3838.09 96.68 3741.41 0.00 MW-8 
04/23/98 3834.42 3838.09 96.97 3741.12 0.00 
08/04/98 3834.42 3838.09 97.52 3740.57 0.00 
10/28/98 3834.42 3838.09 97.94 3740.15 0.00 
02/16/99 3834.42 3838.09 98.14 3739.95 0.00 
04/21/99 3834.42 3838.09 98.21 3739.88 0.00 
08/16/99 3834.42 3838.09 99.02 3739.07 0.00 
11/23/99 3834.42 3838.09 99.45 3738.64 0.00 
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Table 2 (Continued) 
Summary of Groundwater Elevations 

Navajo Refining Company - Lea Refinery 

Monitoring Ground Surface Top of Casing 

Depth to 
Groundwater Phase-Separated 

Monitoring Date Ground Surface Top of Casing Groundwater Elevation 
(feet)** 

Hydrocarbon 

Thickness (feet) 
Well Gauged Elevation (feet) Elevation (feet)* Below Top of 

Elevation 
(feet)** 

Hydrocarbon 

Thickness (feet) 
Casing (feet) 

Elevation 
(feet)** 

Hydrocarbon 

Thickness (feet) 

04/22/96 3833.06 3832.82 89.60 3743.22 0.00 
11/19/96 3833.06 3832.82 90.34 3742.48 0.00 
02/07/97 3833.06 3832.82 90.41 3742.41 0.00 
04/16/97 3833.06 3832.82 90.52 3742.30 0.00 
08/14/97 3833.06 3832.82 91.06 3741.76 0.00 
10/28/97 3833.06 3832.82 91.27 3741.55 0.00 

MW-9 
01/20/98 3833.06 3832.82 91.54 3741.28 0.00 

MW-9 04/23/98 3833.06 3832.82 91.82 3741.00 0.00 
08/04/98 3833.06 3832.82 92.29 3740.53 0.00 
10/28/98 3833.06 3832.82 92.70 3740.12 0.00 
02/16/99 3833.06 3832.82 92.93 3739.89 0.00 
04/21/99 3833.06 3832.82 93.00 3739.82 0.00 
08/16/99 3833.06 3832.82 93.75 3739.07 0.00 
11/23/99 3833.06 3832.82 94.24 3738.58 0.00 
04/22/96 3831.34 3831.10 87.68 3743.42 0.00 
11/19/96 3831.34 3831.10 88.51 3742.59 0.00 
02/07/97 3831.34 3831.10 88.54 3742.56 0.00 
04/16/97 3831.34 3831.10 88.68 3742.42 0.00 
08/14/97 3831.34 3831.10 89.21 3741.89 0.00 
10/28/97 3831.34 3831.10 89.40 3741.70 0.00 

MW-10 
01/20/98 3831.34 3831.10 89.64 3741.46 0.00 

MW-10 04/23/98 3831.34 3831.10 89.90 3741.20 0.00 
08/04/98 3831.34 3831.10 90.32 3740.78 0.00 
10/28/98 3831.34 3831.10 90.78 3740.32 0.00 
02/16/99 3831.34 3831.10 91.05 3740.05 0.00 
04/21/99 3831.34 3831.10 91.07 3740.03 0.00 
08/16/99 3831.34 3831.10 91.78 3739.32 0.00 
11/23/99 3831.34 3831.10 92.29 3738.81 0.00 

Monitoring well^ Monitoring wells MW-1 through MW-7 were installed in September 1995. 
Monitoring wells MW-8, MW-9 and MW-10 were installed in March and April 1996. 
* Elevations surveyed by John W. West Engineering Company of Hobbs, New Mexico. The top of the monitoring well casings were 

marked on the north side to provide consistent reference points for future gauging operations. 
** Groundwater elevations were corrected for product, if present (SG=0.87) 
Groundwater flow is to the southeast with a hydraulic gradient of approximately 0.004 feet/foot. 
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5.0 GROUNDWATER QUALITY CONDITIONS 

5.1 Distribution of Hydrocarbons in Groundwater 

A historical listing of BTEX concentrations obtained from the on-site monitoring wells is summarized in 
Table 3. Hydrocarbon concentration maps depicting the BTEX concentrations for the four 1998 sampling 
events are presented in Figure 3a (February 16, 1999), Figure 3b (April 21, 1999), Figure 3c (August 16, 
1999), and Figure 3d (November 23, 1999). Figures 4a and 4b depict BTEX concentrations versus time in 
groundwater from May 1995 to November 23, 1999 for monitoring wells MW-6 and MW-9, respectively. 

Based on the analytical data for samples collected by TRW during the four 1999 sampling events, the 
distribution of hydrocarbons at the Lea Refinery is described below. 

• BTEX concentrations in upgradient monitoring wells MW-2 and MW-4 have remained at 
levels below the laboratory detection limit and below WQCC standards. 

• BTEX concentrations in downgradient wells MW-5, MW-6, MW-8, and MW-10 have also 
remained at levels near or below the laboratory detection limit and below WQCC standards. 

• Benzene concentrations in MW-9 fluctuate over time but have declined from a high of 1.69 
mg/L in April 1996 to its lowest levels of below laboratory detection limits during the first, 
third, and fourth quarter sampling events during 1999. This significant decrease has been 
attributed to the successful operation of the AS/VE system. 

• BTEX concentrations in downgradient well MW-3 have also remained at levels near or below 
the laboratory detection limit and below WQCC standards, with the exception of the November 
23, 1999, sampling event. It is suspected that the BTEX increase during this fourth quarter 
sampling event represents the downgradient movement of a limited slug of contaminants that 
was observed in upgradient well MW-9 during the August 14, 1997. The next two quarterly 
sampling events should reveal that the slug has passed the area of MW-3 and that BTEX 
concentrations are attenuating toward levels below WQCC standards. 

• Monitoring wells M W-1 and MW-7 were not sampled due to the continued presence of free 
product. 
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Table 3 
BTEX Concentrations In Groundwater 

Morutoring Date Benzene Toluene Ethylbenzene Xylenes 
Well Sampled (mg/1) (mg/l) (mg/l) (mg/l) 

09/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
04/23/96 < 0.001 < 0.001 < 0.001 < 0.001 

MW-2 08/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/98 < 0.001 < 0.001 < 0.001 < 0.001 
11/23/99 < 0.005 < 0.005 < 0.005 < 0.005 
09/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
04/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
01/20/97 < 0.001 < 0.001 < 0.001 < 0.001 
04/16/97 < 0.001 < 0.001 < 0.001 < 0.001 
08/14/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-3 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-3 
01/21/98 < 0.001 < 0.001 < 0.001 < 0.001 
04/23/98 < 0.005 < 0.005 < 0.005 0.008 
04/23/98 < 0.005 < 0.005 < 0.005 0.008 
10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
02/16/99 0.006 < 0.001 0.001 < 0.001 
04/21/99 < 0.005 < 0.005 < 0.005 < 0.005 
08/16/99 < 0.001 < 0.001 < 0.001 < 0.001 
11/23/99 0.314 < 0.005 0.005 0.102 
09/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
04/23/96 < 0.001 < 0.001 < 0.001 < 0.001 

MW-4 08/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
11/23/99 < 0.005 < 0.005 < 0.005 < 0.005 
09/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
04/23/96 < 0.001 < 0.001 < 0.001 < 0.001 

MW-5 08/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/98 < 0.001 < 0.001 < 0.001 < 0.001 
11/23/99 < 0.005 < 0.005 < 0.005 < 0.005 
09/10/95 1.741 0.021 0.962 0.972 
04/23/96 1.150 < 0.001 0.599 0.462 
11/19/96 0.002 < 0.001 0.011 0.002 
01/20/97 0.004 < 0.001 0.003 0.007 
04/16/97 O.OOI < 0.001 < 0.001 O.OOI 
08/14/97 O.OOI < 0.001 < 0.001 O.OOI 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-6 01/21/98 < 0.001 < 0.001 < 0.001 < 0.001 
04/23/98 < 0.001 < 0.001 < 0.001 < 0.001 
08/04/98 < 0.001 < 0.001 < 0.001 < 0.001 
10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
02/16/99 < 0.001 < 0.001 < 0.001 < 0.001 
04/21/99 < 0.001 < 0.001 < 0.001 < 0.001 
08/16/99 < 0.001 < 0.001 < 0.001 < 0.001 
11/23/99 < 0.005 < 0.005 < 0.005 < 0.005 

Monitoring Wells MW-1 and MW-7 not sampled for BTEX due to presence of phase-separated hydrocarbons. 
Analyses performed by Trace Analysis, Inc. (Lubbock, Texas) unless specified otherwise. 
1 Analyses performed by American Environmental Network, In. (Albuquerque, NM). 

2 Duplicate analysis 

Samples analyzed for BTEX using EPA Method 8020 (9/10/95 and 11/19/96) and 8260 (4/23/96). 
New Mexico Water Quality Control Commission (WQCC) standards are listed as specified in Section 3-103. 
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Table 3 (Continued) 
BTEX Concentrations In Groundwater 

Monitoring Date Benzene Toluene Ethylbenzene Xylenes 
Well Sampled (mg/l) (mg/l) (mg/l) (mg/l) 

MW-8 04/23/96 0.002 < 0.001 < 0.001 < 0.001 
11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
01/20/97 < 0.001 < 0.001 < 0.001 < 0.001 
04/16/97 < 0.001 < 0.001 < 0.001 < 0.001 
08/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 
01/21/98 < 0.001 < 0.001 < 0.001 < 0.001 
04/23/98 < 0.001 < 0.001 < 0.001 < 0.001 
08/04/98 < 0.001 < 0.001 < 0.001 < 0.001 
10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
02/16/99 < 0.001 < 0.001 < 0.001 < 0.001 
04/21/99 < 0.005 < 0.005 < 0.005 < 0.005 
08/16/99 < 0.001 < 0.001 < 0.001 < 0.001 
11/23/99 < 0.005 < 0.005 < 0.005 < 0.005 

MW-9 04/23/96 1.690 < 0.010 < 0.010 0.019 
11/19/96 0.679 < 0.005 < 0.005 < 0.005 
01/20/97 0.340 < 0.001 0.002 0.003 
04/16/97 0.347 <0.002 O.002 0.007 
08/14/97 1.680 <0.010 <0.010 <0.010 
10/28/97 0.516 <0.010 <0.010 <0.010 
10/28/972 0.474 O.010 O.010 <0.010 
01/21/98 0.146 0.005 < 0.001 0.002 
1/21/982 0.125 0.004 < 0.001 < 0.001 
4/23/982 0.013 < 0.001 < 0.001 < 0.001 
4/23/982 0.012 < 0.001 < 0.001 < 0.001 
08/04/98 0.010 < 0.001 < 0.001 < 0.001 
8/4/9 82 0.007 < 0.001 < 0.001 < 0.001 
10/29/98 0.007 0.006 < 0.001 0.002 
10/29/982 0.006 0.004 0.002 0.002 
02/16/99 < 0.001 0.004 0.001 0.022 
2/16/992 < 0.001 0.004 0.002 0.008 
04/21/99 0.008 0.002 < 0.001 0.005 
4/21/992 0.006 0.001 < 0.001 0.004 
08/16/99 < 0.001 < 0.001 < 0.001 0.002 
11/23/99 < 0.005 < 0.005 < 0.005 < 0.005 

MW-10 04/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
01/20/97 < 0.001 < 0.001 < 0.001 < 0.001 
04/16/97 < 0.001 < 0.001 < 0.001 < 0.001 
08/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 
01/21/98 < 0.001 < 0.001 < 0.001 < 0.001 
04/23/98 < 0.001 < 0.001 < 0.001 < 0.001 
08/04/98 < 0.001 < 0.001 < 0.001 < 0.001 
10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
02/16/99 < 0.001 < 0.001 < 0.001 < 0.001 
04/21/99 < 0.005 < 0.005 < 0.005 < 0.005 
08/16/99 < 0.001 < 0.001 < 0.001 < 0.001 
11/22/99 < 0.005 < 0.005 < 0.005 < 0.005 

WQCC Standards (mg/l) 0.010 0.75 0.75 0.62 
Monitoring Wells MW-1 and MW-7 not sampled for BTEX due to presence of phase-separated hydrocarbons. 

Analyses performed by Trace Analysis. Ine. (Lubbock. Texas) unless specified otherwise. 

1 Analyses performed by American Environmental Network, In. (Albuquerque, NM). 

2 Duplicate analysis 

Samples analyzed for BTEX using EPA Method 8020 (9/10/95 and 11/19/96) and 8260 (4/23/96). 

New Mexico Water Quality Control Commission (WQCC) standards are listed as specified in Section 3-103. 
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5.2 Distribution of Dissolved Metals and Major Ions in Groundwater 

Historical groundwater sample analytical results for metals and major ions are presented in Table 4. The 
WQCC standards, if established, are also listed in the tables for comparison. Constituents with 
concentrations above the WQCC standards are highlighted in boldface type. The laboratory reports and 
chain-of-custody documentation are included in Appendix A. 

Based on the analytical data for samples collected by TRW on November 23, 1999, all monitoring wells at 
Lea Refinery had metal and major ion concentrations below WQCC standards with the exception of the 
following: 

• A boron concentration of 0.84 mg/L in MW-8 slightly exceeded the WQCC standard of 
0.75 mg/L. The source of boron is unknown. 

• Chloride concentrations in MW-3 (580 mg/L) and MW-9 (420 mg/L) exceeded the WQCC 
standard of 250 mg/L. These choride levels are consistent with the supposition that a limited 
and attenuating slug of contaminants has migrated downgradient from MW-9 to MW-3. 

• Fluoride concentrations varied from 0.92 mg/L in MW-3 to 2.6 mg/L in MW-8. Fluoride 
levels in monitoring wells MW6, MW-8, and MW-9 are equal to or slightly exceed the WQCC 
standard of 1.6 mg/L. Since fluoride is not a constituent for the refinery processes on site, its 
presence is likely due to natural conditions as it is a common natural occurrence in groundwater 
(1989, USGS Water-Supply Paper 2254, pg. 120-123). 

• Monitoring well MW-6 had a vanadium concentration of 0.35 mg/L, which exceeds the WQCC 
standard of 0.05 mg/L. Since vanadium is not a constituent for the refinery processes on site, 
this anomaly is most likely due to its natural occurrence. 

• The WQCC standard for TDS (1,000 mg/L) was exceeded in MW-3 (1,300 mg/L) and MW-9 
(1,100 mg/L). As suggested by increased levels of BTEX and chlorides in MW-3, these TDS 
levels are consistent with the supposition that a limited and attenuating slug of contaminants 
has migrated downgradient from MW-9 to MW-3. Background TDS concentrations in Lea 
County typically range from 500 mg/L to 3,000 mg/L. 
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6.0 REMEDIATION SYSTEM PERFORMANCE 

6.1 Air Sparge/ Vapor Extraction System 

The installation of the air sparge/vapor extraction (AS/VE) system was completed on September 25, 1996. 
The AS/VE system was started on October 2, 1996 and remained in continuous operation until August 16, 
1999 with a few minor exceptions, such as during periodic maintenance activities, weather related upsets 
and a plant turnaround in which the remediation system was shut down between September 8, 1997 and 
October 7, 1997. The AS/VE system maintained a 95 percent system-on time performance from January 1, 
1999 to August 16, 1999 when the system was shut down indefinitely. A map showing the layout of the 
remediation system is illustrated in Figure 5. 

To monitor the performance of the AS/VE system, quarterly air samples of the VE exhaust were obtained 
and analyzed for BTEX (EPA Method 802IB) and TVHC (EPA Method 8015 gas range). The samples 
were obtained at the exhaust port in the remediation trailer prior to conveyance into the refinery boiler 
system. Total BTEX concentrations have decreased from a high of 429 milligrams per cubic meter 
(mg/m3) in February 1997, to <1 mg/m3 in August 1999. Similarly, TVHC concentrations have decreased 
from 9,740 mg/m3 in January 1997, to < 100 mg/m3 in August 1999. Based on the analytical results of the 
VE exhaust and measured flow rates, the system has recovered an estimated 19,514 kilograms (8,870 lb.) of 
TVHC since the startup of the system on October 2, 1996. The AS/VE system performance data is 
summarized in Table 5. A graph of TVHC and BTEX versus time is depicted in Figure 6. 

Between October 2, 1996 and April 16, 1997, the BTEX concentrations in downgradient monitoring wells 
MW-6 and MW-9 decreased significantly (Figures 4a and 4b). The reduced BTEX levels in these two 
wells, which are located within the boundaries of the hydrocarbon plume, is attributed to the successful 
performance of the AS/VE system. The benzene concentration in MW-6 declined from 1.150 mg/L on 
April 23, 1996 to less than 0.001 mg/L during the last eleven sampling events. Monitoring well MW-9, is 
located approximately 160 feet downgradient (southeast) from the nearest AS/VE well (AS-1) and has 
shown a 100 percent decrease in benzene levels since the initial sampling event on April 23, 1996. Benzene 
concentrations in MW-9 have declined from a high of 1.69 mg/L in April 1996 to its lowest level of less 
than 0.001 mg/L on February 16, 1999. The benzene concentration increased slightly during the April 21, 
1999 sampling event (0.008 mg/L), however they have decreased below the laboratory detection limits 
during the August 18, 1999 and November 23, 1999 sampling events. The significant decrease in BTEX 
concentrations has been attributed to the successful operation of the AS/VE system. 

On August 16, 1999, the decision was made to shut down the AS/VE system indefinitely for the following 
reasons: 

• The AS/VE system has performed well in the past 3 years and has reduced BTEX levels to near or 
below detection limits in downgradients wells MW-6 and MW-9. The most recent BTEX and 
TVHC concentrations of the vapor extraction exhaust are also below detection limits. 

• Plant turnaround from September 19™ through October 1 s t required AS/VE system shutdown. 

• Continued AS/VE operations will require repair of the system (replacement of regenerative blower 
and possibly cleaning/acidizing/unplugging of vapor extraction wells) because of significantly 
reduced extraction rates. 
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Restart of the AS/VE system will be necessary if BTEX concentrations in monitoring wells MW-6 and 
MW-9 rebound to levels above WQCC standards. Although the free product recovery system is performing 
as designed, free product and elevated groundwater temperatures remain present near recovery well RW-1; 
therefore BTEX levels may indeed increase in the downgradient wells during subsequent sampling events. 
This situation can be closely monitored by continuing the quarterly sampling program. 

6.2 Product Recovery System 

On January 21, 1998, the total fluids recovery system, which consisted of a 3/4 horsepower submersible 
pump in recovery well RW-1, was replaced with a product only recovery system. This upgrade was 
conducted to increase efficiency of recovering free product and to provide a more accurate accounting of 
product recovery volumes. The product recovery system consists of the following components: 

• Xitech Model ADJ 1000 Smart Skimmer with polyethylene tubing 

• Xitech Model 2500 ES Electronic Timer 

• 55-gaIlon plastic drum for product recovery containment with automatic shutoff sensor. 

The product recovery pump in RW-1 is pneumatically operated. Air is supplied from an existing instrument 
air supply line. The control box is powered by a 115-volt supply. Currently, the control box is set to pump 
for a duration of 30 minutes 6 times per day. Product js pumped into a plastic 55-gallon drum located 
adjacent to the recovery well. An automatic shutoff sensor is installed on the drum which has a steel 
secondary containment vessel and is inspected daily by Navajo personnel. Passive skimmers were placed in 
MW-1 and MW-7 on October 29, 1998 to assist in product recovery. 

A summary ofthe meter readings, cumulative volumes recovered and flow rates is listed in Table 6. 
Through the first quarter of 1998, 699,033 gallons of total fluids (groundwater and free product) have been 
removed from recovery well RW-1 by the submersible pump system. Approximately 167.8 gallons of free 
product has been recovered between January 21, 1998 and November 23, 1999. 

Performance ofthe total fluids and free product recovery system is also evaluated based on the product 
thickness measured in monitoring wells MW-1 and MW-7. Based on the November 23, 1999 monitoring 
data, product thickness in MW-1 and MW-7 were 0.82 feet and 0.14 feet, respectively. A graph of product 
recovery volumes and product thickness versus time is depicted in Figure 7. Product recovery rates appear 
to be stabilizing to low rates due to the declining volume of free product in the free product plume as 
evidenced by the decreasing product thickness trend in MW-1 and MW-7. 

6.3 Groundwater Temperatures 

Since April 1996, temperatures have been measured in the on site monitoring wells. A graph of 
temperature versus time for selected monitoring wells is presented in Figure 8. From this graph it is evident 
that the monitoring wells within the hydrocarbon plume (MW-1, MW-6 and MW-7) have elevated 
groundwater temperatures (approximately 25°F above background groundwater temperatures of about 
70°F) until the third quarter of 1997. Groundwater temperatures within the hydrocarbon plume average 

MMXWW 
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approximately 83°F and have stabilized to an average 13°F above those outside of the plume. This reflects 
a decrease of approximately 12°F from temperatures in early 1997. The overall decline in groundwater 
temperatures within the hydrocarbon plume is most likely attributable to the re-routing of the refinery sewer 
discharge water that now bypasses an older section of line between the desalter unit and the API separator. 
The discharge line was re-routed on December 30, 1997. 

Since groundwater temperatures remain above background temperatures a continual source of high 
temperature water from the surface is suspected. On December 14, 1998, a dye tracer test was performed 
by placing approximately 2/2 pounds (lbs.) of yellow-green dye into the oily water side of the API sump to 
assist in identifying the source for the elevated temperatures. The purpose of the dye tracer test was to 
determine if the sump was leaking based on the possible appearance of the dye in monitoring wells MW-6 
or MW-7. On January 18, 1999, approximately 2 lbs. of red dye was placed on the clean water side of the 
API. Samples were periodically collected (approximately at weekly intervals for one month after 
introduction of each dye) from the monitoring wells and observed visually for presence of the dye. 
Although no trace ofthe yellow-green or red dyes have been detected since introduction of the dyes, it can 
not necessarily be stated that neither of the API sumps are not leaking based on the results of the dye tracer 
tests. 

Since the dye trace test was inconclusive, a ground temperature survey was performed by Robert Duncan 
(Navajo), on the evening of February 19, 1999. An infrared temperature camera (Agema Model No. 470) 
was used to measure ground temperatures. The survey was conducted around the area north and east of the 
API separator system. The temperature survey did not reveal any anomalous temperatures that would 
indicate a probable source for the elevated temperatures observed in on site monitoring wells RW-1, MW-
l.MW-6, and MW-7. 
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Table 6 

Total Fluids and Product Recovery Volumes 

Navajo Refining Company - Lea Refinery 

Cumulative 
Product 

Recovered 
(gallons) 

Cumulative 

Date 
Recovery 
Method 

Total Fluids 

Recovered 

(gallons) 

Product 
Recovered 
(gallons) 

Product 

Recovered 

(gallons) 

12/28/97 Sub. Pump 699,033 Unknown* Unknown* 

01/21/98 PRS N/A. 0.5 0.5 

01/27/98 PRS N/A 2 2.5 

02/11/98 Bail N/A 1.1 3.6 

02/24/98 PRS N/A 1.5 5.1 

03/13/98 PRS N/A 2.6 7.7 
03/23/98 PRS N/A 10.6 18.3 

04/10/98 PRS N/A 15.8 34.1 
04/22/98 PRS N/A 0.5 34.6 

05/06/98 PRS N/A 7.5 42.1 
06/23/98 PRS N/A 19.5 61.6 

08/04/98 PRS • N/A 5.5 67.1 

09/18/98 PRS N/A 44.2 111.3 
10/29/98 PRS N/A 15.5 126.8 

11/18/98 PRS N/A 6.6 133.4 

02/16/99 PRS N/A 10.7 144.1 

04/21/99 PRS N/A 4.4 148.5 

09/14/99 PRS N/A 11.8 160.3 

10/26/99 PRS N/A 4.3 164.5 
11/23/99 PRS N/A 1.6 166.2 

12/21/99 PRS N/A 1.7 167.8 

Total Measured Volume of Product Recovered: 167.8 
Product recovery methods used: 

• Sub. Pump: 3/4 HP Grundfos submersible pump during total fluids recovery (10/1/96 - 12/28/97) 

• Bail: Use of powered bailing unit by water well contractor for well cleanout. 

• PRS: Product Recovery System (Xitech ADJ 1000 Smart Skimmer) 

* Product recovery volume is unknown during total fluids recovery operation (10/1/96 - 12/28/97) 

because free product metering device was not available (699,033 gallons of total fluids recovered). 
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7.0 CONCLUSIONS 

Conclusions relevant to groundwater conditions and the remediation performance at the Lea Refinery are 
presented below. 

• BTEX concentrations in upgradient monitoring wells MW-2 and MW-4 have remained at 
levels below the laboratory detection limit and below WQCC standards. 

• BTEX concentrations in downgradient wells MW-5, MW-6, MW-8, and MW-10 have also 
remained at levels near or below the laboratory detection limit and below WQCC standards. 

• Benzene concentrations in MW-9 fluctuate over time but have declined from a high of 1.69 
mg/L in April 1996 to its lowest levels of below laboratory detection limits during the first, 
third, and fourth quarter sampling events during 1999. This significant decrease has been 
attributed to the successful operation of the AS/VE system. 

• BTEX concentrations in downgradient well MW-3 have also remained at levels near or below 
the laboratory detection limit and below WQCC standards, with the exception of the November 
23, 1999, sampling event. It is suspected that the BTEX increase during this fourth quarter 
sampling event represents the downgradient movement of a limited slug of contaminants that 
was observed in upgradient well MW-9 during the August 14, 1997. The next two quarterly 
sampling events should reveal that the slug has passed the area of MW-3 and that BTEX 
concentrations are attenuating toward levels below WQCC standards. 

• A boron concentration of 0.84 mg/L in MW-8 slightly exceeded the WQCC standard of 
0.75 mg/L. The source of boron is unknown. 

• Chloride concentrations in MW-3 (580 mg/L) and MW-9 (420 mg/L) exceeded the WQCC 
standard of 250 mg/L. These choride levels are consistent with the supposition that a limited 
and attenuating slug of contaminants has migrated downgradient from MW-9 to MW-3. 

• Fluoride concentrations varied from 0.92 mg/L in MW-3 to 2.6 mg/L in MW-8. Fluoride 
levels in monitoring wells MW6, MW-8, and MW-9 are equal to or slightly exceed the WQCC 
standard of 1.6 mg/L. Since fluoride is not a constituent for the refinery processes on site, its 
presence is likely due to natural conditions as it is a common natural occurrence in groundwater 
(1989, USGS Water-Supply Paper 2254, pg. 120-123). 

• Monitoring well MW-6 had a vanadium concentration of 0.35 mg/L, which exceeds the WQCC 
standard of 0.05 mg/L. Since vanadium is not a constituent for the refinery processes on site, 
this anomaly is most likely due to its natural occurrence. 

• The WQCC standard for TDS (1,000 mg/L) was exceeded in MW-3 (1,300 mg/L) and MW-9 
(1,100 mg/L). As suggested by increased levels of BTEX and chlorides in MW-3, these TDS 
levels are consistent with the supposition that a limited and attenuating slug of contaminants 
has migrated downgradient from MW-9 to MW-3. Background TDS concentrations in Lea 
County typically range from 500 mg/L to 3,000 mg/L. 
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• Based on the analytical results of the VE exhaust and measured flow rates, the VE system has 
recovered an estimated 19,514 kilograms (8,870 lb.) of TVHC since the startup of the system 
on October 2, 1996. 

• Approximately 167.8 gallons of free product has been recovered since installation of the Xitech 
product recovery system in recovery well RW-1 on January 21, 1998. 

• Product recovery rates appear to be decreasing due to the declining volume of free product in 
the free product plume as evidenced by the decreasing product thickness trend in MW-1 and 
MW-7. Free product thickness in MW-1 and MW-7 have fluctuated since October 1996, but 
have generally declined to the present thickness of 0.82 feet and 0.14 feet, respectively. 

• During 1999, groundwater temperatures within the hydrocarbon plume (MW-1, MW-6, and 
MW-7) have stabilized to an average of 13°F above those outside of the plume. This reflects 
an approximate decrease of approximately 12°F from 1997 temperatures. A dye trace test and 
ground temperature survey conducted in early 1999 did not reveal a source for the elevated 
groundwater temperatures. 
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8.0 RECOMMENDATIONS 

The following recommendations are proposed for the remediation system and monitoring operations at the 
Lea Refinery. 

• Continue product recovery operations since the present system has been effective in recovering 
167.8 gallons of free product from RW-1. 

• Although the free product recovery system is performing as designed, free product and elevated 
groundwater temperatures remain present near recovery well RW-1; therefore BTEX levels 
may indeed increase in the downgradient wells during subsequent sampling events. This 
situation can be closely monitored by continuing the quarterly sampling program. The air 
sparge/vapor extraction system should be restarted if BTEX concentrations in monitoring wells 
MW-6 and MW-9 rebound to levels above WQCC standards. 

• Continue the sampling and monitoring program on a quarterly basis. The next sampling event 
is scheduled during the first quarter of 2000. 
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_ -1 J ilJllĴ  
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 

Gil Van Deventer 
TRW 
415 West Wall Suite 1818 
Midland, TX 79701 

Report Date: 12/8/99 

Project Number: 
Project Name: 
Project Location: 

P/2292/PC 
Navajo-Lea Refinery 
Lea Refinery 

Order ID Number: 99112902 

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 

136331 MW-5 Water 11/23/99 7:55 11/26/99 
136332 MW-2 Water 11/23/99 10:44 11/26/99 
136333 MW-4 Water 11/23/99 11:50 11/26/99 
136334 MW-10 Water 11/23/99 12:20 11/26/99 
136335 MW-3 Water 11/23/99 13:30 11/26/99 
136336 MW-8 Water 11/23/99 14:40 11/26/99 
136337 MW-9 Water 11/23/99 15:50 11/26/99 
136338 Duplicate Water 11/23/99 16:20 11/26/99 
136339 MW-6 Water 11/23/99 17:00 11/26/99 
136340 Trip Blank Water 11/23/99 - 11/26/99 

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 4 pages and shall not be reproduced except in its entirety, without written approval of 
TraceAnalysis, Inc. 

Dr. Blair Leftwich, Director 
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P/2292/PC 

Order ID Number: 99112902 

Navajo-Lea Refinery 

Page Number: 2 of 4 

Lea Refinery 

Analytical Results Report 

Sample Number: 136331 
Description: MW-5 

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

1 Ion Chromatography (IC) (mg/L) 

CL 230 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 
Fluoride 0.93 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.1 

I Nitrate-N 1.79 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.2 
• Sulfate 130 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 

• TDS (mg/L) 
• Total Dissolved Solids 810 1 E 160.1 11/30/99 12/3/99 JS PB03308 QC04356 10 

• Sample Number: 136332 
™ Description: MW-2 

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

I , Ion Chromatography (IC) (mg/L) 

CL 79 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 
^ Fluoride 1.5 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.1 
• Nitrate-N 1.99 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.2 

Sulfate 64 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 

• TDS (mg/L) 
S Total Dissolved Solids 470 1 E 160.1 11/30/99 12/3/99 JS PB03308 QC04356 10 

1 Sample Number: 136333 
Description: MW-4 

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

• Ion Chromatography (IC) (mg/L) 
CL 24 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 

H Fluoride 1.5 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.1 
1 Nitrate-N 2.11 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.2 

Sulfate 95 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 

• TDS (mg/L) 
• Total Dissolved Solids 370 1 E 160.1 11/30/99 12/3/99 JS PB03308 QC04356 10 

• Sample Number: 136334 
Description: MW-10 

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

• Ion Chromatography (IC) (mg/L) 
CL 49 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 

M\ Fluoride • 1.3 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.1 

B Nitrate-N 2.72 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.2 

Sulfate 96 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 
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TDS (mg/L) 
Total Dissolved Solids 490 1 E 160.1 11/30/99 12/3/99 JS PB03308 QC04356 10 

Sample Number: 136335 
Description: MW-3 

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

Ion Chromatography (IC) (mg/L) 

CL 580 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 
Fluoride 0.92 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.1 
Nitrate-N 0.702 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.2 
Sulfate no 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 

TDS (mg/L) 
Total Dissolved Solids 1300 1 E 160.1 11/30/99 12/3/99 JS PB03308 QC04356 10 

Sample Number: 136336 
Description: MW-8 

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

Ion Chromatography (IC) (mg/L) 
CL 160 I E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 
Fluoride 2.6 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.1 
Nitrate-N 5.37 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.2 
Sulfate 100 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 

TDS (mg/L) 
Total Dissolved Solids 740 1 E 160.1 11/30/99 12/3/99 JS PB03308 QC04356 10 

Samp le Number: 136337 
Description: MW-9 

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

Ion Chromatography (IC) (mg/L) 
CL 420 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 
Fluoride 2.2 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.1 
Nitrate-N 0.347 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.2 
Sulfate 130 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 

TDS (mg/L) 
Total Dissolved Solids 1100 1 E 160.1 11/30/99 12/3/99 JS PB03308 QC04356 10 

Sample Number: 136339 
Description: MW-6 

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

Ion Chromatography (IC) (mg/L) 
CL 160 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 
Fluoride 1.6 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.1 
Nitrate-N 0.378 I E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.2 
Sulfate 78 1 E 300.0 12/1/99 12/3/99 JS PB03337 QC04356 0.5 
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TDS (mg/L) 
Total Dissolved Solids 670 1 E 160.1 11/30/99 12/3/99 JS PB03307 QC04356 10 
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JMIRACEANALYSIS, INC Lu 
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 

FAX806»794»1298 
FAX915«585«4944 

Analytical and Quality Control Report 

Gil Van Deventer 
TRW 
415 West Wall Suite 1818 
Midland, TX 79701 

Report Date: 8/30/99 

Project Number: 
Project Name: 
Project Location: 

P/2292/PC 
Navajo-Lea Refinery 
Lea Refinery 

Order ID Number: 99082113 

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 

130476 MW-3 Water 8/19/99 15:00 8/21/99 

130477 MW-10 Water 8/19/99 15:20 8/21/99 

130478 MW-8 Water 8/19/99 15:40 8/21/99 

130479 MW-6 Water 8/19/99 16:00 8/21/99 

130480 MW-9 Water 8/19/99 16:20 8/21/99 

130481 Duplicate Water 8/19/99 16:40 8/21/99 

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 
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Analytical Results Report 
Sample Number: 130476 
Description: MW-3 

Param Flag Result Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Benzene (mg/L) <0.001 1 S 8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 
Toluene (mg/L) O.OOI 1 S 8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 
Ethylbenzene (mg/L) <0.001 1 S 8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 
M.P.O-Xylene (mg/L) O.OOI 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 
Total BTEX (mg/L) O.001 1 S 802 IB 8/24/99 8/24/99 RC PB02066 QC02571 0.001 

Surrogate Result Dilution 
Spike 

Amount 
% 

Rec. 
% Rec. 
Limit Analyst 

Prep 
Batch # 

QC 
Batch # 

TFT (mg/L) 0.094 1 0.1 94 72-128 RC PB02066 QC02571 
4-BFB (mg/L) 0.085 1 0.1 85 72 -128 RC PB02066 QC02571 

Sample Number: 130477 
Description: MW-10 

Param Flag Result Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Benzene (mg/L) O.OOI 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 
Toluene (mg/L) O.001 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 
Ethylbenzene (mg/L) O.OOI 1 S 8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 
M,P,0-XyIene (mg/L) O.OOI 1 S 8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 
Total BTEX (mg/L) O.OOI 1 S 8021B 8/24/99 8/24/99 RC PB02066 QC02571 0.001 

Surrogate Result Dilution 
Spike 

Amount 
% 

Rec. 
% Rec. 
Limit Analyst 

Prep 
Batch # 

QC 
Batch # 

TFT (mg/L) 0.089 1 0.1 89 72 - 128 RC PB02066 QC02571 

4-BFB (mg/L) 0.079 1 0.1 79 72-128 RC PB02066 QC02571 

Sample Number: 130478-
Description: MW-8 

Param Flag Result Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Benzene (mg/L) O.OOI 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 
Toluene (mg/L) O.OOI 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 
Ethylbenzene (mg/L) O.OOI 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 
M,P,0-Xylene (mg/L) O.001 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 
Total BTEX (mg/L) O.OOI 1 S802IB 8/24/99 8/24/99 RC PB02066 QC02572 0.001 

Surrogate Result Dilution 
Spike 

Amount 
% 

Rec. 
% Rec. 
Limit Analyst 

Prep 
Batch # 

QC 
Batch # 

TFT (mg/L) 0.082 1 0.1 82 72-128 RC PB02066 QC02572 
4-BFB (mg/L) 0.072 1 0.1 72 72-128 RC PB02066 QC02572 

Sample Number: 130479 
Description: MW-6 

Param Flag Result Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Benzene (mg/L) O.OOI 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 

Toluene (mg/L) O.001 1 S 8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 

Ethylbenzene (mg/L) O.OOI I S 8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 
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M,P,0-XyIene (mg/L) <0.001 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 
Total BTEX (mg/L) <0.001 1 S8021B 8/24/99 8/24/99 RC PB02066 QC02572 0.001 

Surrogate Result Dilution 
Spike 

Amount 
% 

Rec. 
% Rec. 
Limit Analyst 

Prep 
Batch # 

QC 
Batch # 

TFT (mg/L) 0.112 1 0.1 112 72-128 RC PB02066 QC02572 
4-BFB (mg/L) 0.094 1 0.1 94 72- 128 RC PB02066 QC02572 

Sample Number: 130480 
Description: MW-9 

Param Flag Result Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Benzene (mg/L) O.OOI 1 S8021B 8/26/99 8/26/99 RC PB02092 QC02607 0.001 
Toluene (mg/L) O.001 1 S8021B 8/26/99 8/26/99 RC PB02092 QC02607 0.001 
Ethylbenzene (mg/L) O.OOI 1 S8021B 8/26/99 8/26/99 RC PB02092 QC02607 0.001 
M,P,0-Xylene (mg/L) 0.002 1 S802IB 8/26/99 8/26/99 RC PB02092 QC02607 0.001 
Total BTEX (mg/L) 0.002 1 S8021B 8/26/99 8/26/99 RC PB02092 QC02607 0.001 

Surrogate Result Dilution 
Spike 

Amount 
% 

Rec. 
% Rec. 
Limit Analyst 

Prep 
Batch # 

QC 
Batch # 

TFT (mg/L) 0.096 1 0.1 96 72 -128 RC PB02092 QC02607 

4-BFB (mg/L) 0.096 1 0.1 96 72 -128 RC PB02092 QC02607 

Sample Number: 130481 

•0 
Flag 

Description: Duplicate ( t A W -

Param 

•0 
Flag Result Dilution 

Analytical 
Method 

Date 
Prepared 

Date 
Analyzed Analyst 

Prep 
Batch # 

QC 
Batch # RDL 

Benzene (mg/L) O.OOI 1 S8021B 8/26/99 8/26/99 RC PB02092 QC02607 0.001 
Toluene (mg/L) O.001 1 S8021B 8/26/99 8/26/99 RC PB02092 QC02607 0.001 

Ethylbenzene (mg/L) O.OOI 1 S8021B 8/26/99 8/26/99 RC PB02092 QC02607 0.001 

M,P,0-Xylene (mg/L) 0.002 1 S 8021B 8/26/99 8/26/99 RC PB02092 QC02607 0.001 

Total BTEX (mg/L) 0.002 1 S802IB 8/26/99 8/26/99 RC PB02092 QC02607 0.001 

Surrogate Result Dilution 
Spike 

Amount 
% 

Rec. 
% Rec. 
Limit Analyst 

Prep 
Batch # 

QC 
Batch # 

TFT (mg/L) 0.087 1 0.1 87 72-128 RC PB02092 QC02607 

4-BFB (mg/L) 0.085 1 0.1 85 72 -128 RC PB02092 QC02607 
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Quality Control Report 
Method Blanks 
Blank Reporting Date Prep QC 

Param Flag Result Limit Analyzed Batch # Batch # 

Benzene (mg/L) O.OOI 0.001 8/24/99 PB02066 QC02571 
Toluene (mg/L) O.OOI 0.001 8/24/99 PB02066 QC02571 
Ethylbenzene (mg/L) O.001 0.001 8/24/99 PB02066 QC02571 
M.P.O-Xylene (mg/L) <0.001 0.001 8/24/99 PB02066 QC02571 
Total BTEX (mg/L) O.OOI 0.001 8/24/99 PB02066 QC02571 
Benzene (mg/L) O.OOI 0.001 8/24/99 PB02066 QC02572 
Toluene (mg/L) O.OOI 0.001 8/24/99 PB02066 QC02572 
Ethylbenzene (mg/L) O.OOI 0.001 8/24/99 PB02066 QC02572 
M,P,0-Xylene (mg/L) O.001 0.001 8/24/99 PB02066 QC02572 
Total BTEX (mg/L) O.OOI 0.001 8/24/99 PB02066 QC02572 
Benzene (mg/L) O.OOI 0.001 8/26/99 PB02092 QC02607 
Toluene (mg/L) O.OOI 0.001 8/26/99 PB02092 QC02607 
Ethylbenzene (mg/L) O.OOI 0.001 8/26/99 PB02092 QC02607 
M,P,0-Xylene (mg/L) O.OOI 0.001 8/26/99 PB02092 QC02607 
Total BTEX (mg/L) O.OOI 0.001 8/26/99 PB02092 QC02607 
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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 MTBE (mg/L) <0.001 1 0.1 0.101 101 80-120 0-20 QC02571 
LCS Benzene (mg/L) <0.001 1 0.1 0.088 88 80 - 120 0-20 QC02571 
LCS Toluene (mg/L) O.OOI 1 0.1 0.087 87 80 - 120 0-20 QC02571 
LCS Ethylbenzene (mg/L) O.OOI 1 0.1 0.085 85 80 - 120 0-20 QC02571 
LCS M,P,0-Xylene (mg/L) O.OOI 1 0.3 0.246 82 80 - 120 0-20 QC02571 

Spike % % Rec. QC 
Standard Surrogate Dil. Amount Result Rec. Limit Batch § 
LCS TFT (mg/L) 1 0.1 0.092 92 72-128 QC02571 
LCS 4-BFB (mg/L) 

1 0.1 0.09 90 72-128 QC02571 

LCSD MTBE (mg/L) O.001 1 0.1 0.102 102 1 80 -120 0-20 QC02571 
LCSD Benzene (mg/L) O.OOI 1 0.1 0.089 89 1 80 - 120 0-20 QC02571 
LCSD Toluene (mg/L) O.OOI 1 0.1 0.087 87 0 80-120 0-20 QC02571 
LCSD Ethylbenzene (mg/L) O.OOI 1 0.1 0.086 86 1 80 - 120 0-20 QC02571 
LCSD M,P,0-Xylene (mg/L) O.OOI 1 0.3 0.247 82 0 80 - 120 0-20 QC02571 

Spike % % Rec. QC 
Standard Surrogate Dil. Amount Result Rec. Limit Batch # 
LCSD TFT (mg/L) 1 0.1 0.096 96 72-128 QC02571 
LCSD 4-BFB (mg/L) 1 0.1 0.094 94 72- 128 QC02571 

Spike Matrix 
Blank Amount Spike % % Rec. RPD QC 

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

LCS MTBE (mg/L) O.OOI 1 0.1 0.101 101 80 - 120 0-20 QC02572 

LCS Benzene (mg/L) O.001 1 0.1 0.088 88 80-120 0-20 QC02572 

LCS Toluene (mg/L) O.OOI 1 0.1 0.087 87 80 - 120 0-20 QC02572 

LCS Ethylbenzene (mg/L) O.001 1 0.1 0.085 85 80 - 120 0-20 QC02572 

LCS M,P,0-Xylene (mg/L) O.001 1 0.3 0.246 82 80 - 120 0-20 QC02572 

Spike % % Rec. QC 
Standard Surrogate Dil. Amount Result Rec. Limit Batch # 
LCS TFT (mg/L) 1 0.1 0.092 92 72 -128 QC02572 
LCS 4-BFB (mg/L) 1 0.1 0.09 90 72-128 QC02572 

LCSD MTBE (mg/L) O.OOI 1 0.1 0.102 102 1 80- 120 0-20 QC02572 

LCSD Benzene (mg/L) O.OOI 1 0.1 0.089 89 1 80- 120 0-20 QC02572 

LCSD Toluene (mg/L) O.OOI 1 0.1 0.087 87 0 80 - 120 0-20 QC02572 

LCSD Ethylbenzene (mg/L) O.OOI 1 0.1 0.086 86 1 80-120 0-20 QC02572 

LCSD M,P,0-Xylene (mg/L) O.OOI 1 0.3 0.247 82 0 80- 120 0-20 QC02572 

Spike % % Rec. QC 
Standard Surrogate Dil. Amount Result Rec. Limit Batch # 
LCSD TFT (mg/L) 1 0.1 0.096 96 72- 128 QC02572 

LCSD 4-BFB (mg/L) 1 0.1 0.094 94 72 - 128 QC02572 
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Spike Matrix 
Blank Amount Spike % % Rec. RPD QC 

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

LCS MTBE (mg/L) <0.001 1 0.1 0.085 85 80 - 120 0-20 QC02607 

LCS Benzene (mg/L) O.OOI 1 0.1 0.082 82 80-120 0-20 QC02607 

LCS Toluene (mg/L) O.OOI 1 0.1 0.081 81 80-120 0-20 QC02607 

LCS Ethylbenzene (mg/L) O.001 1 0.1 0.08 80 80 - 120 0-20 QC02607 

LCS M,P,0-Xylene (mg/L) O.001 1 0.3 0.243 81 80-120 0-20 QC02607 

Spike % % Rec. QC 
Standard Surrogate Dil. Amount Result Rec. Limit Batch # 
LCS TFT (mg/L) 1 0.1 0.096 96 72-128 QC02607 
LCS 4-BFB (mg/L) 1 0.1 0.097 97 72- 128 QC02607 

LCSD MTBE (mg/L) O.OOI 1 0.1 0.101 101 17 80-120 0-20 QC02607 

LCSD Benzene (mg/L) O.OOI 1 0.1 0.096 96 16 80-120 0-20 QC02607 

LCSD Toluene (mg/L) O.001 1 0.1 0.095 95 16 80 -120 0-20 QC02607 

LCSD Ethylbenzene (mg/L) O.OOI 1 0.1 0.094 94 17 80 - 120 0-20 QC02607 

LCSD M,P,0-Xylene (mg/L) O.OOI 1 0.3 0.275 92 18 80- 120 0-20 QC02607 

Spike % % Rec. QC 
Standard Surrogate Dil. Amount Result Rec. Limit Batch H 
LCSD TFT (mg/L) 1 0.1 0.098 98 72- 128 QC02607 
LCSD 4-BFB (mg/L) 1 0.1 0.101 101 72 - 128 QC02607 
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Quality Control Report 
Continuing Calibration Verification Standard 

Standard Param Flag 

CCVs 
TRUE 
Cone. 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 

Date 
Analyzed 

QC Batch 
# 

ICV Benzene (mg/L) 0.1 0.09 90 80-120 8/24/99 QC02571 
ICV Toluene (mg/L) 0.1 0.089 89 80 - 120 8/24/99 QC02571 
ICV Ethylbenzene (mg/L) 0.1 0.087 87 80-120 8/24/99 QC02571 
ICV M,P,0-Xylene (mg/L) 0.3 0.254 85 80 - 120 8/24/99 QC02571 

CCV (1 Benzene (mg/L) 0.1 0.097 97 80 - 120 8/24/99 QC02571 
CCV (1 Toluene (mg/L) 0.1 0.096 96 80 - 120 8/24/99 QC02571 
CCV (1 Ethylbenzene (mg/L) 0.1 0.094 94 80-120 8/24/99 QC02571 
CCV (1 M,P,0-Xylene (mg/L) 0.3 0.275 92 80 - 120 8/24/99 QC02571 

Standard Param Flag 

CCVs 
TRUE 
Cone. 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 

Date 
Analyzed 

QC Batch 
# 

ICV Benzene (mg/L) 0.1 0.097 97 80 - 120 8/24/99 QC02572 
ICV Toluene (mg/L) 0.1 0.096 96 80 -120 8/24/99 QC02572 

ICV Ethylbenzene (mg/L) 0.1 0.094 94 80 - 120 8/24/99 QC02572 

ICV M,P,0-XyIene (mg/L) 0.3 0.275 92 80 - 120 8/24/99 QC02572 

CCV (1 Benzene (mg/L) 0.1 0.098 98 80 - 120 8/24/99 QC02572 
CCV (1 Toluene (mg/L) 0.1 0.097 97 80 -120 8/24/99 QC02572 

CCV (1 Ethylbenzene (mg/L) 0.1 0.095 95 80-120 8/24/99 QC02572 

CCV (1 M,P,0-Xylene (mg/L) 0.3 0.281 94 80 -120 8/24/99 QC02572 

Standard Param Flag 

CCVs 
TRUE 
Cone. 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 

Date 
Analyzed 

QC Batch 
# 

ICV Benzene (mg/L) 0.1 0.11 110 80 - 120 8/26/99 QC02607 

ICV Toluene (mg/L) 0.1 0.112 112 80 -120 8/26/99 QC02607 

ICV Ethylbenzene (mg/L) 0.1 0.104 104 80-120 8/26/99 QC02607 

ICV M,P,0-Xylene (mg/L) 0.3 0.312 104 80 - 120 8/26/99 QC02607 

CCV (1 Benzene (mg/L) 0.1 0.101 101 80-120 8/26/99 QC02607 

CCV (1 Toluene (mg/L) 0.1 0.1 100 80 - 120 8/26/99 QC02607 

CCV (1 Ethylbenzene (mg/L) 0.1 0.1 100 80-120 8/26/99 QC02607 

CCV (1 M,P,0-Xylene (mg/L) 0.3 0.293 98 80 - 120 8/26/99 QC02607 
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4725 Ripley Avenue, Suite A El Paso, Texas 79922 888»588»3443 915«585»3443 FAX 915»585»4944 

E-Mail: lab@traceanalysis.com 

Analytical and Quality Control Report 

Gil Van Deventer 
TRW 
415 West Wall Suite 1818 
Midland, TX 79701 

Project Number: P/2292/9C 
Project Name: Navajo 
Project Location: Lea Refinery 

Report Date: 8/30/99 

Order ID Number: 99082021 

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

Sample Number Sample Description Matrix 
Date 

Taken 
Time 
Taken 

Date 
Received 

130405 VE Exhaust Air 8/16/99 13:00 8/20/99 

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 4 pages and shall not be reproduced except in its entirety, without written approval of 
TraceAnalysis, Inc. 

Dr. Blair Leftwich, Director 
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Analytical Results Report 

Sample Number: 130405 
Description: VE Exhaust 

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

Benzene (mg/m3) <1 1000 S 802 IB 8/26/99 8/26/99 RC PB02088 QC02605 0.001 
Toluene (mg/m3) <1 1000 S8021B 8/26/99 8/26/99 RC PB02088 QC02605 0.001 
Ethylbenzene (mg/m3) <1 1000 S 8021B 8/26/99 8/26/99 RC PB02088 QC02605 0.001 
M,P,0-Xylene (mg/m3) <1 1000 S 802 IB 8/26/99 8/26/99 RC PB02088 QC02605 0.001 
Total BTEX (mg/m3) <1 1000 S8021B 8/26/99 8/26/99 RC PB02088 QC02605 0.001 

GRO (mg/m3) <100 1 8015B 8/26/99 8/26/99 RC PB02089 QC02606 0.1 

Quality Control Report 
Method Blanks 
Blank Reporting Date Prep QC 

Param Flag Result Limit Analyzed Batch # Batch # 

Benzene (mg/m3) O.OOI 0.001 8/26/99 PB02088 QC02605 
Toluene (mg/m3) O.001 0.001 8/26/99 PB02088 QC02605 
Ethylbenzene (mg/m3) O.OOI 0.001 8/26/99 PB02088 QC02605 
M.P.O-Xylene (mg/m3) O.001 0.001 8/26/99 PB02088 QC02605 
Total BTEX (mg/m3) O.OOI 0.001 8/26/99 PB02088 QC02605 

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

GRO (mg/m3) <100 0.1 8/26/99 PB02089 QC02606 
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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 MTBE (mg/m3) <0.001 1 0.1 0.095 95 80-120 0-20 QC02605 
LCS Benzene (mg/m3) <0.001 1 0.1 0.091 91 80-120 0-20 QC02605 
LCS Toluene (mg/m3) <0.001 1 0.1 0.09 90 80- 120 0-20 QC02605 
LCS Ethylbenzene (mg/m3) <0.001 1 0.1 0.089 89 80- 120 0-20 QC02605 
LCS M,P,0-Xylene (mg/m3) <0.001 1 0.3 0.262 87 80- 120 0-20 QC02605 

Spike % % Rec. QC 
Standard Surrogate Dil. Amount Result Rec. Limit Batch # 
LCS TFT (mg/L) 1 0.1 0.095 95 72-128 QC02605 
LCS 4-BFB (mg/L) 1 0.1 0.093 93 72-128 QC02605 

LCSD MTBE (mg/m3) <0.001 1 0.1 0.1 100 5 80- 120 0-20 QC02605 
LCSD Benzene (mg/m3) <0.001 1 0.1 0.096 96 5 80-120 0-20 QC02605 
LCSD Toluene (mg/m3) <0.001 1 0.1 0.095 95 5 80-120 0-20 QC02605 
LCSD Ethylbenzene (mg/m3) <0.001 1 0.1 0.094 94 5 80- 120 0-20 QC02605 
LCSD M,P,0-Xylene (mg/m3) O.OOI 1 0.3 0.279 93 6 80 - 120 0-20 QC02605 

Spike % % Rec. QC 
Standard Surrogate Dil. Amount Result Rec. Limit Batch # 
LCSD TFT (mg/L) 1 0.1 0.096 96 72-128 QC02605 
LCSD 4-BFB (mg/L) 

1 0.1 0.097 97 72-128 QC02605 

Spike Matrix 
Blank Amount Spike % % Rec. RPD QC 

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

LCS GRO (mg/m3) <100 1 1 0.972 97 80-120 0-20 QC02606 

LCSD GRO (mg/m3) <100 1 1 1.03 103 6 80-120 0-20 QC02606 
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Quality Control Report 
Continuing Calibration Verification Standard 

Standard Param Flag 

CCVs 
TRUE 
Cone. 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 

Date 
Analyzed 

QC Batch 
# 

ICV Benzene (mg/m3) 0.1 0.097 97 80 - 120 8/26/99 QC02605 

ICV Toluene (mg/m3) 0.1 0.097 97 80 -120 8/26/99 QC02605 

ICV Ethylbenzene (mg/m3) 0.1 0.096 96 80-120 8/26/99 QC02605 

ICV M,P,0-Xylene (mg/m3) 0.3 0.287 96 80- 120 8/26/99 QC02605 

CCV (1 Benzene (mg/m3) 0.1 0.104 104 80-120 8/26/99 QC02605 
CCV (1 Toluene (mg/m3) 0.1 0.102 102 80 - 120 8/26/99 QC02605 
CCV (1 Ethylbenzene (mg/m3) 0.1 0.103 103 80- 120 8/26/99 QC02605 

CCV (1 M,P,0-Xylene (mg/m3) 0.3 0.302 101 80 - 120 8/26/99 QC02605 

Standard Param Flag 

CCVs 
TRUE 
Cone. 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 

Date 
Analyzed 

QC Batch 
# 

ICV GRO (mg/m3) 1 0.862 86 80 - 120 8/26/99 QC02606 

CCV (1 GRO (mg/m.3) 1 1.14 114 80 - 120 8/26/99 QC02606 
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CBANALYSIS, INC 
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 
FAX915«585«4944 

Analytical and Quality Control keport 

Dale Littlejohn 
TRW 
415 West Wall Suite 1818 
Midland, TX 79701 

Report Date: 5/6/99 

Project Number: 
Project Name: 
Project Location: 

PO #4500009585 
Navajo-Lea Refinery 
N/A 

Order ID Number: 99042313 

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 

123362 9904210955 MW-3 Water 4/21/99 9:55 4/23/99 

123363 9904211050 MW-10 Water 4/21/99 10:50 4/23/99 

123364 9904211130 MW-8 Water 4/21/99 11:30 4/23/99 

123365 9904211150 MW-9 Water 4/21/99 11:50 4/23/99 

123366 9904211230 Duplicate Water 4/21/99 12:30 4/23/99 

123367 9904211250 MW-6 Water 4/21/99 12:50 4/23/99 

123368 600A Trip Blank Water 4/21/99 .- 4/23/99 

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 5 pages and shall not be reproduced except in its entirety, without written approval of 
TraceAnalysis, Inc. 

Dr. Blair Leftwich, Director 
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Analytical Results Report 

Sample Number: 123362 
Description: 9904210955 MW-3 

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

Benzene <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Toluene <0.005 mg/L 5 S802 IB 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Ethylbenzene <0.005 mg/L 5 S 8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
M,P,0-Xylene <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Total BTEX <0.005 mg/L 5 S 8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 

Sample Number: 123363 

Description: 

Param 

9904211050 MW-10 

Flag Result Units Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Benzene <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Toluene <0.005 mg/L 5 S 8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Ethylbenzene O.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
M,P,0-Xylene <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Total BTEX <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 

Sample Number: 123364 
Description: 

Param 

9904211130 MW-8 

Flag Result Units Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Benzene <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Toluene <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Ethylbenzene <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
M,P,0-Xylene <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 
Total BTEX <0.005 mg/L 5 S8021B 5/3/99 5/3/99 RC PB00584 QC00696 0.001 

Sample Number: 123365 
Description: 

Param 

9904211150 MW-9 

Flag Result Units Dilution 
Analytical 

Method 
Date 

Prepared 
Date 

Analyzed Analyst 
Prep 

Batch # 
QC 

Batch # RDL 

Benzene 0.008 mg/L 1 S8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
Toluene 0.002 mg/L 1 S8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
Ethylbenzene O.OOI mg/L 1 S8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
M,P,0-Xylene 0.005 mg/L 1 S802IB 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
Total BTEX 0.015 mg/L 

1 
S 8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 

Sample Number: 123366 
Description: 

Param 

9904211230 Duplicate 

Flag Result Units 

'°\) 
Dilution 

Analytical 
Method 

Date 
Prepared 

Date 
Analyzed Analyst 

Prep 
Batch # 

QC 
Batch U RDL 

Benzene 0.006 mg/L 1 S8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
Toluene 0.001 mg/L 1 S 8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 

Ethylbenzene O.OOI mg/L I S 8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 

M,P,0-Xylene 0.004 mg/L 1 S 8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 

Total BTEX 0.011 mg/L 1 S 802 IB 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
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Sample Number: 123367 
Description: 9904211250 MW-6 

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

Benzene O.OOI mg/L 1 S 802IB 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
Toluene O.OOI mg/L 1 S8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
Ethylbenzene O.001 mg/L 1 S 8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
M,P,0-Xylene O.OOI mg/L 1 S 8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 
Total BTEX O.OOI mg/L 

1 
S 8021B 4/28/99 4/28/99 RC PB00527 QC00628 0.001 

Sample Number: 123368 
Description: 600A Trip Blank 

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

Benzene O.001 mg/L 1 S8021B 5/4/99 5/4/99 RC PB00602 QC00724 0.001 
Toluene O.OOI mg/L 1 S802IB 5/4/99 5/4/99 RC PB00602 QC00724 0.001 
Ethylbenzene O.001 mg/L 1 S8021B 5/4/99 5/4/99 RC PB00602 QC00724 0.001 
M.P.O-Xylene O.OOI mg/L 1 S8021B 5/4/99 5/4/99 RC PB00602 QC00724 0.001 
Total BTEX O.001 mg/L 

1 
S8021B 5/4/99 5/4/99 RC PB00602 QC00724 0.001 

Quality Control Report 
Method Blanks 

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

Benzene O.OOI mg/L 0.001 4/28/99 PB00527 QC00628 

Toluene O.OOI mg/L 0.001 4/28/99 PB00527 QC00628 

Ethylbenzene O.001 mg/L 0.001 4/28/99 PB00527 QC00628 

M,P,0-Xylene O.OOI mg/L 0.001 4/28/99 PB00527 QC00628 
Total BTEX O.OOI mg/L 0.001 4/28/99 PB00527 QC00628 

MTBE O.OOI mg/L 0.001 5/3/99 PB00584 QC00696 

Benzene O.001 mg/L 0.001 5/3/99 PB00584 QC00696 
Toluene O.OOI mg/L 0.001 5/3/99 PB00584 QC00696 
Ethylbenzene O.OOI mg/L 0.001 5/3/99 PB00584 QC00696 
M,P,0-Xylene O.OOI mg/L 0.001 5/3/99 PB00584 QC00696 
Total BTEX O.OOI mg/L 0.001 5/3/99 PB00584 QC00696 

MTBE O.OOI mg/L 0.001 5/4/99 PB00602 QC00724 
Benzene O.OOI mg/L 0.001 5/4/99 PB00602 QC00724 
Toluene O.OOI mg/L 0.001 5/4/99 PB00602 QC00724 
Ethylbenzene O.OOI mg/L 0.001 5/4/99 PB00602 QC00724 
M,P,0-Xylene O.OOI mg/L 0.001 5/4/99 PB00602 QC00724 
Total BTEX O.OOI mg/L 0.001 5/4/99 PB00602 QC00724 
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Quality Control Report 
Lab Control Spikes and Duplicate Spike 

Spike Matrix 
Blank Amount Spike % % Rec. RPD QC 

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

LCS MTBE mg/L O.OOI 1 0.1 0.099 99 80-120 0-20 QC00696 

LCS Benzene mg/L O.OOI 1 0.1 0.098 •98 80-120 0-20 QC00696 

LCS Toluene mg/L O.OOI 1 0.1 0.104 •104 80-120 0-20 QC00696 

LCS Ethylbenzene mg/L O.001 1 0.1 0.097 •97 80-120 0-20 QC00696 

LCS M,P,0-Xylene mg/L O.OOI I 0.3 0.276 92 80-120 0-20 QC00696 

LCSD MTBE mg/L O.001 1 0.1 0.095 95 4 80-120 0-20 QC00696 

LCSD Benzene mg/L O.OOI 1 0.1 •0.096 96 •2 80-120 0-20 QC00696 

LCSD Toluene mg/L O.OOI 1 0.1 0.103 103 •1 80-120 0-20 QC00696 

LCSD Ethylbenzene mg/L O.OOI 1 0.1 •0.096 )6 1 80-120 0-20 QC00696 

LCSD M,P,0-Xylene mg/L O.OOI 1 0.3 •0.273 91 1 80-120 0-20 QC00696 

Spike Matrix 
Blank Amount Spike % % Rec. RPD QC 

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

LCS MTBE mg/L O.001 1 0.1 0.108 108 80-120 0-20 QC00724 

LCS Benzene mg/L O.001 1 0.1 0.102 102 80-120 0-20 QC00724 

LCS Toluene mg/L O.001 1 0.1 0.103 103 80-120 0-20 QC00724 

LCS Ethylbenzene mg/L O.001 1 0.1 0.101 101 80-120 0-20 QC00724 

LCS M,P,0-Xylene mg/L O.001 1 0.3 0.308 103 80-120 0-20 QC00724 

LCSD MTBE mg/L O.001 1 0.1 0.110 110 2 80-120 0-20 QC00724 

LCSD Benzene mg/L O.001 1 0.1 0.106 106 4 80-120 0-20 QC00724 
LCSD Toluene mg/L O.001 1 0.1 0.105 105 2 80-120 0-20 QC00724 

LCSD Ethylbenzene mg/L O.001 1 0.1 0.104 104 3 80-120 0-20 QC00724 

LCSD M,P,0-Xylene mg/L O.001 1 0.3 0.316 105 3 80-120 0-20 QC00724 
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Quality Control Report 
Continuing Calibration Verification Standard 

Standard Param Flag 

CCVs 
TRUE 
Cone. Units 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 

Date 
Analyzed 

QC Batch 
# 

ICV MTBE 0.1 mg/L 0.098 98 80 - 120 5/3/99 QC00696 

ICV Benzene 0.1 mg/L 0.094 94 80 -120 5/3/99 QC00696 

ICV Toluene 0.1 mg/L 0.099 99 80-120 5/3/99 QC00696 

ICV Ethylbenzene 0.1 mg/L 0.094 94 80 -120 5/3/99 QC00696 

ICV M,P,0-Xylene 0.3 mg/L 0.264 88 80 - 120 5/3/99 QC00696 

CCV (1) MTBE 0.1 mg/L 0.094 94 80 -120 5/3/99 QC00696 

CCV (1) Benzene 0.1 mg/L 0.092 92 80 - 120 5/3/99 QC00696 

CCV (1) Toluene 0.1 mg/L 0.096 96 80 - 120 5/3/99 QC00696 

CCV (1) Ethylbenzene 0.1 mg/L 0.090 90 80-120 5/3/99 QC00696 

CCV (1) M,P,0-Xylene 0.3 mg/L 0.254 85 80 - 120 5/3/99 QC00696 

Standard Param Flag 

CCVs 
TRUE 
Cone. Units 

CCVs 
Found 
Cone. 

CCVs 
Percent 

Recovery 

Percent 
Recovery 

Limits 

Date 
Analyzed 

QC Batch 
# 

ICV MTBE 0.1 mg/L 0.109 109 80 -120 5/4/99 QC00724 

ICV Benzene 0.1 mg/L 0.104 104 80 -120 5/4/99 QC00724 

ICV Toluene 0.1 mg/L 0.104 104 80 -120 5/4/99 QC00724 

ICV Ethylbenzene 0.1 mg/L 0.104 104 80 -120 5/4/99 QC00724 

ICV M,P,0-Xylene 0.3 mg/L 0.311 104 80 - 120 5/4/99 QC00724 

CCV (1) MTBE 0.1 mg/L 0.102 102 80 - 120 5/4/99 QC00724 
CCV (1) Benzene 0.1 mg/L 0.103 103 80 - 120 5/4/99 QC00724 
CCV (1) Toluene 0.1 mg/L 0.103 103 80-120 5/4/99 QC00724 

CCV (1) Ethylbenzene 0.1 mg/L 0.104 104 80-120 5/4/99 QC00724 

CCV (1) M,P,0-Xylene 0.3 mg/L 0.310 103 80 -120 5/4/99 QC00724 
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1998 Annual Sampling and Monitoring Report 
Navajo - Lea Refinery 

1.0 EXECUTIVE SUMMARY 

BDM International, Inc., a wholly owned subsidiary of TRW Inc. (TRW), was retained by Navajo 
Refining Company (Navajo) to perform sampling and monitoring of the groundwater remediation system at 
the Lea Refinery located in Lovington, New Mexico. This 1998 annual report documents the four 
quarterly sampling events performed by TRW at the Navajo Lea Refinery on January 21, 1998; April 23, 
1998; August 4,1998; and October 28,1998. The report also contains the historical groundwater elevation 
and analytical data for the life of the project which began in September 1995. This monitoring and 
sampling program was conducted in accordance with the guidelines specified by Mr. Bill Olson of the New 
Mexico Oil Conservation Division (OCD) in his letters dated November 21,1996 and March 26, 1998. 

Based on the sampling and monitoring data to date, the following conclusions relevant to groundwater 
conditions and remediation system performance at the Lea Refinery are evident: 

• Benzene, toluene, ethylbenzene, and xylene (BTEX) concentrations in upgradient monitoring 
wells MW-2 and MW-4 have remained at levels below the laboratory detection limit of 0.001 
mg/L and below New Mexico Water Quality Control Commission (WQCC) standards. 

• BTEX concentrations in downgradient wells MW-3, MW-5, MW-6, MW-8, and MW-10 have 
also remained at levels near or below the laboratory detection limit of 0.001 mg/L and below 
WQCC standards. 

• Benzene concentrations in MW-9 fluctuate over time but have declined from a high of 1.69 mg/L in 
April 19% to its lowest level of0.007 mg/L cm October 29,1998. This significant decrease has 
been attributed to the successful operation of the AS/VE system. 

• A barium concentration of 1.4 mg/L in MW-9 slightly exceeded the WQCC standard of 
1 mg/L. The source of barium is unknown. 

• Chloride concentrations in MW-5 (280 mg/L) and MW-9 (880 mg/L) exceeded the WQCC 
standard of250 mg/L. 

• Fluoride concentrations varied from 1.3 mg/L in MW-5 to 3.2 mg/L in MW-6. Fluoride levels 
in all monitoring wells, with the exception of MW-5, slightly exceed the WQCC standard of 
1.6 mg/L. Since fluoride is not a constituent for the refinery processes on site, its presence is 
likely due to natural conditions as it is a common natural occurrence in groundwater (1989, 
USGS Water-Supply Paper 2254, pg. 120-123). 

• A manganese concentration of 0.31 mg/L in MW-9 slightly exceeds the WQCC standard of 
0.2 mg/L. Since manganese is a common byproduct of aerobic biodegradation of 
hydrocarbons, its presence in monitoring well MW-9 appears to indicate beneficial 
biodegradation activity. 

• Monitoring well MW-9 had a vanadium concentration of 0.48 mg/L which exceeds the WQCC 
standard of 0.05 mg/L. Since vanadium is not a constituent for the refinery processes on site, 
this anomaly is most likely due to its natural occurrence. 
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• The WQCC standard for TDS (1,000 mg/L) was exceeded in MW-8 (1,000 mg/L) and MW-9 
(1,700 mg/L). Background TDS concentrations in Lea County typically range from SOO mg/L 
to 3,000 mg/L. 

• Based on the analytical results of the VE exhaust and measured flow rates, the VE system has 
recovered an estimated 19,160 kilograms (8,700 lb) of TVHC since the startup ofthe system 
on October 2, 1996. 

• Approximately 133.4 gallons of free product has been removed from recovery well RW-1 since 
installation of the Xitech product recovery system on January 21, 1998. 

• Free product thicknesses have fluctuated since October 1996, but have generally declined to 
the present thicknesses of 1.07 feet and 0.67 feet in MW-1 and MW-7, respectively. 

• During 1998, groundwater temperatures within the hydrocarbon plume (MW-1, MW-6, and 
MW-7) have stabilized to an average of 17°F above those outside of the plume. This reflects 
an approximate decrease of approximately 8°F from 1997 temperatures. 

Based on the sampling and monitoring data to date, the following recommendations are suggested for the 
remediation system and monitoring operations at the Lea Refinery. 

• Continue product recovery operations since the present system has been effective in recovering 
133.4 gallons of free product from RW-1. 

• Continue air sparge and vapor extraction operations since the present system has been effective 
in recovering an estimated 19,160 kilograms (8,700 lb) of total volatile hydrocarbons. 

• Continue the sampling and monitoring program on a quarterly basis. The next sampling event 
is scheduled during the first quarter of 1999. 
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2.0 CHRONOLOGY OF EVENTS 

August 1995 

September 1995 

October 25, 1995 

December 12,1995 

December 14,1995 

February 9,1996 

March 18, 1996 

April 1996 

April 23, 1996 

October 1,1996 

October 11,1996 

November 19, 1996 

November 21,1996 

January 20,1997 

April 16, 1997 

August 14,1997 

October 28, 1997 

Navajo discovered a pipe leak at a sewer junction box near the API separator 
system. 

Navajo initiated an investigation to determine the horizontal and vertical extent of 
the hydrocarbon release from the sewer junction box. The investigation included 
the installation and sampling of nine soil borings (B-1 through B-9) and seven 
monitoring wells (MW-1 through MW-7). 

Navajo retained Geoscience Consultants, Ltd. (GCL) to design, install, and 
maintain a remediation system at the Lea Refinery. 

GCL submitted the remediation work plan to Navajo. The work plan addressed the 
remediation and additional investigation plans for the hydrocarbon-impacted 
groundwater at the Lea Refinery. 

Navajo submitted the remediation work plan to the OCD. 

Navajo submitted the revised remediation work plan to the OCD. 

The OCD approved the remediation work plan for Lea Refinery. 

GCL installed a groundwater recovery well (RW-1), eight AS ATE wells 
(AS-1 through AS-8), and three additional monitoring wells (MW-8, MW-9, and 
MW-10). 

GCL conducted the second quarter 1996 sampling event at Lea Refinery. 

GCL completed the installation of the remediation system at the Lea Refinery and 
the system began operation. 

GCL submitted the Soil and Groundwater Investigation and Remediation Work 
P/antotheOCD. 

GCL conducted the fourth quarter 1996 sampling event at Lea Refinery. 

The OCD approved the remediation work plan. 

BDM International, Inc. (formerly GCL) conducted the first quarter 1997 
sampling event at Lea Refinery. 

BDM International, Inc. (BDM) conducted the second quarter 1997 sampling 
event at Lea Refinery. 

BDM conducted the third quarter 1997 sampling event at Lea Refinery. 

BDM conducted the fourth quarter 1997 sampling event at Lea Refinery. 
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January 21,1998 TRW (formerly BDM) conducted the first quarter 1998 sampling event at Lea 

Refinery. 

April 23, 1998 TRW conducted the second quarter 1998 sampling event at Lea Refinery. 

August 4,1998 TRW conducted the third quarter 1998 sampling event at Lea Refinery. 

October 28, 1998 TRW conducted the fourth quarter 1998 sampling event at Lea Refinery. 
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3.0 PROCEDURES 

The following sampling frequency and remediation schedule was followed to document the groundwater 
quality conditions and remediation system performance in accordance with the remediation work plan and 
the OCD letter dated November 21, 1996: 

Monthly 

• Air injection rates/volumes 
• Vapor extraction rates/volumes 
• Free product recovery rates from RW-1 
• Free product thickness in monitoring wells MW-1 and MW-7 using a Heron Model HO. IL 

oil/water interface probe 

Quarterly 

• Vapor extraction sample for BTEX (EPA Method 802 IB) and total volatile hydrocarbon 
(TVHC) analysis (EPA Method 8015-gas range) 

• Groundwater samples from MW-3, MW-6, MW-8, MW-9, and MW-10 for BTEX 
analysis (EPA Method 802IB) 

• Dissolved oxygen and temperature for monitoring wells MW-3, MW-6, MW-8, MW-9, 
and MW-10 using a Hanna Model 9143 DO meter 

• Conductivity and pH for monitoring wells MW-3, MW-6, MW-8, MW-9, and MW-10 
using a Hydac Model 910 pH/conductivity meter 

• Depth to groundwater in monitoring wells MW-1 through MW-10 
• Monthly parameters noted above 

Annually 

• Groundwater samples from MW-2, MW-3, MW-4, MW-5, MW-6, MW-8, MW-9, and 
MW-10 for BTEX, chloride, fluoride, iron, manganese, nitrate, sulfate, and TDS analysis 

• Dissolved oxygen, pH, conductivity, and temperature for monitoring wells MW-1 through 
MW-10 

• Quarterly parameters noted above 

Prior to sampling, the on-site monitoring wells (MW-1 through MW-10) were gauged for depth to 
groundwater and free product thickness using the oil/water interface probe. Immediately prior to collecting 
groundwater samples, each monitoring well was purged of a minimum of three well casing volumes. The 
monitoring wells were purged during each sampling event using clean, decontaminated PVC bailers, with the 
exception of monitoring wells MW-3 and MW-10 during the first quarter sampling event During the first 
quarter sampling event, MW-3 and MW-10 were purged using a decontaminated 2-inch diameter submersible 
pump (Grundfos Redi-Fk>2). A summary of purging and sampling methods is provided in Table 1. 
Groundwater samples were obtained using a new, decontaminated, disposable bailer for each well after 
purging. Groundwater parameters, including pH, conductivity, temperature, and dissolved oxygen (DO) 
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were measured using a Hydac Model 910 pH/conductivity meter and a Hanna Model 9143 DO/temperature 
meter. 

The first set of water samples were transferred into air-tight, septum-sealed, 40 milliliter glass, volatile 
organic analysis sample vials with zero head space for analysis of BTEX using EPA Method 802IB. A 
duplicate sample of MW-9 was collected during each sampling event for BTEX analysis. During the 
annual sampling event on October 28-29,1998, a second and third set of water samples were transferred 
into appropriately preserved containers for analysis of major ions and WQCC metals. Chain-of-custody 
(COC) forms documenting sample identification numbers, collection times, and delivery times to the 
laboratory were completed for each set of samples. The water samples were placed in an ice-filled cooler 
immediately after collection and shipped to Trace Analysis, Inc. of Lubbock, Texas for laboratory analysis. 

Table 1 

Summary of Purging and Sampling Methods 

Monitoring 
Well No. 

Sample 
Date 

Sample Event Purge Method 
Purge 

Volume 
(gallons) 

Sampling 
Method 

Groundwater Analytes 

MW-2 10/28/98 Fourth Quarter Hand bailer 6 Disposable bailer BTEX, WQCC Metals, Ions 

MW-3 

1/21/98 
4/23/98 
8/4/98 

10/29/98 

First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Pump 
Hand bailer 
Hand bailer 
Hand bailer 

30 
6 
7 
8 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

MW-4 10/29/98 Fourth Quarter Hand bailer 8 Disposable bailer BTEX 
MW-5 10/28/98 Fourth Quarter Hand bailer 8 Disposable bailer BTEX 

MW-6 

1/21/98 
4/23/98 
8/4/98 

10/29/98 

First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Hand bailer 
Hand bailer 
Hand bailer 
Hand bailer 

5 
6 
3 
4 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

MW-8 

1/21/98 
4/23/98 
8/4/98 

10/29/98 

First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Hand bailer 
Hand bailer 
Hand bailer 
Hand bailer 

5 
6 
7 
8 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

MW-9 

1/21/98 
4/23/98 
8/4/98 

10/29/98 

First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Hand bailer 
Hand bailer 
Hand bailer 
Hand bailer 

5 
6 
7 
8 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

MW-10 

1/21/98 
4/23/98 
8/4/98 

10/29/98 

First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 

Pump 
Hand bailer 
Hand bailer 
Hand bailer 

23 
6 
IS 
8 

Disposable bailer 
Disposable bailer 
Disposable bailer 
Disposable bailer 

BTEX 
BTEX 
BTEX 
BTEX, WQCC Metals, Ions 

BTEX - bourne, toluene, ctbyibmzme. xylenes (EPA Method 8020) 
WQCC Metals - Arsenic boron (Bj\ barium (BA), iron FeX manganese (Mn), and vanadium (V). 
Ions - chloride (Cl). fluoride (FX nitrate (NO,), sulfate (SO,), and total dissolved solids (TDSX. 
STS - Not sampled due to presence of phase-separated hydrocarbons-
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4.0 WATER TABLE ELEVATIONS, HYDRAULIC GRADIENT AND FLOW DIRECTION 

Based on the gauging data collected between September 10, 1995 and October 28, 1998, the groundwater 
conditions at the Lea Refinery are characterized below. 

• The depth to the water table across the site varies from approximately 73 to 98 feet below 
ground surface. 

• The hydraulic gradient is approximately 0.004 feet/foot. 

• The direction of groundwater flow is to the southeast. 

The direction of groundwater flow and hydraulic gradient have remained consistent for the past three years. 
Groundwater elevation maps depicting the water table elevation and direction of groundwater flow using 
the gauging data obtained during the four 1998 sampling events are presented in Figure la (January 21, 
1998), Figure lb (April 23, 1998), Figure lc (August 4, 1998), and Figure ld (October 28,1998). 
Gauging data for monitoring wells MW-1 and MW-7 were not incorporated into the water table elevation 
maps due to the presence of free product in these wells. 

Figure 2 depicts the water table elevation changes over time in monitoring wells MW-1 through MW-10. 
Historical groundwater elevations and depth to water measurements are summarized in Table 2. 
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Table 2 
Summary of Groundwater Elevations 

Navajo Refining Company - Lea Refinery 
Relative Relative Depth to Relative Phase-Separated 

Monitoring Date Ground Surface Top of Casing Groundwater Groundwater Hydrocarbon 
Well Gauged Elevation Elevation Below Top of Elevation Thickness 

(feet) (feet)* Casing (feet) (feet)** (feet) 
MW-1 9/10/95 3835.90 3835.67 95.89 3745.38 6.44 

4/22/% 3835.90 3835.67 96.49 3744.82 6.48 
11/19/96 3835.90 3835.67 93.57 3744.16 2.37 
2/7/97 3835.90 3835.67 9339 3744.15 2.15 
4/16797 3835.90 3835.67 95.49 3743.40 3.70 
8/14/97 3835.90 3835.67 96.23 3742.62 3.66 
10/28/97 3835.90 3835.67 96.88 3742.15 3.86 
1/20/98 3835.90 3835.67 95.07 3742.70 2.41 
4/23/98 3835.90 3835.67 94.75 3742.49 1.81 
8/4/98 3835.90 3835.67 97.13 3741.69 3.62 

10/29/98 3835.90 3835.67 94.98 3741.27 0.67 
MW-2 9/10/95 3835.14 3834.94 89.18 3745.76 0.00 

4/22/96 3835.14 3834.94 89.42 3745.52 0.00 
11/19/96 3835.14 3834.94 89.83 3745.11 0.00 

mm 3835.14 3834.94 89.71 3745.23 0.00 
4/16797 3835.14 3834.94 90.16 3744.78 0.00 
8/14/97 3835.14 3834.94 91.05 3743.89 0.00 
10/28/97 3835.14 3834.94 91.05 3743.89 0.00 
1/20/98 3835.14 3834.94 90.79 3744.15 0.00 
4/23/98 3835.14 3834.94 91.33 3743.61 0.00 
8/4/98 3835.14 3834.94 92.51 3742.43 0.00 

10/28/98 3835.14 3834.94 92.67 3742.27 0.00 
MW-3 9/10/95 3829.83 3829.55 87.53 3742.02 0.00 

4/22/96 3829.83 3829.55 87.90 3741.65 0.00 
11/19/96 3829.83 3829.55 88.72 3740.83 0.00 

mm 3829.83 3829.55 88.98 3740.57 0.00 
4/16/97 3829.83 3829.55 89.00 3740.55 0.00 
8/14/97 3829.83 3829.55 89.56 3739.99 0.00 
10/28/97 3829.83 3829.55 89.62 3739.93 0.00 
1/20/98 3829.83 3829.55 90.18 373937 0.00 
4/23/98 3829.83 3829.55 90.58 3738.97 0.00 
8/4/98 3829.83 3829.55 90.72 3738.83 0.00 

10/28/98 3829.83 3829.55 91.03 3738.52 0.00 
MW-4 9/10/95 3837.85 3837.56 91.40 3746.16 0.00 

4/22/96 3837.85 3837.56 91.84 3745.72 0.00 
11/19/96 3837.85 3837.56 92.67 3744.89 0.00 

mm 3837.85 3837.56 92.54 3745.02 0.00 
4/16/97 3837.85 3837.56 92.80 3744.76 0.00 
8/14/97 3837.85 3837.56 93.43 3744.13 0.00 
10/28/97 3837.85 3837.56 93.73 3743.83 0.00 
1/20/98 3837.85 3837.56 93.59 3743.97 0.00 
4/23/98 3837.85 3837.56 93.84 3743.72 0.00 
8/4/98 3837.85 3837.56 94.65 3742.91 0.00 

10/28/98 3837.85 3837.56 95.14 3742.42 0.00 
MW-5 9/10/95 3813.87 3816.88 75.82 3741.06 0.00 

4/2296 3813.87 3816.88 74.58 3742.30 0.00 
11/19/96 3813.87 3816.88 74.95 3741.93 0.00 

mm 3813.87 3816.88 75.23 3741.65 0.00 
4/16/97 3813.87 3816.88 75.43 3741.45 0.00 
10/28/97 3813.87 3816.88 76.47 3740.41 0.00 
1/20/98 3813.87 3816.88 76.71 3740.17 0.00 
4/23/98 3813.87 3816.88 76.95 3739.93 0.00 
8/4/98 3813.87 3816.88 77.74 3739.14 0.00 

10/28/98 3813.87 3816.88 78.36 3738.52 0.00 
Monitoring welb MW-1 through MW-7 were installed in September 1995. 
Monitoring wells MW-S, MW-9 and MW-10 wens installed in March nd April 1996. 
• Elevations surveyed by John W. West Engineering Company of Hobbs, New Mexico. The top of the monitoring well casings were 

marked on the north side to provide consistent reference points for future gauging operations. 
** Groundwater elevations were corrected for product, if present (SG=0.87) 
Groundwater flow is to the southeast with a hydraulic gradient of arjproxinigtcly 0.004 feet/foot 



Table 2 (Continued) 
Summary of Groundwater Elevations 

Navajo Refining Company - Lea Refinery 
Relative Relative Depth to Relative Phase-Separated 

Monitoring Date Ground Surface Top of Casing Groundwater Groundwater Hydrocarbon 
Well Gauged Elevation Elevation Below Top of Elevation Thickness 

(feet) (feet)* Casing (feet) (feet)** (feet) 
MW-6 4/22/96 3835.70 3835.50 91.18 374432 0.00 

11/19/96 3835.70 3835.50 90.64 3744.86 0.00 
2/7/97 3835.70 3835.50 90.91 3744.59 0.00 
4/16/97 3835.70 3835.50 92.23 374357 0.00 
8/1497 3835.70 3835.50 92.93 3742.57 0.00 
10/28/97 3835.70 3835.50 9353 374257 0.00 
1/20/98 3835.70 3835.50 9353 374257 0.00 
4/23/98 3835.70 3835.50 93.54 3741.% 0.00 
8/4/98 3835.70 3835.50 9455 374155 0.00 

10/28/98 3835.70 3835.50 94.48 3741.02 0.00 
MW-7 4/22/96 3836.07 3835.84 %.S6 3743.95 537 

11/19/% 3836.07 3835.84 93.13 374457 1.79 
2/7/97 3836.07 3835.84 93.05 3744.14 1.55 
4/16/97 3836.07 3835.84 95.57 3743.45 3.65 
8/14/97 3836.07 3835.84 %.30 3742.98 3.95 
10/28/97 3836.07 3835.84 %38 3741.66 2.53 
1/20/98 3836.07 3835.84 94.82 3742.69 1.92 
4/23/98 3836.07 3835.84 94.68 3742.50 1.54 
8/4/98 3836.07 3835.84 %.49 3741.40 2.36 

10/29/98 3836.07 3835.84 95.49 374158 1.07 
MW-8 4/22/% 3834.42 3838.09 94.73 3743.36 0.00 

11/19/% 3834.42 3838.09 95.50 3742.59 0.00 
2/7/97 3834.42 3838.09 95.50 3742.59 0.00 
4/16/97 3834.42 3838.09 95.66 3742.43 0.00 
8/14/97 3834.42 3838.09 96.25 3741.84 0.00 
10/28/97 3834.42 3838.09 %.45 3741.64 0.00 
1/20/98 3834.42 3838.09 %.68 3741.41 0.00 
4/23/98 3834.42 3838.09 %.97 3741.12 0.00 
8/4/98 3834.42 3838.09 97.52 3740.57 0.00 

10/28/98 3834.42 3838.09 97.94 3740.15 0.00 
MW-9 4/22/% 3833.06 3832.82 89.60 374352 0.00 

11/19/% 3833.06 3832.82 90.34 3742.48 0.00 
2/7/97 3833.06 3832.82 90.41 3742.41 0.00 
4/16/97 3833.06 3832.82 90.52 3742.30 0.00 
8/14/97 3833.06 3832.82 91.06 3741.76 0.00 
10/28/97 3833.06 3832.82 9157 3741.55 0.00 
1/20/98 3833.06 3832.82 91.54 374158 0.00 
4/23/98 3833.06 3832.82 91.82 3741.00 0.00 
8/4/98 3833.06 3832.82 9259 3740.53 0.00 

10/28/98 3833.06 3832.82 92.70 3740.12 0.00 
MW-10 4/22/% 3831.34 3831.10 87.68 3743.42 0.00 

11/19/% 3831.34 3831.10 88.51 3742.59 0.00 
2/7/97 383134 3831.10 88.54 3742.56 0.00 
4/16/97 383134 3831.10 88.68 3742.42 0.00 
8/14/97 3831.34 3831.10 8951 3741.89 0.00 
10/28/97 3831.34 3831.10 89.40 3741.70 0.00 
1/20/98 3831.34 3831.10 89.64 3741.46 0.00 
4/23/98 383134 3831.10 89.90 374150 0.00 
8/4/98 3831.34 3831.10 9032 3740.78 0.00 

10/28/98 3831.34 3831.10 90.78 374032 0.00 
Monitoring weUs MW-1 through MW-7 were installed in September 1995. 
Monitoring weUs MW-8, MW-9 and MW-10 were instilled in March snd April 1996. 
• Elevations surveyed by John W. West Eiigtneering Company Hobbs, New Mexico. The top 

marked on the north tide to provide consistent reference points for future gauging operations. 
"* Groundwater elevations were corrected for product, if present (SO-0.87) 
3roundwater flow is to the southeast with a hydraulic gradient of approximately 0.004 feet/foot 



1998 Annual Sampling and Monitoring Report 
Navajo - Lea Refinery 

5.0 GROUNDWATER QUALITY CONDITIONS 

5.1 Distribution of Hydrocarbons in Groundwater 

A historical listing of BTEX concentrations obtained from the on-site monitoring wells is summarized in 
Table 3. Hydrocarbon concentration maps depicting the BTEX concentrations for the four 1998 sampling 
events are presented in Figure 3a (January 21,1998), Figure 3b (April 23,1998), Figure 3c (August 4, 
1998), and Figure 3d (October 28-29, 1998). Figures 4a and 4b depict BTEX concentrations versus time 
in groundwater from May 1995 to October 28, 1998 for monitoring wells MW-6 and MW-9, respectively. 

Based on the analytical data for samples collected by TRW during the four 1998 sampling events, the 
distribution of hydrocarbons at the Lea Refinery is described below. 

• BTEX concentrations in upgradient monitoring wells MW-2 and MW-4 have remained at 
levels below the laboratory detection limit of 0.001 mg/L and below WQCC standards. 

• BTEX concentrations in downgradient wells MW-3, MW-5, MW-6, MW-8, and MW-10 have 
also remained at levels near or below the laboratory detection limit of 0.001 mg/L and below 
WQCC standards. 

• Benzene ajncenrxations in MW-9 fluctuate over time but have declined from a high of 1.69 mg/L in 
April 1996 to its lowest level of0.007 mg/L on October 29,1998. This significant decrease has 
been attributed to the successful operation of the AS/VE system. 

• Monitoring wells MW-1 and MW-7 were not sampled due to the continued presence of free 
product. 

Page 15 of 36 



Table 3 
BTEX Concentrations In Groundwater 

Navajo Refining Company - Lea Refinery 
Monitoring Date Benzene Toluene Ethylbenzene Xylenes 

Well Sampled (rruVl) (mR/l) (ma/1) (nm/1) 
MW-2 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 

4/23/% < 0.001 < 0.001 < 0.001 < 0.001 
11/19/% NS NS NS NS 
1/20/97 NS NS NS NS 

I 4/16/97 NS NS NS NS 

9 8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 

I 10/28/97 NS NS NS NS 

D 1/21/98 NS NS NS NS 

1 4/23/98 NS NS NS NS 

1 8/4/98 NS NS NS NS 
| 10/28/98 < 0.001 < 0.001 < 0.001 < 0.001 
| MW-3 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 

4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/% < 0.001 < 0.001 < 0.001 < 0.001 
11/19/%' < 0.001 < 0.001 < 0.001 < 0.001 
1/20/97 < 0.001 < 0.001 < 0.001 < 0.001 
4/16/97 < 0.001 < 0.001 < 0.001 < 0.001 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 
1/21/98 < 0.001 < 0.001 < 0.001 < 0.001 
4/23/98 < 0.005 < 0.005 < 0.005 0.008 
8/4/98 < 0.001 < 0.001 < 0.001 < 0.001 

10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
MW-4 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 

4/23/% < 0.001 < 0.001 < 0.001 < 0.001 
11/19/% NS NS NS NS 
1/20/97 NS NS NS NS 
4/16/97 NS NS NS NS 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/97 NS NS NS NS 
1/21/98 NS NS NS NS 
4/23/98 NS NS NS NS 
8/4/98 NS NS NS NS 

10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
MW-5 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 

4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/% NS NS NS NS 
1/20/97 NS NS NS NS 
4/16/97 NS NS NS NS 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
1/21/98 NS NS NS NS 
4/23/98 NS NS NS NS 
8/4/98 NS NS NS NS 

10/28/98 < 0.001 < 0.001 < 0.001 < 0.001 
Monitoring Wells MW-1 «nd MW-7 not sampled for BTEX due to presence of phase separated hydrocarbon*. 
Analyses performed by Trace Analysis, Inc. (Lubbock, Texas) unless specified otherwise. 
1 Analyses performed by Amcrioan Environmental Network, In. (Albuquerque, NM)-
2 Duplioate analysis 
NS indicates nxnitoring well was not sampled (annual sampling frequency). 

[Samples analyzed for BTEX using EPA Method 8020 (9/10/93 and 11/19/96) and 8260 (4/23/96). 
IjNev/MejricicJiVa^ 



Talile/tContinued) 
BTEX ConcenTrations In Groundwater 

Navajo Refining Company - Lea Refinery 
Monitoring Date Benzene Toluene Ethylbenzene Xylenes 

Well Sampled (mff/1) (mg/l) (mg/l) (mg/l) 
MW-6 9/10/95 1.741 0.021 0.962 0.972 

4/23/% 1.150 < 0.001 0.599 0.462 
11/19/% 0.002 < 0.001 0.011 0.002 
1/20/97 0.004 < 0.001 0.003 0.007 
4/16/97 O.OOI < 0.001 < 0.001 O.OOI 
8/14/97 O.OOI < 0.001 < 0.001 O.OOI 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 
1/21/98 < 0.001 < 0.001 < 0.001 < 0.001 
4/23/98 < 0.001 < 0.001 < 0.001 < 0.001 
8/4/98 < 0.001 < 0.001 < 0.001 < 0.001 

10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
MW-8 4/23/% 0.002 < 0.001 < 0.001 < 0.001 

11/19/% < 0.001 < 0.001 < 0.001 < 0.001 
11/19/%' < 0.001 < 0.001 < 0.001 < 0.001 
1/20/97 < 0.001 < 0.001 < 0.001 < 0.001 

I 4/16/97 < 0.001 < 0.001 < 0.001 < 0.001 

1 8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
I 10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 

I 1/21/98 < 0.001 < 0.001 < 0.001 < 0.001 

I 4/23/98 < 0.001 < 0.001 < 0.001 < 0.001 

I 8/4/98 < 0.001 < 0.001 < 0.001 < 0.001 

1 10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
I MW-9 4/23/% 1.690 < 0.010 < 0.010 0.019 

1 11/19/% 0.679 < 0.005 < 0.005 < 0.005 

1 1/20/97 0.340 < 0.001 0.002 0.003 

B 4/16/97 0.347 O.002 O.002 0.007 

1 8/14/97 1.680 O.010 O.010 O.010 
10/28/97 0.516 O.010 O.010 O.010 
10/28/97* 0.474 O.010 O.010 O.010 
1/21/98 0.146 0.005 < 0.001 0.002 
1/21/98* 0.125 0.004 < 0.001 < 0.001 
4/23/98* 0.013 < 0.001 < 0.001 < 0.001 
4/23/98* 0.012 < 0.001 < 0.001 < 0.001 
8/4/98 0.010 < 0.001 < 0.001 < 0.001 
8/4/98* 0.007 < 0.001 < 0.001 < 0.001 
10/29/98 0.007 0.006 < 0.001 0.002 
10/29/98* 0.006 0.004 0.002 0.002 

I MW-10 4/23/% < 0.001 < 0.001 < 0.001 < 0.001 
11/19/% < 0.001 < 0.001 < 0.001 < 0.001 
11/19/%' < 0.001 < 0.001 < 0.001 < 0.001 
1/20/97 < 0.001 < 0.001 < 0.001 < 0.001 
4/16/97 < 0.001 < 0.001 < 0.001 < 0.001 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 
1/21/98 < 0.001 < 0.001 < 0.001 < 0.001 
4/23/98 < 0.001 < 0.001 < 0.001 < 0.001 
8/4/98 < 0.001 < 0.001 < 0.001 < 0.001 

10/29/98 < 0.001 < 0.001 < 0.001 < 0.001 
WQCC Standards (mg/l) 0.010 0.75 0.75 0.62 
Momtoring Welii MW-1 and MW-7 not sampled for BTEX due to pretence of phase-separated hydrocarbons. 
Analyses performed by Trace Analysis, Inc. (Lubbock, Texas) unless specified otherwise. 

Analyses performed by American Environmental Network, In. (Albuquerque, NM). 
2 Duplicate analysis 

S indicates momtoring well was not sampled (annual sampling frequency). 
lea analyzed for BTEX using EPA Method 8020 (9/10/93 and 11/19/96) and 8260 (4/23/96). 
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6.0 REMEDIATION SYSTEM PERFORMANCE 

6.1 Air Sparge/ Vapor Extraction System 

The installation of the air sparge/vapor extraction (AS/VE) system was completed on September 25,1996. 
The AS/VE system was started on October 2, 1996 and has remained in continuous operation since that 
date with a few minor exceptions, such as during periodic maintenance activities, weather related upsets 
and a plant turnaround in which the remediation system was shut down between September 8, 1997 and 
October 7,1997. The AS/VE system has maintained an 95 percent system-on time performance between 
January 1, 1998 and October 28,1998. A map showing the layout of the remediation system is illustrated 
in Figure 5. 

To monitor the performance of the AS/VE system, quarterly air samples of the VE exhaust were obtained 
and analyzed for BTEX (EPA Method 8021B) and TVHC (EPA Method 8015 gas range). The samples 
were obtained at the exhaust port in the remediation trailer prior to conveyance into the refinery boiler 
system. Total BTEX concentrations have decreased from a high of429 milligrams per cubic meter 
(mg/m3) in February 1997, to 22 mg/m3 in August 1998. Similarly, TVHC concentrations have decreased 
from 9,740 mg/m3 in January 1997, to 30 mg/m3 in August 1998. Based on the analytical results ofthe VE 
exhaust and measured flow rates, the system has recovered an estimated 19,160 kilograms (8,700 lb) of 
TVHC since the startup of the system on October 2,1996. The AS/VE system performance data is 
summarized in Table 6. A graph of TVHC and BTEX versus time is depicted in Figure 6. 

Between October 2, 1996 and April 16, 1997, the BTEX concentrations in downgradient monitoring wells 
MW-6 and MW-9 decreased significantly (Figures 4a and 4b). The reduced BTEX levels in these two 
wells, which are located within the boundaries of the hydrocarbon plume, is attributed to the successful 
performance of the air sparge/vapor extraction system. The benzene concentration in MW-6 declined from 
1.150 mg/L on April 23, 1996 to less man 0.001 mg/L during the last seven sampling events. This well is 
located only 10 feet south of air sparge/vapor extraction well AS-6, therefore the measured reduction in 
BTEX concentrations are somewhat skewed in this area. Monitoring well MW-9, is located approximately 
160 feet downgradient (southeast) from the nearest air sparge/vapor extraction well (AS-1) and has shown 
a 99 percent decrease in benzene levels since the initial sampling event on April 23,1996. Benzene 
cc»Kxaitrations in MW-9 fluctuate over time. With the exception ofan anomalous high axKejitration of BTEX in 
August 1997, BTEX axicentrations in MW-9 have declined from a high of 1.69 mg/L in April 19% to its lowest 
level of0.007 mg/L on August 4,1998. This significant decrease has been attributed to the successful operation 
ofthe AS/VE system. 

6.2 Product Recovery System 

On January 21, 1998, the total fluids recovery system, which consisted of a 3/4 horsepower submersible 
pump in recovery well RW-1, was replaced with a product only recovery system. This upgrade was 
conducted to increase efficiency of recovering free product and to provide a more accurate accounting of 
product recovery volumes. Since the existing air sparge/vapor extraction system has proven to be very 
effective at removing the dissolved hydrocarbons, groundwater recovery with a submersible pump is not 
necessary. The product recovery system consists of the following components: 

• Xitech Model ADJ 1000 Smart Skimmer with polyethylene tubing 
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• Xitech Model 2500 ES Electronic Timer 
55-gallon plastic drum for product recovery containment with automatic shutoff sensor. 

The product recovery pump is pneumatically operated. Air is supplied from an existing instrument air 
supply line. The control box is powered by a 115-volt supply. Currently, the control box is set to pump 
for a duration of 20 minutes 48 times per day. Product is pumped into a plastic 55-gallon drum located 
adjacent to the recovery well. An automatic shutoff sensor is installed on the drum which has a steel 
secondary containment vessel and is inspected daily by Navajo personnel. 

A summary of the meter readings, cumulative volumes recovered and flow rates is listed in Table 4 
(Attachment A). Through the first quarter of 1998, 699,033 gallons of total fluids (groundwater and free 
product) have been removed from recovery well RW-1 by the submersible pump system. Approximately 
133.4 gallons of free product has been recovered between January 21, 1998 and November 18,1998. 

Performance of the total fluids and free product recovery system is also evaluated based on the product 
thickness measured in monitoring wells MW-1 and MW-7. Based on the October 29, 1998 monitoring 
data, product thicknesses in MW-1 and MW-7 were 1.07 feet and 0.67 feet, respectively. Passive 
skimmers were placed in MW-1 and MW-7 on October 29,1998 to assist in product recovery. A graph of 
product recovery volumes versus time is depicted in Figure 7. 

6.3 Groundwater Temperatures 

Since April 1996, temperatures have been measured in the on site monitoring wells. A graph of 
temperature versus time for selected monitoring wells is presented in Figure 7. From this graph it is evident 
that the monitoring wells within the hydrocarbon plume (MW-1, MW-6 and MW-7) had elevated 
groundwater temperatures (approximately 25°F above background groundwater temperatures of about 
70°F) until the third quarter of 1997. Groundwater temperatures within the hydrocarbon plume have 
stabilized to an average of 17°F above those outside of the plume. This reflects an approximate decrease of 
approximately 8°F from temperatures in early 1997. The overall decline in groundwater temperatures 
within the hydrocarbon plume is most likely attributable to the re-routing of the refinery sewer discharge 
water that now bypasses an older section of line between the desalter unit and the API separator. The 
discharge line was re-routed on December 30,1997. Since groundwater temperatures remain above 
background temperatures a continual source of high temperature water from the surface is suspected. 
Placement of a fluorescent dye in potential source areas may assist in identifying the source for the elevated 
temperatures. 
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Table 7 

Total Fluids and Product Recovery Volumes 

Navajo Refining Company - Lea Refinery 
Cumulative Cumulative 
Total Fluids Product Product 

Recovery Recovered Recovered Recovered 
Date Method (gallons) (gallons) (gallons) 

12/28/97 Sub. Pump 699,033 Unknown* Unknown* 
1/21/98 PRS N/A 0.5 0.5 
1/27/98 PRS N/A 2 2.5 
2/11/98 Bail N/A 1.1 3.6 
2/24/98 PRS N/A 1.5 5.1 
3/13/98 PRS N/A 2.6 7.7 
3/23/98 PRS N/A 10.6 18.3 
4/10/98 PRS N/A 15.8 34.1 
4/22/98 PRS N/A 0.5 34.6 
5/6/98 PRS N/A 7.5 42.1 
6/23/98 PRS N/A 19.5 61.6 
8/4/98 PRS N/A 5.5 67.1 

9/18/98 PRS N/A 44.2 111.3 
10/29/98 PRS N/A 15.5 126.8 
11/18/98 PRS N/A 6.6 133.4 

Total Measured Volume of Product Recovered: 133.4 
Product recovery methods used: 

• Sub. Pump: 3/4 HP Grundfos submersible pump during total fluids recovery (10/1/96 -12/28/97) 
• Bail: Use of powered bailing unit by water well contractor for well cleanout. 
• PRS: Product Recovery System (Xitech ADJ 1000 Smart Skimmer) 

* Product recovery volume is unknown during total fluids recovery operation (10/1/96 - 12/28/97) 
because free product metering device was not available (699,033 gallons of total fluids recovered). 
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7.0 CONCLUSIONS 

Conclusions relevant to groundwater conditions and the remediation performance at the Lea Refinery are 
presented below. 

• BTEX concentrations in upgradient monitoring wells MW-2 and MW-4 have remained at 
levels below the laboratory detection limit of 0.001 mg/L and below WQCC standards. 

• BTEX concentrations in downgradient wells MW-3, MW-5, MW-6, MW-8, and MW-10 have 
also remained at levels near or below the laboratory detection limit of 0.001 mg/L and below 
WQCC standards. 

• Benzene concentrations in MW-9 fluctuate over time but have declined from a high of 1.69 mg/L in 
April 1996 to its lowest level of0.007 mg/L on October 29,1998. This significant decrease has 
been attributed to the successful operation of the AS/VE system. 

• A barium concentration of 1.4 mg/L in MW-9 slightly exceeded the WQCC standard of 
1 mg/L. The source of barium is unknown. 

• Chloride concentrations in MW-5 (280 mg/L) and MW-9 (880 mg/L) exceeded the WQCC 
standard of250 mg/L. 

• Fluoride concentrations varied from 1.3 mg/L in MW-5 to 3.2 mg/L in MW-6. Fluoride levels 
in all monitoring wells, with the exception of MW-5, slightly exceed the WQCC standard of 
1.6 mg/L. Since fluoride is not a constituent for the refinery processes on she, its presence is 
likely due to natural conditions as it is a common natural occurrence in groundwater (1989, 
USGS Water-Supply Paper 2254, pg. 120-123). 

• A manganese concentration of 0.31 mg/L in MW-9 slightly exceeds the WQCC standard of 
0.2 mg/L. Since manganese is a common byproduct of aerobic biodegradation of 
hydrocarbons, its presence in monitoring well MW-9 appears to indicate beneficial 
biodegradation activity. 

• Monitoring well MW-9 had a vanadium concentration of 0.48 mg/L which exceeds the WQCC 
standard of 0.05 mg/L. Since vanadium is not a constituent for the refinery processes on site, 
this anomaly is most likely due to its natural occurrence. 

• The WQCC standard for TDS (1,000 mg/L) was exceeded in MW-8 (1,000 mg/L) and MW-9 
(1,700 mg/L). Background TDS concentrations in Lea County typically range from 500 mg/L 
to 3,000 mgfL. 

• Based on the analytical results of the VE exhaust and measured flow rates, the VE system has 
recovered an estimated 19,160 kilograms (8,700 lb) of TVHC since the startup of the system 
on October 2, 1996. 
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• Approximately 133.4 gallons of free product has been removed from recovery well RW-1 since 
installation of the Xitech product recovery system on January 21, 1998. 

• Free product thicknesses have fluctuated since October 1996, but have generally declined to 
the present thicknesses of 1.07 feet and 0.67 feet in MW-1 and MW-7, respectively. 

• During 1998, groundwater temperatures within the hydrocarbon plume (MW-1, MW-6, and 
MW-7) have stabilized to an average of 17°F above those outside of the plume. This reflects 
an approximate decrease of approximately 8°F from 1997 temperatures. 
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8.0 RECOMMENDATIONS 

The following recommendations are proposed for the remediation system and monitoring operations at the 
Lea Refinery. 

• Continue product recovery operations since the present system has been effective in recovering 
133.4 gallons of free product from RW-1. 

• Continue air sparge and vapor extraction operations since the present system has been effective 
in recovering an estimated 19,160 kilograms (8,700 lb) of total volatile hydrocarbons. 

• Continue the sampling and monitoring program on a The next sampling event 
is scheduled during the first quarter of 1999. 
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jiUJilllJjRA^^ INC 
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@traceanaiysis.com 

FAX806»794»1298 
FAX915»585»4944 

November 05, 1998 
Receiving Date: 10/30/98 
Sample Type: Water 
Charge Code No: P/2292/9C 
Project Location: NA 
COC# 13261 

ANALYTICAL RESULTS FOR 
TRW 

Attention: Gil Van Deventer 
415 W. Wall, Suite 1818 
Midland, TX 79701 Sampling Date: 10/29/98 

Sample Condition: Intact & Cool 
Sample Received by: VW 
Project: Navajo - Lea Refinery 

FLUORIDE CHLORIDE N03-N S04 TDS 
TA# FIELD CODE (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

T111561 9810291300 MW-9 2.3 880 <10 48 1,700 
T111562 9810291210 MW-6 3.2 53 66 86 690 
ICV 2.5 13 5.3 13 — 
CCV 2.6 12 5.2 13 

REPORTING LIMIT 0.1 0.5 0.2 0.5 10 

RPD 0 0 1 3 0 

% Extraction Accuracy 103 103 104 107 — 

% Instrument Accuracy 104 104 105 105 96 

PREP DATE 10/30/98 10/30/98 10/30/98 10/30/98 11/03/98 
ANALYSIS DATE 10/30/98 10/30/98 10/30/98 10/30/98 11/03/98 

METHODS: EPA 300.0, 160.1. 
CHEMIST: FLUORIDE/CHLORIDE/N03-N/S04: JS 
FLUORIDE SPIKE: 12.5 mg/L FLUORIDE. 
CHLORIDE SPIKE: 62.5 mg/L CHLORIDE. 
N03-N SPIKE: 25 mg/L N03-N. 
S04 SPIKE: 62.5 mg/L S04. 

TDS: RS 
FLUORIDE CV: 2.5 mg/L FLUORIDE. 
CHLORIDE CV: 12.5 mg/L CHLORIDE. 
N03-NCV: 5.0 mg/L N03-N. 
S04CV: 12.5 mg/L S04. 

Director, Dr. Blair Leftwich DATE 



Ill JJLliiU^^ INC JJjjiilii 
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 

FAX806»794»1298 
FAX915»585«4944 

November 05, 1998 
Receiving Date: 10/30/98 
Sample Type: Water 
Charge Code No: P/2292/9C 
Project Location: NA 
COC# 13261 

ANALYTICAL RESULTS FOR 
TRW 

Attention: Gil Van Deventer 
415 W. Wall, Suite 1818 
Midland, TX 79701 Sampling Date: 10/29/98 

Sample Condition: Intact & Cool 
Sample Received by: VW 
Project: Navajo - Lea Refinery 

FLUORIDE CHLORIDE N03-N S04 TDS 
TA# FIELD CODE (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

T111557 9810290840 MW-4 2.1 28 4.5 90 390 
T111558 9810291020 MW-8 2.3 310 10 170 1,000 
T111559 9810291030 MW-10 2.0 32 4.6 110 480 
ICV 2.5 12 5.0 13 — 
CCV 2.5 13 5.3 13 — 

REPORTING LIMIT 0.1 0.5 0.2 0.5 10 

RPD 0 0 1 2 0 

% Extraction Accuracy 101 100 99 99 — 

% Instrument Accuracy 104 104 104 106 96 

PREP DATE 
ANALYSIS DATE 

10/30/98 
10/30/98 

10/30/98 
10/30/98 

10/30/98 
10/30/98 

10/30/98 
10/30/98 

11/03/98 
11/03/98 

METHODS: EPA 300.0,160.1. 
CHEMIST: FLUORIDE/CHLORIDE/N03-N/S04: JS 
FLUORIDE SPIKE: 12.5 mg/L FLUORIDE. 
CHLORIDE SPIKE: 62.5 mg/L CHLORIDE. 
N03-N SPIKE: 25 mg/L N03-N. 
S04 SPIKE: 62.5 mg/L S04. 

TDS: RS 
FLUORIDE CV: 2.5 mg/L FLUORIDE. 
CHLORIDE CV: 12.5 mg/L CHLORIDE. 
N03-NCV: 5.0 mg/L N03-N. 
S04CV: 12.5 mg/L S04. 

Director, Dr. Blair Leftwich DATE 



LU 
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 

FAX806» 794«1298 
FAX915»585»4944 

November 05,1998 
Receiving Date: 10/30/98 
Sample Type: Water 
Charge Code No: P/2292/9C 
Project Location: NA 
COC# 13261 

ANALYTICAL RESULTS FOR 
TRW 
Attention: Gil Van Deventer 
415 W. Wall, Suite 1818 
Midland, TX 79701 Sampling Date: 10/28-29/98 

Sample Condition: Intact & Cool 
Sample Received by: VW 
Project: Navajo - Lea Refinery 

FLUORIDE CHLORIDE N03-N S04 TDS 
TA# FIELD CODE (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

T111555 9810281810 MW-2 2.4 170 4.7 120 540 
T111556 9810290825 MW-3 1.6 99 6.1 110 650 
ICV 2.6 13 5.1 13 — 
CCV 2.5 12 5.0 13 ... 

REPORTING LIMIT 0.1 0.5 0.2 0.5 10 

RPD 1 0 1 0 0 

% Extraction Accuracy 101 93 101 106 — 

% Instrument Accuracy 104 107 103 107 96 

PREP DATE 
ANALYSIS DATE 

10/30/98 
10/30/98 

10/30/98 
10/30/98 

10/30/98 
10/30/98 

10/30/98 
10/30/98 

11/03/98 
11/03/98 

METHODS: EPA 300.0, 160.1. 
CHEMIST: FLUORIDE/CHLORIDE/N03-N/S04: JS 
FLUORIDE SPIKE: 12.5 mg/L FLUORIDE. 
CHLORIDE SPIKE: 62.5 mg/L CHLORIDE. 
N03-N SPIKE: 25 mg/L N03-N. 
S04 SPIKE: 62.5 mg/L S04. 

TDS: RS 
FLUORIDE CV: 2.5 mg/L FLUORIDE. 
CHLORIDE CV: 12.5 mg/L CHLORIDE. 
N03-NCV: 5.0 mg/L N03-N. 
S04CV: 12.5 mg/L S04. 

Director, Dr. Blair Leftwich DATE 



J. JLWMJ^ iNcilillill 
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 

FAX806»794»1298 
FAX915«585«4944 

November 05,1998 
Receiving Date: 10/30/98 
Sample Type: Water 
Charge Code No: P/2292/9C 
Project Location: NA 
COC# 13261 

ANALYTICAL RESULTS FOR 
TRW 
Attention: Gil Van Deventer 
415 W. Wall, Suite 1818 
Midland, TX 79701 Sampling Date: 10/28/98 

Sample Condition: Intact & Cool 
Sample Received by: VW 
Project: Navajo - Lea Refinery 

FLUORIDE CHLORIDE N03-N S04 TDS 
TA# FIELD CODE (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

T111554 9810281550 MW-5 1.3 280 4.1 120 920 
ICV 2.6 13 5.1 13 — 
CCV 2.5 12 5.0 13 

REPORTING LIMIT 0.1 0.5 0.2 0.5 10 

RPD 1 0 1 0 8 

% Extraction Accuracy 101 93 101 106 — 

% Instrument Accuracy i 104 107 103 107 98 

PREP DATE 
ANALYSIS DATE 

10/30/98 10/30/98 10/30/98 10/30/98 11/02/98 
10/30/98 10/30/98 10/30/98 10/30/98 11/02/98 

METHODS: EPA 300.0, 160.1. 
CHEMIST: FLUORJDE/CHLORIDE/N03-N/S04: JS 
FLUORIDE SPIKE: 12.5 mg/L FLUORIDE. 
CHLORIDE SPIKE: 62.5 mg/L CHLORIDE. 
N03-N SPIKE: 25 mg/L N03-N. 
S04 SPIKE: 62.5 mg/L S04. 

TDS: RS 

Director, Dr. Blair Leftwich 

FLUORIDE CV: 2.5 mg/L FLUORIDE. 
CHLORIDE CV: 12.5 mg/L CHLORIDE. 
N03-NCV: 5.0 mg/L N03-N. 
S04CV: 12.5 mg/L S04. 

DATE 



jiLLJullllĵ  INC J1MJ1 
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 

FAX806«794«1298 
FAX915«585»4944 

November 05, 1998 
Receiving Date: 10/30/98 
Sample Type: Water 
Charge Code No: P/2292/9C 
Project Location: NA 
COC# 13261 

ANALYTICAL RESULTS FOR 
TRW 

Attention: Gil Van Deventer 
415 W. Wall, Suite 1818 
Midland, TX 79701 Sampling Date: 10/28-29/98 

Sample Condition: Intact & Cool 
Sample Received by: VW 
Project: Navajo - Lea Refinery 

—DISSOLVED METALS 
As Ba Fe Mn V B 

TA# FIELD CODE (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

T111554 9810281550 MW-5 <0.05 <0.20 0.15 <0.02 <0.05 0.26 
T111555 9810281810 MW-2 <0.05 <0.20 0.19 <0.02 <0.05 0.20 
T111556 9810290825 MW-3 <0.05 <0.20 0.23 0.10 <0.05 0.22 
T111557 9810290840 MW-4 <0.05 <0.20 <0.05 <0.02 <0.05 <0.20 
T111558 9810291020 MW-8 <0.05 <0.20 0.05 <0.02 <0.05 0.34 
T111559 9810291030 MW-10 <0.05 0.84 O.05 <0.02 <0.05 0.25 
T111561 9810291300 MW-9 O.05 1.4 <0.05 0.31 <0.05 0.49 
T111562 9810291210 MW-6 0.15 0.16 0.06 O.02 0.48 <0.20 
ICV 4.8 5.0 5.0 5.0 5.0 4.9 
CCV 4.9 5.0 5.1 5.0 5.0 5.0 

REPORTING LIMIT 0.05 0.20 0.05 0.02 0.05 0.20 

RPD 5 0 5 10 5 10 
% Extraction Accuracy 95 100 100 105 105 100 

% Instrument Accuracy 96 100 100 100 100 98 

PREP DATE 10/31/98 10/31/98 10/31/98 10/31/98 10/31/98 10/31/98 
ANALYSIS DATE 10/31/98 10/31/98 10/31/98 10/31/98 10/31/98 10/31/98 

METHODS: EPA SW 846-3005A, 6010B. 
CHEMIST: RR 
DISSOLVED METALS SPIKE: 2.0 mg/L As, Ba, Fe, Mn, V, B. 
DISSOLVED METALS CV: 5.0 mg/L As, Ba, Fe, Mn, V, B. 

Director, Dr. Blair Leftwich DATE 
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1.0 Executive Summary 

BDM International, Inc. (BDM) was retained by Navajo Refining Company (Navajo) to perform the 
sampling and monitoring operations at the Lea Refinery. This 1997 annual report documents the four 
quarterly sampling events performed by BDM at the Navajo Lea Refinery on January 20, 1997, April 16, 
1997, August 14, 1997, and October 28, 1997. The report also contains the historical groundwater 
elevation and analytical data since the beginning of the project in September 1995. This monitoring and 
sampling program was conducted in accordance with the guidelines specified by Mr. Bill Olson of the New 
Mexico Oil Conservation Division (OCD) as specified in his letter dated November 21, 1996. 

Based on the sampling and monitoring data to date, the following conclusions relevant to groundwater 
conditions and remediation system performance at the Lea Refinery are evident: 

• BTEX concentrations in upgradient monitoring wells MW-2 and MW-4 and downgradient 
wells MW-3, MW-5, MW-8, and MW-10, have remained at levels below the laboratory 
detection limit of 0.001 mg/l and below WQCC standards. 

• The benzene concentrations in monitoring well MW-9 continue to exceed the WQCC standard 
of 0.010 mg/l. Although benzene levels in MW-9 fluctuate over time, they have declined from a 
high of 1.69 mg/l in April 1996 to a concentration of 0.516 mg/l on October 28, 1997. This 
significant decrease has been attributed to the successful operation of the air sparge/vapor extraction 
system. 

• Monitoring wells MW-6 and MW-9 had manganese concentrations of 0.32 mg/l and 0.51 mg/l, 
respectively which slightly exceeds the WQCC standard of 0.2 mg/l. 

• Monitoring well MW-6 had a vanadium concentration of 0.23 mg/l which exceeds the WQCC 
standard of 0.05 mg/l. 

• The WQCC standard for chloride (250 mg/l) was exceeded in MW-5 (250 mg/l), MW-6 (480 
mg/l), MW-8 (960 mg/l) and MW-9 (6,500 mg/l). MW-9 was re-sampled on October 28, 
1997, and recorded a chloride concentration of 1,200 mg/l which is more consistent with 
previous determinations. 

• The WQCC standard for TDS (1,000 mg/l) was exceeded in MW-5 (1000 mg/l), MW-8 
(1,800 mg/l) and MW-9 (2,300 mg/l). 

• Monitoring well MW-6 had a fluoride concentration of 3.4 mg/l which exceeds the WQCC 
standard of 1.6 mg/l. 

• Based on the analytical results of the VE exhaust and measured flow rates, the VE system has 
recovered an estimated 17,888 kilograms (8,100 lb.) of total volatile hydrocarbons since the 
startup of the system on October 2, 1996. 

• About 704,910 gallons of total fluids (groundwater and free product) have been removed from 
recovery well RW-I since October 1, 1996. 

• Free product thickness have fluctuated since October 1996 but have generally declined to the 
present thicknesses of 3.86 feet and 2.53 feet in MW-1 and MW-7, respectively. 

Page 1 of 35 



1997 Annual Sampling and Monitoring Report 
Navajo - Lea Refinery 

BDM International, Inc. 

• Monitoring wells within the hydrocarbon plume (MW-1, MW-6 and MW-7) have elevated 
groundwater temperatures (approximately 20°F to 25°F above background groundwater 
temperatures of about 70°F). 

The following recommendations are suggested for the remediation system and monitoring operations at the 
Lea Refinery. 

• Continue groundwater recovery operations since the present system has been effective in 
recovering free product and dissolved hydrocarbons (about 704,910 gallons of total fluids) 
from RW-1. 

• Continue air sparge and vapor extraction operations since the present system has been effective 
in recovering an estimated 17,888 kilograms (8,100 lb.) of total volatile hydrocarbons. 

• Continue the sampling and monitoring program on a quarterly basis. The next sampling event 
is scheduled during the first quarter of 1998. 

• Since the groundwater is not adversely impacted with inorganic constituents, as reported 
throughout the previous two years, analysis of dissolved metals and major ions is an 
unnecessary expense. Further analysis of the WQCC metals and major ions should be 
discontinued with the exception of manganese, chloride, sulfate, nitrate, fluoride and TDS. 
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2.0 Chronology of Events 

August 1995 

September 1995 

October 25, 1995 

December 12, 1995 

December 14, 1995 

February 9, 1996 

March 18, 1996 

April 1996 

April 23, 1996 

October 1, 1996 

October 11, 1996 

November 19, 1996 

November 21, 1996 

January 20, 1997 

April 16, 1997 

August 14, 1997 

October 28, 1997 

Navajo discovered a pipe leak at a sewer junction box near the API separator 
system. 

Navajo initiated an investigation to determine the horizontal and vertical extent of 
the hydrocarbon release from the sewer junction box. The investigation included 
the installation and sampling of nine soil borings (B-1 through B-9) and seven 
monitoring wells (MW-1 through MW-7). 

Navajo retained Geoscience Consultants Ltd (GCL) to design, install and maintain 
a remediation system at the Lea Refinery. 

GCL submitted the remediation work plan to Navajo. The work plan addressed the 
remediation and additional investigation plans for the hydrocarbon-impacted 
groundwater at the Lea Refinery. 

Navajo submitted the remediation work plan to the OCD. 

Navajo submitted the revised remediation work plan to the OCD. 

The OCD approved the remediation work plan for Lea Refinery. 

GCL installed a groundwater recovery well (RW-1), eight air sparge/vapor 
extraction wells (AS-1 through AS-8), and three additional monitoring wells 
(MW-8, MW-9, and MW-10). 

GCL conducted the second quarter 1996 sampling event at Lea Refinery. 

GCL completed the installation of the remediation system at the Lea Refinery and 
the system began operation. 

GCL submitted the Soil and Groundwater Investigation and Remediation Work 
Plan to the OCD. 

GCL conducted the fourth quarter 1996 sampling event at Lea Refinery. 

The OCD approved the remediation work plan. 

GCL conducted the first quarter 1997 sampling event at Lea Refinery. 

BDM International, Inc. (formerly GCL) conducted the second quarter 1997 
sampling event at Lea Refinery. 

BDM conducted the third quarter 1997 sampling event at Lea Refinery. 

BDM conducted the fourth quarter 1997 sampling event at Lea Refinery. 
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3.0 Procedures 

In accordance with the remediation work plan and the OCD letter dated November 21, 1996, the following 
sampling frequency and remediation schedule was followed to document the groundwater quality conditions 
and remediation system performance: 

Monthly 
• Vapor extraction sample for benzene, toluene, ethylbenzene, and xylenes (BTEX) analysis 

(EPA Method 8020) and total volatile hydrocarbon (TVHC) analysis (EPA Method 8015-
gas range) 

• Air injection rates/volumes 
• Vapor extraction rates/volumes 
• Groundwater/free product recovery rates 
• Free product thickness 

Quarterly 
• Groundwater samples from MW-3, MW-6, MW-8, MW-9, and MW-10 for BTEX 

analysis 
• Dissolved oxygen for selected monitoring wells 
• Depth to groundwater in all monitoring wells 
• Free product thickness 
• Groundwater/free product recovery rates 
• Vapor extraction sample for BTEX and TPH analysis 
• Air injection rates/volumes 
• Vapor extraction rates/volumes 

Annually 
• Groundwater samples from MW-2, MW-3, MW-4, MW-5, MW-6, MW-8, MW-9, and 

MW-10 for BTEX, metals and major ions analyses 
• Dissolved oxygen for selected monitoring wells 
• Depth to groundwater in all monitoring wells 
• Free product thickness 
• Groundwater/free product recovery rates 
• Vapor extraction sample for BTEX and TPH analysis 
• Air injection rates/volumes 
• Vapor extraction rates/volumes 

Prior to sampling, the on-site monitoring wells (MW-1 through MW-10) were gauged for depth to 
groundwater using a Keck Model KIR-96 oil/water interface probe. 

Immediately prior to collecting groundwater samples, each monitoring well was purged of a minimum of 
three well casing volumes. During the first and third quarter sampling events, the monitoring wells were purged 
using a decontaminated 2-inch diameter submersible pump (Grundfos Redi-Flo2). The monitoring wells 
were purged during the second and fourth quarter sampling event using clean, decontaminated PVC bailers. 
A summary of purging and sampling methods is provided in Table 1 below. Groundwater samples were 
obtained using a new, decontaminated, disposable bailer for each well after purging. Groundwater 
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parameters, mcluding pH, conductivity, temperature, and dissolved oxygen (DO) were measured using a 
Hydac Model 910 pH/conductivity meter and a YSI Model 5IB DO meter. 

The first set of water samples were transferred into air-tight, septum-sealed, 40-ml glass VOA sample vials 
with zero head space for analysis of benzene, toluene, ethylbenzene, and xylenes (BTEX) using EPA 
Method 8020. A duplicate sample of MW-9 was collected during first, second, and fourth quarter 
sampling events for BTEX analysis. During the annual sampling event on August 14, 1997, a second and 
third set of water samples were transferred into appropriately preserved containers for analysis of major 
ions and WQCC metals. During the fourth quarter sampling event, a sample was collected from MW-9 to 
verify the major ion analytical results obtained during the previous third quarter sampling event. Chain-of-
custody (COC) forms documenting sample identification numbers, collection times, and delivery times to 
the laboratories were completed for each set of samples. The water samples were placed in an ice-filled 
cooler immediately after collection and shipped to Trace Analysis, Inc. of Lubbock, Texas for laboratory 
analysis. 
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4.0 Groundwater Elevations, Hydraulic Gradient and Flow Direction 

Based on the gauging data collected between September 10, 1995 and October 28, 1997 , the groundwater 
conditions at the Lea Refinery are characterized below. 

• The depth to the water table across the site varies from approximately 72 to 97 feet below 
ground surface 

• The hydraulic gradient is approximately 0.004 feet/foot 

• The direction of groundwater flow is to the southeast 

The direction of groundwater flow and hydraulic gradient have remained consistent for the past two years, 
Groundwater elevation maps depicting the water table elevation and direction of groundwater flow using 
the gauging data obtained during the four 1997 sampling events are presented in Figure la (February 7, 
1997), Figure lb (April 16, 1997), Figure lc ((August 14, 1997), and Figure ld (October 28, 1997). 
Gauging data for monitoring wells MW-1 and MW-7 were not incorporated into the water table elevation 
maps due to the presence of free product in these wells. 

Figure 2 depicts the changes in groundwater elevations in monitoring wells MW-1 through MW-10 with 
time. Historical groundwater elevations and depth to water measurements are summarized in Table 2. 
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Table 2 
Groundwater Elevations 

Navajo Refining Company - Lea Refinery 
Relative Relative Depth to Relative Phase-Separated 

Monitoring Date Ground Surface Top of Casing Groundwater Groundwater Hydrocarbon 

Well Gauged Elevation Elevation Below Top of Elevation Thickness 

(feet) (feet)* Casing (feet) (feet)** (feet) 

MW-1 9/10/95 3835.90 3835.67 95.89 3745.38 6.44 

4/22/96 3835.90 3835.67 96.49 3744.82 6.48 

11/19/96 3835.90 3835.67 93.57 3744.16 2.37 

2/7/97 3835.90 3835.67 93.39 3744.15 2.15 
4/16/97 3835.90 3835.67 95.49 3743.40 3.70 

8/14/97 3835.90 3835.67 96.23 3742.62 3.66 

10/28/97 3835.90 3835.67 96.88 3742.15 3.86 

MW-2 9/10/95 3835.14 3834.94 89.18 3745.76 0.00 
4/22/96 3835.14 3834.94 89.42 3745.52 0.00 
11/19/96 3835.14 3834.94 89.83 3745.11 0.00 

2/7/97 3835.14 3834.94 89.71 3745.23 0.00 

4/16/97 3835.14 3834.94 90.16 3744.78 0.00 

8/14/97 3835.14 3834.94 91.05 3743.89 0.00 
10/28/97 3835.14 3834.94 91.05 3743.89 0.00 

MW-3 9/10/95 3829.83 3829.55 87.53 3742.02 0.00 

4/22/96 3829.83 3829.55 87.90 3741.65 0.00 
11/19/96 3829.83 3829.55 88.72 3740.83 0.00 
2/7/97 3829.83 3829.55 88.98 3740.57 0.00 
4/16/97 3829.83 3829.55 89.00 3740.55 0.00 
8/14/97 3829.83 3829.55 89.56 3739.99 0.00 
10/28/97 3829.83 3829.55 89.62 3739.93 0.00 

MW-4 9/10/95 3837.85 3837.56 91.40 3746.16 0.00 
4/22/96 3837.85 3837.56 91.84 3745.72 0.00 
11/19/96 3837.85 3837.56 92.67 3744.89 0.00 
2/7/97 3837.85 3837.56 92.54 3745.02 0.00 

4/16/97 3837.85 3837.56 92.80 3744.76 0.00 
8/14/97 3837.85 3837.56 93.43 3744.13 0.00 
10/28/97 3837.85 3837.56 93.73 3743.83 0.00 

MW-5 9/10/95 3813.87 3816.88 75.82 3741.06 0.00 
4/22/96 3813.87 3816.88 74.58 3742.30 0.00 
11/19/96 3813.87 3816.88 74.95 3741.93 0.00 
2/7/97 3813.87 3816.88 75.23 3741.65 0.00 

4/16/97 3813.87 3816.88 75.43 3741.45 0.00 
10/28/97 3813.87 3816.88 76.47 3740.41 0.00 

Monitoring wells MW-1 through MW-7 were installed in September 1995. 

Monitoring wells MW-8, MW-9 and MW-10 were installed in March and April 1996. 

• Elevations surveyed by John W. West Engineering Company of Hobbs, New Mexico. The top ofthe monitoring well casings were 

marked on the north side to provide consistent reference points for future gauging operations. 

*• Groundwater elevations were corrected for product, if present (SG=0.87) 

Groundwater flow is to the southeast with a hydraulic gradient of approximately 0.004 feet/foot. 



Table 2 (Continued) 
Groundwater Elevations 

Navajo Refining Company - Lea Refinery 
Relative Relative Depth to Relative Phase-Separated 

Monitoring Date Ground Surface Top of Casing Groundwater Groundwater Hydrocarbon 

Well Gauged Elevation Elevation Below Top of Elevation Thickness 
(feet) (feet)* Casing (feet) (feet)** (feet) 

MW-6 4/22/96 3835.70 3835.50 91.18 3744.32 0.00 
11/19/96 3835.70 3835.50 90.64 3744.86 0.00 
2/7/97 3835.70 3835.50 90.91 3744.59 0.00 
4/16/97 3835.70 3835.50 92.23 3743.27 0.00 
8/1497 3835.70 3835.50 92.93 3742.57 0.00 

10/28/97 3835.70 3835.50 93.23 3742.27 0.00 
MW-7 4/22/96 3836.07 3835.84 96.56 3743.95 5.37 

11/19/96 3836.07 3835.84 93.13 3744.27 1.79 
2/7/97 3836.07 3835.84 93.05 3744.14 1.55 

4/16/97 3836.07 3835.84 95.57 3743.45 3.65 
8/14/97 3836.07 3835.84 96.30 3742.98 3.95 
10/28/97 3836.07 3835.84 96.38 3741.66 2.53 

MW-8 4/22/96 3834.42 3838.09 94.73 3743.36 0.00 
11/19/96 3834.42 3838.09 95.50 3742.59 0.00 
2/7/97 3834.42 3838.09 95.50 3742.59 0.00 

4/16/97 3834.42 3838.09 95.66 3742.43 0.00 
8/14/97 3834.42 3838.09 96.25 3741.84 0.00 
10/28/97 3834.42 3838.09 96.45 3741.64 0.00 

MW-9 4/22/96 3833.06 3832.82 89.60 3743.22 0.00 
11/19/96 3833.06 3832.82 90.34 3742.48 0.00 
2/7/97 3833.06 3832.82 90.41 3742.41 0.00 

4/16/97 3833.06 3832.82 90.52 3742.30 0.00 
8/14/97 3833.06 3832.82 91.06 3741.76 0.00 
10/28/97 3833.06 3832.82 91.27 3741.55 0.00 

MW-10 4/22/96 3831.34 3831.10 87.68 3743.42 0.00 
11/19/96 3831.34 3831.10 88.51 3742.59 0.00 
2/7/97 3831.34 3831.10 88.54 3742.56 0.00 
4/16/97 3831.34 3831.10 88.68 3742.42 0.00 
8/14/97 3831.34 3831.10 89.21 3741.89 0.00 
10/28/97 3831.34 3831.10 89.40 3741.70 0.00 

Monitoring wells MW-1 through MW-7 were installed in September 1995. 

Monitoring wells MW-8, MW-9 and MW-10 were installed in March and April 1996. 

* Elevations surveyed by John W. West Engineering Company of Hobbs, New Mexico. The top ofthe monitoring well casings were 

marked on the north side to provide consistent reference points for future gauging operations. 

** Groundwater elevations were corrected for product, if present (SG=0.87) 

Groundwater flow is to the southeast with a hydraulic gradient of approximately 0.004 feet/foot. 
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5.0 Groundwater Quality Conditions 

5.1 Distribution of Hydrocarbons in Groundwater 

A historical listing of benzene, toluene, ethylbenzene and xylene (BTEX) concentrations obtained from the 
on site monitoring wells is summarized in Table 3. Hydrocarbon concentration maps depicting the BTEX 
concentrations for the four 1997 sampling events are presented in Figure 3a (January 20, 1997), Figure 3b 
(April 16, 1997), Figure 3c (August 14, 1997), and Figure 3d (October 28, 1997). Figures 4a and 4b 
depict BTEX concentrations versus time in groundwater from May 1995 to October 28, 1997 for 
monitoring wells MW-6 and MW-9, respectively. 

Based on the analytical data for samples collected by BDM during the four 1997 sampling events, the 
distribution of hydrocarbons at the Lea Refinery is described below. 

• BTEX concentrations in upgradient monitoring wells MW-2 and MW-4 have remained at 
levels below the laboratory detection limit of 0.001 mg/l and below WQCC standards. 

• BTEX concentrations in downgradient wells MW-3, MW-5, MW-8, and MW-10 have also 
remained at levels below the laboratory detection limit of 0.001 mg/l and below WQCC 
standards. 

• The benzene concentrations in monitoring well MW-9 continue to exceed the WQCC standard 
of 0.010 mg/l. 

• Benzene concentrations in MW-9 fluctuate over time but have declined from a high of 1.69 mg/l in 
April 1996 to a concentration of 0.516 mg/l on October 28, 1997. This significant decrease has 
been attributed to the successful operation of the air sparge/vapor extraction system. 

• Monitoring wells MW-1 and MW-7 were not sampled due to the continued presence of free 
product. 
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Table 3 
BTEX Concentrations In Groundwater 

Navajo Refining Company - Lea Refinery 
Monitoring Date Benzene Toluene Ethylbenzene Xylenes 

Well Sampled (ms/l) (nwfl) (m&/l) (mg/1) 
MW-2 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 

4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-3 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 

11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
1/20/97 < 0.001 < 0.001 < 0.001 < 0.001 
4/16/97 < 0.001 < 0.001 < 0.001 < 0.001 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-4 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-5 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-6 9/10/95 1.741 0.021 0.962 0.972 
4/23/96 1.150 < 0.001 0.599 0.462 
11/19/96 0.002 < 0.001 0.011 0.002 
1/20/97 0.004 < 0.001 0.003 0.007 
4/16/97 O.OOI < 0.001 < 0.001 O.OOI 
8/14/97 O.OOI < 0.001 < 0.001 O.OOI 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-8 4/23/96 0.002 < 0.001 < 0.001 < 0.001 
11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
1/20/97 < 0.001 < 0.001 < 0.001 < 0.001 
4/16/97 < 0.001 < 0.001 < 0.001 < 0.001 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 

MW-9 4/23/96 1.690 < 0.010 < 0.010 0.019 
11/19/96 0.679 < 0.005 < 0.005 < 0.005 
1/20/97 0.340 < 0.001 0.002 0.003 
4/16/97 0.347 O.002 O.002 0.007 
8/14/97 1.680 O.010 O.010 O.010 
10/28/97 0.516 O.010 O.010 O.010 

10/28/972 0.474 O.010 O.010 O.010 
MW-10 4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 

11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 

11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
1/20/97 < 0.001 < 0.001 < 0.001 < 0.001 
4/16/97 < 0.001 < 0.001 < 0.001 < 0.001 
8/14/97 < 0.001 < 0.001 < 0.001 < 0.001 
10/28/97 < 0.001 < 0.001 < 0.001 < 0.001 

WQCC Standards (mg/l) 0.010 0.75 0.75 0.62 
Analyses performed by Trace Analysis, Inc. (Lubbock, Texas) unless specified otherwise. 

1 Analyses performed by American Environmental Network, In. (Albuquerque, NM). 

2 Duplicate analysis 

Samples analyzed for BTEX using EPA Method 8020 (9/10/95 and 11/19/96) and 8260 (4723/96). 

New Mexico Water Quality Control Commission (WQCC) standards are listed as specified in Section 3-103. 

Monitoring Wells MW-1 and MW-7 not sampled for BTEX due to presence of phase-separated hydrocarbons. 
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5.2 Distribution of Dissolved Metals and Major Ions in Groundwater 

Historical groundwater sample analytical results for metals and major ions are presented in Tables 4 and 5, 
respectively. The New Mexico Water Quality Control Commission (WQCC) standards, if established, are 
also listed in the tables for comparison. Constituents with concentrations above the WQCC standards are 
highlighted in boldface type. The laboratory reports and COC documentation are included in Appendix A. 

Based on the analytical data for samples collected by BDM on August 14, 1997, all monitoring wells at the 
Lea Refinery had metal and major ion concentrations below WQCC standards with the exception of the 
following: 

• Monitoring wells MW-6 and MW-9 had manganese concentrations of 0.32 mg/l and 0.51 mg/l, 
respectively which slightly exceeds the WQCC standard of 0.2 mg/l. 

• Monitoring well MW-6 had a vanadium concentration of 0.23 mg/l which exceeds the WQCC 
standard of 0.05 mg/l. 

• The WQCC standard for chloride (250 mg/l) was exceeded in MW-5 (250 mg/l), MW-6 (480 
mg/l), MW-8 (960 mg/l) and MW-9 (6,500 mg/l). MW-9 was re-sampled on October 28, 
1997 and recorded a chloride concentration of 1,200 mg/l which is more consistent with 
previous determinations. 

• The WQCC standard for TDS (1,000 mg/l) was exceeded in MW-5 (1000 mg/l), MW-8 
(1,800 mg/l) and MW-9 (2,300 mg/l). 

• Monitoring well MW-6 had a fluoride concentration of 3.4 mg/l which exceeds the WQCC 
standard of 1.6 mg/l. 

Since manganese is a common byproduct of aerobic biodegradation of hydrocarbons, its presence in 
monitoring wells MW-6 and MW-9 indicates beneficial biodegradation activity. 

The fluoride concentration of 3.4 mg/l in monitoring well MW-6 is an increase from the April 23, 1996 
level of 1.65 mg/l. Fluoride is also present in upgradient monitoring wells (MW-2 and MW-4) and 
downgradient monitoring wells (MW-3, MW-5, MW-8, MW-9 and MW-10) at levels ranging from 0.5 
mg/l to 1.2 mg/l. Since fluoride is not a constituent for the refinery processes on site, its presence is likely 
due to natural conditions as it is a common natural occurrence in groundwater (1989, USGS Water-Supply 
Paper 2254, pg. 120-123). 

Because certain ion concentrations (calcium, magnesium, sodium, potassium, chloride, sulfate and TDS) 
were higher than normal in monitoring well MW-9 during the third quarter sampling event, MW-9 was 
resampled on October 28, 1997, and analyzed to verify if these ion concentrations were back to normal 
conditions. Indeed, the concentrations for these constituents returned to levels that were more consistent 
with previous deterrninations. The cause for the temporary elevation of calcium, magnesium, sodium, 
potassium, chloride, sulfate and TDS concentrations in MW-9 during the third quarter sampling event is 
unknown, however it may correlate to the elevated benzene concentration in this monitoring well. 
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6.0 Remediation System Performance 

6.1 Air Sparging/ Vapor Extraction System 

The installation of the air sparging/ vapor extraction (AS/VE) system was completed on September 25, 
1996. The AS/VE system was started on October 2, 1996 and has remained in continuous operation since 
that date with a few minor exceptions, such as during periodic maintenance activities, weather related 
upsets and a plant turnaround in which the remediation system was shut down between September 8, 1997 
and October 7, 1997. The AS/VE system has maintained an 86 percent system-on time performance 
between January 1, 1997 and October 28, 1997. A map showing the layout of the remediation system is 
illustrated in Figure 5. 

To monitor the performance of the AS/VE system, monthly air samples of the VE exhaust were obtained 
and analyzed for BTEX (EPA Method 8020) and total volatile hydrocarbons (TVHC; EPA Method 8015 
gas range). The samples were obtained at the exhaust port in the remediation trailer prior to conveyance 
into the refinery boiler system. Total BTEX concentrations have decreased from a high of 429 mg/m3 in 
February 1997 to 48 mg/m3 in August 1997. Similarly, TVHC concentrations have decreased from 9,740 
mg/m3 in January 1997 to 2,960 mg/m3 in August 1997. Based on the analytical results of the VE exhaust 
and measured flow rates, the system has recovered an estimated 17,888 kilograms (8,100 lb.) of TVHC 
since the startup of the system on October 2, 1996. The AS/VE system performance data is summarized in 
Table 6. A graph of TVHC and BTEX versus time is depicted in Figure 6. 

Between October 2, 1996 and April 16, 1997, the BTEX concentrations in downgradient monitoring wells 
MW-6 and MW-9 decreased significantly (Figures 4a and 4b). The reduced BTEX levels in these two 
wells, which are located within the boundaries of the hydrocarbon plume, is attributed to the successful 
performance of the air sparge/vapor extraction system. The benzene concentration in MW-6 declined from 
1.150 mg/l on April 23, 1996 to less than 0.001 mg/l during the last five quarters. This well is located only 
10 feet south of air sparge/vapor extraction well AS-6, therefore the measured reduction in BTEX 
concentrations are somewhat skewed in this area. Monitoring well MW-9, is located approximately 160 
feet downgradient (southeast) from the nearest air sparge/vapor extraction well (AS-1) and has shown an 
80 percent decrease in benzene levels from a concentration of 1.69 mg/l on April 23, 1996 to 0.347 mg/l on 
April 16, 1997. Although, the benzene concentration in MW-9 increased to original levels on the August 
14, 1997 sampling event they decreased back to 0.516 mg/l during the latest sampling event on October 28, 
1997. 

6.2 Total Fluids Recovery 

About 704,910 gallons of total fluids (groundwater and free product) have been removed from recovery 
well RW-1 since October 1, 1996. A summary of the meter readings, cumulative volumes recovered and 
flow rates is listed in Table 7. The total fluids recovery system has maintained an 87 percent system-on 
time performance during the period of record (January 1, 1997 through November 25, 1997). The recovery 
well was shut down between September 13, 1997 and October 7, 1997 during plant turnaround operations. 
Currently, the recovery system is pumping at an approximate rate of 1.19 gallons per minute (gpm). The 
submersible pump usually pumps at about 19 gpm for approximately 20 seconds and then shuts off as the 
fluid level reaches the pump intake. It takes approximately 4 to 5 minutes for the water table near the 
wellbore to recover before the pump reactivates for another pumping cycle. The total fluids are pumped to 
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the refinery desalter unit where the free product is recovered by an electrostatic oil/water separation process 
along with other refinery discharge water. The recovered water then undergoes a steam stripping process 
prior to be being released into the Lovington publicly owned treatment works (POTW). 

Since the total fluids recovery system is not configured to measure the volumes of free product recovered, 
system performance is evaluated based on the product thickness measured in monitoring wells MW-1 and 
MW-7. Initial gauging of MW-1 and MW-7 on April 22, 1996 indicated free product thicknesses of 6.48 
feet and 5.37 feet, respectively. Free product thickness have fluctuated since October 1996 but have 
generally declined to the present thicknesses of 3.86 feet and 2.53 feet in MW-1 and MW-7, respectively. 

6.3 Groundwater Temperatures 

Since April 1996, temperatures have been measured in the on site monitoring wells. A graph of 
temperature versus time for selected monitoring wells is presented in Figure 7. From this graph it is evident 
that the monitoring wells within the hydrocarbon plume (MW-1, MW-6 and MW-7) have elevated 
groundwater temperatures (approximately 20°F to 25 °F above background groundwater temperatures of 
about 70°F). Wells downgradient and upgradient from the plume (MW-2, MW-3, MW-4, MW-8, MW-9 
and MW-10) have groundwater temperatures at background levels. The elevated temperatures within the 
plume has been under investigation and various line integrity tests have been conducted, however the cause 
has not yet been determined. 
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Table 7 

Total Fluids Recovery System Performance 

Navajo Refining Company - Lea Refinery 

Date 

Meter 

Reading 

(gallons) 

Cumulative Volume 

Recovered 

(gallons) 

Flow 

Rate 

(gpm) 

System-On 

Time 

Percentage** 

10/1/96 0 0 0.83 50% 

10/2/96 1,200 1,200 0.83 100% 

10/17/96 0 / 20,000* 20,000 0.83 95% 

11/19/96 37,236 57,236 0.74 100% 

12/20/96 72,158 92,158 0.78 100% 

12/31/96 89,420 109,420 1.09 95% 

1/20/97 119,886 139,886 1.06 100% 

2/19/97 166,697 186,697 1.08 100% 

3/19/97 219,986 239,986 1.32 100% 

4/18/97 276,396 296,396 1.31 100% 

5/16/97 321,070 341,070 1.11 64% 

6/12/97 371,150 391,150 1.29 81% 

7/22/97 456,092 476,092 1.47 100% 

8/19/97 511,316 531,316 1.37 100% 

9/13/97 558,828 578,828 1.32 100% 

10/7/97 0 578,828 0.00 0% 

10/28/97 38,988 617,816 1.29 100% 

11/25/97 87,094 704,910 1.19 100% 
* Old meter (Hayes dial-type) replaced with new meter (EDD electronic turbine-type). Total reading is estimated. 
** Percentage of time system was on during period of record. 
Pump system was down between May 6-21,1997 due to lightening damage. 
Pump system shut down during plant turnaround (September 13, 1997 - October 7,1997) 
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8.0 Conclusions 

Conclusions relevant to groundwater conditions and the remediation performance at the Lea Refinery are 
presented below. 

• BTEX concentrations in upgradient monitoring wells MW-2 and MW-4 and downgradient 
wells MW-3, MW-5, MW-8, and MW-10, have remained at levels below the laboratory 
detection limit of 0.001 mg/l and below WQCC standards. 

• The benzene concentrations in monitoring well MW-9 continue to exceed the WQCC standard 
of 0.010 mg/l. Although benzene levels in MW-9 fluctuate over time, they have declined from a 
high of 1.69 mg/l in April 1996 to a concentration of 0.516 mg/l on October 28, 1997. This 
significant decrease has been attributed to the successful operation of the air sparge/vapor extraction 
system. 

• Monitoring wells MW-6 and MW-9 had manganese concentrations of 0.32 mg/l and 0.51 mg/l, 
respectively which slightly exceeds the WQCC standard of 0.2 mg/l. 

• Monitoring well MW-6 had a vanadium concentration of 0.23 mg/l which exceeds the WQCC 
standard of 0.05 mg/l. 

• The WQCC standard for chloride (250 mg/l) was exceeded in MW-5 (250 mg/l), MW-6 (480 
mg/l), MW-8 (960 mg/l) and MW-9 (6,500 mg/l). MW-9 was re-sampled on October 28, 
1997, and recorded a chloride concentration of 1,200 mg/l which is more consistent with 
previous determinations. 

• The WQCC standard for TDS (1,000 mg/l) was exceeded in MW-5 (1000 mg/l), MW-8 
(1,800 mg/l) and MW-9 (2,300 mg/l). 

• Monitoring well MW-6 had a fluoride concentration of 3.4 mg/l which exceeds the WQCC 
standard of 1.6 mg/l. 

• Based on the analytical results of the VE exhaust and measured flow rates, the VE system has 
recovered an estimated 17,888 kilograms (8,100 lb.) of total volatile hydrocarbons since the 
startup of the system on October 2, 1996. 

• About 704,910 gallons of total fluids (groundwater and free product) have been removed from 
recovery well RW-1 since October 1, 1996. 

• Free product thickness have fluctuated since October 1996 but have generally declined to the 
present thicknesses of 3.86 feet and 2.53 feet in MW-1 and MW-7, respectively. 

• Monitoring wells within the hydrocarbon plume (MW-1, MW-6 and MW-7) have elevated 
groundwater temperatures (approximately 20°F to 25°F above background groundwater 
temperatures of about 70°F). 
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9.0 Recommendations 

The following recommendations are proposed for the remediation system and monitoring operations at the 
Lea Refinery. 

• Continue groundwater recovery operations since the present system has been effective in 
recovering free product and dissolved hydrocarbons (about 704,910 gallons of total fluids) 
from RW-1. 

• Continue air sparge and vapor extraction operations since the present system has been effective 
in recovering an estimated 17,888 kilograms (8,100 lb.) of total volatile hydrocarbons. 

• Continue the sampling and monitoring program on a quarterly basis. The next sampling event 
is scheduled during the first quarter of 1998. 

• Since the groundwater is not adversely impacted with inorganic constituents, as reported 
throughout the previous two years, analysis of dissolved metals and major ions is an 
unnecessary expense. Further analysis of the WQCC metals and major ions should be 
discontinued with the exception of manganese, chloride, sulfate, nitrate, fluoride and TDS. 
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FAX SCc • 1298 ANALYTICAL RESULTS FOR 
BDM INTERNATIONAL 
Attention: Gil Van Deventer 
415 West Wall, Suite 1813 
Midland, TX 797C1 

November 21, 1997 
Receiving Date: 10/30/97 
Sample Type: Water 
Charge Code No: P/2292/6C 
Project Location: NA 
COC# 13159 

Prep Date: 11/13/97 
Analysis Date: 11/13/97 
Sampling Date: 10/23/97 
Sample Condition: Intact & Coci 
Sample Received by: VW 
Proiect Name: Navajo Lea Refining 

TA# FIELD CODE 
N03-N 
(mg/L) 

T84257 
T84258 
T84259 
T84260 
QC 

9710281026 MW-3 
9710281135 MW-10 
9710281141 MW-8 
9710281358 MW-6 
Quality Control 

0.20 
1.20 
0.49 
4.1 
1 T 

REPORTING LIMIT 0.01 

RPD 
% Extraction Accuracy 
% Instrument Accuracy 

1 
101 
101 

METHOD: EPA 353.3. 
CHEMIST: RC 
N03-N SPIKE AND QC: 1.3 mg/L N03-N. 

IL 
l 7 JC± 

Director, DtVBIair Leftwich 

c/7 
DATE 

I LA I Ll' JUVAJ _J lAJUUj :\CEAXALYSIS, INC JJ ILLli 
A Laborator/ for Advanced Environmsnial Research and Analysis 
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415 West Wall, Suite 1818 
Midland, Texas 79701 
915-682-0008 
915-682-0028 (Fax) 

January 28, 1997 

Mr. William Olson - Hydrogeologist 
New Mexico Energy, Minerals and Natural Resources Department 
Oil Conservation Division 
2040 South Pacheco 
State Land Office Building 
Santa Fe, New Mexico 87505 

RE: FOURTH QUARTER 1996 SAMPLING EVENT - ANNUAL REPORT 
NAVAJO REFINING COMPANY - LEA REFINERY 
LEA COUNTY, NEW MEXICO 

Dear Mr. Olson: 

Navajo Refining Company (Navajo) has completed the fourth quarter 1996 groundwater sampling and 
monitoring operations at the above-referenced site in accordance with the requirements specified in your 
letter dated November 21, 1996. This annual report documents the latest sampling event conducted at the 
site and includes performance data for the remediation system. The sampling and monitoring events, and 
operation and maintenance activities for the remediation system were performed by BDM International -
Engmeering Services Division (BDM) (formerly Geoscience Consultants, Ltd.). 

Procedures 

Prior to sampling, the monitoring wells at the Lea Refinery (MW-1 through MW-10) were gauged for 
depth to groundwater and thickness of free product (phase-separated hydrocarbons) on November 19, 1996 
using an oil/water interface probe (Kech Model KIR-96). Sampling activities were conducted under the 
oversight of Bill Olson of the New Mexico Energy, Minerals and Natural Resources Department - Oil 
Conservation Division (OCD) Santa Fe Office and Wayne Price (OCD) Hobbs District Office. 
Immediately prior to collecting groundwater samples, the monitoring wells were purged of a minimum of 
three well casing volumes of development water using using a decontaminated 2-inch diameter submersible 
pump (Grundfos Redi-Flo2). A total of approximately 63 gallons of water was purged from monitoring 
wells MW-3, MW-6, MW-8, MW-9, and MW-10. Groundwater samples were obtained using a new, 
decontaminated, disposable bailer for each well after purging. Groundwater parameters, including pH, 
conductivity, temperature, and dissolved oxygen were measured during purging operations, and prior to 
obtaining groundwater samples. 

The first set of water samples were transferred into air-tight, septum-sealed, 40-ml glass VOA sample vials 
with zero head space for analysis of total benzene, toluene, ethylbenzene, and xylenes (BTEX) using EPA 
Method 8020. The water samples were placed in an ice-filled cooler immediately after collection and 
shipped to Trace Analysis, Inc. of Lubbock, Texas for laboratory analysis. At the request of Bill Olson, 
another set of water samples collected from MW-3, MW-8, and MW-10 were transferred into 
appropriately preserved containers for analysis of halogenated and purgeable voiatiles (EPA Method 
601/602), poiynuclear aromatic hydrocarbons (PAH, EPA Method 8310), and major cations and anions for 
analysis at the state-contracted laboratory (American Environmental Network, Inc.). Chain-of-custody 
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(COC) forms documenting sample identification numbers, collection times, and delivery times to the 
laboratory were completed for each set of samples. 

Groundwater Gradient 

Groundwater elevations for the current and previous monitoring events are summarized in Table 1 
(Attachment A). The elevation of the potentiometric surface (groundwater table) and direction of 
groundwater flow is depicted in Figure 1 (Attachment B). 

The water table elevation has generally shown a continued decreasing trend (approximate average of 0.65 
feet) since the previous measurements obtained on April 22,1996 and September 10,1995. Over the 
course of the last year, groundwater elevations have declined by approximately 0.50 to 1.27 feet. Depth to 
groundwater occurs at approximately 89 to 94 feet below ground surface across the site. The direction of 
flow is to the southeast with a hydraulic gradient of approximately 0.0045 feet/foot, which is consistent 
with determinations made from previous gauging events. Measurable increases in the groundwater 
elevation were noted in monitoring well MW-6, however this is due to its close proximity to an air sparge 
well (AS-6). 

Analytical Results 

Groundwater BTEX analytical results for the current and previous sampling events are summarized in 
Table 2 (Attachment A). Constituents with concentrations above the New Mexico Water Quality Control 
Commission (WQCC) standards are highlighted in boldface type. The laboratory reports and COC 
documentation for samples obtained by BDM are included in Attachment C. The most recent total 
dissolved BTEX concentrations are depicted graphically on Figure 2 (Attachment B). 

BTEX concentrations in downgradient monitoring wells MW-3, MW-8, and MW-10 have remained at 
levels below the laboratory detection limit of 0.001 mg/l. 

Only the benzene concentration in monitoring well MW-9 (0.679 mg/l) exceeded the WQCC standard of 
0.010 mg/l. The BTEX constituents in each sampled monitoring well, with the exception of benzene in 
MW-9, were at levels below New Mexico Water Quality Control Commission (WQCC) standards. 

Analytical results for samples obtained from monitoring wells MW-3, MW-8, and MW-10 and submitted 
by the OCD during the annual sampling event are included in Attachment D. The analytical results for 
major cation/anion, PAH (EPA Method 8310), and halogenated and aromatic voiatiles (EPA Method 
601/602) indicate none of the analyzed constituents exceeded the WQCC standards. All PAH, halogenated 
and aromatic volatile constituents recorded levels below the laboratory detection limits with the exception 
of monitoring well MW-8 which indicated an acenaphthene concentration equal to the laboratory detection 
limit of 0.001 mg/l. 

Air Sparging/Soil Vapor Extraction System Performance Results 

The installation of the air sparging/soil vapor extraction (AS/SVE) system was completed on September 
25, 1996. The AS/SVE system was started on October 2, 1996 and has remained in continuous operation 
since that date with a few minor exceptions, such as during periodic maintenance activities. The AS/SVE 
system has maintained a 95 percent system-on time performance for the fourth quarter of 1996. 
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To monitor the performance of the AS/SVE system, bi-weekly and monthly samples of the SVE exhaust 
were obtained and analyzed for BTEX (EPA Method 8020) and total volatile hydrocarbons (TVHC, EPA 
Method 8015M - Gas Range). The samples were obtained at the exhaust port in the remediation trailer 
prior to conveyence into the refinery boiler system. BTEX concentrations ranged from 253 mg/m3 on 
October 2, 1996 to 535 mg/m3 on November 19, 1996. TVHC concentrations ranged from 7,030 mg/m3 

on October 17, 1996 to 12,100 mg/m3 on November 19, 1996. Based on the analytical results ofthe SVE 
exhaust and measured flow rates, the system has recovered an estimated 5,854 kilograms (2,660 lbs.) of 
TVHC during the fourth quarter of 1996. These results indicate that the air sparge system is generating 
adequate levels of volatile hydrocarbons in the unsaturated zone and that the volatile hydrocarbons are 
being captured by the soil vapor extraction system. The AS/SVE system performance data is summarized 
in Table 3 (Attachment A 

The groundwater analytical results from the November 19, 1996 sampling event indicate that the BTEX 
concentrations in downgradient monitoring wells MW-6 and MW-9 have declined significantly from 
previous sampling events (Figures 4 and 5). The decrease in BTEX concentrations for these two wells, 
which are located witriin the boundaries ofthe hydrocarbon plume, is attributed to the successful 
performance of the air sparge/soil vapor extraction system. The benzene concentration in MW-6 declined 
from 1.741 mg/l on April 23, 1996 to 0.002 mg/l on November 19, 1996. This well is located only 15 feet 
from air sparge/soil vapor extraction well AS-6, therefore the measured reduction in BTEX concentrations 
are somewhat skewed in this area. Monitoring well MW-9, on the other hand, is located approximately 
160 feet downgradient from the nearest air sparge/soil vapor extraction well (AS-1) and still has shown a 
60 percent decrease in benzene levels from a concentration of 1.690 mg/l on April 23, 1996 to 0.679 mg/l 
on November 19, 1996. 

Total Fluids Recovery Results 

During the fourth quarter of 1996, about 109,420 gallons of total fluids (groundwater and free product) 
have been removed from recovery well RW-1. A siunmary of the meter readings, cumulative volumes 
recovered and flow rates is listed in Table 4 Attachment A). The total fluids recovery system has 
maintained a 95 percent system-on time performance for the fourth quarter of 1996. A copy of the 
Totalizing Meter Report that was submitted to the New Mexico State Engineer Office is included in 
Attachment E. 

Currently, the recovery system is pumping at an approximate rate of 1.09 gallons per minute (gpm). The 
submersible pump usually pumps at about 20 gpm for approximately 15 seconds and then shuts off as the 
fluid level reaches the pump intake. It takes approximately 4 minutes for the water table near the wellbore 
to recover before the pump reactivates for another pumping cycle. The total fluids are pumped to the 
refinery desalter unit where the free product is recovered by an electrostatic oil/water separation process 
along with other refinery discharge water. The recovered water then undergoes a steam stripping process 
prior to be being released into the Lovington publicly owned treatment works (POTW). 

Since the total fluids recovery system is not configured to measure the volumes of free product recovered, 
system performance is evaluated based on the product thicknesses measured in monitoring wells MW-1 and 
MW-7. Approximately 2.37 feet and 1.79 feet of free product was observed in MW-1 and MW-7, 
respectively, during sampling activities on November 19, 1996. This indicates a decline from previous 
measurements of 6.48 feet and 5.37 feet in MW-1 and MW-7, respectively. This decrease in product 
thickness is attributed to the removal of free product from recovery well RW-1. 
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Conclusions 

• A benzene concentration of 0.679 mg/l in MW-9 was the only BTEX constituent that exceeded 
the WQCC groundwater standard of 0.010 mg/l. 

• The large decrease in BTEX concentrations in monitoring wells MW-6 and MW-9, which are 
located within the boundaries of the hydrocarbon plume, is attributed to the successful 
performance of the air sparge/soil vapor extraction system. 

• Based on the analytical results of the SVE exhaust and measured flow rates, the SVE system 
has recovered an estimated 5,854 kilograms (2,660 lbs.) of total volatile hydrocarbons during 
the fourth quarter of 1996. 

• The decrease in product thicknesses in MW-1 and MW-7 can be attributed to the successful 
removal of free product from recovery well RW-1. 

• Based on the results of the PAH, halogenated and aromatic voiatiles, and major cation and 
anion analyses from samples submitted by the OCD during the annual sampling event, the 
groundwater in the area of monitoring wells MW-3, MW-8, and MW-10 is not adversely 
affected or impacted with these constituents. 

Navajo will notify the OCD at least one week in advance of the next sampling event. The next sampling 
event is tentatively scheduled for January 21, 1997. If you have any questions regarding this project please 
call me at 915-682-0008 or David Griffin at 505-748-3311. 

Sincerely, 
BDM International, Inc. 
Engineering Services Division 

Dale T. Littlejohn 
Senior Director/Quality Assurance 

Gilbert J. Van Deventer, REM 
Project Manager /Hydrogeologist 

Attachments 

cc: David Griffin - Navajo Refining Company, Artesia, NM 
Jerry Sexton, OCD-Hobbs, NM 
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TABLES 



Table 1 
Groundwater Elevations 

Navajo Refining Company - Lea Refinery 
Relative Relative Depth to Relative Phase-Separated 

Monitoring Date Ground Surface Top of Casing Groundwater Groundwater Hydrocarbon 
Well Gauged Elevation Elevation Below Top of Elevation Thickness 

(feet) (feet)* Casing (feet) (feet)** (feet) 
MW-1 9/10/95 3835.90 3835.67 95.89 3745.38 6.44 

4/22/96 3835.90 3835.67 96.49 3744.82 6.48 
11/19/96 3835.90 3835.67 93.57 3744.16 2.37 

MW-2 9/10/95 3835.14 3834.94 89.18 3745.76 0.00 
4/22/96 3835.14 3834.94 89.42 3745.52 0.00 
11/19/96 3835.14 3834.94 89.83 3745.11 0.00 

MW-3 9/10/95 3829.83 3829.55 87.53 3742.02 0.00 
4/22/96 3829.83 3829.55 87.90 3741.65 0.00 
11/19/96 3829.83 3829.55 88.72 3740.83 0.00 

MW-4 9/10/95 3837.85 3837.56 91.40 3746.16 0.00 
4/22/96 3837.85 3837.56 91.84 3745.72 0.00 
11/19/96 3837.85 3837.56 92.67 3744.89 0.00 

MW-5 9/10/95 3813.87 3816.88 75.82 3741.06 0.00 
4/22/96 3813.87 3816.88 74.58 3742.30 0.00 
11/19/96 3813.87 3816.88 74.95 3741.93 0.00 

MW-6 4/22/96 3835.70 3835.50 91.18 3744.32 0.00 
11/19/96 3835.70 3835.50 90.64 3744.86 0.00 

MW-7 4/22/96 3836.07 3835.84 96.56 3743.95 5.37 
11/19/96 3836.07 3835.84 93.13 3744.27 1.79 

MW-8 4/22/96 3834.42 3838.09 94.73 3743.36 0.00 
11/19/96 3834.42 3838.09 95.50 3742.59 0.00 

MW-9 4/22/96 3833.06 3832.82 89.60 3743.22 0.00 
11/19/96 3833.06 3832.82 90.34 3742.48 0.00 

MW-10 4/22/96 3831.34 3831.10 87.68 3743.42 0.00 
11/19/96 3831.34 3831.10 88.51 3742.59 0.00 

Monitoring wells MW-1 through MW-7 were installed in September 1995. 

Monitoring wells MW-8, MW-9 and MW-10 were installed in March and April 1996. 

* Elevations surveyed by John W. West Engineering Company of Hobbs, New Mexico. The top of the monitoring well casings were 

marked on the north side to provide consistent reference points for future gauging operations. 

** Groundwater elevations were corrected for product, if present (SG=0.87) 

Groundwater flow is to the southeast with a hydraulic gradient of approximately 0.0045 feet/foot. 



Table 2 
B T E X Analytical Results In Groundwater 
Navajo Refining Company - Lea Refinery 

Monitoring Date Benzene Toluene Ethylbenzene Xylenes 
Well Sampled (mg/l) (mg/l) (mg/l) (mg/l) 

MW-1 9/10/95 PSH PSH PSH PSH 
4/23/96 PSH PSH PSH PSH 
11/19/96 PSH PSH PSH PSH 

MW-2 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 

MW-3 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 
4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 

11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
MW-4 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 

4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
MW-5 9/10/95 < 0.001 < 0.001 < 0.001 < 0.001 

4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 
MW-6 9/10/95 1.741 0.021 0.962 0.972 

4/23/96 1.150 < 0.001 0.599 0.462 
11/19/96 0.002 < 0.001 0.011 0.002 

MW-7 9/10/95 PSH PSH PSH PSH 
4/23/96 PSH PSH PSH PSH 
11/19/96 PSH PSH PSH PSH 

MW-8 4/23/96 0.002 < 0.001 < 0.001 < 0.001 
11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 

11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
MW-9 4/23/96 1.690 < 0.010 < 0.010 0.019 

11/19/96 0.679 < 0.005 < 0.005 < 0.005 
MW-10 4/23/96 < 0.001 < 0.001 < 0.001 < 0.001 

11/19/96 < 0.001 < 0.001 < 0.001 < 0.001 

11/19/961 < 0.001 < 0.001 < 0.001 < 0.001 
WQCC Standards (mg/l) 0.010 0.75 0.75 0.62 
Analyses performed by Trace Analysis, Inc. (Lubbock, Texas) unless specified otherwise. 

1 Analyses performed by American Environmental Network, In. (Albuquerque, NM). 

Samples analyzed for BTEX using EPA Method 8020 (9/10/95 and 11/19/96) and 8260 (4/23/96). 

New Mexico Water Quality Control Commission (WQCC) standards are listed as specified in Section 3-103. 

PSH indicates samples not obtained due to presence of phase-separated hydrocarbons. 
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Table 4 
Groundwater Recovery System Performance 

Total Fluids Extraction From RW-1 
Navajo Refining Company - Lea Refinery 

Meter Cumulative Volume Flow System-On 

Date Reading Recovered Rate Time 
(gallons) (gallons) (gpm) Percentage** 

10/1/96 0 0 0.83 

95% 

10/2/96 1,200 1,200 0.83 

95% 

10/17/96 0 / 20,000* 20,000 0.83 

95% 

11/19/96 37,236 57,236 0.74 

95% 

12/20/96 72,158 92,158 0.78 

95% 12/31/96 89,420 109,420 1.09 95% 

* Old meter (Hayes dial-type) replaced with new meter (EDD electronic turbine-type). Total reading is estimated. 
** Percentage of time system was on during the fourth quarter of 1996. 
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ATTACHMENT C 

LABORATORY ANALYTICAL REPORTS 

AND CHAIN OF CUSTODY DOCUMENTATION 

(Samples submitted by BDM) 
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ATTACHMENT D 

LABORATORY ANALYTICAL REPORTS 

AND CHAIN OF CUSTODY DOCUMENTATION 

(Samples submitted by OCD) 



1 i p $ a NEW MEXICO ENERGY, MINERALS : 

NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 
2040 South Pacheco S t ree t 
Santa Fe, New Mex i co B7505 
(505) 827-7131 

January 8, 1997 

Mr. Gilbert Van Deventer 
BDM I n t e r n a t i o n a l , Inc. 
415 West Wall, Suite 1818 
Midland, Texas 79701 

RE: SAMPLE ANALYSES 
NAVAJO REFINERY 
EDDY COUNTY, NEW MEXICO 

Dear Mr. Van Deventer: 

Enclosed you w i l l f i n d the laboratory a n a l y t i c a l r e s u l t s of the New 
Mexico O i l Conservation Division's (OCD) November 19, 1996 monitor 
well sampling at the Navajo Lea Refinery i n Lovington, New Mexico. 

I f you have any questions, please c a l l me at (505) 827-7154. 

William C. Olson 
Hydrogeologist 
Environmental Bureau 

Enclosure 

xc: Jerry Sexton, OCD Hobbs D i s t r i c t Supervisor 
Wayne Price, OCD Hobbs D i s t r i c t Office 

Sincerely, 



DECl 71996 AEN I.D. 611334 

December 16,1996 

Environment?.: Bureau 
Oil Conservation Division 

N.M. OIL CONSERVATION DIVISION 
2040 SOUTH PACHECO 
SANTA FE, NM 87505 

Project Name 
Project Number 

Navajo Lea Refinery 
(none) 

Attention: BILL OLSON 

On 11/20/96 American Environmental Network (NM), Inc. (ADHS License No. AZ0015), 
received a request to analyze aqueous samples. The samples were analyzed 
with EPA methodology or equivalent methods. The results of these analyses and the quality 
control data, which follow each set of analyses, are enclosed. 

EPA method 8010/8020 was performed by American Environmental Network (NM) Inc., 
Albuquerque, NM. 

EPA method 8310 was performed by American Environmental Network (FL) Inc., 
Pensacola, FL. 

All other analyses were performed by American Environmental Network (AZ) Inc., 
9830 S. 51st Street, Suite B-113, Phoenix, AZ. 

If you have any questions or comments, please do not hesitate to contact us 
at(505)344-3777. 

Kimberly D. McNeill 
Project Manager 

H. Mitchell Rubenstei,,, 
General Manager 

MR: mt 

Enclosure 

2709-D Pan American Freeway, NE • Albuquerque, NM 87107 • (505) 344-3777 • Fax (505) 344-4413 



^American Environmental Network, Inc. 

CLIENT : AMERICAN ENV. NETWORK OF NM, INC. 
PROJECT # : 611334 
PROJECT NAME : NMOCD 

ATI I.D. : 611750 

ATI # CLIENT DESCRIPTION MATRIX DATE COLLECTED 

01 611334-01 AQUEOUS 11/19/96 
02 611334-02 AQUEOUS 11/19/96 
03 611334-03 AQUEOUS 11/19/96 

TOTALS 

MATRIX # SAMPLES 

AQUEOUS 3 

ATI STANDARD DISPOSAL PRACTICE 

The samples from t h i s p r o j e c t w i l l be disposed of i n t h i r t y (30) days from the 
date of t h i s r e p o r t . I f an extended storage period i s requi r e d , please contact 
our sample c o n t r o l department before the scheduled disposal date. 



^American Environmental Network, Inc. 

CLIENT : N.M. OIL-CONSERVATION DIVISION AEN I.D. : 611334 " 
PROJECT # : (none) DATE RECEIVED : 11/20/96 
PROJECT NAME . Navajo Lea Refinery - •- : REPORT DATE;. : .12/16/96. ' 
AEN DATE 
ID. # CLIENT DESCRIPTION MATRIX COLLECTED 
01 MW-10 (9611191005) AQUEOUS 11/19/96 
02 MW-3 (9611191105) AQUEOUS 11/19/96 
03 MW-8 (9611191210) AQUEOUS i 11/19/96 
04 TRIP BLANK AQUEOUS 11/15/96 

Pimlad: 12/16/96: 13:01 Confidential File: S11334.XLS; COVEREP 



{^American Environmental Network, Inc. 

GENERAL CHEMISTRY RESULTS 

ATI I 

AMERICAN ENV. NETWORK OF NM, INC. 
611334 
NMOCD 

CLIENT 
PROJECT # 
PROJECT NAME 

PARAMETER 

CARBONATE (CAC03) 
BICARBONATE (CAC03) 
HYDROXIDE (CAC03) 
TOTAL ALKALINITY (AS-CAC03) 
BROMIDE (EPA 300.0) 
CHLORIDE (EPA 325.2) 
CONDUCTIVITY", (UMHOS/CM) 
FLUORIDE (EPA 340.2) 
PH (EPA 150.1) 
SULFATE (EPA 3 7 5.2) 
T. DISSOLVED SOLIDS (160.1) 

UNITS 01 02 03 

MG/L <1 <1 <1 
MG/L 202 258 320 
MG/L <1 <1 <1 
MG/L. , 2.02 . 258... . 320 
MG/L 0.4 0.6 0.8 
MG/L 27 80 180 

621 832 1260 
MG/L 1.03 0.85 1.48 
UNITS 7.8 7.5 7.2 
MG/L 100 80 100 
MG/L 420 550 780 



(^American Environmental Network, Inc. 

GENERAL CHEMISTRY - QUALITY CONTROL 

CLIENT : AMERICAN ENV. NETWORK OF NM, INC . 
PROJECT # : 611334 
PROJECT NAME : NMOCD ATI I.D. : 611750 

SAMPLE DUP. SPIKED SPIKE % 
PARAMETER UNITS ATI I.D. RESULT RESULT RPD SAMPLE CONC REC 

CARBONATE MG/L 61175001 <1 <1 NA NA NA NA 
BICARBONATE MG/L- 2-02 200 1 NA - • -NA- NA 
HYDROXIDE MG/L <1 <1 NA NA NA NA 
TOTAL ALKALINITY - MG/L 202 200 1 NA NA . • . NA 
BROMIDE MG/L 61175001 0 .4 0.4 0 2.4 ' 2.0 100 
CHLORIDE MG/L 61175002 80 80 0 180 100 100 
CONDUCTIVITY(UMHOS/CM) 61172401 '833 831 0.2 NA NA NA 
FLUORIDE MG/L 61168702 1.98 1.97 0.5 3.97 2 .00 100 
PH UNITS 61175001 7.8 7 . 7 1 NA NA NA 
SULFATE MG/L 61181701 16 16 0 32 20 80 
TOTAL DISSOLVED SOLIDS MG/L 61175001 420 430 2 NA NA NA 

% Recovery = (Spike Sample Result - Sample Result) 
X 100 

Spike Concentration 

RPD (Relative Percent Difference) = (Sample Result - Duplicate Result) 
X 100 

Average Result 



{^American Environmental Network, Inc. 

METALS RESULTS 

ATI I.D. : 611750 

CLIENT : AMERICAN ENV. 
PROJECT # : 611334 
PROJECT NAME : NMOCD 

NETWORK OF NM, INC. 

PARAMETER UNITS 01 02 03 

CALCIUM (EPA 200.7/6010) 
POTASSIUM (EPA 200.7/6010) 
MAGNESIUM (EPA 200.7/6010) 
SODIUM (EPA 200..7/6010) 

MG/L 
MG/L • 
MG/L 
MG/L 

87.2 
3.5 
9.7 
.40.4 

115 
2.1 
14 . 1 

.. . 50.4. 

132 
5.2 - -
14.7 
171 .„ _ 



^American Environmental Network, J_nc, 

METALS - QUALITY CONTROL 

CLIENT : AMERICAN ENV. NETWORK OF NM, INC. 
PROJECT # : 611334 
PROJECT NAME : NMOCD ATI I.D. : 611750 

SAMPLE DUP. SPIKED SPIKE % 
PARAMETER UNITS ATI I.D. RESULT RESULT RPD SAMPLE CONC REC 

CALCIUM MG/L 61175003 132 130 2 178 50.0 92 
POTASSIUM MG/L 61175003 5.2 5.0 4 119 100 114 
MAGNESIUM MG/L 61175003 14.7 14 .6 0.7 39.6 25.0 100 
SODIUM MG/L 61175003 171 170 0.6 228 50.0 114 

% Recovery = (Spike Sample Result - Sample Result) 
X 100 

Spike Concentration 

RPD (Relative Percent Difference) = (Sample Result - Duplicate Result) 
. x 100 

Average Result 



{^American Environmental Network, Inc. 

DATE: 12-10-96 

ION BALANCE 

AEN ACCESSION NUMBER: 
SAMPLE IDENTIFICATION: 
CLIENT: 

61175001 
611334-01 
AMERICAN ENV. NETWORK OF NM, INC. 

ANIONS RESULT 
MG/L 

FACTOR 
ME/L 

TOTAL 

ALKALINITY 
(AS.CAC03) 202.000 

CHLORIDE 27.000 
FLUORIDE 1.030 
NITRATE AS N (N03(N03-N x 4.43) NA 
Si03 (SILICON X 2.71) NA 

SULFATE 100.000 

0.02000 
0.02821 
0.05264 
0.01613 
0.02629 
0.02082 

4.04000 
0.76167 
0.05422 
0.00000 
0.00000 
2.08200 

TOTAL ANIONS 6.937889 

CATIONS RESULT FACTOR TOTAL 

CALCIUM 
POTASSIUM 
MAGNESIUM 
SODIUM 

87.200 
3.500 
9.700 
40.400 

0.04990 
0.02558 
0.08229 
0.04350 

4.35128 
0.08953 
0.79821 
1.75740 

TOTAL CATIONS 6.996423 

%RPD (<10%) -0.84 

TOTAL ANIONS/CATIONS 
TOTAL DISSOLVED SOLIDS 
ELECTRICAL COND. 

(CALCULATED) 390.030 
(ANALYZED) 420 

621 
%RPD (<15%)* 
TDS/EC RATIO 
(0.65+/-0.10) 

-7.40 

0.68 

* If either Total Cations or Total Anions <10, then the %RPD Limit is not applicable. 



^American Environmental Network, Inc. 

DATE: 12-10-96 

ION BALANCE 

AEN ACCESSION NUMBER: 
SAMPLE IDENTIFICATION: 
CLIENT: 

61175002 
611334-02 
AMERICAN ENV. NETWORK OF NM, INC. 

ANIONS RESULT 
MG/L 

FACTOR 
ME/L 

TOTAL 

ALKALINITY 
(ASCAC03) 258.000 

CHLORIDE 80.000 
FLUORIDE 0.850 
NITRATE AS N (N03(N03-N X 4.43) NA 

Si03 (SILICON X 2.71) NA 

SULFATE 80.000 

0.02000 
0.02821 
0.05264 
0.01613 
0.02629 
0.02082 

5.16000 
2.25680 
0.04474 
0.00000 
0.00000 
1.66560 

TOTAL ANIONS 9.127144 

CATIONS RESULT FACTOR TOTAL 

CALCIUM 
POTASSIUM 
MAGNESIUM 
SODIUM 

115.000 
2.100 
14.100 
50.400 

0.04990 
0.02558 
0.08229 
0.04350 

5.7385 
0.05372 
1.16029 
2.19240 

TOTAL CATIONS 9.144907 

%RPD (<10%)* -0.19 

TOTAL ANIONS/CATIONS 
TOTAL DISSOLVED SOLIDS 
ELECTRICAL COND. 

(CALCULATED) 497.250 
(ANALYZED) 550 

832 
%RPD(<15%)* 
TDS/EC RATIO 
(0.65+/-0.10) 

-10.07 

0.66 

* If either Total Cations or Total Anions <10, then the %RPD Limit is not applicable. 



(\_American Environmental Network, Inc. 

DATE: 12-10-96 

ION BALANCE 

AEN ACCESSION NUMBER: 
SAMPLE IDENTIFICATION: 
CLIENT: 

61175003 
611334-03 
AMERICAN ENV. NETWORK OF NM, INC. 

ANIONS RESULT 
MG/L 

FACTOR 
ME/L 

TOTAL 

ALKALINITY 
. (AS.CAC03) 320.000 

CHLORIDE 180.000 
FLUORIDE 1.480 
NITRATE AS N (N03(N03-N X 4.43) NA 
Si03 (SILICON X 2.71) NA 
SULFATE 100.000 

0.02000 
0.02821 
0.05264 
0.01613 
0.02629 
0.02082 

6.40000 
5.07780 
0.07791 
0.00000 
0.00000 
2.08200 

TOTAL ANIONS 13.63771 

CATIONS RESULT FACTOR TOTAL 

CALCIUM 
POTASSIUM 
MAGNESIUM 
SODIUM 

132.000 
5.200 
14.700 
171.000 

0.04990 
0.02558 
0.08229 
0.04350 

6.5868 
0.13302 
1.20966 
7.43850 

TOTAL CATIONS 15.36798 

%RPD (<10%)* -11.93 

TOTAL ANIONS/CATIONS 
TOTAL DISSOLVED SOLIDS 
ELECTRICAL COND. 

(CALCULATED) 796.380 
(ANALYZED) 780 

1260 
%RPD (<15%)* 
TDS/EC RATIO 
(0.65+/-0.10) 

2.08 

0.62 

* If either Total Cations or Total Anions <10, then the %RPD Limit is not applicable. 



{^American Environmental Network, Inc. 

GAS CHROMOTOGRAPHY RESULTS 

TEST : PURGEABLE HALOCARBONS / AROMATICS (EPA 601/602) 
CLIENT : N.M. OIL CONSERVATION DIVISION AEN I.D.: 611334 
PROJECT # : (none) 

PROJECT NAME : Navajo Lea Refinery 
SAMPLE DATE DATE DATE DIL. 
ID.# CLIENT I.D. MATRIX SAMPLED EXTRACTED ANALYZED FACTOR 

01 MW-10 (9611191005) AQUEOUS 11/19/96 NA 11/21/96 1 
02 MW-3 (9611191105) AQUEOUS 11/19/96 NA -• 11721/96 1 
03 MW-8 (9611191210) AQUEOUS 11/19/96 NA 11/21/96 1 

PARAMETER DET. LIMIT UNITS 01 -02 03 
BENZENE 0.5 UG/L < 0.5 < 0.5 < 0.5 
BROMODICHLORMETHANE 0.2 UG/L < 0.2 < 0.2 < 0.2 
BROMOFORM , - - 0 5 UG/L < 0.5 - — < 0!5 < 0.5 
BROMOMETHANE 1.0 UG/L < 1.0 < 1.0 < 1.0 
CARBON TETRACHLORIDE 0.2 UG/L < 0.2 < 0.2 < 0.2 
CHLOROBENZENE 0.5 UG/L < 0.5 < 6.5 < 0.5 
CHLOROETHANE 0.5 UG/L < 0.5 < 0.5 < 0.5 
CHLOROFORM 0.5 UG/L < 0.5 < 0.5 < 0.5 
CHLOROMETHANE 1.0 UG/L < 1.0 < 1.0 < 1.0 
DIBROMOCHLOROMETHANE 0.2 UG/L < 0.2 < 0.2 < 0.2 
1,2-DIBROMOETHANE (EDB) 0.2 UG/L < 0.2 < 0.2 < 0.2 
1,2-DICHLOROBENZENE 0.5 UG/L < 0.5 < 0.5 < 0.5 
1,3-DICHLOROBENZENE 0.5 UG/L < 0.5 < 0.5 < 0.5 
1,4-DICHLOROBENZENE 0.5 UG/L < 0.5 < 0.5 < 0.5 
1,1-DICHLOROETHANE 0.3 UG/L < 0.3 < 0.3 < 0.3 
1,2-DICHLOROETHANE (EDC) 0.5 UG/L < 0.5 < 0.5 < 0.5 
1,1-DICHLOROETHENE 0.2 UG/L < 0.2 < 0.2 < 0.2 
cis-1,2-DICHLOROETHENE 0.2 UG/L < 0.2 < 0̂ 2 < 0.2 
trans-1,2-DICHLOROETHENE 1.0 UG/L < 1.0 < 1.0 < 1.0 
1,2-DICHLOROPROPANE 0.2 UG/L < 0.2 < 0.2 < 0.2 
cis-1,3-DICHLOROPROPENE 0.2 UG/L < 0.2 < 0.2 < 0.2 
trans-1,3-DICHLOROPROPENE 0.2 UG/L < 0.2 < 0.2 < 0.2 
ETHYLBENZENE 0.5 UG/L < 0.5 < 0.5 < 0.5 
METHYL-t-BUTYL ETHER 2.5 UG/L < 2.5 < 2.5 < 2.5 
METHYLENE CHLORIDE 2.0 UG/L < 2.0 < 2.0 < 2.0 
1,1,2,2-TETRACHLOROETHANE 0.5 UG/L < 0.5 < 0.5 < 0.5 
TETRACHLOROETHENE 0.5 UG/L < 0.5 < 0.5 < 0.5 
TOLUENE 0.5 UG/L < 0.5 < 0.5 < 0.5 
1,1.1-TRICHLOROETHANE 1.0 UG/L < 1.0 < 1.0 < 1.0 
1,1,2-TRICHLOROETHANE 0.2 UG/L < 0.2 < 0.2 < 0.2 
TRICHLOROETHENE 0.3 UG/L < 0.3 < 0.3 < 0.3 
TRICHLOROFLUOROMETHANE 0.2 UG/L < 0.2 < 0.2 < 0.2 
VINYL CHLORIDE 0.5 UG/L < 0.5 < 0.5 < 0.5 
TOTAL XYLENES 0.5 UG/L < 0.5 < 0.5 < 0.5 

SURROGATE: 
BROMOCHLOROMETHANE (%) 101 105 104 
SURROGATE LIMITS (73-117) 
TRIFLUOROTOLUENE (%) ' 94 93 99 
SURROGATE LIMITS (69-117) 

CHEMIST NOTES. 
N/A 

Prtntad: 12J16J36; 13:02 ConftdenUal Fils: 611334 XLS; 8010-20 AQ 



{^American Environmental Network, Inc. 

GAS CHROMOTOGRAPHY RESULTS 

TEST : PURGEABLE HALOCARBONS / AROMATICS (EPA 601/602) 
CLIENT : N.M. OIL CONSERVATION DIVISION AEN I.D. 611334 
PROJECT # : (none) 

PROJECT NAME : Navajo Lea Refinery 

SAMPLE DATE DATE DATE DIL. 
ID. # CLIENT I.D. MATRIX SAMPLED EXTRACTED ANALYZED FACTOR 

04 TRIP BLANK AQUEOUS 11/15/96 NA 11/21/96 1 
PARAMETER DET. LIMIT UNITS 04 • 
BENZENE 0.5 UG/L < 0.5 
BROMODICHLORMETHANE 0.2 UG/L < 0.2 
BROMOFORM 0.5 " " UG/L < 0.5 
BROMOMETHANE 1.0 UG/L < 1.0 
CARBONJ.ETRACHLORIDE . 0.2 _ . . UG/L < 0.2 . .. . -
CHLOROBENZENE 0.5 UG/L < 0.5 
CHLOROETHANE 0.5 UG/L < 0.5 
CHLOROFORM 0.5 UG/L < 0.5 
CHLOROMETHANE 1.0 UG/L < 1.0 
DIBROMOCHLOROMETHANE 0.2 UG/L < 0.2 
1,2-DIBROMOETHANE (EDB) 0.2 UG/L < 0.2 
1,2-DICHLOROBENZENE 0.5 UG/L < 0.5 
1,3-DICHLOROBENZENE 0.5 UG/L < 0.5 
1,4-DICHLOROBENZENE 0.5 UG/L < 0.5 
1,1-DICHLOROETHANE 0.3 UG/L < 0.3 
1,2-DICHLOROETHANE (EDC) 0.5 UG/L < 0.5 
1,1-DICHLOROETHENE 0.2 UG/L < 0.2 
cis-1,2-DICHLOROETHENE 0.2 UG/L < 0.2 
trans-1,2-DICHLOROETHENE 1.0 UG/L < 1.0 
1,2-DICHLOROPROPANE 0.2 UG/L < 0.2 
cis-1,3-DICHLOROPROPENE 0.2 UG/L < 0.2 
trans-1,3-DICHLOROPROPENE 0.2 UG/L < 0.2 
ETHYLBENZENE 0.5 UG/L < 0.5 
METHYL-t-BUTYL ETHER 2.5 UG/L < 2.5 
METHYLENE CHLORIDE 2.0 UG/L < 2.0 
1,1,2,2-TETRACHLOROETHANE 0.5 UG/L < 0.5 
TETRACHLOROETHENE 0.5 UG/L < 0.5 
TOLUENE 0.5 UG/L < 0.5 
1,1,1-TRICHLOROETHANE 1.0 UG/L < 1.0 
1,1,2-TRICHLOROETHANE 0.2 UG/L < 0.2 
TRICHLOROETHENE 0.3 UG/L < 0.3 
TRICHLOROFLUOROMETHANE 0.2 UG/L < 0.2 
VINYL CHLORIDE 0.5 UG/L < 0.5 
TOTAL XYLENES 0.5 UG/L < 0.5 

SURROGATE: 
BROMOCHLOROMETHANE (%) 103 
SURROGATE LIMITS (73-117) 
TRIFLUOROTOLUENE (%) 105 
SURROGATE LIMITS (69-117) 

i 

CHEMIST NOTES: 
N/A 

Planed: 12/16/36; 13.02 Conlldetitlal FUa: 811334.XLS: 8010-20 AO 
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{American Environmental Network, Inc. 

TEST 

BLANK I.D. 

CLIENT 

PROJECT # 

PROJECT NAME 

GAS CHROMOTOGRAPHY RESULTS 

REAGENT BLANK 

PURGEABLE HALOCARBONS / AROMATICS (EPA 601/602) 

112196 AEN I.D. 

N.M. OIL CONSERVATION DIVISION DATE EXTRACTED 

(none) DATE ANALYZED 

Navajo Lea Refinery SAMPLE MATRIX 

611334 

NA 

11/21/96 

AQUEOUS 

PARAMETER UNITS 
BENZENE 
BROMODICHLORMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 

CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOETHANE (EDB) 
1.2- DICHLOROBENZENE 
1.3- DICHLOROBENZENE 
1.4- DICHLOROBENZENE 
1.1- DICHLOROETHANE 
1.2- DICHLOROETHANE (EDC) 
1.1- DICHLOROETHENE 
cis-1,2-DICHLOROETHENE 
trans-1,2-DICHLOROETHENE 
1.2- DICHLOROPROPANE 
cis-1,3-DICHLOROPROPENE 
trans-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL -t-BUTYL ETHER 
METHYLENE CHLORIDE 

1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1 -TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATE: 
BROMOCHLOROMETHANE i 
SURROGATE LIMITS 
TRIFLUOROTOLUENE (%) 
SURROGATE LIMITS 

CHEMIST NOTES. 
N/A 

%) 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

'UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

( 73-117 ) 

( 69-117 ) 

<0.5 
<0.2 
<0.5 
<1.0 
<0.2 

' < CV5 
<0.5 
<0.5 
<1.0 
<0.2 
<0.2 
<0.5 
<0.5 
<0.5 
<0.3 
<0.5 
<0.2 
<0.2 
<1.0 
<0.2 
<0.2 
<0.2 
<0.5 
<2.5 
<2.0 
<0.5 
<0.5 
<0.5 
<1.0 
<0.2 
<0.3 
<0.2 
<0.5 
<0.5 

105 

95 

I P f i n l e d : 12/16/96; 13:0} Conf ident ia l File: 6113M.XLS; 8010-20 RB 



(^American Environmental Network, Inc. 

GAS CHROMOTOGRAPHY QUALITY CONTROL 
MSMSD 

PURGEABLE HALOCARBONS / AROMATICS (EPA 601/602) 
611334-03 AEN I.D. : 611334 
N.M. OIL CONSERVATION DIVISION DATE EXRACTED : NA 
(none) DATE ANALYZED : 11/21/96 
Navajo Lea Refinery SAMPLE MATRIX : AQUEOUS 

UNITS : UG/L 
SAMPLE CONC SPIKED % DUP DUP REC RPD 

PARAMETER - • - - RESULT- SPIKE SAMPLE REC SPIKE - % REC RPD ~" LIMITS LIMITS 

BENZENE <0.5 10.0 9.9 99 10.3 103 4 (82-128) 20 

•TOLUENE <0.5 10.0 9.7 97 10.4 - 104 7 (87-128) 20 

1,1-DICHLOROETHENE <0.2 10.0 9.0 90 9.9 99 10 ( 44 - 99 ) 20 
•TRICHLOROETHENE <0.3-*- 10.0 • 11.5 — 115- 11.8 118 3 ' - ( 89 - 127•)*' 20 
CHLOROBENZENE <0.5 10.0 9.7 97 10.7 107 10 ( 87 -124 ) 20 

TEST 
MSMSD # 
CLIENT 
PROJECT # 
PROJECT NAME 

CHEMIST NOTES: 
N/A 

(Spike Sample Result - Sample Result) 
% Recovery = X100 

Spike Concentration 

(Sample Result - Duplicate Result) 
RPD (Relative Percent Difference) = X 100 

Average Result 

Primed: 12/16/96: 13:03 Confidential File: 611334 XLS: 8010-20 MS MSD 



^American Environmental Network, Inc. 

FINAL REPORT FORMAT - SINGLE" 

Accession: 
C l i e n t : 
Project Number: 
Project Name: 
Project Location: 
Test: 
Analysis Method: 
Ex t r a c t i o n Method; 
Matrix: 
QC Level: 

611559 
AMERICAN ENVIRONMENTAL NETWORK OF NEW MEXICO 
611334 
NMOCD 
N/S 
POLYNTJCLEAR AROMATICS BY 8310 
8310/Test Methods f o r Evaluating S o l i d and Haz Waste, 
3510/Test Methods f o r Evaluating S o l i d and Haz Waste, 
WATER 
I I 

SW-846, 
SW-846 , 

3rd Ed 
3rd Ed 

Lab I d : 001 ... 
Cl i e n t Sample I d : 611334-01 

Batch: 
Blank: 

PAW220 
B Dry Weight N/A 

Sample Date/Time: 
Received Date-. 

E x t r a c t i o n Date:-
Analysis Date: 

19-NOV-96 1005 
21-NOV-96 

•22-NOV.--96- -• 
26-NOV-96 

Parameter: Units: Results: Rpt Lmts 

ACENAPHTHENE UG/L ND 1 
ACENAPHTHYLENE UG/L ND 1 
ANTHRACENE UG/L ND 1 
BENZO(a) ANTHRACENE UG/L ND 1 
BENZO(a)PYRENE UG/L ND 0.1 
BENZO(b)FLUORANTHENE UG/L ND 1 
BENZO(g,h,i)PERYLENE UG/L ND 1 
BENZO(k)FLUORANTHENE UG/L ND 1 
CHRYSENE UG/L ND 1 
DIBENZO(a,h)ANTHRACENE UG/L ND 1 
FLUORANTHENE UG/L ND 1 
FLUORENE UG/L ND 1 
INDENO(1,2,3-cd)PYRENE UG/L ND 1 
NAPHTHALENE UG/L ND 1 
PHENANTHRENE UG/L ND 1 
PYRENE UG/L ND 1 
1-METHYLNAPHTHALENE UG/L ND 1 
2-METHYLNAPHTHALENE UG/L ND 1 
2 -CHLOROANTHRACENE %REC/SURR 78 28-138 
ANALYST INITIALS JBT 

Comments: 



{.American Environmental Network, Inc. 

"FINAL REPORT FORMAT - SINGLE 

Accession: 
C l i e n t : 
Project Number: 
Project Name: 
Project Location: 
Test: 
Analysis Method: 
E x t r a c t i o n Method: 
Matrix: 
QC Level: 

611559 
AMERICAN ENVIRONMENTAL NETWORK OF NEW MEXICO 
611334 
NMOCD 
N/S 
POLYNUCLEAR AROMATICS BY 8310 
8310/Test Methods f o r Evaluating S o l i d and Haz Waste, 
3510/Test Methods f o r Evaluating S o l i d and Haz Waste, 
WATER 
I I 

SW-846, 
SW-846, 

3rd Ed 
3rd Ed 

Lab I d : 
C l i e n t Sample I d : 

Batch:. PAW220 . .. 
Blank: B 

002 
611334-02 

Dry Weight N/A 

Sample Date/Time: 
Received Date: 

E x t r a c t i o n Date: 
Analysis Date: 

19-NOV-96 1105 
21- NOV-96 

22- NOV-9.6 
26-NOV-96 

Parameter: Units: Results: Rpt Lmts 

ACENAPHTHENE UG/L ND 1 
ACENAPHTHYLENE UG/L ND 1 
ANTHRACENE UG/L ND 1 
BENZO(a)ANTHRACENE UG/L ND 1 
BENZO(a)PYRENE UG/L ND 0.1 
BENZO(b)FLUORANTHENE UG/L ND 1 
BENZO(g,h,i)PERYLENE UG/L ND 1 
BENZO(k)FLUORANTHENE UG/L ND 1 
CHRYSENE UG/L ND 1 
DIBENZO(a,h)ANTHRACENE UG/L ND 1 
FLUORANTHENE UG/L ND 1 
FLUORENE UG/L ND 1 
INDENO(1,2,3 -Cd)PYRENE UG/L ND 1 
NAPHTHALENE UG/L ND 1 
PHENANTHRENE UG/L ND 1 
PYRENE UG/L ND 1 
1-METHYLNAPHTHALENE UG/L ND 1 
2-METHYLNAPHTHALENE UG/L ND 1 
2 -CHLOROANTHRACENE %REC/SURR 76 28-138 
ANALYST INITIALS JBT 

Comments: 



(^American Environmental Network, Inc. 

"FINAL REPORT FORMAT - SINGLE 

Accession: 
C l i e n t : 
Project Number: 
Project Name: 
Project Location: 
Test: 
Analysis Method: 
E x t r a c t i o n Method: 
Matrix: 
QC Level: 

611559 
AMERICAN ENVIRONMENTAL NETWORK OF NEW MEXICO 
611334 
NMOCD 
N/S 
POLYNUCLEAR AROMATICS BY 8310 
8310/Test Methods f o r Evaluating S o l i d and Haz Waste, 
3510/Test Methods f o r Evaluating S o l i d and Haz Waste, 
WATER 
I I 

SW-846, 
SW-846, 

3rd Ed 
3rd Ed 

Lab I d : 
Clie n t Sample I d : 

003 
611334-03 

Sample.Date/Time: 
Received Date: 

19-NOV-96 1210 
21-NOV-96 

Batch: PAW220 
Blank: B Dry Weight %: N/A 

Ex t r a c t i o n Date: 
Analysis Date: 

22-NOV-96 
27-NOV-96 

Parameter: Units: Results: Rpt Lmts 

ACENAPHTHENE UG/L 1 1 
ACENAPHTHYLENE UG/L ND 1 
ANTHRACENE UG/L ND 1 
BENZO(a)ANTHRACENE UG/L ND 1 
BENZO(a)PYRENE UG/L ND 0.1 
BENZO(b)FLUORANTHENE UG/L ND 1 
BENZO(g,h,i)PERYLENE UG/L ND 1 
BENZO(k)FLUORANTHENE UG/L ND 1 
CHRYSENE UG/L ND 1 
DIBENZO(a,h)ANTHRACENE UG/L ND 1 
FLUORANTHENE UG/L ND 1 
FLUORENE UG/L ND 1 
INDENO(1,2,3 -cd)PYRENE UG/L ND 1 
NAPHTHALENE UG/L ND 1 
PHENANTHRENE UG/L ND 1 
PYRENE UG/L ND 1 
1-METHYLNAPHTHALENE UG/L ND 1 
2-METHYLNAPHTHALENE UG/L ND 1 
2 -CHLOROANTHRACENE %REC/SURR 66 28-138 
ANALYST INITIALS JBT 

Q: 

Comment s: 



(^American Environmental Network, Inc. 

"Method Report Summary" 

Accession Number: 
Client: 
Project Number: 
Project Name: 
Project Location: 
Test: 

611559 
AMERICAN ENVIRONMENTAL NETWORK OF NEW MEXICO 
611334 
NMOCD 
N/S 
POLYNUCLEAR AROMATICS BY 8310 

Client Sample I d : 

611334-03 

Parameter: 

ACENAPHTHENE 

Unit: 

UG/L 

Result; 

1 



{^American Environmental Network, Inc. 

T i t l e : 
Batch: 
Analysis Method: 
Extraction Method: 

"QC Report" 
Water Blank 
PAW220 
8310/Test Methods for Evaluating Solid and Haz Waste, SW-846, 3rd Ed 
3510/Test Methods f o r Evaluating Solid and Haz Waste, SW-846, 3rd Ed 

Blank I d : B Date Analyzed: 26-NOV-96 Date Extracted: 22-NOV-96 

Parameters: U n i t s : Results: Reporting L i m i t s 

ACENAPHTHENE UG/L ND 1 -
ACENAPHTHYLENE UG/L ND 1 
ANTHRACENE UG/L ND 1 
BENZO(a)ANTHRACENE UG/L ND 1 
BENZO(a)PYRENE UG/L ND 1 
BENZO(b)FLUORANTHENE UG/L ND 1 
BENZO(g,h,i)PERYLENE UG/L ND 1 
BENZO(k)FLUORANTHENE UG/L ND 1 
CHRYSENE UG/L ND 1 
DIBENZO(a,h)ANTHRACENE UG/L ND 1 
FLUORANTHENE UG/L ND 1 
FLUORENE UG/L ND 1 
INDENO(1,2,3-cd)PYRENE UG/L ND 1 
NAPHTHALENE UG/L ND 1 
PHENANTHRENE UG/L ND 1 
PYRENE UG/L ND 1 
1-METHYLNAPHTHALENE UG/L ND 1 
2-METHYLNAPHTHALENE UG/L ND 1 
2 -CHLOROANTHRACENE %REC/SURR 88 28-138 
ANALYST INITIALS JBT 

Comments: 



(\_s4merican Environmental Network, Inc. 

"QC Report" 
T i t l e : Water Reagent 
Batch: PAW220 
Analysis Method: 8310/Test Methods for Evaluating Solid and Haz Waste, SW-846, 3rd Ed. 
Extraction Method: 3510/Test Methods for Evaluating Solid and Haz Waste, SW-846, 3rd Ed. 

RS Date Anal} /'zed: 24-NOV-96 RS Date Extracted: 21 -NOV-96 
RSD Date Ana. .yzed: 24-NOV-96 RSD Date Extracted : 21 -NOV-96 

Spike Sample RS RS RSD RSD RPD Rec 
Parameters: Added" Cone Cone %Rec Cone ' %Rec RPD Lmts Lmts 
ACENAPHTHYLENE 10.0 <1 5.0 50 5.0 50 0 46 46-110 
BENZO(k)FLUORANTHENE 10.0 <1 8.0 80 7.9 79 1 30 58-128 
CHRYSENE 10.0 <1 7.7 77 7.8 78 1 29 62-129 
PHENANTHRENE 10.0 <1 7.7 77 7.7 77 0 28 61-116 
PYRENE 10.0 <1 7.7 77 7.7 77 0 26 62-120 

Surrogates: 
2-CHLOROANTHRACENE 81 81 28-138 

Comments: 

Notes: 
N/S = NOT SUBMITTED N/A = NOT APPLICABLE D = DILUTED OUT 
UG/L = PARTS PER BILLION. < = LESS THAN REPORTING LIMIT. 
* = VALUES OUTSIDE OF QUALITY CONTROL LIMITS. 
SOURCES FOR CONTROL LIMITS ARE INTERNAL LABORATORY QUALITY ASSURANCE 
PROGRAM AND REFERENCED METHOD. 



•5, 

{^American Environmental Network, Inc. 

"QC Report" 
T i t l e : Water Matrix 
Batch: PAW220 
Analysis Method: 8310/Test Methods for Evaluating Solid and Haz Waste, SW-846, 3rd Ed. 
Extraction Method: 3510/Test Methods for Evaluating Solid and Haz Waste, SW-846, 3rd Ed. 

Dry Weight %: N/A MS Date Analyzed: 26-NOV-96 MS Date Extracted: 22-NOV-96 
Sample Spiked: 611559-2 MSD Date Analyzed: 27-NOV-96 MSD Date Extracted: 22-NOV-96 

Spike Sample MS MS MSD MSD RPD Rec 
Parameters: Added Cone Cone IrRec Cone %Rec RPD Lmts Lmts 
ACENAPHTHYLENE 10.0 <1 6.6 66 7.0 70 6 42 14-135 
BENZO(k)FLUORANTHENE 10.0 <1 4.6 46 5.3 53 14 58 25-142 
CHRYSENE 10.0 .. <1 6.3 63 7.0 70 11 51 3-176 
PHENANTHRENE 10 .0 < l 6.9 69 7.6 76 10 55 27-146 
PYRENE 10 .0 <1 6.9 69 7.7 77 11 47 15-157 

Surrogates: 
2-CHLOROANTHRACENE 80 90 28-138 

Comments: 

Notes: 
N/S = NOT SUBMITTED N/A = NOT APPLICABLE D = DILUTED OUT 
UG/L = PARTS PER BILLION. < = LESS THAN REPORTING LIMIT. 
* = VALUES OUTSIDE OF QUALITY CONTROL LIMITS. 
SOURCES FOR CONTROL LIMITS ARE INTERNAL LABORATORY QUALITY ASSURANCE 
PROGRAM AND REFERENCED METHOD. 



(^American Environmental Network, Inc. 

Common notation for Organic reporting 

N/S = NOT SUBMITTED 
N/A = NOT APPLICABLE 
D = DILUTED OUT 
UG = MICROGRAMS 
UG/L = PARTS PER BILLION. 
UG/KG = PARTS PER BILLION. 
MG/M3 = MILLIGRAM PER CUBIC METER. 
PPMV = PART PER MILLION BY VOLUME. 
MG/KG = PARTS PER MILLION. 
MG/L = PARTS PER MILLION. 
< = LESS THAN DETECTION LIMIT. 
* = VALUES OUTSIDE OF QUALITY CONTROL LIMITS 

SOURCES FOR CONTROL LIMITS ARE INTERNAL LABORATORY QUALITY ASSURANCE PROGRAM 
AND REFERENCED METHOD. 

ORGANIC SOILS ARE REPORTED ON A DRYWEIGHT BASIS. 

ND = NOT DETECTED ABOVE REPORTING LIMIT. 

RPT LIMIT = REPORTING-. LIMITS BASED ON METHOD DETECTION LIMIT,.STUDIES. 

RPD = RELATIVE PERCENT DIFFERENCE (OR DEVIATION) 

AEN/GC/FID 
AEN GAS CHROMATOGRAPHIC METHOD EMPLOYING DIRECT INJECTION ON COLUMN 
WITH FLAME IONIZATION DETECTOR (FID). 

AEN/GC/FIX 
AEN GAS CHROMATOGRAPHIC METHOD FOR ANALYSIS OF FIXED GASES EMPLOYING 
DIRECT INJECTION ON COLUMN WITH THERMAL CONDUCTIVITY DETECTOR (TCD) 
AND FLAME IONIZATION DETECTOR (FID). 

AEN/GC/FPD 
AEN GAS CHROMATOGRAPHIC METHOD EMPLOYING DIRECT INJECTION ON COLUMN 
WITH FLAME PHOTOMETRIC DETECTOR (FPD) IN SULFUR-SPECIFIC MODE. 

AEN/GC/PID 
AEN GAS CHROMATOGRAPHIC METHOD EMPLOYING DIRECT INJECTION ON COLUMN 
WITH PHOTOIONIZATION DETECTOR (PID). 

AEN/GC/TCD 
AEN GAS CHROMATOGRAPHIC METHOD EMPLOYING DIRECT INJECTION ON COLUMN 
WITH THERMAL CONDUCTIVITY DETECTOR (TCD) . 

Isw = STEVE WILHITE 
•PL = PAUL LESCHENSKY 
RW = ROBERT WOLFE 

-BV = BEN VAUGHN 
•BC = BETH COLEMAN 
|KS = KENDALL SMITH 
KK = KERRY LEMONT 
DWB = DAVID W. BOWERS 

• RP = ROB PEREZ 
IJBT = JENNIFER TORRANCE 

•LP 
= LAVERNE PETERSON 
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ATTACHMENT E 

TOTALIZING METER REPORT 

(FOURTH QUARTER 1996) 



NEW MEXICO STATE ENGINEER 
TOTALIZING METER REPORT 

Basin Supervisor 
State Engineer Office 
1900 West Second Street 
Roswell, NM 88201 

Dear Sir: 

In accordance with the State Engineer regulation which requires 
that quarterly reports of meter readings be submitted on or before 
the 10th of January, April, July and October, the following 
information i s submitted. 

1 . F i l e NO. L-4058-S-23(T)(Recovery Wel l ) D a t e 01-03-97 
Name: Navajo R e f i n i n g Company 
A d d r e s s : P. O. Box 159, A r t e s i a , NM 88211-0159 

2. Well Description 
S. E . F i l e N o . L-4058-S-23 (T) (Recovery Well) Company W e l l N o . RW-1 
Location: Subdv. s&i NE^ Sec. 36 Twp. 16s Rge. 36E 

3. Totalizing Meter 
S e r i a l N o . E D D - 6 0 0 - 1 3 6 4 4 U n i t s Gal lons 
Make E l e c t r o n i c Data Devices M u l t i p l i e r l (867.59 pu l se s /ga l ) 

4. Reading 
Date: oi-Qi-97 Reading 91146 gallons 
Quantity of water used 111,146 gallons Quarter, 1996, Fourth 

5 . R e m a r k s : This i s the f i r s t t o t a l i z i n g meter r e p o r t . Groundwater recovery 
was i n i t i a t e d on October 1, 1996. A d i a l - t y p e f l o w meter (Hayes) was used 
i n i t i a l l y , however a f t e r f l o w i n g an es t imated 20,000 g a l l o n s , the meter was 
replaced w i t h a b e t t e r q u a l i t y e l e c t r o n i c t u r b i n e meter on Oct . 17, 1996. 

INSTRUCTIONS: 
(1) and (2) self-explanatory. (3) Description of meter, including 
multiplier or constant by which reading must be multiplied to 
obtain actual quantity of water. Units refer to acre-feet, gallons, 
barrels , etc. (4) Reading of figures on the meter and amount 
obtained by multiplying reading by multiplier. (5) Under remarks, 
give any pertinent information such as reading and date of 
instal lat ion of meter i f a f i r s t report, information concerning 
repair of meter and dates out of service, etc. 

F I L E NO. LOCATION NO. 



Office Locations 

UNITED STATES 

Montgomery, Alabama 
Huntsvllle, Alabama 
Phoenix, Arizona 
Tucson, Arizona 
Redlands, California 
Monterey, California 
Denver, Colorado 
Colorado Springs, Colorado 
Washington, D.C. 
Panama City, Florida 
Pensacola, Florida 
Fort Benning, Georgia 
Chicago, Illinois 

Des Moines, Iowa 
Fort Knox, Kentucky 
Louisville, Kentucky 
Gaithersburg, Maryland 
Germantown, Maryland 
Lanham, Maryland 
Boston, Massachusetts 
Dearborn, Michigan 
Helena, Montana 
Las Vegas, Nevada 
Albuquerque, New Mexico 
Dayton, Ohio 
Bartlesville, Ol'ahoma 

Pittsburgh, Pennsylvania 
N. Augusta, South Carolina 
Corpus Christi, Texas 
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Soil and Groundwater Hydrogeologic Investigation and Remediation Workplan 

Lea Refinery 

1.0 Introduction 

In August 1995, the Navajo Refining Company (NRC) located a pipe leak at a sewer junction box at 

their Lea Refinery located on State Highway 18, about 5 miles south of Lovington, New Mexico. 

Regional and local site location maps are presented in Figures 1 and 2, respectively. Since the refinery 

was idle from 1984 to early 1991, the leak developed sometime after the early 1991 startup of refinery 

operations. Once the leak was identified, the Navajo Refining Company notified the New Mexico Oil 

Conservation Division (NMOCD) and initiated a subsurface investigation to determine the extent of the 

release. The NMOCD was informed throughout the progress of this initial subsurface investigation. 

The initial subsurface investigation revealed the presence of residual hydrocarbons within a limited 

area ofthe unsaturated zone, phase-separated hydrocarbons (free product) on the water table, and 

dissolved-phase hydrocarbons in the groundwater. 

In their effort to address this problem, the Navajo Refining Company selected Geoscience Consultants, 

Ltd. (GCL) to design and install a soil and groundwater remediation system at the site. The initial 

subsurface investigation yielded sufficient information to design a remediation system. However, the 

additional subsurface information collected concurrent with the system installation helped to refine the 

initial remedial design. A remedial design workplan dated February 2, 1996 (GCL, 1996), was 

submitted to and approved by the NMOCD as stated in their letter dated March 18, 1996 to the Navajo 

Refining Company. 

The purpose of this report is to present the results of the initial subsurface investigation conducted by 

NRC in 1995 and the recent subsurface investigation conducted by GCL in April 1996. This report 

also discusses the nearest potential receptors, regional and local hydrogeology, extent of soil and 

groundwater contamination, remedial system design, system operation and maintenance, and 

performance monitoring. 

Page 1 of39 





REFERENCE: USGS Topographic Maps 

- Lovington, NM Quadrangle (1979) 
- Lovington SE, NM Quadrangle (1985) 

GCL 
CLIENT: NAVAJO REFINING COMPANY 

DATE: 11/21/95 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: MP 

CK'D BY: BAL FILE: LEABRD.DWG 

FIGURE 2 
TOPOGRAPHIC MAP 

LEA REFINERY 



Soil and Groundwater Hydrogeologic Investigation and Remediation Workplan 

Lea Refinery 

2.0 Potential Receptors 

There is no immediate threat to human health as the nearest receptor is the refinery's own process 

water supply wells located about 1,000 feet downgradient of the release. The water supply is used for 

refinery processes and is not used for human consumption since the site druJcing water is delivered as 

bottled water. A combined total daily flow rate from the two wells is estimated at about 431,000 

gallons per day (300 gallons per minute) based on daily meter readings taken during the first quarter of 

1996. 

City of Lovingtion water supply wells are located along State Highway 18, southeast of the city as 

shown in Figure 2. The water supply well nearest to the site, Lovington No. 9, is located near the 

northeast property corner, about 1,500 feet north of the source. The identified water supply wells are 

not considered potential receptors based on their distance from the observed groundwater plume and 

the engineering controls that are designed to remediate the groundwater. 
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Lea Refinery 

3.0 Initial Site Investigation 

Navajo Refining Company, with the assistance of CMB Consulting, conducted the initial site 

investigation August and September 1995. The initial investigation included the installation of seven 2-

inch diameter monitoring wells (MW-1 through MW-7) and eight soil borings (Bl through B8). Six of 

the soil borings (B-3, B-4, B-5, B-6, B-8 and B-9) were completed as temporary monitoring wells to 

obtain groundwater samples. Boring B-7 was converted into a permanent monitoring well (MW-6). 

As with the permanent monitoring wells, the temporary wells were constructed of 2-inch diameter SCH 

40 PVC well casing and screen (0.010-inch inacliine-slot). All borings and temporary monitoring wells 

were plugged with a cement/bentonite grout. Well completion diagrams and lithologic logs for 

monitoring wells MW-1 through MW-7 are provided in Appendix B and C, respectively. 

The initial site investigation revealed phase-separated hydrocarbons (free product) on the water table 

directly below the release (sewer junction box). Free product thickness in wells ranged from less than 

0.5 feet in MW-7 to about 6 feet in MW-1. The investigation also delineated a dissolved-phase 

hydrocarbon plume extending about 360 feet downgradient (southeast) of the release. 3 shows the 

monitoring well and boring locations with analytical results for benzene, toluene, ethlybenzene, and 

total xylenes (BTEX). 

The available field data and analytical results from this initial investigation is included in Appendix A. 

A summary of the analytical results is presented in section 6.0. 
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4.0 Regional Hydrogeology 

The late Tertiary Age (Pliocene) Ogallala Formation underlies the site. It is composed of calcareous 

sands, silts, clays, and gravels (Nicholson and Clebsch, 1961 and Barnes, 1976). The near-surface 

Ogallala sediments are often calichified (indurated with cemented calcium carbonate). The presence of 

caliche generally decreases with depth becoming negligible at depths greater than 35 to 50 feet below 

the surface. The thickness of the Ogallala Formation varies locally as a result of significant paleo-

topography at the top of the underlying Triassic Dockum Group. Pre-Tertiary erosion removed 

Cretaceous Age rocks in the region; consequently the Ogallala Formation rests unconformably on the 

Triassic Dockum Group. The uppermost unit ofthe Dockum Group is the Chinle Formation that 

primarily consists of micaceous red clay and shale, but also contains thin interbeds of fine-grained 

sandstone and siltstone. The red clays and shale of the Chinle Formation act as an aquitard beneath the 

waterbearing colluvial deposits, and therefore, limit the amount of recharge to the underlying Dockum 

Group. 

The regional groundwater flow direction of the Ogallala aquifer is generally toward the southeast. 

Recharge occurs primarily by infiltration of precipitation with minor amounts from irrigation return 

flow. The recharge rate for downward percolation is one-quarter to one-half inch of water per year, 

which is characteristic of the arid climate of southern Lea County (Nicholson and Clebsch, 1961). 

Groundwater discharge from the Ogallala aquifer occurs primarily from pumping for irrigation, stock, 

domestic, industrial, and public water supply uses. Minimal discharge occurs from evapotranspiration, 

seeps, or springs as there are very few areas where the water table is very shallow or in communication 

with surface water bodies (Ash, 1963). 

Potable groundwater used in southern Lea County is derived primarily from the Ogallala Formation 

and the Quaternary alluvium. Waterbearing zones within the Triassic Dockum Group provide lower 

yields in a few scattered areas within southern Lea County. In the site area, potable water is not 

available below the Triassic Dockum Group. 
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5.0 Methods of Investigation and Well Installations 

The data from the initial investigation was adequate to design a soil and groundwater remediation 

system. Consequently, further subsurface investigation was deemed unnecessary. However, to the 

extent possible, the information obtained during the installation of the remediation system allowed fine-

tuning of the final remedial design (e.g., well locations, screen intervals). The remedial design included 

three additional monitoring wells (MW-8, MW-9, and MW-10), eight air sparging/vapor extraction 

(AS/VE) well clusters (AS-1 through AS-8), and a single groundwater recovery well (RW-1). The 

following sections summarize the drilling, soil and groundwater sampling, and well construction 

methods. 

5.1 Well Locations and Uses 

Three 2-inch diameter monitoring wells (MW-8, MW-9, MW-10) were installed between April 1 and 

April 15, 1996 at locations shown in Figure 4. At these locations, the dissolved-phase plume in the 

downgradient and crossgradient directions is further delineated and the performance of the remediation 

system can be monitored. Existing monitoring wells MW-2 and MW-4 delineate the upgradient 

(northwest) extent of the plume. Monitoring well MW-3, located directly southeast ofthe source and 

upgradient of the site supply wells, serves as the downgradient monitoring point that is outside the 

plume. Monitoring wells located within the plume include MW-1, MW-6, MW-7, and MW-9. 

A 4-inch diameter recovery well (RW-1) was placed adjacent to the north side of the sewer junction 

box (source area) for total fluids (free product and groundwater) recovery. Eight AS/VE well clusters 

(AS-1 through AS-8) were located within the plume to remediate the dissolved-phase hydrocarbons. 

5.2 Soil Sampling Procedures 

Pool Environmental Drilling, Inc., of Roswell, New Mexico, conducted drilling and sampling 

operations using a hollow-stem auger drill rig. Even though the objective was to install the remediation 

system, a limited number of soil samples were obtained with a split-spoon for laboratory analysis. All 

samples were field-screened (headspace analysis) with a photoionization detector (PID) at ten-foot 

Page 8 of39 



o o 
IS 

o! 
lo O 

ol 

I 

Ten o 
51 

i 

J 

z _ j 
o ui 

Ul 
_l 

a: 

OLU 

5 

Q_ 
< > -
2 = 

UJ 

Ou-
j _ U J 
< = 
> < 
Ol UJ 
_l —I 
UJ 

ID 
cn 
CJ> 
o 
CN 
o CL 

d 
2 B

Y
 

> z 
UJ or 
cc o 

(O 
01 
\ > 
CM —> CN o \ o 
•* df o 
ui X 

r-

< zz> o < 

o 
UJ 

* 0 2 £ I i 5 diss s 
(/l UJ UJO) o 

U l - J » ~ «J 

i us* g 

1 III g 

_l 

0 • ?! 



Soil and Groundwater Hydrogeologic Investigation and Remediation Workplan 

Lea Refinery 

intervals. Prior to use, the MiniRae-75 PID was calibrated with 100 ppm isobutylene, which is directly 

proportional to benzene with respect to relative concentrations detected. 

Field PID measurements were used to determine the presence of actionable soils. According to 

NMOCD guidelines (NMOCD, 1993), actionable soils are defined as having PID readings greater than 

100 parts per million (ppm). Soil samples registering the highest PID readings in each of the wells 

RW-1, AS-5, and AS-7 were submitted to Trace Analysis, Inc. of Lubbock, Texas, to be analyzed for 

total petroleum hydrocarbons (TPH) using Environmental Protection Agency (EPA) Method 418.1 and 

benzene, toluene, ethylbenzene, and xylenes (BTEX) using EPA Method 8020. 

Soil samples were placed in 125-milliliter (4-ounce) glass jars with Teflon-lined lids sealed with quality 

assurance/quality control (QA/QC) seals, and preserved at 4°C with zero headspace, according to EPA 

requirements (EPA 600/4-82-029). A completed chain-of-custody (COC) form documenting sample 

identification numbers, collection times, and delivery times to the laboratory accompanied each set of 

samples. 

5.3 Well Construction Procedures 

Monitoring wells MW-8, MW-9, and MW-10 are constructed of 2-inch diameter, Schedule 40 PVC 

well casing and screen (0.010-inch machine-slotted). The 20-foot long well screen in each monitoring 

well extends approximately 10 to 15 feet below the water table and about 5 to 10 feet above the water 

table. Recovery well RW-1 is constructed of 4-inch diameter Schedule 40 PVC well casing and screen 

(0.010-inch machine-slotted). The 30-foot long well screen in the recovery well extends about 25 feet 

below the water table. 

A filterpack composed of 20/40 silica sand surrounds the screened portion of each well. The filterpack 

is sealed from above with 3 to 5 feet of bentonite. The remaining annular space for each well is sealed 

with a grout composed of Portland cement with a 5 percent bentonite mixture, emplaced from the top 

ofthe bentonite plug to ground surface. A 3-foot by 3-foot concrete pad and a locking steel well cover 

protects the casing at the surface. 
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The eight AS/VE well clusters (AS-1 through AS-8) consist of 1-inch diameter Schedule 40 PVC 

casing for the air sparge line and a 2-inch diameter Schedule 40 PVC pipe for the vapor extraction line 

and screen (0.010-inch machine slot). A fine-bubble, (hffuser sparge point is attached to the bottom of 

the air sparge line. Additional shallow vapor extraction lines were placed in AS-5 and AS-7 for 

shallow soil remediation near the source area. 

The construction details ofthe well casing/screen, filter pack, bentonite seal, and grout materials are 

detailed in the well construction diagrams in Appendix B. 

5.4 Groundwater Sampling Procedures 

Each newly-installed monitoring well was developed using a decontaminated submersible pump to 

reduce the amount of fine sediments and improve well yield. The decontaminated, 2-inch diameter, 

Grundfos Redi-Flo2 submersible pump allowed purging of 20 to 60 gallons of water immediately 

before collecting a groundwater sample. About 300 total gallons were purged during development of 

the eight monitoring wells (MW-2, MW-3, MW-4, MW-5, MW-6, MW-8, MW-9, and 

MW-10). Wells MW-1, MW-7, and RW-1 were not sampled due to the presence of free product. A 

Hydac Model 910 meter measured the field parameters pH, conductivity, and temperature. In addition, 

dissolved oxygen was measured with an ICM Model 31250 oxygen meter. 

Groundwater samples were obtained with decontaminated, disposable bailers after field parameters 

stabilized during purging operations. Samples were analyzed for the following: 

• BTEX, 40-milliliter (ml) glass VOA sample vials 
• Poiynuclear Aromatic Hydrocarbons (PAHs), 1 -liter glass jars 
• Total Metals, 250 ml plastic containers 
• Major Cations/Anions, 250 ml plastic containers 

Sample collection, preservation, shipping, and analysis was conducted in accordance with EPA 

protocol (EPA 600/2-82-029) using EPA-approved methods (SW-846). The water samples were 

placed in an ice-filled cooler immediately after collection and shipped to Trace Analysis, Inc. in 

Lubbock, Texas. For each set of samples, COC forms documenting sample identification numbers, 

collection times, and delivery times to the laboratory were completed. 
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6.0 Site Hydrogeology 

6.1 Site Geology 

A well-hardened and fractured sandy caliche, from the surface to about 4 to 9 feet below ground 

surface (bgs), underlies the site. Beneath the caliche is a silty calcareous sand that is composed of 

approximately 80% very fine-grained sand, 15% silt, and 5% disseminated calcium carbonate. At a 

depth of approximately 25 feet, the silty sand grades into moderately well sorted fine-grained sand that 

contains little or no fines (silts and clays). The lithology observed in all soil borings on site indicate 

that these conditions are continuous across the site. 

Detailed descriptions of the soil lithologies and subsurface conditions observed during drilling and 

sampling operations are included on the lithologic logs in Appendix C. 

6.2 Site Hydrology 

John W. West Engineering of Hobbs, New Mexico surveyed the monitoring wells and soil boring 

locations. Ground surface elevations and top of casing elevations are within 0.01 feet relative to mean 

sea level. The survey data are provided in Appendix D. Monitoring wells MW-1 through MW-10 and 

recovery well RW-1 were gauged (depth to water/product thickness) on April 22, 1996. 

The depth to groundwater is approximately 90 bgs across the site. The elevation of the water table and 

the direction of groundwater flow beneath the site is illustrated in Figure 4. Groundwater elevations 

and free product thicknesses are summarized in Table 1. Based on gauging data obtained on April 22, 

1996, and previous dates, groundwater flows toward the southeast with a hydraulic gradient of about 

0.004 feet/foot. These results agree with regional groundwater flow in the Ogalalla Aquifer in southern 

Lea County. 

Based on observed lithology during drilling, the aquifer hydraulic conductivity for a fine-grained sand 

is estimated to range from about 25 to 75 feet/day. Effective porosity for a fine-grained sand is 

typically 25 percent. Using these parameters, groundwater flow velocity is estimated as 0.4 to 1.2 

feet/day, or about 150 to 450 feet/year, based on Darcy equation as follows (Todd, 1980): 
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V = k * /' -r IIE 

where v = average linear groundwater flow velocity (feet/day) 

k = hydraulic conductivity (feet/day) 

i = hydraulic gradient (feet/foot) 

ng = effective porosity (unitless) 

vk=25 = 25 feet/day * 0.004 feet/foot - 0.25 = 0.4 foot/day » 150 feet/year 

vk=75 = 75 feet/day * 0.004 feet/foot H- 0.25 = 1.2 feet/day * 450 feet/year 

The groundwater flow velocity may be locally influenced by the two on-site water supply wells located 

approximately 1;000 feet downgradient (southeast) of the source area. The effect of these process 

wells would be to slightly increase the local groundwater flow velocity. 
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7.0 Analytical Results 

7.1 Soil Sampling Analytical Results 

During the initial investigation conducted in 1995, a qualitative field assessment of cuttings from soil 

borings revealed the presence of residual hydrocarbons entrained within the vadose zone beneath the 

source. During drilling of monitoring wells MW-1 and MW-7 and soil boring B6, residual 

hydrocarbons were observed from the surface to the water table located about 90 feet bgs. These 

locations are within the immediate source area. Residual hydrocarbons were observed in downgradient 

soil boring Bl from 65 feet bgs to the water table and in B2 from the surface to about 65 bgs. The 

upgradient soil boring B3 was clean throughout the unsaturated zone. Impacted soil is limited to the 

subsurface immediately beneath the source area. 

Hydrocarbon odors were noted in the borings for RW-1, AS-5, AS-7, and AS-8 from approximately 10 

feet to 90 feet bgs where the last sample above the groundwater was obtained. PID readings in these 

borings varied from 4 ppm equivalent benzene (at 80 feet in AS-5) to 440 ppm (at 60 feet in AS-8). 

Hydrocarbon-impacted soils were not readily evident in the rernaining borings (AS-1, AS-2, AS-3, AS-

4, AS-6, and MW-8, MW-9, and MW-10) and PID measurements in these borings were below or near 

the instrument detection level of 1 ppm for each sampled interval. 

The laboratory analytical results from the soil boring samples indicate that maximum total BTEX and 

TPH concentrations of 258 mg/kg and 22,500 mg/kg, respectively, were recorded in the 39 to 39.5-foot 

sample interval for RW-1. A summary of the laboratory analytical results for the soil sampling 

activities conducted during April 1996, is presented in Table 2. The laboratory analytical reports and 

COC documentation are provided in Appendix E. 

In summary, the hydrocarbon-impacted unsaturated soils with petroleum hydrocarbons above the 

NMOCD recommended remediation action cleanup levels are limited to an area extending 

approximately 25 feet radially outward from the release point. 
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Lea Refinery 

7.2 Groundwater Sampling Analytical Results 

The analytical results for BTEX, PAHs, metals, and inorganics are listed in Tables 3 through 6 and 

summarized in the sections below. The New Mexico Water Quality Control Commision (WQCC) 

standards are also presented in each table for comparison. 

7.2.1 Hydrocarbon Analytical Results 

The only dissolved hydrocarbon constituents above WQCC standards occurred in monitoring wells 

MW-6, MW-9, and MW-1, as shown in Tables 3 and Table 4. The recent (April 1996) analytical 

results for MW-6 and MW-9 indicate benzene concentrations of 1.150 mg/l and 1.690 mg/l, 

respectively, which exceed the WQCC standard of 0.01 mg/l. Naphthalene at 0.094 mg/l in MW-1 

(September 1995) was the only PAH constituent exceeding the WQCC standard of 0.03 mg/l. 

Hydrocarbon concentrations in monitoring wells MW-2, MW-3, MW-4, MW-5, MW-8, and MW-10 

are near or below the laboratory detection limits for BTEX and PAH constituents and are below 

WQCC standards. Monitoring wells MW-1 and MW-7 were not sampled due to the presence of free 

product. The BTEX concentrations determined from the April 23, 1996 sampling event are illustrated 

in Figure 5. 

Based on the results of the subsurface investigations, the areal extent of hydrocarbon-impacted 

groundwater is estimated as an oval-shaped area 300 feet wide by 600 feet long, as depicted in 

Figure 5. 

7.22 Inorganic Analytical Results 

The analytical results for metals are summarized in Table 5. The results indicate that monitoring well 

MW-1 exceeds the WQCC standards for arsenic (0.5 mg/l), barium (2.12 mg/l), iron (1.38 mg/l), and 

manganese (0.39 mg/I). Monitoring wells MW-2, MW-4, and MW-5 also indicate arsenic levels 

slightly above the WQCC standard of 0.1 mg/l with concentrations ranging from 0.3 mg/l to 0.5 mg/l. 

Arsenic and barium are common constituents of crude oil and/or produced water. Manganese 

concentrations of 0.39 mg/l and 1.70 mg/l in MW-1 and MW-6, respectively, exceed the WQCC 
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Soil and Groundwater Hydrogeologic Investigation and Remediation Workplan 

Lea Refinery 

standard of 0.2 mg/l. MW-1 also recorded an iron concentration of 1.38 mg/l which exceeds the 

WQCC standard of 1.0 mg/l. The elevated iron and manganese levels in monitoring wells MW-1 and 

MW-6 may be partially due to the chemically reduced conditions caused by the presence of 

hydrocarbons in the on-site soils and groundwater and partially from fluid released at the source (sewer 

junction box). 

Major cation and anion analytical results are summarized in Table 6. A fluoride concentration of 1.65 

mg/l recorded in MW-6 barely exceeds the WQCC standard of 1.6 mg/l. Fluoride is not a known 

constituent or byproduct generated from the refining processes occurring at the facility. The slightly 

elevated fluoride concentration is likely due to natural conditions or accuracy limitations of the 

laboratory analytical equipment. 

Monitoring wells MW-1, MW-6, MW-8 and MW-9 recorded total dissolved solids (TDS) 

concentrations of 1,275 mg/l, 1,786 mg/l, 1,004 mg/l and 2,658 mg/l, respectively, which exceed the 

WQCC standard of 1,000 mg/l. Monitoring wells MW-1, MW-6, and MW-9 recorded chloride 

concentrations of 509 mg/l, 798 mg/l, and 1,190 mg/l, respectively, which exceed the WQCC standard 

of 250 mg/l. The elevated TDS and chloride levels are most likely attributed to the fluid released at the 

source. 
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8.0 Remediation System 

Based on the initial investigation in 1995, a conceptual remedial design was developed. The objectives 

of the remedial design for the Lea Refinery include the following. 

• Reduce residual hydrocarbons within the unsaturated zone beneath the source area. 

• Remove free product from the water table beneath the source area. 

• Remediate groundwater with total BTEX concentrations exceeding 1.0 mg/l. 

• Enhance natural remediation to remediate the remaining downgradient portion of the dissolved-

phase hydrocarbon plume. 

Residual hydrocarbons in soil, free product, and high-BTEX groundwater are long-term sources of 

hydrocarbons for groundwater. Therefore, source removal is a key element in the remedial design. To 

achieve these objectives, the following combination of remediation technologies were selected. 

• Pump-and-treat system for free product and high-BTEX groundwater removal beneath the source 

area. 

• Air sparging/vapor extraction system to remediate the high-BTEX groundwater 

• Vapor extraction to remediate unsaturated zone beneath the source 

The portion of the plume not actively remediated (BTEX < 1.0 mg/1) will naturally attenuate due to the 

following processes: intrinsic bioremediation, dispersion, adsorption, and volatilization. Some degree 

of enhancement to intrinsic bioremediation will occur by the movement of upgradient, oxygenated 

groundwater from the air sparge system which will flow into the downgradient areas not actively 

remediated. 

Page 24 of 39 



Soil and Groundwater Hydrogeologic Investigation and Remediation Workplan 

Lea Refinery 

As a remedial option, natural attenuation is more effective in homogenous and permeable aquifers, 

single-source plumes, low groundwater gradients, absence of free product/soil contamination, and 

where hydrocarbon concentrations are 40.0 mg/l or less (NMED, 1995). These conditions are met for 

that portion ofthe plume not actively remediated at this site. 

8.1 Total Fluids Pumping 

To effectively remove the source (free product and high-BTEX groundwater), a ̂ -horsepower (HP) 

Grundfos submersible pump was installed in the 4-inch recovery well (RW-1). The well construction 

diagram for RW-1 is in Appendix C. The discharge line is equipped with a shut-off valve, a check 

valve, sampling port, and a totalizing meter. Total fluids (free product and groundwater) will be 

pumped at up to 20 gpm into the refinery desalter unit. The recovery well as-built is shown in 

Figure 6. The approved well permit is provided in Appendix F. 

Based on drawdown calculations, pumping the recovery well between 1 and 20 gallons per minute will 

produce a cone of depression sufficient to draw the free product/high-BTEX groundwater into the well. 

The total fluids will be pumped to the refinery desalter unit where free product is recovered by an 

electrostatic oil/water separation process. The recovered groundwater then undergoes a steam 

stripping process prior to being released to the Lovington publicly owned treatment works (POTW) 

along with site discharge water. 

8.2 Air Sparging System 

Air sparging/vapor extraction is most effective in uniform, sandy material, with little or no fines, 

similar to the actual site conditions. This approach injects hydrocarbon-free, compressed atmospheric 

air into the aquifer beneath contamination. Air injection creates an inverted cone of bubbles or discrete 

"air tubes" below the water table acting as an in-situ air stripper. Aqueous phase hydrocarbons are 

induced into the gaseous phase and travel to the top of the groundwater table where they build up 

within the unsaturated zone. The vapors are then collected by the vapor extraction wells located just 

above the water table. 
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The area of the dissolved-phase plume with total BTEX of about 1.0 mg/l or greater is shown in Figure 

3, based on results of the initial investigation. A single air sparging well is estimated to have a 30-foot 

radius of influence in the saturated materials present beneath the site. Consequently, eight sparging 

wells will provide the necessary coverage to remediate groundwater with 1.0 mg/l or greater of total 

BTEX as depicted in Figure 7. Vapor extraction tests will be conducted during the system startup 

operations to determine the actual radius of influence. 

Each sparging well cluster is constructed with a sparge point installed at the bottom of the dissolved 

phase plume (estimated at about 10 to 15 feet below the water table) and a screened section within the 

unsaturated zone for soil-vapor extraction. A 1-inch diameter Schedule 40 PVC pipe delivers 

compressed and filtered atmospheric air into the aquifer through the submerged sparge point. A blower 

will deliver 5 to 10 cubic feet per minute (cfm), operating at 12 psi, to each sparge point. Dedicated 

pipes from the blowers to the sparge points allow for fine-tuning the sparging system. Each sparge line 

houses a control valve, flow meter, and pressure gauge port. Construction diagrams for the AS/VE 

wells are included in Appendix C. The engineering as-builts for the vapor extraction and air sparge 

system design are depicted in Figures 8 and 9, respectively. 

In addition to the air-stripping action within the aquifer, air injection also increases the dissolved 

oxygen content which stimulates naturally occurring hydrocarbon-degrading aerobic bacteria present in 

the aquifer. This will enhance the intrinsic bioremediation of hydrocarbons within the air sparged and 

downgradient portions of the plume. 

8.3 Vapor Extraction System 

Hydrocarbon vapors will buildup within the unsaturated zone just above the water table. These vapors 

will be extracted through the eight 2-inch diameter Schedule 40 PVC extraction wells which were 

installed in the same boring as the air sparge wells. The 5 to 10-foot length of screen for each vapor 

extraction well was installed within the vadose zone about 5 feet above the water table. A vacuum 

pump operating at 60 psi will remove 15 to 30 cfm from each well. Typical designs remove about 

three to six times more air than is injected to ensure complete capture of unsaturated zone vapors. Two 

additional vapor extraction wells installed in AS-5 and AS-7 are available for added soil vapor 
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Soil and Groundwater Hydrogeologic Investigation and Remediation Workplan 

Lea Refinery 

extraction. These wells are screened in the vadose zone from 30- to 50-feet below ground surface 

where the highest hydrocarbon concentrations were observed. 

Two banks of four vapor extraction wells each are connected to a common header prior to entry into 

the vacuum system. Each well is equipped with a flow meter, vacuum gage, and shutoff valve, all 

located in a central location for ease of operation and maintenance. The exhaust air stream from the 

vacuum extraction pump has been piped to both of the refinery boilers for thermal destruction. 
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9.0 System Startup 

Each system component will be tested independently prior to system startup to ensure each component 

operates as expected. Once each component is shown to operate properly, the entire system will be 

activated and closely evaluated for one week. First, a step-drawdown test is conducted in recovery well 

RW-1 to determine the optimum pumping rate. The discharge line is connected to the desalter. 

Selected nearby monitoring wells will be checked for drawdown and product thickness during the test 

while the pumping rate is monitored. 

Next, the vapor extraction system is activated with selected nearby monitoring wells and/or vapor 

extraction wells monitored for vacuum response. The vacuum discharge line is connected to both of 

the refinery's boilers for thermal destruction. The vacuum and flow rates will be monitored and used 

to determine the in-situ radius of influence. Finally, each bank of the air sparge system will be 

activated individually with dissolved oxygen and water levels measured in nearby monitoring wells. 

The injection pressure and air flow rates of the air sparge component will also be monitored. 
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10.0 Performance Monitoring and Sampling Frequency 

Selected monitoring wells will be periodically sampled for groundwater BTEX concentrations (EPA 

Method 8020) in order to monitor the performance ofthe remediation system and natural attenuation of 

the hydrocarbon plume. Monitoring wells MW-1, MW-6, MW-7, and MW-9 are currently within the 

hydrocarbon plume, therefore these monitoring wells shall be sampled on a quarterly basis to closely 

monitor measurable BTEX concentrations during active remediation operations. Monitoring wells 

MW-2, MW-3, MW-4, MW-5, MW-8 and MW-10 delineate the upgradient, downgradient, and cross-

gradient boundaries of the plume; therefore an annual sampling frequency for these wells will be 

sufficient to confirm the plume boundary conditions have not changed. Water levels, product 

thicknesses, and dissolved oxygen shall also be measured quarterly for all monitoring wells. Total fluid 

(groundwater and free product) recovery rates will monitored continuously with a totalizing meter. 

Vapor samples obtained from the vacuum effluent discharge line of the vapor extraction system will be 

collected in Tevlar bags and analyzed for BTEX (EPA Method 8020) and TPH (EPA Method 8015-

gas range) monthly for the first year of operation. Air injection and vapor extraction rates/volumes will 

be measured monthly. 

The proposed parameters and frequency for performance monitoring of the remediation system and site 

conditions are summarized below. 

Prior to Startup 

• Depth to water and free product thicknesses 

• Optimum pump rate in RW-1 for total fluid recovery 

• Optimum blower rate for soil vapor extraction wells 

Startup 

• Depth to groundwater and free product thicknesses 

• Dissolved oxygen 

• Air injection rates 

• Vapor extraction rates 

• Vapor extraction sample for BTEX and TPH analysis 

• Total fluid (groundwaterand free product) recovery rates 
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Monthly 

• Vapor extraction sample for BTEX and TPH analysis 

• Air injection rates/volumes 

• Vapor extraction rates/volumes 

• Groundwater/free product recovery rates 

• Free product thicknesses 

Quarterly 

• Groundwater samples from MW-3, MW-6, MW-8, MW-9, and MW-10 for BTEX analysis 

• Dissolved oxygen for selected monitoring wells 

• Depth to groundwater in all monitoring wells 

• Free product thickness 

• Groundwater/free product recovery rates 

• Vapor extraction sample for BTEX and TPH analysis 

• Air injection rates/volumes 

• Vapor extraction rates/volumes 

Annually 

• Groundwater samples from MW-2, MW-3, MW-4, MW-5, MW-6, MW-8, MW-9, and MW-10 

for BTEX, metals (only in wells with WQCC-exceeded constituents if required by OCD), and 

major cations/anions analyses 

• Dissolved oxygen for selected monitoring wells 

• Depth to groundwater in all monitoring wells 

• Free product thickness 

• Groundwater/free product recovery rates 

• Vapor extraction sample for BTEX and TPH analysis 

• Air injection rates/volumes 

• Vapor extraction rates/volumes 
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It is anticipated that the remediation system will operate for one to two years. After one year of 

operation, the system performance will be evaluated and recommendations provided to the NMOCD in 

an annual report, as requested by the NMOCD. 
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11.0 Operation and Maintenance 

The remediation system and equipment will be periodically monitored for proper operation and the 

recommended maintenance (per equipment manufacturer) will be conducted. After system startup, 

operation and maintenance (O&M) visits are expected to occur monthly for the first year of operation. 

Daily and weekly inspections by NRC personnel will be conducted to confirm status of system (on, off, 

total fluid meter readings, check oil levels in blowers, etc.). An O&M schedule will be available at the 

site as well as a record of all maintenance conducted. 
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12.0 Conclusions 

• Based on the analytical results from subsurface investigations conducted by NRC and GCL, the 

estimated areal extent of hydrctcarbon-impacted soil above the OCD recommended action level of 

50 ppm BTEX and 100 ppm TPH does not extend beyond an estimated 25 feet radius around the 

sewer junction box. 

• The presence of phase-separated hydrocarbons (free product) in MW-1, MW-7, and RW-1 

appears to be limited to within an estimated 20 feet radius around the sewer junction box. 

• The areal extent of impacted groundwater has been estimated as covering an oval-shaped area 

approximately 300 feet wide by 600 feet long and is well within the property boundaries. 

• The inorganic chemical analyses indicate that water samples from some monitoring wells exceed 

the WQCC standards for various constituents, including arsenic, barium, chloride, fluoride, iron, 

manganese, and/or total dissolved solids..These elevated constituents occur in a small localized 

area of the refinery and will attenuate by dilution, dispersion, and adsorption as the groundwater 

moves downgradient. The groundwater recovery system will also aid in the extraction of these 

constituents near the source area. The observed levels do not present a significant threat to any 

water supply wells. 

• The apparent direction of groundwater flow is toward the southeast with a hydraulic gradient of 

approximately 0.004 feet/feet and an estimated average linear velocity of 150 to 450 feet/year. 

• Based upon the calculation of the average linear velocity of groundwater flow, the age of the 

release, and the documented extent of hydrocarbon-impact, GCL concludes that the implemented 

remediation system and natural processes (intrinsic bioremediation, dispersion, adsorption, and 

volatilization) will effectively remove the hydrocarbons in the subsurface media. 
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13.0 Recommendations 

• Continued operation of the installed air sparge soil vapor extraction and groundwater recovery 

system. 

• Continued sampling and monitoring activities to monitor the performance of the remediation 

system and reduced migration of the hydrocarbon plume. Monitoring wells MW-3, MW-6, MW-

8, MW-9, and MW-10 should be analyzed for BTEX on a quarterly basis. Annual sampling of the 

remaining monitoring wells (MW-2, MW-4, and MW-5) will be sufficient to verify that upgradient 

and downgradient groundwater is not impacted. The primary parameters to be monitored and 

sampled should include free product thicknesses, groundwater elevations, dissolved oxygen and 

BTEX concentrations. 

• Based on the preponderance of concentrations that are below WQCC standards for metals, major 

ions, and PAHs , sampling for these constituents should be discontinued or reduced to an annual 

sampling frequency. Only those wells that have exceeded the WQCC standards should be sampled 

for the specific WQCC-exceeded constituents. 

• Near the completion of the groundwater remediation system (estimated at two years) when BTEX 

levels are reduced to the lowest effective levels possible, it may be beneficial to analyze biological 

parameters (dissolved oxygen, nitrate, sulfate, iron, and aerobic bacteria populations) to monitor 

the efficacy of intrinsic bioremediation. 
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APPENDIX A 

PRELIMINARY INVESTIGATION DATA 
(Supplied by Navajo Refining Company) 



MW-1 0-1' Topsoil August 23,1995 
1 -4' rock 
4-7' slightly softer rock turning to sand at bottom, vfg. 
7-10' gray sand w/ HC odor 
10-13' gray tuning dk. gray 
13-20' Dk. gray w/ streaks of rock and odor.. 
20-23' Dk. gray w/ odor turning black 
23-48' Jet black .w/ strong odor 
48-65' Dk. gray grading to It. gray vfg. 
65-97' Brown to It. tan w/ odor. Water at 93'. .02' of product on water table. Water is very hot 

MW-2 0-1' Topsoil August 28,1995 
1-4' caprock turning to sand at bottom. 
4-102' vfg tan sand w/ no odor. Water at 89.18' 

MW-3 0-1'Topsoil August 29,1995 
1-3' caprock turning to sand at bottom 
3-103' vfg tan sand, no visible contamination, no odor. Water at 91.4' 

MW-4 0-1' topsoil August 30,1995 
1-4' caprock turning to sand at bottom. 
4-102' vfg tan sand, no odor, water at 92.72' 

MW-5 0-1'Topsoil September 6,1995 
1 -4' caprock turning to sand at bottom 
4-96' vfg tan sand no odor, water at 76.08' 

MW -6 (Boring 7 was turned into MW-6) August 31,1995 
1 '-4' caprock 

4'-99' vfg sand, odor at 91', water at 93' 

MW-7 (Boring 10 was turned into MW-7) September 6-7,1995 
l'-4' caprock 
4'-100' vfg sand, tan, fluid at 93' with 0.05' 
of free product. 
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Sampling Personnel? 

No 
If yes, what was the sample number. Date.' , 

P'hoto Roll #, 
Flow Rate Observations 

X/6*' 
Conductivity 

/ / . /if 
pH NTUs WL Removed 

6?f c4>r 75.99' ¥0 
IF PETROLEUM IS IN THE WELL, DO NOT TAKE pH AND CONDUCTIVITY PARAMETERS 

28. Physical Appearance and Remarks 

29. Purgewater disposal method: 6>/J SUMACS 
Sampling / Development Parameters 

Conductivity ^ 
(umhos/cm)-* pH 

7/S-

WL 
(from TOC) 

_______ 
NTUs Time Temp F 

73 3 _______ 
___£__^ 77. 7 .?_____ 

e^/77/ ..**'______ >_V______. 
/ / : 004*1 73.:/ 

/p*¥+n J1A 2kiz_ ___*_: _^_T ________ 

Volume 
(gallons) 

/_____ 

Flow Rate 
(gpm) 

/Srjttrfsel. 

/ / / ? ZJL__ 3 2 * # 7 * f ? ______ 0.2a 

Photo #, 
Observations (1) , 

_ _ _ _ _ _ _ _ _ / ^ ^ 

en.*-

7.5 

(1) Note volume and physical character of sediments removed. 
NTU - Nephelometric turbidity units 
WL = Water Level frogiffjeyfet PVC Casing 
Checked By Date 



NDU-21-1995 12:38 

CMB CONSULTING GEOLOGIST WELL DATA FORM 

Type Well 

• Production 
G Other 

Project At4i<*Jt> tfC/vxvvc &> 

Type of Data Well No. />1 t**~ / 
^Development Sheet 1 

/>1 t**~ / 

/?<Sami:Jing of , 
/ 

Sheets y 
C Pump Test 

of , 
/ 

Sheets y 

C Othet 

2. Project Location 3. Date 

4. Technician 

' Air Lift d|ailiniix)ther 
8.Manufacturer's Designation of Rig 9. Location of Well (Site, Cescripiion) 

Water Levels 
Initial Final Final + 24 Hours 

Date: Time: 

10. Total Depth of Well (from TOC) 

11. Water Level (from TOC) 

rt.**. 9S0f' *9"r 

15. Total Depth cf Well (from TOCfc 20. Total Depa-i of Well (from TOC) 

16. Water Level (from TOC) ^ , 21. Water Level (from TOC) 

12. Water Column Height 7 / 

13. Well Diameter 

14. Well Volume (gal) 
(?) w e. heioht) PC 

Nom ^——^x = gal/rt 
Dia J _ ^ t j « / SchSO 

_2> (diZ-J^ 
4" OT56T3 
6" 1.5007 
fi" 2.5856 

0.1534 
0.5972 
1.3540 
2.3720 

17.3 Well Volumes 

18 5 Well Volumes 

19. Purge V d u m e / / ^ ^ 

22. Si26 and Type of 

Final Field Analysis 
26 Was the Groundwater Sampled No 
If yes. what was the sample number & Date: 

Sampling Personnel? /*/^_/~/ <?/%//fJ~ 

23. Total Amount of Water 
Removed 

//O. £*c 

24 Was Woll 
Pumped Dry? 
Yes <rf_? 

27. Final Parameters 
Time Temp F 

25-Was wator added to well? 
_ae-—-Yes 
If yes, source: 

Photo Roll #, 
Conductivity PH NTUs WL Removed FIQM Rate Observations 

IF PETROLEUM IS IN THE WELL, DO MOT TAKE pH AND CONDUCTIVITY PARAMETERS IF PETHOLbUfi 
23. Physical Appearance and Remarks • 

29. Purgewaterdisposalmethod: / A / ^ ' 

Sampling / Development Parameters 
w t Volume 

Time Temp F 
Conductivity 
(umhos/cm) NTUs (from TOC) (gallons) 

Flow Rate 
(gpm) 

Photo #. 
Observations (1) 

— / J f . c / -free s > s * / * t / ^ , y s > 

(1) Note volume and physical character of sediments removed. 
NTU = Nephelometric turbidity units 
WL = Water Level toyjffiof PVC Casing 
Checked By / & _J_ Date 



DISTILLATION RECORD 

PLANT 

Date 

Tank No. 

Tank Car No. 

'Gravity. 

t.B.p_____2_L_ 
5% 

AM 

?n% <•//</ 

50%_%ilvi___ 

70%_____^__ 

75% 

30% 

35%. 

90%. 

95%. 

9,3-9 

?J 5- g<r 

w - / 

HP ^7^U 

E.P. n^O~h 

RON 

MON 

R+M 

2 

% Rec._______% Res.. 

Kind 

Flash (O.C.) . 

" (T.C.C.) 

" (Foster). 

" (P.M.)_ 

Cetane 
Vis. @ 

CT. 

Color 

Doctor 

Sulfur P. ??? 
B.S.&W.% 

e.R 

Stability 

W. Cloud 

M. Cloud 

Pour Point 

Reid V.P.__ 

_% Loss 

(Signed) 
Bfyan Printers & StaUonws, Inc. Fo-nNo. 155 



APPENDIX B 

WELL CONSTRUCTION DIAGRAMS 



FLUSH-MOUNT WELL COVER 

4'x 4 ' CONCRETE PAD 

REDI-MIX CONCRETE PLUG -
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING -
(4" INSIDE DIAMETER) 

CEMENT GROUT WITH 5% BENTONITE 

10" BORING DIAMETER-

BENTONITE SEAL ( 1 / 2 " MED. CHIPS)-

SCH 40 PVC WELL SCREEN-
(0.020" SLOTTED) 

# 1 2 / 2 0 SILICA SAND (FILTER PACK) 

4->: 

GROUND SURFACE (G.S.) 

SL 

•TOP OF CEMENT GROUT AT 
APPROX. 16' BGS 

TOP OF BENTONITE SEAL AT 7T BGS 

• TOP OF FILTERPACK AT 80" BGS 

•TOP OF WELL SCREEN AT 84' BGS 

• TOP OF WATER TABLE 
AT APPROX. 90' BGS 

• BOTTOM OF WELL SCREEN AT 114' BGS 

• BOTTOM OF BOREHOLE AT 119' BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 8 - 0 6 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-RW1 .DWG 

RECOVERY WELL 
CONSTRUCTION DIAGRAM RW-1 

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

CONCRETE PAD 
11 L__| 11_~| 1 | 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING 
(2" INSIDE DIAMETER) 

8" BORING DIAMETER 

GROUND SURFACE (G.S.) 

r=TTrr' 

BENTONITE SEAL (1 /2" MED. CHIPS) 

SCH 40 PVC WELL SCREEN 
(0.010" SLOTTED) 

#20/40 SILICA SAND (FILTER PACK) 

TOP OF BENTONITE SEAL AT 84' BGS 

TOP OF FILTERPACK AT 86' BGS 

TOP OF WELL SCREEN AT 88' BGS 

TOP OF WATER TABLE 
AT APPROX. 93' BGS 

BOTTOM OF WELL SCREEN AT 98' BGS 

BOTTOM OF BOREHOLE AT 98' BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 8 - 2 2 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: RG 

CK'D BY: BAL FILE: CS-MW1 .DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-1 

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

CONCRETE PAD GROUND SURFACE (G.S.) 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING 
(2" INSIDE DIAMETER) 

BENTONITE SEAL ( 1 / 2 " MED. CHIPS) 

SCH 40 PVC WELL SCREEN 
(0.010" SLOTTED) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

8" BORING DIAMETER 

TOP OF BENTONITE SEAL AT 75* BGS 

TOP OF FILTERPACK AT 8V BGS 

TOP OF WELL SCREEN AT 82' BGS 

TOP OF WATER TABLE 
AT APPROX. 89" BGS 

BOTTOM OF WELL SCREEN AT 102" BGS 

BOTTOM OF BOREHOLE AT 102' BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 8 - 2 8 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: RG 

CK'D BY: BAL FILE: CS-MW2.DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

CONCRETE PAD 
11 | _ | 1 1 1 _ _ | 11 

GROUND SURFACE (G.S.) 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING 
(2" INSIDE DIAMETER) 

BENTONITE SEAL ( 1 / 2 " MED. CHIPS) 

SCH 40 PVC WELL SCREEN 
(0.010" SLOTTED) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

8 BORING DIAMETER 

TOP OF BENTONITE SEAL AT 76' BGS 

TOP OF FILTERPACK AT 80' BGS 

TOP OF WELL SCREEN AT 83' BGS 

TOP OF WATER TABLE 
AT APPROX. 9 1 ' BGS 

BOTTOM OF WELL SCREEN AT 103' BGS 

BOTTOM OF BOREHOLE AT 103" BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 8 - 2 9 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: RG 

CK'D BY: BAL FILE: CS-MW3.DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

CONCRETE PAD GROUND SURFACE (G.S.) 

i=rn=~ 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING 
(2" INSIDE DIAMETER) 

BENTONITE SEAL ( 1 / 2 " MED. CHIPS) 

SCH 40 PVC WELL SCREEN 
(0.010" SLOTTED) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

8" BORING DIAMETER 

TOP OF BENTONITE SEAL AT I T BGS 

TOP OF FILTERPACK AT 82' BGS 

TOP OF WELL SCREEN AT 84' BGS 

TOP OF WATER TABLE 
AT APPROX. 93' BGS 

BOTTOM OF WELL SCREEN AT 104" BGS 

BOTTOM OF BOREHOLE AT 104' BGS 

CLIENT: NAVAJO REFINING CO. 

DATE: 8 - 3 0 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: RG 

CK'D BY: BAL FILE: CS-MW4.DWG 
GCL 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-4 

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

CONCRETE PAD 

•l Mj^m—MJ—IJi 

111=1 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING 
(2" INSIDE DIAMETER) 

8" BORING DIAMETER 

BENTONITE SEAL ( 1 / 2 " MED. CHIPS) 

GROUND SURFACE (G.S.) 
I — I I I - - 1 

TOP OF BENTONITE SEAL AT 65' BGS 

TOP OF FILTERPACK AT 67' BGS 

TOP OF WELL SCREEN AT 70' BGS 

SCH 40 PVC WELL SCREEN-
(0.010" SLOTTED) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

•TOP OF WATER TABLE 
AT APPROX. 76" BGS 

•BOTTOM OF WELL SCREEN AT 90' BGS 

BOTTOM OF BOREHOLE AT 100' BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 9 - 6 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: RG 

CK'D BY: BAL FILE: CS-MW5.DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

CONCRETE PAD GROUND SURFACE (G.S.) 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING 
(2" INSIDE DIAMETER) 

BENTONITE SEAL (1 /2" MED. CHIPS) 

SCH 40 PVC WELL SCREEN 
(0.010" SLOTTED) 

#20/40 SILICA SAND (FILTER PACK) 

8 BORING DIAMETER 

TOP OF BENTONITE SEAL AT 81" BGS 

TOP OF FILTERPACK AT 86' BGS 

TOP OF WELL SCREEN AT 89' BGS 

TOP OF WATER TABLE 
AT APPROX. 9_' BGS 

BOTTOM OF WELL SCREEN AT 99' BGS 

BOTTOM OF BOREHOLE AT 99* BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 8 - 3 1 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: RG 

CK'D BY: BAL FILE: CS-MW6.DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-6 

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

CONCRETE PAD 

I M-piil—111—il 
GROUND SURFACE (G.S.) 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING 
(2" INSIDE DIAMETER) 

BENTONITE SEAL ( 1 / 2 " MED. CHIPS) 

SCH 40 PVC WELL SCREEN 
(0.010" SLOTTED) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

8 BORING DIAMETER 

TOP OF BENTONITE SEAL AT 75* BGS 

TOP OF FILTERPACK AT 78' BGS 

TOP OF WELL SCREEN AT 80' BGS 

TOP OF WATER TABLE 
AT APPROX. 93' BGS 

BOTTOM OF WELL SCREEN AT 100' BGS 

BOTTOM OF BOREHOLE AT 100' BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 8 - 3 1 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: RG 

CK'D BY: BAL FILE: CS-MW6.DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-7 

LOVINGTON REFINERY 



ABOVE GRADE WELL COVER 

3'x 3 ' CONCRETE PAD 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING-
(2" INSIDE DIAMETER) 

CEMENT GROUT WITH 5% BENTONITE 

8" BORING DIAMETER • 

BENTONITE SEAL ( 1 / 2 " MED. CHIPS)-

SCH 40 PVC WELL SCREEN-
(0.010" SLOTTED) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

f Vi* 

A'-

GROUND SURFACE (G.S.) 
l l - _ - l l l = - . ' 

•TOP OF CEMENT GROUT AT 
APPROX. 16" BGS 

•TOP OF BENTONITE SEAL AT 72' BGS 

•TOP OF FILTERPACK AT 77' BGS 

•TOP OF WELL SCREEN AT 82" BGS 

•TOP OF WATER TABLE 
AT APPROX. 90' BGS 

• BOTTOM OF WELL SCREEN AT 102' BGS 

• BOTTOM OF BOREHOLE AT 105" BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 1 5 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-MW8.DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-8 

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

l M—I Ji—IJi—ill-

REDI-MIX CONCRETE PLUG-
(WITH 5% BENTONITE) 

11 \—\ 

SCH 40 PVC WELL CASING-
(2" INSIDE DIAMETER) 

CEMENT GROUT WITH 5% BENTONITE 

BENTONITE SEAL (1 /2" MED. CHIPS) 

SCH 40 PVC WELL SCREEN-
(0.010" SLOTTED) 

#20/40 SILICA SAND (FILTER PACK) 

>•'._••• 
•:'.AS 

GROUND SURFACE (G.S.) 

: i ' 

-TOP OF CEMENT GROUT AT 
APPROX. 16' BGS 

-TOP OF BENTONITE SEAL AT 73" BGS 

-TOP OF FILTERPACK AT 77' BGS 

"TOP OF WELL SCREEN AT 82' BGS 

-TOP OF WATER TABLE 
AT APPROX. 88* BGS 

•BOTTOM OF WELL SCREEN AT 102' BGS 
•BOTTOM OF BOREHOLE AT 104' BGS 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 2 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-MW9.DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-9 

LOVINGTON REFINERY 



FLUSH-MOUNT WELL COVER 

REDI-MIX CONCRETE PLUG 
(WITH 5% BENTONITE) 

SCH 40 PVC WELL CASING-
(2" INSIDE DIAMETER) 

(•••.;'" CEMENT GROUT WITH 5% BENTONITE 

BENTONITE SEAL (1 /2" MED. CHIPS) 

SCH 40 PVC WELL SCREEN 
(0.010" SLOTTED) 

#20/40 SILICA SAND (FILTER PACK) 

i 

•V. 

Si 

GROUND SURFACE (G.S.) 

rr=-_rr=n 

-TOP OF CEMENT GROUT AT 
APPROX. 16' BGS 

-TOP OF BENTONITE SEAL AT 70' BGS 

-TOP OF FILTERPACK AT 74' BGS 

-TOP OF WELL SCREEN AT 79.5' BGS 

-TOP OF WATER TABLE 
AT APPROX. 90' BGS 

•BOTTOM OF WELL SCREEN AT 99.5' BGS 

•BOTTOM OF BOREHOLE AT 105' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 1 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-MW10.DWG 

MONITORING WELL 
CONSTRUCTION DIAGRAM MW-10 

LOVINGTON REFINERY 



TEMPORARY BACKFILL (SAND) 
TEMPORARY CASING PLUGS 

ASPHALT SURFACE 

M -%EX!STING;__m=iTi-

2" SCH 40 PVC BLANK CASING 
(SOIL VAPOR EXTRACTION) 

1 SCH 40 PVC-
(AIR SPARGING) 

CEMENT GROUT WITH 5% BENTONITE 

8" BOREHOLE DIAMETER-

BENTONITE SEAL ( 1 / 2 " CHIPS). 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

2" PVC SCREEN (0.010" SLOTTED) • 
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL ( 1 / 2 " CHIPS). 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

SPARGE POINT-
(FINE BUBBLE DIFFUSER) 

1 

TOP OF GROUT AT T 

• TOP OF BENTONITE SEAL AT 66' 

-TOP OF SANDPACK AT 71 ' 

-TOP OF SCREEN AT 75' 

•BOTTOM OF SCREEN AT 85' 

• TOP OF BENTONITE SEAL AT 85' 

-TOP OF WATER TABLE 
AT APPROX. 90' 

- TOP OF SANDPACK AT 92' 

•TOP OF SCREEN AT 102.5' 
• BOTTOM OF WELL AT 105' 
" BOTTOM OF BOREHOLE AT 107' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 3 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-AS1.DWG 

AS-1 
WELL CONSTRUCTION DIAGRAM 

LOVINGTON REFINERY 



TEMPORARY BACKFILL (SAND) 

ASPHALT SURFACE 

2" SCH 40 PVC BLANK CASING 
(SOIL VAPOR EXTRACTION) 

1" SCH 40 PVC 
(AIR SPARGING) 

CEMENT GROUT WITH 5% BENTONITE 

8" BOREHOLE DIAMETER-

BENTONITE SEAL (1 /2" CHIPS). 

#20/40 SILICA SAND (FILTER PACK) 

2" PVC SCREEN (0.010" SLOTTED) • 
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL (1 /2" CHIPS). 

#20/40 SILICA SAND (FILTER PACK) 

1 
Iff' 

SPARGE POINT 
(FINE BUBBLE DIFFUSER) 

TEMPORARY CASING PLUGS 

TOP OF GROUT AT 2' 

•TOP OF BENTONITE SEAL AT 66' 

•TOP OF SANDPACK AT 70' 

•TOP OF SCREEN AT 75' 

-BOTTOM OF SCREEN AT 85' 

•TOP OF BENTONITE SEAL AT 85.5' 

-TOP OF WATER TABLE AT 90' 

-TOP OF SANDPACK AT 95' 

-TOP OF SCREEN AT 103' 
-BOTTOM OF WELL AT 105.5' 
' BOTTOM OF BOREHOLE AT 107' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 3 - 9 6 REV. NO.: 0 

AUTHOR: JH DRAWN BY: SAS 

CK'D BY: GJV FILE: CS-AS2.DWG 

AS-2 
WELL CONSTRUCTION DIAGRAM 

LOVINGTON REFINERY 



TEMPORARY BACKFILL (SAND) 

ASPHALT SURFACE 

2" SCH 40 PVC BLANK CASING 
(SOIL VAPOR EXTRACTION) 

1" SCH 40 PVC 
(AIR SPARGING) 

CEMENT GROUT WITH 5% BENTONITE 

8" BOREHOLE DIAMETER 

BENTONITE SEAL ( 1 / 2 " CHIPS)-

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

2" PVC SCREEN (0.010" SLOTTED)-
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL ( 1 / 2 " CHIPS) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

1 

'.-•< 

SPARGE POINT 
(FINE BUBBLE DIFFUSER) 

TEMPORARY CASING PLUGS 

TOP OF GROUT AT 2" 

•TOP OF BENTONITE SEAL AT 65' 

•TOP OF SANDPACK AT 70' 

•TOP OF SCREEN AT 75' 

• BOTTOM OF SCREEN AT 85' 

•TOP OF BENTONITE SEAL AT 85.5' 

.TOP OF WATER TABLE AT 90' 
"TOP OF SANDPACK AT 91.3' 

-TOP OF SCREEN AT 103' 
-BOTTOM OF WELL AT 105.5' 
' BOTTOM OF BOREHOLE AT 107' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 4 - 9 6 REV. NO.: 0 

AUTHOR: JH DRAWN BY: SAS 

CK'D BY: GJV FILE: CS-AS3.DWG 

AS-3 
WELL CONSTRUCTION DIAGRAM 

LOVINGTON REFINERY 



TEMPORARY BACKFILL (SAND)-

ASPHALT SURFACE 

— 1 1 I—l 1 1 — 

2" SCH 40 PVC BLANK CASING 
(SOIL VAPOR EXTRACTION) 

1 SCH 40 PVC-
(AIR SPARGING) 

CEMENT GROUT WITH 5% BENTONITE 

8" BOREHOLE DIAMETER -

BENTONITE SEAL ( 1 / 2 " CHIPS)-

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

2" PVC SCREEN (0.010" SLOTTED)-

(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL ( 1 / 2 " CHIPS)-

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

SPARGE POINT 

1 

a-'.-"'-'-." 

m. mm, 

. . . -1 

•4;-. 

(FINE BUBBLE DIFFUSER) 

TEMPORARY CASING PLUGS 

-TOP OF GROUT AT 2" 

"TOP OF BENTONITE SEAL AT 71" 

TOP OF SANDPACK AT 75' 

•TOP OF SCREEN AT 80' 

•BOTTOM OF SCREEN AT 85' 

•TOP OF BENTONITE SEAL AT 86' 

•TOP OF WATER TABLE 
AT APPROX. 90" 

•TOP OF SANDPACK AT 90' 

•TOP OF SCREEN AT 102.5' 

•BOTTOM OF WELL AT 105' 

' BOTTOM OF BOREHOLE AT 107' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 8 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-AS4.DWG 

AS-4 
WELL CONSTRUCTION DIAGRAM 

LOVINGTON REFINERY 



TEMPORARY BACKFILL (SAND) 

ASPHALT SURFACE 

4m=y=TTEXISTING=TT^^^ 
"-=m—Hi-UNbiSTURBEDn—Tl 

- % % s b i L - _ r r ^ T i _ ( T i _ 

CEMENT GROUT WITH 5% BENTONITE 

2" SCH 40 PVC BLANK CASING 
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL (1 /2" CHIPS)- 3 

1" SCH 40 PVC CASING 
(AIR SPARGING) 

#20/40 SILICA SAND (FILTER PACK) 

2" SCH 40 PVC SCREEN (0.010" SLOTTED) -
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL (1 /2" CHIPS)-

8" BOREHOLE DIAMETER-

#20/40 SILICA SAND (FILTER PACK) 

2" PVC SCREEN (0.010" SLOTTED) • 
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL (1 /2" CHIPS)-

#20/40 SILICA SAND (FILTER PACK) 

SPARGE POINT 
(FINE BUBBLE DIFFUSER) 

"I 

p 1 

I 

TEMPORARY CASING PLUGS 

-TOP OF GROUT AT 2' 

•TOP OF BENTONITE SEAL AT 21' 

•TOP OF SANDPACK AT 26' 

•TOP OF SCREEN AT 30' 

. BOTTOM OF SCREEN AT 50' 
TOP OF BENTONITE SEAL AT 5V 

•TOP OF SANDPACK AT 75' 

•TOP OF SCREEN AT 80' 

•BOTTOM OF SCREEN AT 85' 
•TOP OF BENTONITE SEAL AT 86' 

-TOP OF WATER TABLE 
AT APPROX. 90' 

-TOP OF SANDPACK AT 98' 

-TOP OF SCREEN AT 102.5' 
- BOTTOM OF WELL AT 105' 
" BOTTOM OF BOREHOLE AT 107' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 9 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-AS5.DWG 

AS-5 
WELL CONSTRUCTION DIAGRAM 

LOVINGTON REFINERY 



TEMPORARY BACKFILL (SAND) 

ASPHALT SURFACE 
i, J J J J - J J , | ̂ _U, | ,'-iJ| ,LLJ, 

yif̂ in_̂ i|EX!STiNG;__m=in= 
-Tr__TTFU N D I S T U R BEDn—ill 
^fpffsbiL__m^^ 

2" SCH 40 PVC BLANK CASING 
(SOIL VAPOR EXTRACTION) 

1 SCH 40 PVC-
(AIR SPARGING) 

CEMENT GROUT WITH 5% BENTONITE 

8" BOREHOLE DIAMETER-

BENTONITE SEAL ( 1 / 2 " CHIPS). 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

2" PVC SCREEN (0.010" SLOTTED) 
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL ( 1 / 2 " CHIPS) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

SPARGE POINT " 
(FINE BUBBLE DIFFUSER) 

4' 

.A . 

1 

•••• ''A'-

m 

-Mm 

:4--: 

TP. 

I 

TEMPORARY CASING PLUGS 

TOP OF GROUT AT 2" 

-TOP OF BENTONITE SEAL AT 71" 

-TOP OF SANDPACK AT 75" 

-TOP OF SCREEN AT 80' 

- BOTTOM OF SCREEN AT 85" 

-TOP OF BENTONITE SEAL AT 86' 

-TOP OF WATER TABLE AT 
APPROX. 90 FEET 

-TOP OF SANDPACK AT 94' 

•TOP OF SCREEN AT 102.5' 

•BOTTOM OF WELL AT 105" 
' BOTTOM OF BOREHOLE AT 107' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 1 0 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-AS6.DWG 

AS-6 
WELL CONSTRUCTION DIAGRAM 

LOVINGTON REFINERY 



TEMPORARY BACKFILL (SAND) 

ASPHALT SURFACE 
••) (LL.', [ ,-JJ, [ | | | ,_J, | |_J, j < 

u^m-n__rrEX!SjiNG;_-iTi--iTT-=m—rTT-uNDisTuRBEDM—rn 
- % % s b i L - _ i | | = m % ^ 

CEMENT GROUT WITH 5% BENTONITE — 

2" SCH 40 PVC BLANK CASING 
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL ( 1 / 2 " CHIPS)-

1" SCH 40 PVC CASING 
(AIR SPARGING) 

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

2" SCH 40 PVC SCREEN (0.010" SLOTTED) • 
(SOIL VAPOR EXTRACTION) 

8" BOREHOLE DIAMETER-

BENTONITE SEAL ( 1 / 2 " CHIPS) -

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

2" PVC SCREEN (0.010" SLOTTED) • 
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL ( 1 / 2 " CHIPS) -

# 2 0 / 4 0 SILICA SAND (FILTER PACK) 

SPARGE POINT-

I I 

_ 

x 

8 

I 

(FINE BUBBLE DIFFUSER) 

TEMPORARY CASING PLUGS 

•TOP OF GROUT AT 2' 

-TOP OF BENTONITE SEAL AT 20.4 

- TOP OF SANDPACK AT 25' 

- TOP OF SCREEN AT 30' 

.BOTTOM OF SCREEN AT 60' 
TOP OF BENTONITE SEAL AT 6V 

• TOP OF SANDPACK AT 75.3' 

-TOP OF SCREEN AT 80' 

• BOTTOM OF SCREEN AT 85' 

•TOP OF BENTONITE SEAL AT 85.4' 

-TOP OF WATER TABLE 
AT APPROX. 90" 

TOP OF SANDPACK AT 90.9' 

TOP OF SCREEN AT 102.7' 

•BOTTOM OF WELL AT 105.2' 

"BOTTOM OF BOREHOLE AT 107' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 1 1 - 9 6 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: SAS 

CK'D BY: BAL FILE: CS-AS7.DWG 

AS-7 
WELL CONSTRUCTION DIAGRAM 

LOVINGTON REFINERY 



TEMPORARY BACKFILL (SAND) 

ASPHALT SURFACE 

y r i ^_ | i ^_px !s j iNG j_ im=n i3 
"_jT|__rTT_UNDISTURBED]7—ff] 

- % % s b i L = m = m % - J 
— 1 1 1 — 1 1 1 — 

2" SCH 40 PVC BLANK CASING 
(SOIL VAPOR EXTRACTION) 

1" SCH 40 PIPE • 
(AIR SPARGING) 

CEMENT GROUT WITH 5% BENTONITE 

8" BOREHOLE DIAMETER-

BENTONITE SEAL (1 /2" CHIPS)-

#20/40 SILICA SAND (FILTER PACK) 

2" PVC SCREEN (0.010" SLOTTED)-
(SOIL VAPOR EXTRACTION) 

BENTONITE SEAL (1 /2" CHIPS)-

#20/40 SILICA SAND (FILTER PACK) 

SPARGE POINT 

.»,'•.*'-.' 

(FINE BUBBLE DIFFUSER) 

TEMPORARY CASING PLUGS 

TOP OF GROUT AT T 

-TOP OF BENTONITE SEAL AT 72.2" 

-TOP OF SANDPACK AT 75.4" 

- TOP OF SCREEN AT 80' 

• BOTTOM OF SCREEN AT 85' 
-TOP OF BENTONITE SEAL AT 86' 

-TOP OF WATER TABLE 
AT APPROX. 91 1 

-TOP OF SANDPACK AT 92' 

-TOP OF SCREEN AT 102.5" 
- BOTTOM OF WELL AT 105' 
"BOTTOM OF BOREHOLE AT 107' 

GCL 
CLIENT: NAVAJO REFINING CO. 

DATE: 4 - 1 2 - 9 6 REV. NO.: 0 

AUTHOR: DTL DRAWN BY: SAS 

CK'D BY: GJV FILE: CS-AS8.DWG 

AS-8 
WELL CONSTRUCTION DIAGRAM 

LOVINGTON REFINERY 



APPENDIX C 

LITHOLOGIC LOGS 



UTHOLOGrC LOG 

LOCATION MAP: 

RW-i S -
___r—i ir-1 

L_D 

SITE in- LOVINGTON REFINERfTnPATinNl in- RW-1 
SITE LOCATION (SECTION. TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-19-S R-36-E 
GROUND ELEVATION (ft. MSI )• ~3835 
STATE: NEW MEXICO 

Poqe 1 of 2 

COUNTY: LEA 
HOLLOW-STEM AUGER DRILLING METHOD:. 

DRILLING CONTR.: POOL ENVIRONMENTAL DRILLING 
DATE STARTFD- 3727/96 DATF CDUPi FTFD- 3/29/96~ 
FIELD RFP • G. VAN DEVENTER (GCL) 
COMMENTS- MODERATE TO STRONG HYDROCARBON 
ODORS AND STAINING OBSERVED IN BORING 

LOCATION DESCRIPTION: LOCATED ADJACENT TO NORTH SIDE OF SEWER JUNCTION BOX 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO % 
REC 

BLOW-
COUNT PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL.. DIST. FEATURES) 

MO 

•15 

20 

25 

•30 

35 

40 

•45 

50 

CAL 

SM 

19 

29 

sw 39 

49 

10.5 

20.5 

30.5 

40.5 

50.5 

100 8 
8 
8 

100 

100 

50 

100 

16 
41 
23 

5 
14 
10 

52 
22-1" 

1 
54 

280 ppm 

320 ppm 

360 ppm 

340 ppm 

320 ppm 

SANDY CALICHE. VERY PALE ORANGE (10YR 8/2) . 
HARD (INDURATED). FRACTURED (WEATHERED). DRY 

SILTY SAND. GRAYISH ORANGE (10YR 7/4) , APPROX. 
80% V. FINE-GRAINED SAND, 15% SILT, 5% 
DISSEMINATED CALCIUM CARBONATE, MODERATE 
HYDROCARBON ODOR. LOOSE AND DRY. 

AS ABOVE EXCEPT GRAYISH BLACK AND STRONG 
HYDROCARBON ODOR. 

SILTY SAND AS ABOVE EXCEPT MEDIUM DENSE 
(HARD STREAK AT 18-18.5 FEET) 

SAND. BLACK. FINE-GRAINED, SUB-ROUNDED, WELL 
SORTED, STRONG HYDROCARBON ODOR. LOOSE. MOIST 

SAND AS ABOVE EXCEPT MEDIUM DARK GRAY AND 
DENSE 

COLOR CHANGE TO MODERATE YELLOWISH BROWN 
(10 YR 5/4) ABOUT 45 FEET 

SAND. MODERATE YELLOWISH BROWN (10YR 5 /4 ) , 
V. FINE TO FINE-GRAINED. SUB ROUNDED. MODERATELY 
SORTED, MODERATE HYDROCARBON ODOR, STIFF, DRY 



LITHOLOGIC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: RW-1 

WELL 
CONST, 

LITH. 
SAMPLE 

USCS FROM TO % 
REC 

BLOW-
COUNT PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL.. DIST. FEATURES) 

•60 

•65 

•70 

•75 

I •80 

•85 

L90 

•95 

•100 

•105 

•110.. 

•115 

! 

120 

SW 

59 

69 

79 

89 

60.5 

70.5 

80.5 

90.5 

50 

50 

50 

50 

0 
10 
50 

0 
1 

50 

0 
3 

50 

0 
6 

50 

340 ppm SAND, MODERATE YELLOWISH BROWN (10 YR 5/4) , 
FINE-GRAINED, SUBROUNDED. WELL SORTED, 
MODERATE HYDROCARBON ODOR. MEDIUM DENSE, 
DRY 

240 ppm 

160 ppm 

350 ppm 

SAND, MODERATE YELLOWISH BROWN (10 YR 5 /4) , 
FINE-GRAINED, SUBROUNDED. WELL SORTED, 
MODERATE HYDROCARBON ODOR, MEDIUM DENSE, 
DRY 

SAND. LIGHT BROWN (5 YR 6/4) , FINE-GRAINED. 
SUBROUNDED, WELL SORTED, MODERATE 
HYDROCARBON ODOR, MEDIUM DENSE, DRY 

GROUNDWATER/FREE PRODUCT ENCOUNTERED AT 
APPROX. 90 FEET 

BOTTOM OF BORING AT 119 FEET 



UTHOLOGICAL LOG 
Page 1 of _ 2 . 

SITE in- LOVINGTON REFINERY nr.ATinu in- MW-1 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T - 1 6 - S R - 3 6 - E 
GROUND ELEVATION (ft . MSI ): 3836 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHOn- HOLLOW-STEM AUGER 
DRILLING PflNTR.: POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 8 - 2 3 - 9 5 DATE COMPLETED: 8 - 2 3 - 9 5 
FIELD RFP • DARRELL MOORE 
COMMENTS: HYDROCARBON ODORS AND STAININfS 
OBSERVED FROM 7ft. TO 97ft. BGS. 

LOCATION DESCRIPTION: APPROX. 15 FEET NORTH OF SEWER JUNCTION BOX. 

•10 

L15-

•20 

25-

•30 

35 

•40 

•45 

•50 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS 

TOP 

CAL 

SM 

SW 

FROM 

0 
1 

4 

7 

10 

13 

20 

23 

48 

TO 

1 
4 

7 

10 

13 

20 

23 

48 

65 

TYPE 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

PID 
READING 
NO PID 

READINGS 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS. GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG.. SORT.. CONSOL. DIST. FEATURES) 

TOP SOIL 

ROCK (CALICHE) 

SLIGHTLY SOFTER ROCK TURNING TO VERY FINE 
GRAINED SAND AT BOTTOM. 

GRAY SAND WITH HYDROCARBON ODOR. 

GRAY TURNING DARK GRAY. 

DARK GRAY WITH STREAKS OF ROCK AND ODOR. 

DARK GRAY WITH ODOR TURNING BLACK. 

JET BLACK WITH STRONG ODOR. FINE-GRAINED SAND. 
MODERATELY WELL SORTED. 

DARK GRAY GRADING TO LIGHT GRAY VERY 
FINE-GRAINED SAND. 



UTHOLOQIC LOG 
(Continued) P°ge_2_ of 

LOCATION ID: MW-1 

D 
E 
P 
T 
H 

WELL 
CONST. 

LITH. 
SAMPLE LITHOLOGIC DESCRIPTION 

(LITH., USCS. GRAIN SIZE PROPORTIONS. WET 
COLOR. RNDG., SORT., CONSOL, DIST. FEATURES) 

D 
E 
P 
T 
H 

WELL 
CONST. 

LITH. 
USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS. GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG., SORT., CONSOL, DIST. FEATURES) 

• 60-

•65-

70-

75 

80 

85-

90-

•95 

* 

* 

4 . 

•4, ' 

;A 

* 
• 

•* 

* 

* 

" 4 
, * 

» 

1 

SW 65 97 CUTTINGS BROWN TO LIGHT TAN WITH ODOR. 

GROUNDWATER ENCOUNTERED AT APPROXIMATELY 
93 FEET BGS. 

0.02 FEET OF PRODUCT ON WATER TABLE. 

• 60-

•65-

70-

75 

80 

85-

90-

•95 

* 

* 

4 . 

•4, ' 

;A 

* 
• 

SW 65 97 CUTTINGS BROWN TO LIGHT TAN WITH ODOR. 

GROUNDWATER ENCOUNTERED AT APPROXIMATELY 
93 FEET BGS. 

0.02 FEET OF PRODUCT ON WATER TABLE. 

•100 

•105 

•110 

115 

120] 

65 97 CUTTINGS 

BOTTOM OF BORING AT 98 FEET 



LITHOLOGIC AL LOG 

LOCATION MAP: 
MW-2 

••SS 

I l«-w o° O O o 
|Vo oj Oj 

m-7 ° 

Poqe 1 of _2_ 

SITE m- LOVINGTON REFINERY flPATiflN in- MW-2 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI )• ~3835 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHrin- HOLLOW-STEM AUGER 
DRILLING mNTR - POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 8 - 2 8 - 9 5 DATE COMPLETED: 8 - 2 8 - 9 5 
FIELD RFP • DARRELL MOORE 
COMMENTS: NO HYDROCARRON ODORS OR STAINING 
OBSERVED. 

LOCATION DESCRIPTION: LOCATED UPGRADIENT APPROX. 150 FEET NORTH OF COOLING TOWER. 

•10 

•15 

20 

25 

•30 

•35 

•40 

•45 

•50 

SAMPLE 

SW 

FROM 

25 

TO 

102 

102 

TYPE 

CUTTINGS 

CUTTINGS 

CUTTINGS 

PID 
READING 
NO PID 

READINGS 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT., CONSOL. DIST. FEATURES) 

TOP SOIL 

CAPROCK (CALICHE) TURNING TO SAND AT BOTTOM. 

TAN SAND. VERY FINE-GRAINED 

SAND. FINE-GRAINED. MODERATELY WELL SORTED. 



LITHOLOGIC LOG 
(Continued) Page 2 of 2 

LOCATION ID: MW-2 

WELL 
CONST, 

LITH. 
SAMPLE 

USCS FROM TO TYPE PIO READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT.. CONSOL., DIST. FEATURES) 

•eo-

es 

•70 

•75 

-80 

-85 

•90-

95 

•100 

/ 
/ 

/ 

/ 

sw 25 102 CUTTINGS TAN SAND, FINE GRAINED, MODERATELY WELL SORTED. 

•105 

•110 

115 

120 

GROUNDWATER ENCOUNTERED AT 89.18 FEET. 

BOTTOM OF BORING AT 102 FEET 



LOCATION MAP: 
• n •>-> L J m a 

_ • 
1 1 N-IOI 

• H-ita 
o° O O O 

O d 
- 1 r 
M*-7 ° 

• • MW-3 

•M-4 • w-to 

• 
sJP 

UTHOLOGICAL LOG 
Page 1 of 

SITE in- LOVINGTON REFINERYnc.ATiON in- MW-3 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI )• ~3830 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHnn- HOLLOW-STEM AUGER 
DRILLING rnMTR - POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 8 - 2 9 - 9 5 DATE COMPLETED: 8 - 2 9 - 9 5 
FIELD RFP • DARRELL MOORE 
COMMENTS: NQ ODORS. NQ VISIBLE CONTAMINATION 

LOCATION DESCRIPTION: LOCATED DOWNGRADIENT APPROX. 600 FEET SOUTH OF SEWER JUNCTION BOX. 

10 

15 

20-

25-

•30-

35 

40-

45-

50 

l is 

SAMPLE 

FROM 

0 
1 
3 

25 

TO 

1 

3 
103 

103 

TYPE 

CUTTINGS 
CUTTINGS 
CUTTINGS 

CUTTINGS 

PID 
READING 
NO PID 

READINGS 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL., DIST. FEATURES) 

TOP SOIL 
CAPROCK (CALICHE) TURNING TO SAND AT BOTTOM. 

TAN SAND, VERY FINE-GRAINED 

SAND, FINE-GRAINED. MODERATELY WELL SORTED. 



UTHOLOGIC LOG 
(Continued) P o 9 e ^ - o f - 2 -

LOCATION ID: MW-3 

0 
E 
p 

H C 

WELL 
:ONST. 

LITH. 
SAMPLE LITHOLOGIC DESCRIPTION 

(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 
COLOR. RNDG., SORT., CONSOL., DIST. FEATURES) 

0 
E 
p 

H C 

WELL 
:ONST. 

LITH. 
USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT., CONSOL., DIST. FEATURES) 

' * 

•60- . 

•65-

s, 

70' 

•75-' •/ 
•80--

85 : 

•90-; 

•95-

•100-

4 

* 

« 

/ 
/ 

'« 

.* 

* 

4, 

/ 
/ 
/ 

SW 25 102 CUTTINGS TAN SAND. FINE GRAINED, MODERATELY WELL SORTED. 

GROUNDWATER ENCOUNTERED AT 91.4 FEET. 

•105 

110 

•115 

120 

25 102 CUTTINGS 

BOTTOM OF BORING AT 103 FEET 



LOCATION MAP: 

I l»- ioi 

MW-4 

"Vs 

— • 

LITHOLOGICAL LOG 

U L U 

o° O O O 

o Oj 

Poge 1 of 2 

SITE in- LOVINGTON REFINERYnPATinN in- MW-4 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI V ~ 3838 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHOn- HOLLOW-STEM AUGER 
DRILLING mMTR • POOL ENVIRONMENTAL DRILLING 
DATE STARTFn- 8 - 3 0 - 9 5 nATF fDMPl FTFn- 8 - 3 0 - 9 5 
FIELD RFP • DARRELL MOORE 
COMMENTS: NO HYDROCARBON ODORS OR STAINING 
OBSERVED. 

LOCATION DESCRIPTION: LOCATED UPGRADIENT APPROX. 300 FEET WEST-NORTHWEST OF SEWER JUNCTION BOX. 

•10 

M5 

20-

•25-

•30-

•35-

•40-

•45-

•50' 

WELL 
CONST 

mm mm 

LITH. 

rG;>; ; 

SAMPLE 

USCS 

CAL 

SM 

SW 

FROM 

0 

1 

25 

TO 

1 

4 

102 

102 

TYPE 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

PID 
READING 
NO PID 

READINGS 

LITHOLOGIC DESCRIPTION 
(LITH., USCS. GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL, DIST. FEATURES) 

TOP SOIL 

CAPROCK (CALICHE) TURNING TO SAND AT BOTTOM. 

TAN SAND. VERY FINE-GRAINED 

SAND. FINE-GRAINED. MODERATELY WELL SORTED. 



LITHOLOGIC LOG 
(Continued) Poge 2 of 

LOCATION ID: MW-4 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG.. SORT., CONSOL., DIST. FEATURES) 

•60 

•65-

•70 

•75 

80 
/ 
/ 

-85 

90-

•95 

100 

SW 25 102 CUTTINGS TAN SAND, FINE GRAINED. MODERATELY WELL SORTED. 

7 
/ 
/ 
JL 

•105 

•110 

115 

120 

GROUNDWATER ENCOUNTERED AT 92.72 FEET. 

BOTTOM OF BORING AT 104 FEET 



LITHOLOGIC AL LOG 

MW-5 

Poge 1 of 

SITE in: LOVINGTON REFINERY nPATlON in- MW-5 
SITE LOCATION (SECTION. TOWNSHIP. RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI )• ~3814 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHOn- HOLLOW-STEM AUGER 
DRILLING rnMTB • POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 9 - 0 6 - 9 5 DATE COMPLETED: 9 - 0 6 - 9 5 
FIELD RPP • DARRELL MOORE 
COMMENTS: NQ HYDROCARBON ODORS OR STAINING 
OBSERVED. 

LOCATION DESCRIPTION: LOCATED DOWNGRADIENT NEAR SOUTHEAST BOUNDARY OF PROPERTY. 

r10 

L15 

•20-

•25-

•30-

•40- i 

45-

•50 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM 

TOP 

CAL 

0 

1 

25 

TO 

1 

4 

96 

96 

TYPE 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

PID 
READING 
NO PID 

READINGS 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS. GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG., SORT.. CONSOL, DIST. FEATURES) 

TOP SOIL 

CAPROCK (CALICHE) TURNING TO SAND AT BOTTOM. 

TAN SAND, VERY FINE-GRAINED 

SAND, FINE-GRAINED, MODERATELY WELL SORTED. 



LITHOLOGIC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: MW-5 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID REAOING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG., SORT., CONSOL., DIST. FEATURES) 

•60-

• 6 5 -
/ 

•70 

-75 

.80 

^85 

90 

•95 

A 

100 

•105 

•110 

•115 

120 

SW 25 96 CUTTINGS TAN SAND, FINE GRAINED, MODERATELY WELL SORTED. 

GROUNDWATER ENCOUNTERED AT 76.08 FEET. 

BOTTOM OF BORING AT 96 FEET 



LOCATION MAP: 
I M 

LOCATION MAP: 
I M 

O'Sff 

„ o 
1 1 »-»! 

• H - m poo 
1 Vo Oj Oj 

m-i ° 

- 6 MT-9 

• "V1 

MF-4 • MM-10 • mmO 

LITHOLOGIC AL LOG 
Poge 1 of 2 

SITE in- LOVINGTON REFINERY nrATiniM in- MW-6 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI): ~3836 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHOD: HOLLOW-STEM AUGER 
DRILLING rnNTR • POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 8 - 3 1 - 9 5 DATE COMPLETED: 8 - 3 1 - 9 5 
FIELD RFP • DARRELL MOORE 
COMMENTS: HYDROCARBON ODORS NOTFD AT 91 FFFT BGS 
(FORMERLY BORING 7). 

LOCATION DESCRIPTION: LOCATED DOWNGRADIENT APPROXIMATELY 50 FEET SOUTHEAST OF SEWER JUNCTION BOX. 

10 

15 

20-

25 

30 

35 

40 

45 

50 

WELL 
CONST, 

LITH. 
SAMPLE 

USCS 

TOP 

s' : C \ . 
CAL 

SM 

SW 

FROM 

0 

1 

25 

TO 

1 

4 

99 

99 

TYPE 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

PID 
READING 
NO PID 

READINGS 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT., CONSOL., DIST. FEATURES) 

TOP SOIL 

CAPROCK (CALICHE) TURNING TO SAND AT BOTTOM. 

TAN SAND. VERY FINE-GRAINED 

SAND, FINE-GRAINED, MODERATELY WELL SORTED. 



UTHOLOGIC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: MW-6 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL., DIST. FEATURES) 

•60-

65-

•70 

•75 

80 

-85 

7 
/ 
/ 

•90 

95-

/ 
/ 
/ 

•100 

105 

•110 

•115 

120 

SW 25 99 CUTTINGS TAN SAND, FINE GRAINED, MODERATELY WELL SORTED. 

HYDROCARBON ODOR NOTED AT APPROX. 91 FEET. 
GROUNDWATER ENCOUNTERED AT 93 FEET. 

BOTTOM OF BORING AT 99 FEET 



LOCATION MAP: 
tm 

• n 

, _ , • 

• N-WI Wo o O 

1 VQ Oj O 
«... "J-« M l - t • "V 1 

MW-7 ° 

saP MB-10 • saP 

UTHOLOGrCAL LOG 
Poge 1 of 

SITE in- LOVINGTON REFINERYnrATifiM in- MW-7 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI): ~3836 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHnn: HOLLOW-STEM AUGER 
DRILLING rnNTP • POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 9 - 0 6 - 9 5 DATE COMPLETED: 9 - 0 7 - 9 5 
FIELD REP.: QARRELL MQQRE 
COMMENTS: 0.05 FFFT OF FREF PRODUCT AT 93 FFFT BGS 
(FORMERLY BORING 10). 

LOCATION DESCRIPTION: LOCATED APPROXIMATELY 15 FEET NORTH OF SEWER JUNCTION BOX. 

5 • 

10-

15 

•20-

25-

30-

35-

40- ' 

•45 

50-

WELL 
CONST, 

LITH. 
SAMPLE 

USCS FROM 

TOP 

CAL 

SM 

0 

1 

25 

TO 

1 

4 

100 

100 

TYPE 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

PID 
READING 
NO PID 

READINGS 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG.. SORT.. CONSOL.. DIST. FEATURES) 

TOP SOIL 

CAPROCK (CALICHE) TURNING TO SAND AT BOTTOM. 

TAN SAND, VERY FINE-GRAINED 

SAND. FINE-GRAINED, MODERATELY WELL SORTED. 



LITHOLOGIC LOG 
(Continued) Poge 2 of 

LOCATION ID: MW-7 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL., DIST. FEATURES) 

•60 

65 

•70 

•75 

•80-

^5 

h90 

^95 

•100 

•105 

•110 

•115 

120 

SW 25 100 CUTTINGS TAN SAND, FINE GRAINED, MODERATELY WELL SORTED. 

GROUNDWATER ENCOUNTERED AT 93 FEET. 
WITH 0.05 FEET OF FREE PRODUCT. 

BOTTOM OF BORING AT 100 FEET 



LITHOLOGIC LOG 
Poge 1 of 2 

LOCATION MAP: 
"»-' um 

a 
um 

a SITF in- LOVINGTON REFINERltorATinN in- MW-8 
m j c / SITE LOCATION (SECTION, TOWNSHIP, RANGE): 

NE 1/4 SECTION 36 T-16-S R-36-E 
• 

o 
N-Wl 

• o 
! °o o o o o 

GROUND Fl FVATION (ft MSI )• ~ 3835 
STATF- NEW MEXICO rmiNTY- LEA 

o o nmniNG MFTHnn- HOLLOW-STEM AUGER 
nRM I ING r.ONTR • POOL ENVIRONMENTAL DRILLING 

• 

• 

MB-10 

DATF STARTFn: 4 - 1 5 - 9 6 nATF r.OMPI FTFn- 4 - 1 5 - 9 6 
FIFI n RFP • G. VAN DEVENTER (GCL) 
r.nMMFNTS: NO HYDROCARBON ODORS OR STAINING 
OBSERVED IN DRILL CUTTINGS 

LOCATION nFSr.RlPTiDN- LOCATED APPROX. 20 FEET SOUTHEAST OF TANK NO. 1205 

D 
E p WELL 

CONST. 
LITH. 

SAMPLE LITHOLOGIC DESCRIPTION 
(LITH.. USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG.. SORT.. CONSOL. DIST. FEATURES) T 
H 

WELL 
CONST. 

LITH. 
USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG.. SORT.. CONSOL. DIST. FEATURES) 

• • 
i 11 CAL 

SANDY CALICHE. GRAYISH ORANGE (10 YR 7/4). HARD. 
FRACTURED AND DRY. 

• 5 • 

•10 

* 

• « 
4 

. 4 

< 

4 

10 10 CUTTINGS <1 ppm SILTY SAND. GRAYISH ORANGE (10 YR 7/4), APPROX. 
80% VERY FINE-GRAINED SAND. 15% SILT, 5% 
DISSEMINATED CALCIUM CARBONATE, SUBROUNDED, 
MODERATELY SORTED. LOOSE, DRY 

•15 

4 \ 

SM 

•20 

25 

4 . 
* _ 

4 

4 • • 

m 

4 

• 
4 

4 ' 

i 

20 20 CUTTINGS <1 ppm SILTY SAND, GRAYISH ORANGE (10 YR 7/4), APPROX. 
80% VERY FINE-GRAINED SAND, 15% SILT, 5% 
DISSEMINATED CALCIUM CARBONATE, SUBROUNDED. 
MODERATELY SORTED, LOOSE, DRY 

•30' 

4 

I 

«• 
• • 

1 • «• 30 30 CUTTINGS <1 ppm SAND, LIGHT BROWN (5 YR 5/6), VERY FINE AND FINE 
GRAINED SAND, MODERATELY SORTED, 
SUBROUNDED, LOOSE, DRY 

•35 

* • ' 4 

•40-
SW 

40 40 CUTTINGS <1 ppm SAND, LIGHT BROWN (5 YR 5/6). VERY FINE AND FINE 
GRAINED SAND. MODERATELY SORTED. 
SUBROUNDED. LOOSE, DRY 

•45-

* • .* 

•50j 

« 

a" 

.* 

' 4 

4 

. 4 

50 50 CUTTINGS <1 ppm 
SAND. LIGHT BROWN (5 YR 6/4), VERY FINE AND FINE
GRAINED SAND, MODERATELY SORTED. 
SUBROUNDED. LOOSE, DRY 



LITHOLOGIC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: MW-8 

WELL 
CONST, 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT., CONSOL., DIST. FEATURES) 

•60 

•65 

•70 

•75 

/ 
: / 
/ 

•80 

8̂5 

^90 

9̂5 

100 

7 
A 
/ 

•105] 

•110 

115 

120 

60 60 CUTTINGS 

70 70 CUTTINGS 

SW 80 80 CUTTINGS 

90 90 CUTTINGS 

<1 ppm SAND. LIGHT BROWN (5 YR 6/4). VERY FINE AND FINE
GRAINED SAND. MODERATELY SORTED, 
SUBROUNDED, LOOSE, DRY 

<1 ppm SAND. LIGHT BROWN (5 YR 6/4), VERY FINE AND FINE
GRAINED SAND, MODERATELY SORTED, 
SUBROUNDED, LOOSE, DRY 

<1 ppm SAND, LIGHT BROWN (5 YR 6/4), FINE-GRAINED, WELL 
SORTED. SUBROUNDED. LOOSE. DRY 

<1 ppm GROUNDWATER ENCOUNTERED AT APPROX. 90 FEET 

BOTTOM OF BOREHOLE AT 105 FEET 



LITHOLOGIC AL LOG 
Poge 1 of _ 2 

SITE ID: LOVINGTON REFINERYi OCATION in- MW-9 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NF 1/4 SECTION 36 T -16 -S R-36-E 
GROUND ELEVATION (ft. MSL): 3835 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHOD: HOLLOW-STEM AUGER 
DRILLING rnNITR-POOL ENVIRONMENTAL DRIL1 ING 
DATE STARTED: 4 - 1 - 9 5 DATE COMPLETED: 4~2~96 
FIELD REP • G. VAN DEVENTER 
COMMENTS- NO HYDROCARBON ODORS OR STAINING 
OBSERVED IN DRILL CUTTINGS, 

LOCATION DESCRIPTION: LOCATED APPROX. 55 FEET EAST OF SIX LPG TANKS (2Q)FEET WEST OF ROAD) 

0 
E 
D WELL 

CONST. 
LITH. 

SAMPLE LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG.. SORT., CONSOL., DIST. FEATURES) 
P* 

T 
H 

WELL 
CONST. 

LITH. 
USCS FROM TO TYPE PID 

READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG.. SORT., CONSOL., DIST. FEATURES) 

• 
i 

•-C 1 NO SAMPLES 
COLLECTED 

SANDY CALICHE, PALE YELLOWISH BROWN (10 YR 
6/2) , HARD. FRACTURED AND DRY. 

• 5" « 

4 

-C: 

CAL 

•10- . 4 
4 

« '* 

10 10 CUTTINGS <1PPM SILTY SAND, GRAYISH ORANGE (10 YR 7/4) , 80% 
VERY FINE-GRAINED SAND. 15% SILT. 5% 
DISSEMINATED CALCIUM CARBONATE, LOOSE, DRY 

• 
•15-

1 

* 

as- i ; 

SM 

•20-

4 

\ • • 
4 • 

20 20 CUTTINGS <1PPM SILTY SAND, LIGHT BROWN (5 YR 6/4) , 80% VERY 
FINE-GRAINED SAND. 15% SILT. 5% DISSEMINATED 
CALCIUM CARBONATE, LOOSE, DRY 

•25-
« 

i 

' 4 

• • 

•30-
4 

4. 

30 30 CUTTINGS <1PPM SAND. LIGHT BROWN (5 YR 5 /6 ) , FINE—GRAINED, 
SUBROUNDED. WELL SORTED, LOOSE, DRY 

•35-

•4 
4 • 

-4 

'4 

•40- * 
' « 

SW 40 40 CUTTINGS <1PPM SAND. LIGHT BROWN (5 YR 5/6) . FINE-GRAINED. 
SUBROUNDED, WELL SORTED. LOOSE, .DRY 

•45-

• 

* -
* V 

50 

• 
4 

S " 

.4 

.*) 
• 4 

4 

* 

50 50 CUTTINGS <1PPM SAND. LIGHT BROWN (5 YR 5 /6) . FINE-GRAINED. 
SUBROUNDED. WELL SORTED. LOOSE, DRY 



LITHOLOGIC LOG 
(Continued) Poge 2 of , 

LOCATION ID: MW-9 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL., DIST. FEATURES) 

•60 

-65 

•70 

•75 

•80 

85 

^90 

-95 

•100 

1 

•105 

•110 

•115 

120 

60 60 CUTTINGS 

70 70 CUTTINGS 

SW 80 80 CUTTINGS 

90 90 CUTTINGS 

<1 ppm 

<1 ppm 

<1 ppm 

<1 ppm 

SAND, LIGHT BROWN (5 YR 5 /6) , FINE-GRAINED, 
SUBROUNDED, WELL SORTED, LOOSE, DRY 

DARK YELLOWISH ORANGE (10 YR 6/6) 

MODERATE YELLOWISH BROWN (10 YR 5/4) 

LIGHT BROWN (5 YR 6/4) 

GROUNDWATER ENCOUNTERED AT APPROXIMATELY 
88 FEET BGS 

BOTTOM OF BORING AT 104 FEET 



LITHOLOGIC AL LOG 

LOCATION MAP: 
ivivimivngiBtema 

o o o 
O o 

MW-10 

Page 1 of 

SITE in- LOVINGTON REFINERY OCATION in- MW-10 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 

(ft. MSI )• 3835 GROUND ELEVATION 
STATE: NEW MEXICO " COUNTY: LEA-
DRILLING MFTHOn: HOLLOW-STEM AUGER 
DRILLING CONTR • POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 3 -29 -96 DATE COMPLETED: 4 - 1 - 9 6 
FIELD RFP - G. VAN DEVENTER 
COMMENTS: NO HYDROCARBON ODORS OR STAINING 
OBSERVED IN DRILL CUTTINGS. 

LOCATION DESCRIPTION: LOCATED APPROX. 60 FEET WEST OF SIX LPG TANKS 

0 
E 
p WELL 

CONST. 
LITH. 

SAMPLE LITHOLOGIC DESCRIPTION 
(LITH.. USCS. GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT.. CONSOL.. DIST. FEATURES) T 
H 

WELL 
CONST. 

LITH. 
USCS FROM TO TYPE PID 

READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS. GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT.. CONSOL.. DIST. FEATURES) 

5 • 

* i 

m 

*" 4\ 

^ C 

-C 

c 
C 

c 

CAL 

NO SAMPLES 
COLLECTED 

SANDY CALICHE, PALE YELLOWISH BROWN (10 YR 
6/2) , HARD. FRACTURED, DRY 

10- * 4\ 10 10 CUTTINGS <1PPM SILTY CALCAREOUS SAND. GRAYISH ORANGE (10 YR 
7/4) , 80% VERY FINE GRAINED SAND, 15% SILT. 5% 
DISSEMINATED CALCIUM CARBONATE. LOOSE, DRY 

15-
4 ', SM 

-20-
4 , 

*. 
4 

* 
4 

4 

4 • 

20 20 CUTTINGS <1PPM SILTY CALCAREOUS SAND, LIGHT BROWN (5 YR 6/4) , 
80% VERY FINE GRAINED SAND. 15% SILT, 5% 
DISSEMINATED CALCIUM CARBONATE, LOOSE, DRY 

25 
ft " ' 

* 

i 

' 4 

4 • 

25 25 CUTTINGS <1PPM SAND, LIGHT BROWN (5 YR 5/6) , FINE-GRAINED, 
SUBROUNDED. WELL SORTED, LOOSE. DRY 

-30 
4.4 

30 30 CUTTINGS <1PPM SAND. LIGHT BROWN (5 YR 5/6) , FINE-GRAINED. 
SUBROUNDED. WELL SORTED. LOOSE, DRY 

35-

4 • 

•4V 

'4 

40- « 
4 

SW 

40 40 CUTTINGS <1PPM SAND, LIGHT BROWN (5 YR 5/6) , FINE-GRAINED, 
SUBROUNDED. WELL SORTED, LOOSE, DRY 

•45- * 
< 

V 

. 4 

•50 

* • 4 

4 

4 

50 50 CUTTINGS <1PPM SAND, LIGHT BROWN (5 YR 5 /6) . FINE-GRAINED. 
SUBROUNDED, WELL SORTED. LOOSE. DRY 



LITHOLOGIC LOG 
(Continued) Poqej>_ of _2_ 

LOCATION ID: MW-10 

D 
E 
p WELL 

CONST. 
LITH. 

SAMPLE LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL., DIST. FEATURES) T 
H 

WELL 
CONST. 

LITH. 
USCS FROM TO TYPE PID READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL., DIST. FEATURES) 

• • 
4 

4 

* 

4 

SAND, LIGHT BROWN (5 YR 5 /6) , FINE-GRAINED. 
SUBROUNDED, WELL SORTED, LOOSE, DRY 

•60-
« 

.# 60 60 CUTTINGS <1PPM DARK YELLOWISH ORANGE (10 YR 6/6) 

•65-
) ' . 

•70-

•75-

* 

J 
4. 

I 70 70 CUTTINGS <1PPM MODERATE YELLOWISH BROWN (10 YR 5/4) 

80- — SW 
80 80 CUTTINGS <1PPM LIGHT BROWN (5 YR 6/4) 

•85-
— 

•90 
-

90 90 CUTTINGS <1PPM GROUNDWATER ENCOUNTERED AT APPROXIMATELY 
90 FEET BGS 

95- -

•100 
-

•105 •105 
BOTTOM OF BORING AT 105 FEET 

•110 

•115 

120 



LITHOLOGIC LOG 
Poge 1 of 2 

LOCATION MAP: 

A S - W 

C3E3 
• 

SITE in- LOVINGTON REFINERY i nr.ATlON in- AS-1 
SITE LOCATION (SECTION, TOWNSHIP. RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI )• 3835 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING UFTHnn- HOLLOW-STEM AUGER 
DRILLING CONTR - POOL ENVIRONMENTAL DRILLING 
DATE STAPTFD- 4 - 2 - 9 6 DATF COMPI FTFn- 4 - 3 - 9 6 
FIELD RFP - G. VAN DEVENTER 
COMMENTS: NO HYDROCARBON ODORS OR STAINING OBSERVED. 

LOCATION DESCRIPTION: LOCATED APPROX. 57 FEET SOUTH OF SKIMMER TANK 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL, DIST. FEATURES) 

•10 

•15-

•20 

25 

•30 

35-

•40 

•45 

•50 

NO SAMPLES 
COLLECTED 

SANDY CALICHE. VERY PALE ORANGE (10 YR 8/2) , 
HARD (INDURATED), FRACTURED (WEATHERED). DRY 

CAL 

10 10 CUTTINGS <1PPM SILTY SAND. GRAYISH ORANGE (10 YR 7/4), APPROX 
80% VERY FINE-GRAINED SAND, 15% SILT. 5% 
DISSEMINATED CALCIUM CARBONATE. LOOSE, DRY 

SM 

20 20 CUTTINGS <1PPM SILTY SAND. LIGHT BROWN (5 YR 6/4) . APPROX. 
80% VERY FINE-GRAINED SAND. 15% SILT. 5% 
DISSEMINATED CALCIUM CARBONATE. LOOSE. DRY 

30 30 CUTTINGS <1PPM SAND. LIGHT BROWN (5 YR 5 /6) . FINE-GRAINED. 
SUBROUNDED. WELL SORTED. LOOSE, DRY 

SW 
40 40 CUTTINGS <1PPM SAND, LIGHT BROWN (5 YR 5 /6) . FINE-GRAINED, 

SUBROUNDED, WELL SORTED. LOOSE. DRY 

50 50 CUTTINGS <1PPM SAND. LIGHT BROWN (5 YR 5 /6 ) , FINE-GRAINED, 
SUBROUNDED. WELL SORTED, LOOSE. DRY 



UTHOLOQC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: AS-1 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT., CONSOL., DIST. FEATURES) 

•60-

•65-

•70 I 
r75-

L80-

[•85 

r 90 

•95-

•100--

I 
•105 

•110 

•115 

120 

60 60 

NO SAMPLES 
COLLECTED 

CUTTINGS <1ppm 

SAND, LIGHT BROWN (5 YR 5 /6) , FINE-GRAINED. 
SUBROUNDED. WELL SORTED. LOOSE. DRY 

DARK YELLOWISH ORANGE (10 YR 6/6) 

70 70 CUTTINGS <1ppm MODERATE YELLOWISH BROWN (10 YR 5/4) 

SW 80 80 CUTTINGS <1ppm LIGHT BROWN (5 YR 6/4) 

GROUNDWATER ENCOUNTERED AT APPROX. 90 FEET 

BOTTOM OF BORING AT 107 FEET 



LITHOLOGIC LOG 

LOCATION MAP: 

AS-2 
• 

Poge 1 of 2 

SITE in- LOVINGTON REFINERY, nPATinN in- AS-2 
SITE LOCATION (SECTION. TOWNSHIP. RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. 
STATE: NEW MEXICO 

MSL): 3835 
COUNTY: LEA 

DRILLING MFTHOn: HOLLOW-STEM AUGER 
DRILLING nnMTR • POOL ENVIRONMENTAL DRILLING 
DATE STARTFD: 4 - 3 - 9 6 nATF COMPLETED: _4^32L§6 
FIELD REP • JINGFANG HE 
COMMENTS- NO HYDROCARBON ODORS OR STAINING OBSERVED. 

LOCATION DESCRIPTION: LOCATED APPROX. 100 FEET NORTH OF SIX LARGE LPG TANKS AND 40 FEET WEST OF ROAD. 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS. GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT.. CONSOL, DIST. FEATURES) 

r10 

r15 

•20 

•25 

•30 

•35 

•40 

•45-

50 

CAL 
NO SAMPLES 
COLLECTED 

NO PID 
READINGS 

SANDY CALICHE. PALE YELLOWISH BROWN. VERY 
HARD TO DRILL THROUGH 

SW 

FINE SAND. LIGHT BROWN WELL SORTED. 
SUBROUNDED. DRY 

FINE SAND, GRAYISH ORANGE, WELL SORTED, 
SUBROUNDED, DRY 

FINE SAND, LIGHT BROWN. WELL SORTED. 
SUBROUNDED, DRY 



LITHOLOGIC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: AS-2 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL., DIST. FEATURES) 

L60-

•65 

•70 1 
•75-

-80 

L85-

•90 

95 

•100-

•105 . 

I I 

I 
•110 

•115 

120 

SM 

60 

70 

SW 

85 

70 

85 

105 

NO SAMPLES 
COLLECTED 

NO PID 
READINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

FINE SAND WITH SOME SILT (~10%), MODERATE 
YELLOWISH BROWN, WELL SORTED, SUBROUNDED, 
DRY 

FINE SAND WITH ~5% SILT, LIGHT BROWN, WELL 
SORTED, SUBROUNDED. DRY 

FINE SAND, LIGHT BROWN, WELL SORTED, 
SUBROUNDED, DRY 

FINE SAND, MODERATE YELLOWISH BROWN. WELL 
SORTED. SUBROUNDED. SLIGHTLY WET TO WET AT 
THE BOTTOM (SATURATED) 

BOTTOM OF BORING AT 107 FEET 



LITHOLOGIC LOG 

LOCATION MAP: 

X 

^r—I C3D 
• A S - 3 

Poge 1 of 2 

SITE in- LOVINGTON REFINERY i nrATlDN in- AS-3 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T -19 -S R-36-E 
GROUND ELEVATION (ft. MSI)- 3835 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHnn- HOLLOW-STEM AUGER 
DRILLING miMTR- POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 4 - 4 - 9 6 DATE COMPLETED: 4 - 4 - 9 6 
FIELD RFP • JINGFANG HE 
COMMENTS- NO HYDROCARBON ODORS OR STAINING OBSERVED. 

LOCATION DESCRIPTION: LOCATED APPROX. 10 FEET WEST OF SKIMMER TANK. 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT., CONSOL., DIST. FEATURES) 

10 

L15 

20-

•25 

•30 

•35 

40 

•45 

•50 

CAL 
NO SAMPLES 
COLLECTED 

NO PID 
READINGS 

SANDY CALICHE, PALE YELLOWISH BROWN (10 YR 
6/2) , HARD (INDURATED). FRACTURED (WEATHERED) 
DRY 

SM 

SILTY SAND, GRAYISH ORANGE (10 YR 7/4) . 80% 
VERY FINE GRAINED SAND, 15% SILT, 5% 
DISSEMINATED CALCIUM CARBONATE, LOOSE, DRY 

ML 

CLAYEY SILT. OLIVE GRAY (5 YR 3 /2) . SLIGHT 
PLASTICITY. MEDIUM STIFF. SLIGHTLY MOIST 

SW 

SAND. LIGHT BROWN (5 YR 5 /6 ) . FINE-GRAINED, 
WELL SORTED. SUBROUNDED, SLIGHTLY MOIST TO DRY 



LITHOLOGIC LOG 
(Continued) P o 9 e - ^ - o f 

LOCATION ID: A S - 3 

D 
E 
p 
T 
H 

WELL 
CONST. 

LITH. 
SAMPLE LITHOLOGIC DESCRIPTION 

(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 
COLOR, RNDG.. SORT., CONSOL.. DIST. FEATURES) 

D 
E 
p 
T 
H 

WELL 
CONST. 

LITH. 
USCS FROM TO TYPE PID 

READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG.. SORT., CONSOL.. DIST. FEATURES) 

60-

•65-

70 

75-

•SO

BS-

•90-

1 

i 
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

 

•{.: 

SW 55 

80 

85 

80 

85 

107 

CUTTINGS 

CUTTINGS 

CUTTINGS 

SAND, LIGHT BROWN (5 YR 5 / 6 ) . FINE-GRAINED. 
SUBROUNDED. WELL SORTED, LOOSE. DRY 

60-

•65-

70 

75-

•SO

BS-

•90-

1 

i 
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

 

•{.: 

•"v-s"*t'.'.'-":.'''r V SM 

55 

80 

85 

80 

85 

107 

CUTTINGS 

CUTTINGS 

CUTTINGS 

SILTY SAND, GRAYISH BROWN (5 YR 2 / 2 ) . APPROX. 
90% VERY FINE TO FINE GRAINED SAND AND 10% 
SILT, MOIST TO WET 

60-

•65-

70 

75-

•SO

BS-

•90-
! 

1 

V// 

SW 

55 

80 

85 

80 

85 

107 

CUTTINGS 

CUTTINGS 

CUTTINGS SAND, MODERATE YELLOWISH BROWN (10 YR 5 / 4 ) , 
SUBROUNDED, WELL SORTED. WET 

•95 

•1001 

•105 

•110 

•115 

120 

1 SI 

SW 

55 

80 

85 

80 

85 

107 

CUTTINGS 

CUTTINGS 

CUTTINGS SAND, MODERATE YELLOWISH BROWN (10 YR 5 / 4 ) , 
SUBROUNDED, WELL SORTED. WET 

•95 

•1001 

•105 

•110 

•115 

120 

55 

80 

85 

80 

85 

107 

CUTTINGS 

CUTTINGS 

CUTTINGS 

BOTTOM OF BORING AT 107 FEET 



LOCATION MAP: 

X 
A S - 4 
n | * «u. 

i 

• 

• • 

1 * 
• 

*»-» 
• 

"SET 

UTHOLOGIC LOG 
Page 1 of 

SITE in- LOVINGTON REFINERY i n r j . vnu in- AS-4 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-X-S R-X-E 
GROUND ELEVATION (ft. MSI V 3835 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHfin- HOLLOW-STEM AUGER 
DRILLING CONTR - POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 4 - 4 - 9 6 DATE COMPLETED: 4 - 5 - 9 6 
FIELD RFP - JINGFANG HE 
COMMENTS: NO HYDROCARBON ODORS OR STAINING OBSERVED. 

LOCATION DESCRIPTION: LOCATED APPROX. 8 FEET EAST OF SKIMMER TANK AND 15 FEET WEST OF ROAD. 

WELL 
CONST. 

LITH. 

. ••• • V .. • . 

SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG.. SORT.. CONSOL., DIST. FEATURES) 

10 

15 

20 

25 

30 

•35 

40 

45 

50 

CAL 

SW 

SW 

ML 

SW 

17 

35 

40 

17 

35 

40 

55 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

NO PID 

READINGS 

SANDY CALICHE, DARK YELLOWISH BROWN (TOP) 
PALE YELLOWISH BROWN (0.5 FEET -
4 FEET), VERY HARD TO DRILL, DRY 

FINE SAND. GRAYEY ORANGE. WELL SORTED. 
SUBROUNDED. DRY 

FINE SAND. LIGHT BROWN, WELL SORTED, 
SUBROUNDED, DRY TO SLIGHTLY MOIST 

FINE SAND WITH 10% SILT. LIGHT BROWN, WELL 
SORTED, SUBROUNDED, SLIGHTLY WET 

FINE SAND, GRAYEY ORANGE. WELL SORTED. 
SUBROUNDED, DRY TO SLIGHTLY MOIST 



LITHOLOGIC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: AS-4 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS. GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG.. SORT.. CONSOL.. DIST. FEATURES) 

•60-

h65-

•70-

•75 1 
h80-

85-

-90 I 
r95--

•100 

•105 

I I 

I 

•110 

115 

120 

SW 55 107 CUTTINGS FINE SAND. GRAYISH ORANGE. WELL SORTED, 
SUBROUNDED. DRY TO SLIGHTLY MOIST 

GROUNDWATER ENCOUNTERED AT APPROX. 90 FEET 

BOTTOM OF BORING AT 107 FEET 



LITHOLOGIC LOG 
Poge 1 of 2 

LOCATION MAP: 

A S - 5
 D M * 

SITE ID- LOVINGTON REFINEPJ/nPATlDN in- AS-5 
SITE LOCATION (SECTION, TOWNSHIP. RANGE): 
NE 1/4 SECTION 36 T -16 -S R-36-E 
GROUND ELEVATION (ft. MSI )• 3835 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHOn- HOLLOW-STEM AUGER 
DRILLING CONTR • POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 4 - 9 - 9 6 DATE COMPLETED: 4 - 9 - 9 6 
FIELD RFP- G. VAN DEVENTER 
COMMENTS: 

LOCATION DESCRIPTION: APPROX. 35 FEET NORTHWEST OF SEWER JUNCTION BOX. 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR. RNDG., SORT.. CONSOL. DIST. FEATURES) 

•10 

•15 

•20 

•25 

•30 

•35 

•40 

•45 

! 

50 

I 

2f 

CAL 

SM 

10 

25 

SW 
30 

\ 

40 

10 

25 

30 

40 

50 

SANDY CALICHE, PALE YELLOWISH BROWN (10 YR 
6/2), HARD, FRACTURED WITH INTERMITTENT LAYERS 
OF SILTY VERY FINE-GRAINED SAND. LOOSE, DRY 

CUTTINGS 200 ppm 

CUTTINGS 200 ppm 

SILTY SAND, PALE YELLOWISH BROWN (10 YR 6/2), 
APPROX 80% VERY FINE-GRAINED SAND. 15% SILT. 
AND 5% DISSEMINATED CALCIUM CARBONATE. 
LOOSE, DRY 

MODERATE HYDROCARBON ODORS 

CUTTINGS 240 ppm 

CUTTINGS 180 ppm 
SAND. MODERATE YELLOWISH BROWN (10 YR 5/4) . 
FINE-GRAINED. SUBROUNDED. WELL SORTED. LOOSE, 
DRY. MODERATE HYDROCARBON ODORS 

CUTTINGS 110 ppm 



UTHOLOGIC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: AS-5 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS. GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG.. SORT.. CONSOL. DIST. FEATURES) 

•60 

-65 

•70 

-75 

L80-

•100 

•105 

110 

•115 

120 

\ 

I 

60 70 CUTTINGS 40 ppm SAND. MODERATE YELLOWISH BROWN (10 YR 5/4) , 
FINE-GRAINED. SUBROUNDED, WELL SORTED, 
LOOSE, DRY 

70 80 CUTTINGS 30 ppm SAND. MODERATE YELLOWISH BROWN (10 YR 5/4) . 
FINE-GRAINED. SUBROUNDED, WELL SORTED, 
LOOSE, DRY 

SW 

80 80.5 SPLIT 
SPOON 

4 ppm SAND, MODERATE YELLOWISH BROWN (10 YR 5/4) . 
FINE-GRAINED, SUBROUNDED. WELL SORTED. 
LOOSE. DRY 

80 90 CUTTINGS 6 ppm GROUNDWATER ENCOUNTERED AT APPROX. 90 FEET 

BOTTOM OF BORING AT 107 FEET 



LJTH0L0G1C LOG 
Page 1 of _2_ 

SITE ID- LOVINGTON REFINERY i DCATIDM in- AS-6 
SITE LOCATION (SECTION, TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI )• 3835 
STATE: NEW MEXICO COUNTY: _LEA 
DRILLING MFTHOn- HOLLOW-STEM AUGER 
DRILLING CONTR • POOL ENVIRONMENTAL DRILLING 
DATE STARTTn- 4 - 1 0 - 9 6 nATF rnMPiFTFn- 4 - 1 0 - 9 6 
FIELD REP • G. VAN DEVENTER 
COMMENTS- NO HYDROCARBON ODORS OR STAINING OBSERVED. 

LOCATION DESCRIPTION: LOCATED APPROX. 35 FEET NORTHEAST OF API SEPARATOR. 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG.. SORT., CONSOL., DIST. FEATURES) 

•10 

•15 

•20 

•25 

30 

•35 

•40 

•45 

50 

C . 
C CAL 

SM 

10 

20 

SW 30 

40 

10 

20 

30 

40 

50 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

<1ppm 

SANDY CALICHE, PALE YELLOWISH BROWN (10 YR 
6/2) . HARD, FRACTURED, DRY 

<1ppm 

SILTY SAND. PALE YELLOWISH BROWN (10 YR 6/2) 
APPROX. 80% VERY FINE-GRAINED SAND. 15% SILT 
AND 5% DISSEMINATED CALCIUM CARBONATE. 
LOOSE, DRY 

<1 ppm 

SAND, MODERATE YELLOWISH BROWN (10 YR 5 /4) , 
FINE-GRAINED. SUBROUNDED. WELL SORTED. 
LOOS. DRY 

<1ppm 

<1ppm 

<1ppm 



LITHOLOGIC LOG 
(Continued) Poge 2 of 2 

LOCATION ID: AS-6 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS, GRAIN SIZE PROPORTIONS. WET 

COLOR, RNDG., SORT., CONSOL.. DIST. FEATURES) 

•60-

•65-

•70-

•75 I 
-SO

BS-

^ 0 

95--

•100-

•105 

1 1 

I 
•110 

•115 

120 

50 60 

60 70 

70 80 
SW 

80 90 

CUTTINGS 

CUTTINGS 

CUTTINGS 

CUTTINGS 

SAND, MODERATE YELLOWISH BROWN (10 YR 5/4) , 
FINE-GRAINED, SUBROUNDED, WELL SORTED, 
LOOSE, DRY 

<1ppm 

<1ppm 

<1ppm 

<1ppm GROUNDWATER ENCOUNTERED AT APPROX. 90 FEET 

BOTTOM OF BORING AT 107 FEET 



LOCATION MAP: 
• 

X 

• 

• • A S - 7 
V - / 

MS 

1 * ' 
• 

mm 

LTTHOLOG1C LOG 
Poge 1 of 

SITE in- LOVINGTON REFINERIfnCATinN in- AS-7 
SITE LOCATION (SECTION. TOWNSHIP, RANGE): 
NE 1/4 SECTION 36 T-16-S R-36-E 
GROUND ELEVATION (ft. MSI)- 3835 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING urn-inn- HOLLOW-STEM AUGER 
DRILLING CONTR - POOL ENVIRONMENTAL DRILLING 
DATE STARTED- 4 - 1 0 - 9 6 nAIT COMPI FTFO- 4 - 1 1 - 9 6 
FIELD REP • G. VAN DEVENTER/DALE LITTLEJOHN 
COMMENTS: MODERATE TO STRONG HYDROCARBON ODORS. 

LOCATION DESCRIPTION: APPROX. 16 FEET SOUTH OF SEWER JUNCTION BOX. 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS. GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG., SORT.. CONSOL. DIST. FEATURES) 
SANDY CALICHE. PALE YELLOWISH BROWN (10 YR 
6/2) . HARD (INDURATED). FRACTURED (WEATHERED) 
DRY 

• 5 

10 

15 

20 

25 

•30 

35-

40 

45 

50 

1 I 

CAL 

10 

SM 

20 

29 

SW 
40 

50 

10 CUTTINGS 

20 CUTTINGS 

30.5 SPLIT 
SPOON 

40 CUTTINGS 

50 CUTTINGS 

260 ppm 

SILTY SAND, GRAYISH ORANGE (10 YR 5/4). APPROX. 
80% VERY FINE-GRAINED SAND. 15% SILT. AND 5% 
DISSEMINATED CALCIUM CARBONATE. LOOSE, DRY, 
CHANGING TO GRAYISH BLACK AT 9 FEET WITH 
MODERATE HYDROCARBON ODOR 

280 ppm 

SAND, GRAYISH BLACK (CHANGING TO BLACK AT 29 
FEET). FINE-GRAINED. SUBROUNDED. WELL SORTED 
STRONG HYDROCARBON ODOR, LOOSE, DRY 

340 ppm 

340 ppm 

260 ppm 



LITHOLOGIC LOG 
(Continued) Page 2 of 2 

LOCATION ID: AS-7 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG., SORT., CONSOL, DIST. FEATURES) 

•60 

•65 

•70 

•75 

•80 

h95 

•100 

•105 

•110 

•115 

120 

i 

SW 

60 61 SPLIT 
SPOON 

260 ppm 

SAND, LIGHT BROWN, FINE GRAIN (5-10% SILT), 
SUBROUNDED. WELL SORTED UNCONSOLIDATED, 
STRONG HYDROCARBON ODOR. NO STAINING OR 
DISCOLORATION 

70 70 CUTTINGS 280 ppm 

80 81 SPLIT 
SPOON 

280 ppm 

90 90 CUTTINGS 180 ppm GROUNDWATER ENCOUNTERED AT APPROX. 90 FEET 

BOTTOM OF BORING AT 107 FEET 



LITHOLOGIC LOG 
Page 1 of 2 

SITE in- LOVINGTON REFINERY i nOATic.Ni in- AS-8 
SITE LOCATION (SECTION. TOWNSHIP. RANGE): 
NE 1/4 SECTION 36 T-16-S R-37-E 
GROUND ELEVATION (ft. MSI)- 3835 
STATE: NEW MEXICO COUNTY: LEA 
DRILLING MFTHO-n- HOLLOW-STEM AUGER 
DRILLING CONTR.: POOL ENVIRONMENTAL DRILLING 
DATE STARTED: 4 - 1 1 - 9 6 DATE COMPLETED: 4 - 1 2 - 9 6 
FIELD RFP • DALE LITTLEJOHN 
COMMENTS: 

LOCATION DESCRIPTION: LOCATED APPROX. 20 FEET NORTHEAST OF ELECTRIC CONTROL BOX 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH.. USCS, GRAIN SIZE PROPORTIONS. WET 

COLOR. RNDG.. SORT.. CONSOL.. DIST. FEATURES) 

•10 

•15 

20 

•25 

30 

•35 

•40 

•45 

•50 

c CAL 

SM 

SW 

10 

20 

30 

40 

50 

10 

20 

30 

40 

50 

SANDY CALICHE. PALE YELLOWISH BROWN (10 YR 
6/2) WITH HARD LAYERS. VERY FINE GRAIN, POORLY 
SORTED SAND, DRY (NO ODORS) 

SILTY SAND. LIGHT YELLOWISH BROWN. VERY FINE 
GRAIN (25% SILT), POORLY SORTED SAND, DRY, SILT 
DECREASING WITH DEPTH 

CUTTINGS 10 ppm 

SAND, GRAY (DISCOLORED), VERY FINE GRAIN, 
WELL SORTED. SUBANGULAR. STRONG HYDROCARBON 
ODOR 

CUTTINGS 300 ppm 

SAND, GRAYISH DARK BROWN, FINE GRAINED, WELL 
SORTED, SUBANGULAR, STRONG HYDROCARBON 
ODOR 

CUTTINGS 360 ppm 

CUTTINGS 300 ppm 

CUTTINGS 340 ppm 



LITHOLOGIC LOG 
(Continued) Poge 2 of 

LOCATION ID: AS-8 

WELL 
CONST. 

LITH. 
SAMPLE 

USCS FROM TO TYPE PID 
READING 

LITHOLOGIC DESCRIPTION 
(LITH., USCS, GRAIN SIZE PROPORTIONS, WET 

COLOR, RNDG.. SORT., CONSOL., DIST. FEATURES) 

•60 

•65 

70-

9 •75-

•so-; 

•85-

•90 I 
95-

100-

i 

•105 •„-••• I 
•110 

•115 

120 

SAND, BROWN TO DARK BROWN, FINE-GRAINED, WELL 
SORTED, SUBANGULAR, HYDROCARBON ODOR, DRY 

60 60 CUTTINGS 440 ppm 

70 70 CUTTINGS 420 ppm 

80 80 CUTTINGS 
SW 

320 ppm 

ENCOUNTERED GROUNDWATER AT APPROXIMATELY 
93 FEET 

BOTTOM OF BORING AT 107 FEET 



APPENDIX D 

MONITORING WELL SURVEY DATA 
(Supplied by John West Engineering Company) 



AREA 505 
393-3117 

JOHN WEST 
ENGINEERING 
COMPANY 
EMPLOYEE OWNED 

412 North Dal Paso 

Hobbs, New Mexico 88240 

APRIL 29, 1996 

GIL VAN DEVENTER 
GEOSCIENCE CONSULTANTS, INC. 
306 W. WALL ST. , SUITE 818 
MIDLAND, TEXAS 79701 

RE: NAVAJO'S LOVINGTON (LEA) REFINERY MONITOR WELLS 

DEAR GIL, 

HERE ARE THE RESULTS OF THE SURVEY PERFORMED ON THE FOUR MONITOR 
WELLS IN SECTION 31, T16S, R37E, N.M.P.M., LEA COUNTY, NEW MEXICO 
ON 4-23-1996. 

AREA 505 

ELEVATIONS 

TOP OF CONC. (NORTH SIDE) TOP OF PVC PIPE (NORTH SIDE) 

WELL RW-1 
WELL MW-8 
WELL MW-9 
WELL MW-10 

3836.15' 
3834.42' 
3833.06' 
3831.34' 

3835.91' 
3838.09' 
3832.82' 
3831.10' 

VERTICAL MEASUREMENTS WERE BASED UPON ELEVATION'S PREVIOUSLY 
ESTABLISHED IN THE PLANT AND WERE COMPARED WITH ELEVATIONS ON 
WELLS FROM A PRIOR SURVEY. 

THANK YOU FOR THIS OPPORTUNITY AND SHOULD YOU HAVE ANY QUESTIONS, 
PLEASE CALL. 

SINCERELY 

GARY EIDSON 
PS NO. 12641 
W.O. 96110500 



REVISED WELL NUMBERS 

ELEVATIONS 
NORTH SIDE OF METAL RIM TOP OF 2" PVC (NORTH SIDE) 

WELL NO. 1 3835.90' 3835.67' 
WELL NO. 2 3835.14' 3834.94' 
WELL NO. 3 3829.83' 3829.55' 
WELL NO. 4 3837.85' 3837.56' 
WELL NO. 5 3813.87' (EDGE OF CONC. BOX) 3816.88' 
WELL NO. 6 3835. 70' 3835.50' 
WELL NO. 7 3836.07' 3835.84' 



APPENDIX E 

LABORATORY ANALYTICAL REPORTS 
AND CHAIN-OF-CUSTODY DOCUMENTATION 



LABORATORY ANALYTICAL REPORTS 
FROM INVESTIGATION CONDUCTED BY 

GEOSCIENCE CONSULTANTS, LTD. 
(March-April, 1996) 
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6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806«794»1296 

FAX 806«794«1298 ANALYTICAL RESULTS FOR 

GCL ENVIRONMENTAL 
A t t e n t i o n : Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Pr o j e c t L o c a t i o n : NA 
COC# 10047 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/22/96 
Sample Condition: I n t a c t & Cool 
Sample Received by: ML 
Pro j e c t Name: Navajo 

FIELD CODE: 9604221745 MW-2 
TA#: T51502 

8240 Compounds 
Concentration 

(ug/L) 
Reporting 

L i m i t 

Benzene 
Toluene 
Ethylbenzene 
m & p-Xylene 
jo-Xylene 

ND 
ND 
ND 
ND 
ND 

1 
1 
1 
1 
1 

SURROGATES RECOVERY 

Dibromofluoromethane 106 
Toluene-d8 110 
4-Bromofluorobenzene 97 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

D i r e c t o r , Dr. B l a i r L e f t w i c h 
D i r e c t o r , Dr. Bruce McDonell 

Date 

limUMl̂ ^ INC ilMlllM 
A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806»794»1296 

FAX 806*794*1298 ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC# 10047 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: I n t a c t & Cool 
Sample Received by: ML 
Project Name: Navajo 

FIELD CODE: 9604230940 MW-3 
TA#: T51504 

8240 Compounds 
Concentrat ion 

(ug/L) 
Reporting 

Limit 

Benzene 
Toluene 
Ethylbenzene 
m & p-Xylene 
o-Xylene 

ND 
ND 
ND 
ND 
ND 

SURROGATES RECOVERY 

Dibromofluoromethane 108 
Toluene-d8 109 
4-Bromofluorobenzene 100 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

Director, Dr. B l a i r Leftwich 
Director, Dr. Bruce McDonell 

Date 

Lim INC l i l ^ 
A Laboratory for Advanced Environmental Research and.Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806«794»1296 

FAX 806• 794*1298 ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Oate: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC# 10047 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/22/96 
Sample Condition: Intact & Cool 
Sample Received by: ML 
Project Name: Navajo 

FIELD CODE: 9604221630 MW-4 
TA#: T51501 

Concentration Reporting 
8240 Compounds (ug/L) Limit 

Benzene ND 1 
Toluene 1 1 
Ethylbenzene ND 1 
m & p-Xylene ND 1 
o-Xylene ND 1 

SURROGATES RECOVERY 

Dibromofluoromethane 109 
Toluene-d8 108 
4-Bromofluorobenzene 98 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

Director, Dr. B l a i r Leftwich 
Director, Dr. Bruce McDonell 

Date 

iiiJLito INCILMIIIJA ill 
A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806»794»1296 

FAX 806*794* 1298 ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC# 10047 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: In t a c t & Cool 
Sample Received by: ML 
Project Name: Navajo 

FIELD CODE: 9604230830 MW-5 
TA#: T51503 

Concentration Reporting 
8240 Compounds (ug/L) Limit 

Benzene ND 1 
Toluene , ND 1 
Ethylbenzene ND 1 
m & p-Xylene ND 1 
o-Xylene ND 1 

SURROGATES RECOVERY 

Dibromofluoromethane 107 
Toluene-d8 109 
4-Bromofluorobenzene 97 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

Director, Dr. B l a i r Leftwich 
Director, Dr. Bruce McDonell 

LIIIJIJJÎ ^ 

Date 

IALYSIS, INC 
A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

^ f e 806*794*1296 

FAX 806*794*1298 ANALYTICAL RESULTS FOR 

GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC# 10047 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: Intact & Cool 
Sample Received by: ML 
Project Name: Navajo 

FIELD CODE: 9604231430 MW-6 
TA#: T51510 

Concentration Reporting 
8240 Compounds (ug/L) Limit 

# 

Benzene 1,150 10 
Toluene ND 10 
Ethylbenzene 599 10 
m Ei p-Xylene 462 10 
o-Xylene ND 10 

SURROGATES RECOVERY 

Dibromofluoromethane 111 
Toluene-d8 108 
4-Bromofluorobenzene 100 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

Director, Dr. Blair Leftwich 
Director, Dr. Bruce McDonell 

Date 

A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806»794»1296 

FAX 806*794* 1298 ANALYTICAL RESULTS FOR 

GCL ENVIRONMENTAL 
A t t e n t i o n : Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Proje c t L o c a t i o n : NA 
COC# 10047 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: I n t a c t & Cool 
Sample Received by: ML 
Pro j e c t Name: Navajo 

FIELD CODE: 9604231315 MW-8 
TA#: T51507 

Concentration Reporting 
8240 Compounds (ug/L) L i m i t 

Benzene 2 1 
Toluene ND 1 
Ethylbenzene ND 1 
m & p-Xylene ND 1 
o-Xylene ND 1 

SURROGATES RECOVERY 

Dibromofluoromethane 111 
Toluene-d8 105 
4-Bromofluorobenzene 99 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

D i r e c t o r , Dr. B l a i r L e f t w i c h 
D i r e c t o r , Dr. Bruce McDonell 

Date 

UUJIĴ ^ INC JiilllliM 
A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806•794-1296 

FAX 806• 794* 1298 ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC# 10047 

FIELD CODE: 9604231215 MW-9 
TA#» T51506 

8240 Compounds 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: Intact & Cool 
Sample Received by: ML 
Project Name: Navajo 

Concentration Reporting 
(ug/L) Limit 

Benzene 1,690 10 
Toluene ND 10 
Ethylbenzene ND 10 
m & p-Xylene 19 10 
o-Xylene ND 10 

SURROGATES RECOVERY 

Dibromofluoromethane 112 
Toluene-d8 108 
4-Bromofluorobenzene 98 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

Director, Dr. B l a i r Leftwich Date 
Director, Dr. Bruce McDonell ' 

A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806«794«1296 

FAX 806»794» 1298 ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: I n t a c t & Cool 
Sample Received by: ML 
Project Name: Navajo 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC/ 10047 

FIELD CODE: 9604231045 MW-10 
TA#: T51505 

Concentration Reporting 
8240 Compounds (ug/L) Limit 

Benzene ND 1 
Toluene ND 1 
Ethylbenzene ND 1 
m & p-Xylene ND 1 
o-Xylene ND 1 

SURROGATES RECOVERY 

Dibromofluoromethane 109 
Toluene-d8 108 
4-Bromofluorobenzene 101 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

/-- /- tS 
Director, Dr. B l a i r Leftwich 
Director, Dr. Bruce McDonell 

Date 

wWiito INC JlMiliJm LU u A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806*794•1296 

FAX 806* 794* 1298 ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC# 10047 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: I n t a c t & Cool 
Sample Received by: ML 
Project Name: Navajo 

FIELD CODE: 9604231335 Rinsate 
TA#: T51508 

Concentration Reporting 
8240 Compounds (ug/L) Limit 

Benzene ND 1 
Toluene ND 1 
Ethylbenzene ND 1 
m & p-Xylene ND 1 
o-Xylene ND 1 

SURROGATES RECOVERY 

Dibromofluoromethane 108 
Toluene-d8 110 
4-Bromofluorobenzene 98 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

Director, Dr. B l a i r Leftwich 
Director, Dr. Bruce McDonell 

Date 

iilmJî  INC Jlililiil 
A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806«794»1296 

FAX 806»794» 1298 ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC# 10047 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: Intact & Cool 
Sample Received by: ML 
Project Name: Navajo 

FIELD CODE: 9604231345 Trip Blank 
TA#: T51509 

Concentration Reporting 
8240 Compounds (ug/L) Limit 

Benzene ND 1 
Toluene ND 1 
Ethylbenzene ND 1 
m & p-Xylene ND 1 
o-Xylene ND 1 

SURROGATES RECOVERY 

Dibromofluoromethane 115 
Toluene-d8 109 
4-Bromofluorobenzene 99 

ND = Hot Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

Director, Dr. Blair Leftwich 
Director, Dr. Bruce McDonell 

Date 

ilitoACEANALYSIS, INC JMliiil III 
A Laboratory for Advanced Environmental Research and Analysis 



May 02, 1996 

Receiving Date: 04/24/96 

Sample Type: Hater 

Charge Code No: 2033-003 

Sampling Date: 04/23/96 

Sample Condition: I & C 

Sample Received by: ML 

Project Name: Navajo 

Extraction Date: 04/25/96 

Analysis Date: 04/29/96 

COC# 10047 

8270 Compounds (mg/L) Limit MW-6 QC RPD %EA %IA 

Naphthalene 0.001 ND 99 0 89 ~ 99 

Acenaphthylene 0.001 ND 98 1 97 98 

Acenaphthene 0.001 ND 98 1 90 98 

Fluorene 0.001 0.002 98 3 92 98 

Phenanthrene 0.001 ND 103 1 84 103 

Anthracene 0.001 0.001 100 1 86 100 

Fluoranthene 0.001 ND 105 4 87 105 

Pyrene 0.001 ND 99 1 84 99 

Benzo[a]anthracene 0.001 ND 102 4 88 102 

Chrysene 0.001 ND 101 3 135 101 

Benzo [b]fluoranthene 0.001 ND 107 9 60 107 

Benzo [k] fluoranthene 0.001 ND 96 11 59 96 

Benzo[a] pyrene 0.001 ND 103 3 58 103 

Indeno[1,2,3-cd]pyrene 0.001 ND 106 5 63 106 

Dibenz[a,h]anthracene 0.001 ND 106 7 80 106 

Benz o[g,h,i]perylene 0.001 ND 105 3 60 105 

ANALYTICAL RESULTS FOR 

6701 Aberdeen Avenue G C L ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 

806*794» 1296 Albuquerque, NM 87102 

Lubbock, Texas 79424 

806»794«1296 

FAX 806*794*1298 

PAH 

T51510 

Reporting 9604231430 

ND = Not Detected 

Nitrobenzene-d5 SURR 

2-Fluorobiphenyl SURR 

Terphenyl-dl4 SURR 

METHODS: EPA SW 846-8270, 3510. 

CHEMIST: RD/CC 

% RECOVERY 

90 

84 

98 

Director, Dr. B l a i r Leftwich 

Director, Dr. Bruce McDonell 

DATE 

tillijJi^ INC JjLMjJJjL̂  
A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806»794»1296 

FAX806»794»1298 

PAH 

ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

Reporting 

T51507 

9604231315 

May 02, 1996 

Receiving Date: 04/24/96 

Sample Type: Water 

Charge Code No: 2033-003 

Sampling Date: 04/23/96 

Sample Condition: I S C 

Sample Received by: ML 

Project Name: Navajo 

Extraction Date: 04/25/96 

Analysis Date: 04/29/96 

COC# 10047 

8270 Compounds (mg/L) Limit MW-8 QC RPD %EA %IA 

Naphthalene 0.001 ND 99 0 89 ~ 99 

Acenaphthylene 0.001 ND 98 1 97 98 

Acenapnthene 0.001 ND 98 1 90 98 

Fluorene 0.001 ND 98 3 92 98 

Phenanthrene 0.001 ND 103 1 84 103 

Anthracene 0.001 ND 100 1 86 100 

Fluoranthene 0.001 ND 105 4 87 105 

Pyrene 0.001 ND 99 1 84 99 

Benzo[a]anthracene 0.001 ND 102 4 88 102 

Chrysene 0.001 ND 101 3 135 101 

Benzo [b] fluoranthene 0.001 ND 107 9 60 107 

Benzo [k] fluoranthene 0.001 ND 96 11 59 96 

Benzo [a] pyrene 0.001 ND 103 3 58 103 

Indeno [1,2,3 -cd] pyrene 0.001 ND 106 5 63 106 

Dibenz[a, h]anthracene 0.001 ND 106 7 80 106 

Benzo [g, h, i ] perylene 0.001 ND 105 3 60 105 

ND = Not Detected 

Nitrobenzene-d5 SURR 

2-Fluorobiphenyl SURR 

Terphenyl-dl4 SURR 

METHODS: EPA SW 846-8270, 3510, 

CHEMIST: RD/CC 

% RECOVERY 

90 

84 

87 

Director, Dr. B l a i r Leftwich 

Director, Dr. Bruce McDonell 

JIIIRACEANALYSIS, INC 

DATE 

A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806•794*1296 

FAX 806*794*1298 

PAH 

ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

Reporting 

T51506 

9604231215 

May 02, 1996 

Receiving Date: 04/24/96 

Sample Type: Water 

Charge Code No: 2033-003 

Sampling Date: 04/23/96 

Sample Condition: I £ C 

Sample Received by: ML 

Project Name: Navajo 

Extraction Date: 04/25/96 

Analysis Date: 04/29/96 

COC# 10047 

8270 Compounds (mg/L) Limit MW-9 QC RPD %EA %IA 

Naphthalene 0.001 ND 99 0 89 99 

Acenaphthylene 0.001 ND 98 1 97 98 

Acenapnthene 0.001 ND 98 1 90 98 

Fluorene 0.001 ND 98 3 92 98 

Phenanthrene 0.001 ND 103 1 84 103 

Anthracene 0.001 ND 100 1 86 100 

Fluoranthene 0.001 ND 105 4 87 105 

Pyrene 0.001 ND 99 1 84 99 

Benzo[a]anthracene 0.001 ND 102 4 88 102 

Chrysene 0.001 ND 101 3 135 101 

Benzo[b] fluoranthene 0.001 ND 107 9 60 107 

Benzo [It] fluoranthene 0.001 ND 96 11 59 96 

Benzo[a]pyrene 0.001 ND 103 3 58 103 

Indeno[1,2,3-cd]pyrene 0.001 ND 106 5 63 106 

Dibenz[a,h]anthracene 0.001 ND 106 7 80 106 

Benz o[g,h,i]perylene 0.001 ND 105 3 60 105 

ND » Not Detected 

Nitrobenzene-d5 SURR 

2-Fluorobiphenyl SURR 

Terphenyl-dl4 SURR 

% RECOVERY 

80 

78 

90 

METHODS: EPA SW 846-8270, 3510. 

CHEMIST: RD/CC 

Director, Dr. B l a i r Leftwich 

Director, Dr. Bruce McDonell 

JJlljLfaj^ INC 

DATE 

A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806*794*1296 

FAX806»794»1298 

PAH 

ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

Reporting 

T51505 

9604231045 

May 02, 1996 

Receiving Oate: 04/24/96 

Sample Type: Water 

Charge Code No: 2033-003 

Sampling Date: 04/23/96 

Sample Condition: I & C 
Sample Received by: ML 

Project Name: Navajo 

Extraction Date: 04/25/96 

Analysis Date: 04/29/96 

COC# 10047 

8270 Compounds (mg/L) Limit MW-10 QC RPD %EA %IA 

Naphthalene 0.001 ND 99 0 89 ~ 99 

Acenaphthylene 0.001 ND 98 1 97 98 

Acenapnthene 0.001 ND 98 1 90 98 

Fluorene 0.001 ND 98 3 92 98 

Phenanthrene 0.001 ND 103 1 84 103 

Anthracene 0.001 ND 100 1 86 100 

Fluoranthene 0.001 ND 105 4 87 105 

Pyrene 0.001 ND 99 1 84 99 

Benzo [a] anthracene 0.001 ND 102 4 88 102 

Chrysene 0.001 ND 101 3 135 101 

Benzo [b] fluoranthene 0.001 ND 107 9 60 107 

Benzo [k] fluoranthene 0.001 ND 96 11 59 96 

Benzo[a]pyrene 0.001 ND 103 3 58 103 

Indeno [1,2,3-cd]pyrene 0.001 ND 106 5 63 106 

Dibenz [a,h] anthracene 0.001 ND 106 7 80 106 

Benz o [ g, h, i ] perylene 0.001 ND 105 3 60 105 

ND = Not Detected 

Nitrobenzene-d5 SURR 

2-Fluorobiphenyl SURR 

Terphenyl-dl4 SURR 

METHODS: EPA SW 846-8270, 3510. 

CHEMIST: RD/CC 

Director, Dr. B l a i r Leftwich 

Director, Dr. Bruce McDonell 

itocACEANALYSIS, INC 

DATE 

LU 
A Laboratory for Advanced Environmental Research and Analysis 
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6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806«794«1296 

FAX806»794»1298 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Proje c t No: 2033-003 
Proje c t Location: NA 
COC# 10047 

ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
A t t e n t i o n : Anette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

E x t r a c t i o n Date: 04/24/96 
Analysis Date: 04/24/96 
Sampling Date: 04/23/96 
Sample Condition: I & C 
Sample Received by: ML 
Pr o j e c t Name: Navajo 

TA# FIELD CODE 

CHLORIDE SULFATE 

(mg/L) (mg/L) 

ALKALINITY 
TDS FLUORIDE (N03-N02)-N (mg/L as CaCo3) 

(mg/L) (mg/L) (mg/L) HC03 C03 

T51510 9604231430 MW-6 798 13 
QC Q u a l i t y C o n t r o l 471 10.0 

1,786 1.65 

1.01 

<0.1 
0.99 

319 

REPORTING LIMIT 0.5 1.0 0.1 0.1 

RPD 

% E x t r a c t i o n Accuracy 
% Instrument Accuracy 

1 
97 
94 

2 
83 
103 

1 
100 
101 

2 
94 
100 

METHODS: 

CHEMIST: Chlo r i d e : JT 
SULFATE SPIKE AND QC: 

EPA 375.4, 160.1, 340.2, 353.3, 310.1; 

S u l f a t e , F l u o r i d e : MS 
10.0 mg/L SULFATE. 

SM 4500 Cl-B. 

TDS: RP (N03-N02)-N: JW/MS A l k a l i 

FLUORIDE SPIKE AND QC: 1.0 mg/L FLUORIDE. 
(N03-N02)-N SPIKE: 1.33 mg/L (N03-N02)-N. 
(N03-N02)-N QC: 1.0 mg/L (N03-N02J-N. 
CHLORIDE SPIKE AND QC: 500 mg/L CHLORIDE. 

rv;>- rr 
D i r e c t o r , Dr. B l a i r L e f t w i c h 
D i r e c t o r , Dr. Bruce McDonell 

DATE 

jJiliĵ CEAMLYSIS, INCJJLMJL̂ ^ u A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806»794»1296 

FAX 806«794«1298 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Project No: 2033-003 
Project Location: NA 
COC# 10047 

ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Anette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

Extraction Date: 04/24/96 
Analysis Date: 04/24/96 
Sampling Date: 04/23/96 
Sample Condition: I & C 
Sample Received by: ML 
Project Name: Navajo 

ALKALINITY 
CHLORIDE SULFATE TDS FLUORIDE (N03-N02)-N (mg/L as CaCo3) 

TA# FIELD CODE (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) HCO 3 C03 

T51505 9604231045 MW-10 29 31 443 1.0 0.13 190 0 

T51506 9604231215 MW-9 1,190 9 2,658 0.5 <0.1 340 0 
T51507 9604231315 MW-8 185 49 1,004 1.2 0.2 420 0 

QC Quality Control 494 10.0 — — — 0.91 0.99 ——— *"" 

REPORTING LIMIT 0.5 1.0 0.1 0.1 

RPD 1 2 4 13 2 
% Extraction Accuracy 100 83 85 94 
% Instrument Accuracy 99 103 95 100 

METHODS: EPA SM 4500 Cl-B, 375.4, 160.1, 340.2, 353.3, 310.1. 

CHEMIST: Chloride,Sulfate,TDS: MS Fluoride: MS/BD (N03-N02)-N: JW/MS 
CHLORIDE SPIKE AND QC: 500 mg/L CHLORIDE. 
SULFATE SPIKE AND QC: 10.0 mg/L SULFATE. 
FLUORIDE SPIKE AND QC: 1.0 mg/L FLUORIDE. 
(N03-N02)-N SPIKE: 1.33 mg/L (N03-N02)-N. 
(N03-N02)-N QC: 1.0 mg/L (N03-N02J-N. 

Alkalinity: RCD 

Director, Dr. 
Director, Dr. 

Blair Leftwich 
Bruce McDonell 

DATE 

lililiillî ^ INC Jilliiliilli 
A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806»794«1296 

FAX 806•794*1298 
ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Anette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Project No: 2033-003 
Project Location: NA 
COC# 10047 

Extraction Date 
Analysis Date: 
Sampling Date: 
Sample Condition 

04/24/96 
04/24/96 
04/23/96 

I & C 
Sample Received by: ML 
Project Name: Navajo 

SULFATE (N03-N02)-N 
TA# FIELD CODE (mg/L) (mg/L) 

T51504 9604230940 MW-3 22 oTi 
QC Quality Control 10.0 0.99 

REPORTING LIMIT 1.0 0.1 

RPD 2 2 
% Extraction Accuracy 83 94 
% Instrument Accuracy 103 100 

METHODS: EPA 375.4, 353.3. 
CHEMIST: Sulfate: MS (N03-N02)-N: JW/MS 
SULFATE SPIKE AND QC: 10.0 mg/L SULFATE. 
(N03-N02)-N SPIKE: 1.33 mg/L (N03-N02)-N. 
(N03-N02)-N QC: 1.0 mg/L (N03-N02)-N. 

Director, Dr. Blair Leftwich 
Director, Dr. Bruce McDonell 

DATE 

liiiyJill̂ ^ INCJIMIIIA ll 
A Laboratory for Advanced Environmental Research and Analysis 



6701 Aberdeen Avenue 

Lubbock, Texas 79424 

806»794»1296 

FAX806»794«1298 
ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 28, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Project No: 2033-003 
Project Location: NA 
COC# 10047 

Prep Date: 05/21/96 
Analysis Date: 05/21/96 
Sampling Date: 04/23/96 
Sample Condition: I & C 
Sample Received by: ML 
Project Name: Navajo 

TA# FIELD CODE 
HPC 

(CFU/ml) 
HUB 

(CFU/ml) 

T51504 9604230940 MW-3 8.85 x 10E3 5.87 x 10E2 

Director, Dr. Blair Leftwich 
Director, Dr. Bruce McDonell 

DATE 

ul u Allimliĵ cEANALYSis, INC Jllliliil 
A Laboratory for Advanced Environmental Research and Analysis 
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6701 Aberdeen Avenue 

Lubbock, Texas 79424 

^ f c 806»794«1296 

FAX 806»794»1298 ANALYTICAL RESULTS FOR 
GCL ENVIRONMENTAL 
Attention: Annette Montoya 
505 Marquette NW, Suite 1100 
Albuquerque, NM 87102 

May 02, 1996 
Receiving Date: 04/24/96 
Sample Type: Water 
Charge Code No: 2033-003 
Project Location: NA 
COC/ 10050 

FIELD CODE: 9604231515 MW-6d 
TA#s T51511 

8240 Compounds 

Prep Date: 04/25/96 
Analysis Date: 04/25/96 
Sampling Date: 04/23/96 
Sample Condition: Intact & Cool 
Sample Received by: ML 
Project Name: -Navajo 

Concentration 
(ug/L) 

Reporting 
Limit 

Benzene 
Toluene 
Ethylbenzene 
m & p-Xylene 
o-Xylene 

1,140 
ND 
609 
470 
ND 

10 
10 
10 
10 
10 

SURROGATES 

D ibromofluoromethane 
Toluene-d8 
4-Bromofluorobenzene 

RECOVERY 

107 
110 
100 

ND = Not Detected 

METHODS: EPA SW 846-5030; EPA 8260. 
CHEMIST: RP 

Director, Dr. Blair Leftwich 
Director, Dr. Bruce McDonell 

Date 

LllijlJJlM INC JliiiiLuJLllL 
A Laboratory for Advanced Environmental Research and Analysis 



LABORATORY ANALYTICAL REPORTS 
FROM INITIAL INVESTIGATION 

CONDUCTED BY NAVAJO REFINING COMPANY 
(August-September, 1995) 
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O c t - 0 2 - 9 5 0 4 : 3 8 P 

0701 Aberdeen Avenue 

bbbock. Texas 79474 

80D«/M».290 

FAX 006*7R4* 1298 

ANALYTICAL RESULTS FOR 
NAVAJO REFINING 
Attention: Darrell Moore 
501 E. Main 
Arteaia, NM 86210 

Reporting 
T41051 
Lea 

P . 0 5 

September 28, 1995 
Receiving Date: 09/09/95 
Sample Type: Water 
Sanple Condition: I & C 
Sample Receiver! h y MS 
Project Name: NA 
Location; Artesia & 

Lovington, NM 
Sampling Oate: 09/7-8/95 
Extraction Date: 0 9/13/95 
Analysis Date: 09/13/95 

rAH Conrpounde (mg/L) Limit MW-1 QC *EA %IA 

Naphthalene 0.01 

Acenaphthylene 0 . 01 ND 

Acenaphthene 0.01 NS 

zluorene 0.01 0.0101 „• 

Phenanthrene 0.01 ND 

Anthracene U.Ui 0.011 

Fluoranthene 0.01 ND 

Pyrene 0.01 ND 

3enz o [ a ]anthracene 0.01 ND 

Chxysen* 0.01 ND 

Benzo[b]fluoranthene 0.01 ND 

Benzo[k]fluoranthene 0.01 ND 

3enzo[a]pyrene 0.01 ND 

Indono[1,2,3-cd]pyrene 0 (11 im 

Dibenz[a,h]anthracene 0.01 ND 

Benzo tg,h,i]perylene 0.01 ND 

*ND = Not Detected 

% RECOVERS: 

Nitrobenzene-d5 SURR 8B 

2-Fluorobiphenyl SURR 95 

Terphenyl-dl4 SURR 95 

METHODS: EPA 625. 

Director, Dr. Blair Leftwich DATS 

Director, Dr. Bruce McDonell 



6701 Aberdeen Avenue 
Ubbcri. Texas 79424 
fi06»794»1296 

bXE« m • 1298 

ANALYTICAL RESULTS FOR 
NAVAJO REFINING 
JXttantion: n»rrAl 1 Moore 
501 E. Main 
Actesio, HM 00210 

Reporting 

PAH 

T40895 
Lea 

September 29, 1995 

Receiving Date: 09/08/95 

Sample Tyoe: Water 

Sample Condition: I fi C 

San^la HecoiverA Hy MS 

Project Name: NA 

Luuation: Lovington, NM 

Project No: NA 

Sampling Date: 09/07/95 

v.tttraction Date: 09/13/95 

Analysis Date: 09/13/95 

PAH Corrtpounds {mg/L) LiJttit MW-2 QC RPD %EA %IA 

Naphthalene 0.001 ND 93 93 

Acenaphthylene 0.001 ND 97 97 

Acenapnthene 0.001 ND 100 1 77 100 

Fluorene 0.001 ND 97 97 

?hcnantbrcnc 0 .001 ND 100 100 

Anthracene 0.001 ND 100 100 

Fluoranthene 0.001 ND 102 102 

ifyrene 0.001- ND i l l 4 82 i l l 

Benz o t a]anthracene 0.001 ND _ 105 105 

Chrysene 0.001 ND 87 87 

3enzo [b] fluoranthene 0.001 ND 92.. 92 

•«azo [k] f l u o r a n t K e n e 0 .001 ND 93 93 

Benzo[a]pyrene 0.001 ND . ̂  - 96 96 

Indeno 11,2,3-cdJ pyrene 0.001 ND 114 114 

Dibenz[a,h]anthracene 0.001 ND 119 n y 

lienzo tg, h, i ] r"' ry 1 A n* 4 0 .001 ND 122 122 

•ND = Not Detected 

witrobenzene-dS SURR 

2-Fluorobiphenyl SURR 

Terphenyl-dl4 SURR 

METHODS : EPA €25 . 

% RECOVERY 

91 

92 

94 

Director, Dr. Bl a i r Leftwich 

Director, Dr. Bruce Mcuonell 

DATE 

jlilM JJU JilĴ ACEANALYSLS. INCJIIMIUIIU 



O C t - O Z - 9 5 0 4 : 3 B P 

6701 AberrfHBii Avenue 

Lubbock. Texas 79424 

B06»794"1296 

FAXBf)6»7B4»129H 

P . 0 4 

ANALYTICAL RESULTS TOR 
NAVAJO REFINING 

Attent-i «n • D a r r e l l Moore 

501 E. Main 
b - t c a i a , KM 98210 

Reporting 
T41050 
Lea 

September 28, 1995 
Receiving Date: 09/09/95 
Sample Type: Water 
Sample Condition: I & C 

sample Henifiv«*d by: MS 

Pr o j e c t Name: NA 

Location: A r t e s i a S 

Lovington, NM 
Sampling Dace: 09/1-8/95 
Extraction Date: 09/13/95 
Analysis Date: 09/13/95 

PA1I Compounds (mg/L) Limit MW-3 *EA %IA 

Naphthalene 

Acenaphthylene 

0.001 

0.001 

ND 

ND 
.. - • 

Acenapnthene 0.001 ND 

Fluorene 0.001 ND 

Phenanthrene 0.001 ND 

Anthracene 0.001 ND 

Flunranthene 0.001 NC 

Pyrene 0.001 ND 

Benzo[a]anthracene 0.001 ND 

chrysene 0.001 ND _ 

Benzo[b]fluoranthene 0.001 ND 

Benzo[k]fluoranthene 0.001 ND 

Benz o t a]pyrene 0.001 ND 

Indeno [1,2,3-<sd] pyrene 0.001 UD 

Dibenz[a,h]anthracene 0.001 ND 

Benz o[g,h,i]perylene 0.001 ND 

*NT> = Not Detected 

% RECOVERY 

Nitrobenzene-d5 SURR 

2-Fluorobiphenyl SURR 

Terph«nyl-di4 SURR 

89 

93 

91 

METHODS: EPA 625. 

Director, Dr. B l a i r Leftwich 

Director, Dr. Bruce McDonell 

DATS 

!11TRACEANALYSIS. INC jjjlLli AM 
3 i. 

A Idijuraloiyfot Advanced Environmental Research and Analysis' v 



O C T . - O Z - 3 5 0 4 : 3 7 P 

6701 AberilHtin Avenue 

Lubbock. Texas 73421 

806 »794»1296 

i-AX Rr)r>7S4»1?9R 

P - 0 3 

ANALYTICAL RESULTS FOR 
NAVAJO REFINING 
At*-«=n*ion: D a r r e l l Moore 
501 E. Main 
Astasia, NM .89210 

Reporting 

T41049 
Lea 

September 28, 1995 
Receiving Date: 09/09/95 
Sample Type: Water 
Sample Condition: I & C 
sample Received by: MS 
Project Name: NA 
Location: Artesia fc 

Lovington, NM 
S a i l i n g Date: 09/7-3/95 
Extraction Date: 09/13/95 
Analysis Date: 09/13/9b 

PAB Compounds (iftg/L) L i m i t MW-4 OP RPD SEA %IA 

Naphthalene 

Acenaphthylene 

acenapnthene 

Fluorene 

Phenanthrene 

Anthracene 

Flunranthene 

Pyrene 

Benz o[a]anthracene 

Chrysene 

Benzo[b]fluoranthene 

Benzo [k]fluoranthene 

Benz o[aJpyrene 

Indeno[1,2,3-cd]pyrenc 

Dibenz[a,h]anthracene 

Benzo[g,h,i3 perylene 

0.001_ 

0.0O1 

JJ.001 

0.001 

0.001 

O.OOI 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

ND 

ND 

ND 

ND_ 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND_ 

ND 

ND 

•ND Not Detected 

% RECOVERY 

Nitrobenzene-d5 SURR 

2-Fluorobiphenyl SURR 

Terphenyl-dl4 SURR 

90 

91 

94 

METHODS: EPA 625. 

Director, Dr. B l a i r Leftwich 

Director, Dr. Bruce McDonell 

DATE 

ll lij^lllJilj^^ UA 



6/01 AburUccn Avenue 

luhhock. THXHS 79424 

E06»794»1296 

FAXR0B»7S4*173R 

ANALYTICAL RESULTS FOR 
NAVAJO REFINING 
Att«=>nM r>n • n » r r p l 1 Moore 
SOI Z . Main 
A s b e a i a , NM 08210 

PAH 

Reporting 

September 29, 1995 
Receiving Date: 09/08/55 
sample Type: Water 
Sample Cnnrti•••inn- T £ C 
Sample Received by: MS 
Project Kane: NA 
Luualiwu. Lov-Luyton, HM 
project MO: NA 
Sampling Date: 09/07/95 
Extract-inn n*»e- 09/11/95 
Analysis Date: 09/13/93 

T40891 
Lea 

l'AH Compounds (mg/L) Limit MW-5 «c RPD %EA »IA 

Naphthalene 0. 001 ND 93 ya 

Acenaphthylene 0. 001 ND 97 97 

AweiittpliLhene 0. 001 ND 100 1 77 100 

riuorene ~ 0. 001 ND 97 97 

?kcnaAeh«ene 0. 001 ND 100 100 

Anthracene 0. 001 UD 100 10U 

fluoranthene 0. 001 ND 102 102 

vyrene 0. 001 ND i l l 4 82 111 

" Benzo[a]anthracene 0. 001 ND 105 105 

Cnrysene 0. 001 ND 87 87 

Benzo[b]fluoranthene 0. 001 ND 92 92 

Seiuu [K.] Cluurantheue 0. 001 ND 93 93 

Benzo[a]pyrene 0. 001 ND 96 96 

Indeno [1,2,3—cd] pyrene 0. 001 ND 114 114 

Dibenz[a,h]anthracene 0. 001 ND 119 119 

Ban*o[g,h,i]perylano 0 001 ND 122 122 

•in 

% RECOVERS 

.Nitrobenzene-d5 SUKH 

2-Fluorobiphenyl SURR 

Zerptienyl"U14 SURR 

88 

93 

94 

METHODSI CPA 625. 
\ 

Director, Dr. Blair Leftwich 

Director, Dr. Bruce McDonell 

n»TF. 

illlji^ lil[il̂ CEANALYSIS;lNcJli 
A Laboratory ior Advanced bwuinrcntal Research and Analysis 
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APPENDIX F 

RECOVERY WELL PERMIT 



S T A T E O F N E W M E X I C O 
STATE ENGINEER OFFICE 

THOMAS C. TURNEY ROSWELL DISTRICT II 
State Engineer 1900 West Second St. 

Roswell, New Mexico 88201 
(505) 622-6521 

May 14, 1996 

FILE: L-4058-S-23 (T) (Recovery Well) 

Navajo Refining Company 
501 East Main Street 
Artesia, NM 88211 

Gentlemen: 

Enclosed i s your copy of Application f o r Permit to Supplement the 
Underground Waters of the State of New Mexico, as numbered above, 
which has been approved subject to the following conditions: 

1. The diversion of water from a l l combined 
sources s h a l l be l i m i t e d to a maximum of 35.0 
acre-feet per annum measured at well L-4058-S-
23 (T) (Recovery Well) f o r groundwater 
remediation ( I n d u s t r i a l ) . 

2. This well s h a l l not penetrate any formation 
below the Ogallala formation. 

3. This well s h a l l be located at least 660 feet 
from a l l wells of other ownership. 

4. Well L-4058-S-23 (T) shall be equipped with a 
t o t a l i z i n g meter of a type approved by and 
i n s t a l l e d i n a manner acceptable to the State 
Engineer. 

5. Records of the amount of water pumped during 
the preceding calendar months s h a l l be 
submitted t o the State Engineer Office i n 
Roswell on or before the 10th day of January, 
A p r i l , July and October of each year. 



Navajo Refining Company 
F i l e : L-4058-S-23 (T) 

(Recovery Well) 
May 14, 1996 
Page Two 

Please see that the well d r i l l e r f i l e s log of well i n t h i s 
o f f i c e w i t h i n 10 days a f t e r completion of d r i l l i n g . 

Proof of Completion of Well should be f i l e d i n t h i s o f f i c e as 
soon as well i s completed. 

Yours t r u l y , 

^Johnny R. Hernandez 
Lea County Basin Supervisor 

JRH/rpa 
encl. 

Santa Fe 
Gilbert J. Van Deventer 



IMPORT ANT—RK AD INSTRUCTIONS ON B <:.'. BEFORE FILLING OUT THIS FORM 

APPLICATION ^OR PERMIT 
Supplement 

' ° 4fiFJ?VjVjt)V the Underground W. •! ol the State ol New Mexico 

Date Received 0 4 - 0 1 - 9 6 I > No, L - 4 0 5 8 - S - 2 3 ( T ) ( R e c o v e r y W e l l ) 

1. N»me of .ppiic.nt Navaio Ref in ing Coi :nv : . ; 

Mail ing address 5 0 1 E a s f M a i n S t - r p - ' i 

City and State A r t - p s i a , N P W M p v i r n R R 7 1 1 

2. Souice nl water supply R h a 1 1 n w W a r p r A q n i '..-lu-aied in T.pr i f - t m n t - y R a s i n 
(artesian or shallow water aquile (name of underground basin) 

3. The well is to be located in the 'A SE 'A ', '..JA, Section 36 Township 1 6 S 
Ranse 3 6 E N.M.P.M or Tract No. pi Map . pf the District, 
oa land owned by N a v a i o R e f i n i n g Com: 0. v f l . e a s e e ) C i t y o f L o v i n g t o n ( O w n e r ) . 

4. Description of well: name of driller P o o l E n v i • ;• i m p n t a l D r i l l i n g . T n r . ; 
Outside Diameter ol casing 4—1 / ? " inches; A, . r limate depth to be drilled I I S feet; 

3. Quantity ol water to be appropriated and beneficially us ..: 3-5, acre feet, 

(consumptive use, diversion) 

'«< ground wat.p.r remediation (industrial) purposes. 
6. Acreage to be irrigated ot place of use Nnt- a p p l i r a h l p atres:/> 

Subdivision Section Township Range Acres Owner "^5 

S 

7. Additional statements or explanations T h p p r o p o s e d r s n n v p r y w g l 1 w i l l h p n s e r i 
for the purpose of groundwater recovery t o aid i n p o l l u t i o n 
c o n t r o l . The recovery w e l l pump rate w i l l be adjusted as 
necessary to assure hydrocarbon plume capture, but w i l l not 
.likely exceed 20 gallons per minute. The recovered water w i l l . 
replace water c u r r e n t l y supplied by a water w e l l owned bv the 
City of Lovington and, as such, w i l l be u t i l i z e d i n the desalting 
system as make-up water f o r crude o i l washing purposes; therefore, 
there w i l l be no net increase i n t o t a l groundwater withdrawal as 
a r e s u l t of the proposed recovery operations. After leaving the 
desalter system, the water stream undergoes a d d i t i o n a l treatment 
(product separation, v o l a t i l e s t r i p p i n g , steam heating, etc.) 
p r i o r t o being released i n t o the City of Lovington p u b l i c l y 
owned treatment works along with s i t e discharge water. 

, affirm that the foregoing atateacata arc true co the beat of my knowledge 
and belief and that development ahall not commence until approval of the permit haa beew obtained. 

Permittee. 

By: ^ 

Subscribed and aworo to before me thia ^ day of 

My commiatMon expiree - Septe •"her 16, 1998 / (JJ-JfA 

! r c h 

N a i i ^ f t r w i c 

> / 



£ : ••.•<>-.- : £ L-4058-S-23 (T) Recovery Well 

ACTION OF STATE ENOINEEB 

After ootice pursuaoc to statute aad by authority vesteJ io me, thia application ta approved provided ic ia ooi exercised 
to the deoiment of any others having existing rights; further provided that all rotes and regulations of the State Engi
neer pertaining to the drilling s h a l l o w w^iia be complied with; and further aubject to che following 
conditions: 

1. The diversion of water from a l l combined sources shall be limited to 
a maximum of 35.0 acre-feet per annum measured at well L—4Q58-S-23 (T) Recovery 
Well for groundwater remediation (Industrial) • 

2. This well shall not penetrate any formation below the Ogallala formation. 
3. xnis wen snaxi be located at lease oou reet trom a n wens ot ocher ownership. 
4. Well L-40itt-S-Z3 IXJ shall be equipped witn a t o t a l i z i n g meter or a type 

approved Dy ana installed i n a manner acceptabxe co tne state engineer"? 
5. Record, or the amount of water pumped during the" preceding Calendar months 

shall be submitted to tne state Engineer u t t i c e i n Kosweii on or oerore ene 
10Ch day1 6f January, A p r i l . July and October of each year. 

Proof of completion of well ahall be filed on or before. May 31. 

Proof of application of water to beneficial use ahall be filed on or before 

eal thU / < £ ~ _ . y of Mav 

N / A 

19___L 

. , 19 

Vttness my hand and aea 

Thomas C. Turney 

_, A.D.. io 96 

Glenn V. Brim, D i s t r i c t I I Supervisor 

INSTRUCTIONS 

Thia form shall be eiccuted, preferably typewritten, in triplicate and ahall be accompanied by a filing fee of $5.00. 
Each of triplicate copies muat be properly signed and attested. 

A separate application for permit must be filed for each well used. 

Sees. 1—4—Fill out all blanks fully and accurately. 

Sec. 5—Irrigation use shall be stated in acre feet of water per acre per annum tobe applied on the land. If for 
municipal or other purposes, state total quantity in acre feet to be used annually. 

Sec. C>—-Describeonly the lands to be irrigated OT where water will be used. If on unsurveyed lands describe by 
legal subdivision "as projected" (torn the nearest government survey cornets, or describe by metes and bounds and tie 
survey to »omc permanent, easily located natural object. 

Sec. 7—If lands are irrigated from any other source, eiplain in this section. Give any other data necessary to 

fully describe water right sought-



STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

(A) Owner of well-H3J_J.Q R e f i n i n q Company 
Street 0/ POM Office Address . 

501 E . Main 
City and State Ar tes ian-J i t - . .—S_2. i l 

Owner's Well No _ RW-1 

Well wai drilled under Permit No.Ii-4 058-S-23J^ 

SE u NE 

* lssued a t l a t e r da te 
and is located in (he: 

V, . V.. V, of Section 
36 

b. Tract No.. . o f Map No. of the 

. Township 
19S 

, Range 
36E 

_N.M.P.M. 

of Block No.. 
Subdivision, recorded in Lfeg— 

e, U t No. . of the. 
. County. 

d. X- . 
(he. 

_ f« t , Y». . feet, N.M. Coordinate System. Zone ifl 

Grant. 

<B) DtiiiingConttaewt Pool Environmental Drilling, Inc. Ljcen,eNo W.l}?*s 

P.O. Box 604, R o s w e l l , NM 88201 
Address. 

Drilling Begin . 3 - 2 7 - 9 6 Completed 
3 - 2 9 - 9 6 

. Type tools 
Hol low stem auge r , , 

Sat of hole. 
10 

Elevation of land surface or . 

Completed well Is CD shallow artesian. 

Section 2. PRINCIPAL WATERBEARING STRATA 

at wcll is .3.8 3 5 ft. Total depth of w e l l _ _ _ _ _ 

Depth to water upon completion of well 9 0 

-In. 

. f t . 

. f t 

Depth in Feet Thickness 
in Feet Description of Water-Beuing Formation 

Estimated Yield 
(gallons per m inula) From To 

Thickness 
in Feet Description of Water-Beuing Formation 

Estimated Yield 
(gallons per m inula) 

90 119 29 Ligh t brown f i n e grained sand 
1 5 - 2 0 

Section 3. RECORD OF CASINC 
Dilmetti 
(Inches) 

Pounds 
per foot 

Threads 
per in. 

Depth in Feet Length 
tfe*«) Type of Shoe Perforations Dilmetti 

(Inches) 
Pounds 
per foot 

Threads 
per in. Top Bottom 

Length 
tfe*«) Type of Shoe 

From To 

4 PVC Sen 4C Surf 119 119 C l o s e d 84 114 

Section 4. RECORD OF MUDD1NC AND CEMENTINC 
Depth in Feet Hole 

Diameter 
Sacks 

of Mud 
Cubic Feel 
of Cement Method of Placement From To 

Hole 
Diameter 

Sacks 
of Mud 

Cubic Feel 
of Cement Method of Placement 

77 80 1 0 " Bentonite P j l l e t s Tremie 

S u r f 77 1 0 " Cement.Grou : Tremie 

Section J, PLUCC1NC RECORD 

Plugging Contractor . 
Addntu 
Plucrine Malhrut 
Date Wall Ph.Tr«rf 

No. 

1 

Depth In Feet Cubic Feet 
Addntu 
Plucrine Malhrut 
Date Wall Ph.Tr«rf 

No. 

1 

Top Bottom of Cement 

jPtugging approved by; 1 

2 
"1 

w State Engineer Representative *> 
4 

Dale Received 

File No.. 

FOR USE OF STATE ENGINEER ONLY 

Quad _ FWL 

• Use t.rvtafinrt Nn 

FSL. 



From To in rcci 

0 5 5 Caliche, Tan 

27 22 S i l t y Sand, Grayish Orange 

119 92 Sand, f i n e grained, brown to dark gray 

Secllon 7. HUMAKKS AND ADDITIONAL INFORMATION 

'I'His w e l l was d r i l l e d and completed i n March, 1996 as a groundwater monitor 
w e l l . On September 1 0, 1.996, the owner/agent contacted us and informed us 
t h a t the w e l l .i a now t:o be used as a p o l l u t i o n recovery w e l l and asked t h a t 
we f i l e t l i e w e l l r e c o r d . We hereby submit t h i s w e l l r e c o r d on the owner's 
b e h a l f . 

undersigned hereby certifies that, lo (lie best of knowledge and belief, the foregoing is a true and correct record of the above 
tjcribeJ hole. 

, ' > />, 

Driller 

INST RUCTIONS: Thi* form should be eai-ctilcd in triplicate, preferably typewritten, and submitted to the appropriate district office 
of t lx State Engineer. All sections, except Section S, shall be answered as completely and accurately as possible when any well is 
drilled, repaired oi decpviictt When this I'OIHI i> u>«il j plugging record, only Section 1(a) and Section 5 need be completed. 



NEW MEXICO STATE ENGINEER 
TOTALIZING METER REPORT 

Basin Supervisor 
State Engineer Office 
1900 West Second Street 
Roswell, NM 88201 

Dear S i r : 

In accordance with the State Engineer regulation which requires 
that quarterly reports of meter readings be submitted on or before 
the 10 t h of January, A p r i l , July and October, the following 
information i s submitted. 

1. F i l e No. Date 
Name: 
Address: 

2. Well Description 
S.E. F i l e No. - Company Well No. 
Location: Subdv. Sec. Twp. Rge. 

3. Tot a l i z i n g Meter 
Serial No. Units 
Make M u l t i p l i e r 

4. Reading 
Date: Reading 
Quantity of water used Quarter, 19 , 

5. Remarks: 

By: 
INSTRUCTIONS: 
(1) and (2) self-explanatory. (3) Description of meter, including 
m u l t i p l i e r or constant by which reading must be mu l t i p l i e d to 
obtain actual quantity of water. Units refer to acre-feet, gallons, 
barrels, etc. (4) Reading of figures on the meter and amount 
obtained by multiplying reading by m u l t i p l i e r . (5) Under Remarks, 
give any pertinent information such as reading and date of 
i n s t a l l a t i o n of meter i f a f i r s t report, information concerning 
repair of meter and dates out of service, etc. 

FILE NO. LOCATION NO. 



GEOSCIENCE CONSULTANTS, LTD. 
306 WEST WALL, SUITE 818 
MIDLAND, TEXAS 79701 

(915) 682-0008 

March 28, 1996 

Mr. John Hernandez - Area Supervisor 
State Engineer Office 
1900 W. Second St. 
Roswell, NM 88201-1712 

RE: Application for Recovery Well Permit 
Navajo Refining Company 
Lovington Refinery 
Lea County, New Mexico 

Mr. Hernandez: 

Geoscience Consultants, Ltd. (GCL) has been retained by 
Navajo Refining Company (NRC) to implement groundwater 
remediation ac t i v i t i e s at the above-referenced s i t e . On 
behalf of NRC, GCL respectfully requests your approval to 
operate one groundwater recovery well to aid in pollution 
control. Enclosed are copies of the February 8, 1996, "Work 
Plan for Soil and Groundwater Remediation at the Navajo 
Refining Company Lovington Refinery". Also enclosed is the 
March 18, 1996 letter from B i l l Olson of the New Mexico Oil 
Conservation Commission (OCD) which documents OCD approval 
of the work plan. The third enclosure i s the completed 
"Application For Permit". NRC will submit a notice of the 
f i l i n g of the application to be published in the local 
Lovington newspaper (The Lovington Daily Leader). 

As stated in the workplan, the recovery well will be 
installed to about 25 feet below the present water table, 
about 115 feet below ground surface. A well construction 
diagram i s included in the workplan and also attached to 
this application. To remove the free product and 
groundwater containing dissolved hydrocarbons, a submersible 
total fluids pump will be installed in the 4-inch diameter 
recovery well. The conveyance line for the total fluids 
w i l l contain a shut-off valve, totalizing meter, flow rate 
meter, and sampling port. Groundwater withdrawal volumes 
w i l l be submitted to the State Engineer Office on a 
quarterly basis as per current requirements. 

The recovery well pump rate w i l l be adjusted as 
necessary to assure hydrocarbon plume capture, but will not 
lik e l y exceed 20 gallons per minute. The recovered water 
w i l l replace water currently supplied by two registered on-



s i t e process water supply wells. The recovered water w i l l 
be utilized in the desalting system as make-up water for 
crude o i l washing purposes. Therefore, there will be no net 
increase in total groundwater withdrawal as a result of the 
proposed recovery operations. After leaving the desalter 
system, the water undergoes additional treatment (product 
separation and volatile stripping) prior to being released 
into the City of Lovington publicly owned treatment works 
along with s i t e discharge water. 

Upon completion of the groundwater remediation project, 
which i s expected to take approximately two years, the 
recovery well w i l l be properly plugged. I f you have any 
questions, please c a l l me at 915-682-0008. 

Sincerely, 
Geoscience Consultants, Ltd. 

Gilbert J . Van Deventer, REM 
Project Hydrogeologist 

GJV/cat 

cc: David Griffin - NRC (Artesia) 
B i l l Olson - OCD (Sante Fe) 
Jerry Sexton - OCD (Hobbs) 
Bob Carter - City Manager of Lovington, NM 



Envttonmanta/ Scisnos 
and Engineonng 

ABOVi*mwtorw.Coni>mnr 

ENGINEERING CALCULATION 

Sheet 

One 

* 

N/W/fjC ReflMhid, Cpnpfifljy ^ t-OVltitfeA) K€f/A}£#y 

I 

lon ' -O 1550 m' 
1 in'-6 452 cnV 
1m'-10 7641' 
1 ".'-929 0 on 1 

lacre-OSeoit 1 

-4049 tn1 

i nectae-10.000 m' 
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1 mr"-? 590 km' 
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-264 gal (U.S.) 

1 n'-28 320 Were 
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1 aa-3785 Mere 
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- 3 259 x 10" gal 
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i acre txi/day 
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| iec-448 8 gal/mn 
F724 acre feel/year 

Density 

Water 1 000 g/cm1 at 4°c 
0 998 g/cm* at 20*C 
Sea waer i 025 g/cm1 

at 15°C 
Menwy 13 55 g/cm ' 

at 20% 
Ajr 1 29 « 10-'g/cm* 

at2trCjna 
amospntnc pressm 

Specific weight 
water in air 

8 335 B/gal at 0°C 
8 328 b/gal at 60° F 
8 322 b/gal at 20° C 
62 18 lo/V * 60° F 

Pressure 

1 Oar-0 9869 amosphent 
—101 ayres/cm' 
-14 50 sVeV 
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-O 01316 atmosphere 
i n « _ 

- 0 02950 amospnert 
33 90n«aW 

- i M atmosphere 
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SCr|to PVC wei-t- Cr,s//06 
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Office Locations 

UNITED STATES 

Montgomery, Alabama 
Huntsville, Alabama 
Phoenix, Arizona 
Tucson, Arizona 
Redlands, California 
Monterey, California 
Denver, Colorado 
Colorado Springs, Colorado 
Washington, D.C. 
Panama City, Florida 
Pensacola, Florida 
Fort Benning, Georgia 
Chicago, Illinois 

Des Moines, Iowa 
Fort Knox, Kentucky 
Louisville, Kentucky 
Gaithersburg, Maryland 
Germantown, Maryland 
Lanham, Maryland 
Boston, Massachusetts 
Dearborn, Michigan 
Helena, Montana 
Las Vegas, Nevada 
Albuquerque, New Mexico 
Dayton, Ohio 
Bartlesville, Oklahoma 

Pittsburgh, Pennsylvania 
N. Augusta, South Carolina 
Corpus Christi, Texas 
El Paso, Texas 
Midland, Texas 
San Antonio, Texas 
Salt Lake City, Utah 
Seattle, Washington 
Richland, Washington 
Morgantown, West Virginia 

San Juan, Puerto Rico 

INTERNATIONAL 

Brazil 
Egypt 
Germany 
Oman 
Mexico 
Saudi Arabia 
Turkey 

FOR MORE INFORMATION, CALL 1-800-563-0014 
Environmental Science 

and Engineering 
A COM lntflfTia(«n«/Company 
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Work Plan to Remediate Soil and Groundwater 
Lovington Refinery 

1.0 INTRODUCTION 

Navajo Refining Company (NRC) pro
poses this work plan to remediate soil and 
groundwater at their Lovington Refinery (site) 
located about five miles southeast of 
Lovington, New Mexico (Figure 1). After a 
break in the process sewer junction box (Figure 
1) was discovered, the NRC initiated a soil and 
groundwater investigation in August 1995. 

The investigation revealed the presence of 
residual petroleum hydrocarbons within the 
vadose zone, phase-separated hydrocarbons 
(free product) on the water table, and a dis
solved-phase hydrocarbon groundwater plume. 
The refinery was idle from 1984 to early 1991, 

I 
I 
I 
I 
I 
I 

and the release is expected to have occurred 
sometime after the startup in early 1991. 

In their effort to address this problem, the 
NRC retained Geoscience Consultants, Ltd. 
(GCL) to design and install a soil and ground
water remediation system at the site. 

The NRC presents this work plan to 
identify potential receptors, determine the 
extent of soil and groundwater contamination, 
review regional and site hydrogeology, de
velop remedial system design objectives, and 
present the design, construction, and operation 
plans for the remediation system. 

GCL 

Environmental Science 
and Engineering 

A BDM International Company 



NO SCALE 

LEGEND 

® SITE LOCATION 

TEXAS AND NEW MEXICO 
\ RAILROAD 

(LOCATIONS APPROXIMATE) 

SCALE : 1" = 10 Miles 

CLIENT: NAVAJO REFINERY COMPANY 

DATE: 11/16/95 REV. NO.: 0 

AUTHOR: BAL DRAWN BY: MP 

CK"D BY: BAL FILE: RPRT1-1.DWG 
GCL 

FIGURE 1 
SITE LOCATION MAP 

LOVINGTON REFINERY 
NAVAJO REFINERY COMPANY 



Work Plan to Remediate Soil and Groundwater 
Lovington Refinery 

2.0 POTENTIAL RECEPTORS 

There is no immediate threat to human 
health as the nearest receptor is the site's own 
process water supply wells located about 1,000 
feet downgradient from the source. A combined 
total daily flow rate from the two wells is 
estimated at 350 gallons per ininute. This supply 
is not used for human consumption, as the site 
drinking water is delivered as bottled water. 

I 
I 
I 
I 
I 
I 
I 

City of Lovington water supply wells are 
located along State Highway 18, southeast of 
the city. The nearest water supply well, 
Lovington No. 9, is located near the northeast 
corner of the site, about 1,500 feet north of the 
source (Figure 2). These crossgradient wells 
are not considered potential receptors. 

GCL 

Environmental Science 
and Engineering 

A BDM International Company 
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I 
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North 

R E F E R E N C E : USGS Topographic Maps 

- Lovington, NM Quadrangle (1979) 
- Lovington S E , NM Quadrangle (1985) 

GCL 
CLIENT: NAVAJO REFINERY COMPANY 

DATE: 11/21/95 REV. NO.: 0 

AUTHOR: GJV DRAWN BY: MP 

CK'D BY: BAL FILE: LEABRD.DWG 

FIGURE 2 
WATER WELL LOCATION MAP 

LOVINGTON REFINERY 
NAVAJO REFINERY COMPANY 



Work Plan to Remediate Soil and Groundwater 
Lovington Refinery 

3.0 SITE HYDROGEOLOGIC CONDITIONS 

A thorough understanding of the site 
hydrogeology is the single most important 
criterion for designing remediation systems. 
The site is underlain by a well-hardened 
caliche, from the surface to approximately 14 
feet below the surface. The caliche grades into 
the underlying Pliocene Ogallala Formation 
(Ogallala Aquifer) of homogeneous fine- to 
medium-grained sand that contains little or no 
fines (silts and clays). Based on the soil boring 
data, these conditions appear to be continuous 
in the area of contamination. 

Groundwater beneath the site occurs 
within the Ogallala Aquifer at about 90 feet 
below the ground surface (bgs). Groundwater 
flows toward the southeast with a slope 
(hydraulic gradient) of 0.007 feet/foot which is 
consistent with the regional flow direction in 
this area of the Ogallala Aquifer (Figure 3). 

Based on observed lithology during drilling, 
aquifer hydraulic conductivity is estimated to 
be about 25 to 75 feet/day. Effective porosity 
for these types of materials is typically 25 
percent. Using this data, groundwater flow 
velocity is estimated to range from 0.7 to 2.1 
feet/day, or about 1 to 2 feet/day. This veloc
ity may be locally influenced by the two site 
process water supply wells located about 1,000 
feet downgradient of the source area. 

Water levels at the site have been falling 
about 1 foot each year, which is consistent with 
the regional lowering of the Ogallala Aquifer 
water table. This will influence the remedial 
design and was taken into consideration in our 
design. 

Environmental Science 
end Engineering 

A BDM International Company 
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Work Plan to Remediate Soil and Groundwater 
Lovington Refinery 

4.0 DISTRIBUTION OF PETROLEUM HYDROCARBONS IN 

SOIL AND GROUNDWATER 

The area of soil and groundwater impacted 
by petroleum hydrocarbons is centered at the 
source, the desalter line break. The primary 
constituents of concern are benzene, toluene, 
ethylbenzene, and xylenes (BTEX). The follow
ing sections describe the distribution of hydro
carbons in the subsurface soils and groundwater. 
In addition to BTEX, major cations/anions, 
metals, and water quality parameters (pH, total 
dissolved solids, alkalinity) are discussed. 

4.1 Residual Hydrocarbons in Soil 

A qualitative field assessment of cuttings 
from soil borings revealed the presence of 
residual hydrocarbons entrained within the 
vadose zone beneath the source. In monitoring 
wells MW-7 and MW-1 and soil boring B6, 
residual hydrocarbons were observed from the 
surface to the water table located about 90 bgs. 
These locations are within the immediate source 
area. Residual hydrocarbons were observed in 
downgradient soil boring Bl from 65 feet bgs to 
the water table and in B2 from the surface to 
about 65 bgs. No hydrocarbons were observed 
in the upgradient soil boring B3 throughout the 
vadose zone. The areas of impacted soil is 
limited to immediately beneath the source area. 

4.2 Benzene, Toluene, 
Ethylbenzene, Xylenes and 
Poiynuclear Aromatic 
Hydrocarbons in Groundwater 

The site investigation revealed a limited 
area of free product on the water table directly 
below the desalter line break with measured 
product thicknesses ranging from less than 0.5 
feet in MW-7 to about 6 feet in MW-1. The 
investigation also delineated a dissolved-phase 
hydrocarbon plume extending about 360 feet 
downgradient of the source. 

Total BTEX concentrations in groundwater 
range from about 3,700 parts per billion (ppb) in 
monitoring well MW-6 located near the source 
area to about 41 ppb in soil boring B5 located 
near the leading edge of the plume. In a further 
downgradient monitoring well (MW-3), BTEX is 
below laboratory detection limits. Table 1 and 
Figure 4 summarize total BTEX concentrations in 
groundwater. 

PAHs were not detected above Water 
Quality Control Commission (WQCC) standards 
in upgradient or downgradient monitoring wells 
(MW-2 through MW-5). However, naphthalene 
and mononaphthalenes were detected above the 
standard of 30 ppb in MW-1 at 94 ppb. Table 2 
summarizes the PAH concentrations in ground
water. 

4.3 Metals in Groundwater 

Groundwater samples analyzed for 
metals indicated concentrations below New 
Mexico Water Quality Control Commission 
(NMWQCC) standards with a few exceptions. 
MW-1 exceeded standards for barium, iron, 
and manganese. Most samples were only 
slightly above standards for arsenic in 
upgradient and downgradient wells. This 
suggests a regionally elevated arsenic concen
trations in the Ogallala Aquifer, due to natural 
conditions. A summary of metal concentra
tions is listed in Table 3. 

4.4 Water Quality Parameters 

Groundwater samples were also analyzed 
for major cations/anions, total dissolved solids 
(TDS), pH, alkalinity, and electrical conductiv
ity. Only MW-1 exceeded WQCC standards for 
TDS and chloride. Results are summarized in 
Table 4. 
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Table 1 
BTEX in Groundwater at the Lovington Refinery 

TABLE 1. BTEX (ug/L) in Groundwater at the Lov ngton Refinery 
Location Date Method Benzene Toluene Ethylbenzene Total Xylenes Total BTEX 

B3 Sep-95 EPA 602 1,100 341 757 1,000 3,208 

B4 Aug-95 EPA 8020 74 21 39 19 153 

B5 Sep-95 EPA 8020 41 ND1 ND1 ND1 41 

B6 Sep-95 EPA 8020 583 30 87 108 808 

B7(MW-6) Sep-95 EPA 8020 1,741 21 962 972 3,696 

B8 Sep-95 EPA 8020 ND1 ND1 ND1 ND1 ND1 

B9 Sep-95 EPA 8020 ND1 ND1 ND1 ND1 ND1 

MW-3 Jun-95 EPA 8020 ND1 ND1 ND1 ND1 ND1 

MW-9 Jun-95 EPA 8020 ND1 ND1 ND1 ND1 ND1 

NMWQCC Standards 10 750 750 620 2,130 
na = not applicable 
ND1 = compound not detected above the detection limit (1 or 2 ug/L) 

'New Mexico Water Quality Control Commission Human Health Standards 
All analyses conducted by Trace Analysis, Inc., Lubbock, TX 
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Table 2 
PAHs in Groundwater at the Lovington Refinery 

TABLE 2. PAHs (ug/L) in Groundwater at the Lovington Refinen / 
PAH Compound MW-1 MW-2 MW-3 i MW-4 MW-5 NMWQCC Standards 

Acenaphtene ND10 ND1 ND1 ND1 ND1 na 

Acenaphthylene ND10 ND1 ND1 ND1 ND1 na 

Anthracene 11 ND1 ND1 ND1 ND1 na 

Benzo(a)anthracene ND10 ND1 ND1 " ND1 ND1 na 

Benzo(a)pyrene ND10 ND1 ND1 ND1 ND1 0.7 

Benzo(b)fluoranthene ND10 ND1 ND1 ND1 ND1 na 

Benzo(g,h,i)perylene ND10 ND1 ND1 ND1 ND1 na 

Benzo(k)fluoranthene ND10 ND1 ND1 ND1 ND1 na 

Chrysene ND10 ND1 ND1 ND1 ND1 na 

Dibenz(a,h)anthracene ND10 ND1 ND1 ND1 ND1 na 

Fluoranthene ND10 ND1 ND1 ND1 ND1 na 

Fluorene 10 ND1 ND1 ND1 ND1 na 

lndeno(1,2,3-cd)pyrene ND10 ND1 ND1 ND1 ND1 na 

Naphthalene* 94 ND1 ND1 ND1 ND1 30 

Phenanthrene ND10 ND1 ND1 ND1 ND1 na 

Pyrene ND10 ND1 ND1 ND1 ND1 na 

na = Not Applicable 
ND1 = Compound not detected above the detection limit (1 or 10 ug/L) 
EPA Method 625 
* includes monomethylnaphthalenes 
All analyses conducted by Trace Analysis, Inc., Lubbock, TX 
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Table 3 
Metals in Groundwater at the Lovington Refinery 

TABLE 4. Metals in Groundwater (mg/L) at the Lovington Refinery 
Metal Compound MW-1 MW-2 MW-3 MW-4 MW-5 NMWQCC Standard 

Aluminum 1.20 0.50 1.00 0.50 1.80 5 

Arsenic 0.50 0.30 ND.2 0.20 0.50 0.1 

Barium 2.12 0.12 0.10 0.11 ND.03 1 

Beryllium ND.01 ND.01 ND.01 ND.01 ND.01 1 

Boron 0.66 0.25 0.15 0.16 0.26 0.75 

Cadmium ND.02 ND.02 ND.02 ND.02 ND.02 0.01 

Chromium ND.05 ND.05 ND.05 ND.05 ND.05 0.05 

Cobalt ND.03 ND.03 ND.03 ND.03 ND.03 0.05 

Copper ND.02 0.05 ND.02 0.04 0.05 1 

Iron 1.38 0.16 0.48 0.46 0.32 1 

Lead ND.001 ND.001 ND.001 ND.001 ND.001 0.05 

Manganese 0.39 0.07 ND.01 0.04 0.05 0.2 

Mercury ND.001 ND.001 ND.001 ND.001 ND.001 0.002 

Molybdenum 0.10 0.20 0.20 0.10 0.30 1 

Nickel ND.2 ND.2 ND.2 ND.2 ND.2 0.2 

Selenium ND.001 ND.001 ND.003 ND.001 ND.003 0.05 

Silver ND.0001 ND.0001 ND.0001 ND.0001 ND.0001 na 

Uranium ND.5 ND.5 ND.5 ND.5 ND.5 5 

Vanadium ND.05 ND.05 ND.05 ND.05 ND.05 na 

Zinc 0.05 ND.02 0.06 0.05 0.04 10 

na = Not Applicable 
ND0.05 = Compound not detected above the detection limit (0.0001 to 0.5 mg/L) 
EPA Methods: 200.7, 239.2, 270.2, 272.2, 245.1 
All analysis conducted by Trace Analysis, Inc., Lubbock, TX 
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5.0 REMEDIATION DESIGN OBJECTIVES 

The objectives of the proposed remediation 
system for the Lovington Refinery include: 

• Remove residual hydrocarbons within 
the vadose zone beneath the source 
area. 

• Remove free product from the water 
table beneath fhe source area. 

• Remediate groundwater that contains 
dissolved-phase hydrocarbons with a 
total BTEX concentration of 1,000 ppb or 
greater. 

• Enhance natural mfririsic 
bioremediation to remediate the remain
ing downgradient portion of fhe 
dissolved-phase hydrocarbon plume. 

To achieve these objectives, GCL selected 
the following combination of remediation 
technologies: 

• Pump-and-treat system for free product 
and high-BTEX groundwater removal 
beneath the source area. 

• Air sparging/vapor extraction system to 
remediate the high-BTEX groundwater 
and the vadose zone near the source. 

Residual hydrocarbons in soil, free prod
uct, and high-BTEX groundwater are long-term 
sources of hydrocarbons for groundwater. 
Source removal is a key element in this 
remediation system design. Free product and 
high-BTEX groundwater will be removed using 
a submersible total fluids pump installed within 
a recovery well installed at the source. 

Air sparging/vapor extraction is most 
effective in uniform, coarse-grained material, 

with little or no fines, similar to site conditions. 
This approach injects hydrocarbon-free com
pressed atmospheric air into the aquifer beneath 
contarrtination. Air injection creates an inverted 
cone of bubbles or discrete "air tubes" below the 
water table that advance toward the surface. 
Hydrocarbons dissolved in the groundwater and 
sorbed onto soil particles are essentially stripped 
into fhe gaseous phase by the rising air, break 
through at the water table, and are removed from 
the vadose zone by the vapor extraction system. 

The portion of the plume not actively 
remediated (BTEX <1,000 ppb) wi l l attenuate 
naturally but with some enhancement to encour
age biodegradation of the hydrocarbons. At
tenuation will occur by both enhanced mtrinsic 
bioremediation and dilution (dispersion/ 
rnixing). 

mtrinsic bioremediation of hydrocarbons 
without the addition of any nutrients into fhe 
subsurface. Enhanced mtrinsic bioremediation 
is when oxygen and/or other nutrients are 
added to the aquifer within or upgradient of the 
plume. This effectively increases growth of 
naturally occurring bacteria which accelerates 
the rate at which hydrocarbons are biodegraded. 
Enhancement will occur by the movement of 
oxygenated groundwater from the upgradient 
sparged groundwater flowing into low-oxygen 
downgradient areas. 

Based on the experience of the New 
Mexico Environment Department (NMED), 
mtrinsic bioremediation works best in homog
enous and permeable aquifers, single-source 
plumes, low groundwater gradients, absence of 
free product/soil conitarrunation, and where 
hydrocarbon concentrations are 40,000 ppb or 
less (NMED, 1995). Most of these conditions 
are met for that portion of the plume not 
actively remediated. 
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6.0 SYSTEM DESIGN AND INSTALLATION 

The remediation system for the 
Lovington Refinery consists of a total fluids 
pumping for source removal and air sparge/ 
vapor extraction to promote cleanup of the 
groundwater. The system focuses on aggres
sive physical removal while simultaneously 
stimulating naturally occurring hydrocarbon 
degrading bacteria. 

6.1 Total Fluids Pumping 

To aggressively remove the source, free 
product and high-BTEX groundwater, a 
submersible total fluids pump wi l l be installed 
in a 4-inch recovery well (RW-1), located just 
downgradient of MW-1 (Figure 5). Figure 6 
shows typical recovery well construction. The 
well wi l l be installed to about 15 feet below the 
present water table, about 115 feet bgs. 

The total fluids wi l l be pumped to an 
existing facility tank. The conveyance line wi l l 
contain a shut-off valve, totalizing meter, flow 
meter, and sampling port. Drawdown calcula
tions indicate a pumping rate of about 20 
gallons per minute (gpm) wi l l produce a cone 
of depression sufficient to draw free product/ 
high-BTEX groundwater into the well. 

The total fluids pumped wi l l undergo 
treatment including product recycling. The 
treated water is released to the Lovington 
publicly operated treatment works along with 
site discharge water. It is expected that exist
ing refinery treatment processes are adequate 
to treat the total fluids waste stream. 

6.2 Air Sparging System 

The area of the dissolved-phase plume 
with total BTEX of about 1,000 ppb or greater is 
shown on Figures 3 and 4. Based on GCL's 
experience, a single air sparging well is ex

pected to have a 30-foot radius of influence in 
the materials observed beneath the site. 
Consequently, eight sparging wells wi l l 
provide the necessary coverage to remediate 
groundwater with 1,000 ppb of BTEX or 
greater as depicted in Figure 5. 

Each sparging well cluster wi l l be con
structed with a sparge point installed below 
the groundwater plume (estimated at about 10 
to 15 feet below the water table) and a screened 
section within the vadose zone for soil-vapor 
extraction. A 1-inch diameter HDPE or galva
nized pipe delivers compressed filtered 
atmospheric air into the aquifer through the 
submerged sparge point. Figure 6 shows a 
typical air sparge/VES well design. It is esti
mated that each sparge point will deliver 5 to 10 
cubic feet per minute (cfm), operating at 12 psi. 

Dedicated piping wi l l be used for each 
sparge point to allow for fine-tuning the 
sparging system. Each sparge line wi l l house a 
valve, flow meter, and pressure gage. 

In addition to the air-stripping action 
within the aquifer, air injection also increases 
the dissolved oxygen content which stimulates 
naturally occurring microbes present in the 
aquifer. This wil l cause greater biodegradation 
of hydrocarbons than would occur naturally. 

6.3 Vapor Extraction System 

Vadose zone vapors wi l l be extracted 
through 2-inch diameter Schedule 80 PVC pipe 
and 10- to 20-foot long screens installed within 
the vadose zone about 5 feet about the water 
table. Longer, or multiple, screens wi l l be used 
in the source area to remove residual hydrocar
bons observed from the surface to the water 
table. A blower operating at 60 psi wi l l remove 
15 to 30 cfm from each well. Typical designs 
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remove about three to six times more air than 
is injected to ensure complete capture of 
vadose zone vapors. 

Two banks of four wells each wi l l be 
connected to a common header prior to entry 
into the vacuum system. Each well wi l l be 
equipped with a flow meter, vacuum gage, and 
valve, all located in a central location for ease 
of operation and maintenance. 

Initial hydrocarbon vapor concentrations 
wil l likely exceed the New Mexico Air Quality 
Board limit of 10 pounds per hour (pph). 
Consequently, the air stream wi l l be treated 
using an internal combustion engine/catalytic 
oxidation treatment unit. It is expected that 
emissions wi l l drop below 10 pph within three 
to six months, at which time the treatment unit 
wi l l be removed and vapors wi l l be vented 
directly to the atmosphere. 

6.4 Monitoring Well Installation 

Three 2-inch diameter monitoring wells 
(MW-8, MW-9, MW-10) wi l l be installed as 
shown in Figure 3 to better delineate the 
dissolved-phase plume in downgradient and 
crossgradient directions. These locations are 
also ideal for monitoring the performance of 
the remediation system. Figure 6 shows the 
typical monitoring well construction. 

6.5 Pilot Testing 

Each system component wi l l be tested 
independently prior to system startup to 
ensure each component of the remediation 
system performs as expected. Once each 
component is demonstrated to be operating 
properly, the entire system wi l l be activated 
and evaluated closely for one week. 

A step-drawdown test wil l be conducted 
in recovery well RW-1 to determine the radius 
of influence, the optimum pumping rate, and 
well efficiency. The connection to the desalter 
line wi l l be completed prior to testing. Nearby 
monitoring wells MW-1, MW-6, and MW-7 wi l l 
be monitored for drawdown/product thick
ness during the test. 

To determine the site-specific radius of 
influence for the vapor extraction system, a 
monitoring well with at least 3 to 5 feet of 
exposed screen within the vadose zone wi l l be 
vacuum tested. Vacuum in the nearest three 
suitable wells wi l l be monitored and analyzed 
to estimate the radius of influence for a single 
well. The results wi l l guide the final spacing of 
sparge wells. 

6.6 Installation Schedule 

The expected schedule for mstalling the 
remediation system is as follows: 

Task Duration 

Develop Work Plan/ 
Client Review 2 weeks 

NMOCD Work Plan 

Approval 3 weeks 

Well Installation 2 weeks 

Equipment Procurement 2 weeks 

Remediation Equipment 

Installation 1 week 

Pilot Testing 1 week 

Startup 2 weeks 
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7.0 SYSTEM OPERATION AND MAINTENANCE 

GCL will manage the remediation system 
operation and maintenance, conduct perfor
mance monitoring, and report quarterly to the 
New Mexico Oil Conservation Division 
(NMOCD). 

During the first week of operation, 
system performance parameters such as water 
levels, carbon dioxide, dissolved oxygen, air 

injection pressures/flow rates, vapor extraction 
vacuum/flow/concentration, and groundwa
ter pumping rate will be monitored. 

NRC personnel will be trained in adher
ence to applicable health and safety plans, on 
emergency shutdown procedures, and record 
keeping. 
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8.0 PERFORMANCE MONITORING 

System performance is based on soil 
vapor and groundwater BTEX concentrations. 
Soil-vapor samples wi l l be collected from the 
input and output of the proposed off-gas 
treatment system. 

To provide baseline groundwater chemis
try, groundwater samples from monitoring 
wells MW-1, MW-3, MW-4, MW-6, MW-7, and 
newly-installed monitoring wells (MW-7, MW-
8, MW-9) wi l l be analyzed for BTEX using 
Environmental Protection Agency (EPA) 
Method 8020. Water level and product thick
ness wi l l be collected prior to activating the 
remediation system. 

Based on the preponderance of non-
detectable levels for metals, major cations/ 
anions, and PAHs, groundwater samples wil l 
be tested for BTEX contaminants only. How
ever, groundwater samples wi l l be analyzed 
for the biodegradation indicator parameters 
such as dissolved oxygen, nutrients, sulfate, 
nitrate, and indigenous bacteria populations. 

Three 4-inch diameter PVC monitoring 
well (MW-7, MW-8, MW-9) wi l l be installed 
downgradient and crossgradient of the plume 
to monitor plume concentrations during 
remediation. Groundwater samples from 
monitoring wells wi l l be analyzed for BTEX. 

The proposed schedule for performance 
monitoring is as follows: 

• Prior to system startup, collect a 
baseline round of water/product levels 
and groundwater samples. 

• At system startup, record water/ 
product levels and collect vapor 
samples. 

• Collect weekly water/product levels 
and vapor and groundwater samples 
during the first month of operation. 

• Collect groundwater samples from 
selected momtoring wells after three 
months of operation. 

• Conduct long-term monitoring by 
collecting quarterly groundwater and 
soil samples and water/product levels. 

The data collected during remediation 
wil l be compared to the baseline data collected 
prior to activating the system. The comparison 
allows one to quantify the system performance 
with regard to petroleum hydrocarbons in 
groundwater/soil remediation. 

It is anticipated that the remediation 
system wil l operate for one to two years. After 
one year of operation, the system performance 
wil l be evaluated and recommendations 
provide to the NMOCD. 
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1.0 INTRODUCTION 

Navajo Refining Company (NRC) pro
poses this work plan to remediate soil and 
groundwater at their Lovington Refinery (site) 
located about five miles southeast of 
Lovington, New Mexico (Figure 1). After a 
break in the process sewer junction box (Figure 
1) was discovered, the NRC initiated a soil and 
groundwater investigation in August 1995. 

The investigation revealed the presence of 
residual petroleum hydrocarbons within the 
vadose zone, phase-separated hydrocarbons 
(free product) on the water table, and a dis
solved-phase hydrocarbon groundwater plume. 
The refinery was idle from 1984 to early 1991, 

and the release is expected to have occurred 
sometime after the startup in early 1991. 

In their effort to address this problem, the 
NRC retained Geoscience Consultants, Ltd. 
(GCL) to design and install a soil and ground
water remediation system at the site. 

The NRC presents this work plan to 
identify potential receptors, determine the 
extent of soil and groundwater contamination, 
review regional and site hydrogeology, de
velop remedial system design objectives, and 
present the design, construction, and operation 
plans for the remediation system. 
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2.0 POTENTIAL RECEPTORS 

There is no immediate threat to human 
health as the nearest receptor is the site's own 
process water supply wells located about 1,000 
feet downgradient from the source. A combined 
total daily flow rate from the two wells is 
estimated at 350 gallons per minute. This supply 
is not used for human consumption, as the site 
drinking water is delivered as bottled water. 

City of Lovington water supply wells are 
located along State Highway 18, southeast of 
the city. The nearest water supply well, 
Lovington No. 9, is located near the northeast 
corner of the site, about 1,500 feet north of the 
source (Figure 2). These crossgradient wells 
are not considered potential receptors. 
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3.0 SITE HYDROGEOLOGIC CONDITIONS 

A thorough understanding of the site 
hydrogeology is the single most important 
criterion for designing remediation systems. 
The site is underlain by a well-hardened 
caliche, from the surface to approximately 14 
feet below the surface. The caliche grades into 
the underlying Pliocene Ogallala Formation 
(Ogallala Aquifer) of homogeneous fine- to 
medium-grained sand that contains little or no 
fines (silts and clays). Based on the soil boring 
data, these conditions appear to be continuous 
in the area of contamination. 

Groundwater beneath the site occurs 
within the Ogallala Aquifer at about 90 feet 
below the ground surface (bgs). Groundwater 
flows toward the southeast with a slope 
(hydraulic gradient) of 0.007 feet/foot which is 
consistent with the regional flow direction in 
this area of the Ogallala Aquifer (Figure 3). 

Based on observed lithology during drilling, 
aquifer hydraulic conductivity is estimated to 
be about 25 to 75 feet/day. Effective porosity 
for these types of materials is typically 25 
percent. Using this data, groundwater flow 
velocity is estimated to range from 0.7 to 2.1 
feet/day, or about 1 to 2 feet/day. This veloc
ity may be locally influenced by the two site 
process water supply wells located about 1,000 
feet downgradient of the source area. 

Water levels at the site have been falling 
about 1 foot each year, which is consistent with 
the regional lowering of the Ogallala Aquifer 
water table. This will influence the remedial 
design and was taken into consideration in our 
design. 
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4.0 DISTRIBUTION OF PETROLEUM HYDROCARBONS IN 

SOIL AND GROUNDWATER 

The area of soil and groundwater impacted 
by petroleum hydrocarbons is centered at the 
source, the desalter line break. The primary 
constituents of concern are benzene, toluene, 
ethylbenzene, and xylenes (BTEX). The follow
ing sections describe the distribution of hydro
carbons in the subsurface soils and groundwater. 
In addition to BTEX, major cations/anions, 
metals, and water quality parameters (pH, total 
dissolved solids, alkalinity) are discussed. 

4.1 Residual Hydrocarbons in Soil 

A qualitative field assessment of cuttings 
from soil borings revealed the presence of 
residual hydrocarbons entrained within the 
vadose zone beneath the source. In monitoring 
wells MW-7 and MW-1 and soil boring B6, 
residual hydrocarbons were observed from the 
surface to the water table located.about 90 bgs. 
These locations are within the immediate source 
area. Residual hydrocarbons were observed in 
downgradient soil boring Bl from 65 feet bgs to 
the water table and in B2 from the surface to 
about 65 bgs. No hydrocarbons were observed 
in the upgradient soil boring B3 throughout the 
vadose zone. The areas of impacted soil is 
limited to irnmediately beneath the source area. 

4.2 Benzene, Toluene, 
Ethylbenzene, Xylenes and 
Poiynuclear Aromatic 
Hydrocarbons in Groundwater 

The site investigation revealed a limited 
area of free product on the water table directly 
below the desalter line break with measured 
product thicknesses ranging from less than 0.5 
feet in MW-7 to about 6 feet in MW-1. The 
investigation also delineated a dissolved-phase 
hydrocarbon plume extending about 360 feet 
downgradient of the source. 

Total BTEX concentrations in groundwater 
range from about 3,700 parts per billion (ppb) in 
monitoring well MW-6 located near the source 
area to about 41 ppb in soil boring B5 located 
near the leading edge of the plume. In a further 
downgradient monitoring well (MW-3), BTEX is 
below laboratory detection limits. Table 1 and 
Figure 4 summarize total BTEX concentrations in 
groundwater. 

PAHs were not detected above Water 
Quality Control Commission (WQCC) standards 
in upgradient or downgradient monitoring wells 
(MW-2 through MW-5). However, naphthalene 
and mononaphthalenes were detected above the 
standard of 30 ppb in MW-1 at 94 ppb. Table 2 
summarizes the PAH concentrations in ground
water. 

4.3 Metals in Groundwater 

Groundwater samples analyzed for 
metals indicated concentrations below New 
Mexico Water Quality Control Commission 
(NMWQCC) standards with a few exceptions. 
MW-1 exceeded standards for barium, iron, 
and manganese. Most samples were only 
slightly above standards for arsenic in 
upgradient and downgradient wells. This 
suggests a regionally elevated arsenic concen
trations in the Ogallala Aquifer, due to natural 
conditions. A summary of metal concentra
tions is listed in Table 3. 

4.4 Water Quality Parameters 

Groundwater samples were also analyzed 
for major cations/anions, total dissolved solids 
(TDS), pH, alkalinity, and electrical conductiv
ity. Only MW-1 exceeded WQCC standards for 
TDS and chloride. Results are summarized in 
Table 4. 
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Table 1 
BTEX in Groundwater at the Lovington Refinery 

TABLE 1. BTEX (]ig/L) in Groundwater af the Lovington Refinery 
Location Date Method Benzene Toluene Ethylbenzene Total Xylenes Total BTEX 

B3 Sep-95 EPA 602 1,100 341 757 1,000 3,208 

B4 Aug-95 EPA 8020 74 21 39 19 153 

B5 Sep-95 EPA 8020 41 ND1 ND1 ND1 41 

B6 Sep-95 EPA 8020 583 30 87 108 803 

B7(MW-6) Sep-95 EPA 8020 1,741 21 962 972 3,696 

BB Sep-95 EPA 8020 ND1 ND1 ND1 ND1 ND1 

B9 Sep-95 EPA 8020 ND1 ND1 ND1 ND1 ND1 

MW-3 Jun-95 EPA 8020 ND1 ND1 ND1 ND1 ND1 

MW-9 Jun-95 EPA 8020 ND1 ND1 ND1 ND1 ND1 

NMWQCC Standards1 10 750 750 620 2,130 
na = not applicable 
ND1 = compound not detected above the detection limit (1 or 2 Lig/L) 
'New Mexico Water Quality Control Commission Human Health Standards 
All analyses conducted by Trace Analysis, Inc., Lubbock, TX 
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Work Plan to Remediate Soil and Groundwater 
Lovington Refinery 

Table 2 
PAHs in Groundwater at the Lovington Refinery 

TABLE 2. PAHs (ug/L) in Groundwater at the Lovington Refinen f 
PAH Compound MW-1 MW-2 MW-3 MW-4 MW-5 NMWQCC Standards 

Acenaphtene ND10 ND1 ND1 ND1 ND1 na 

Acenaphthylene ND10 ND1 ND1 ND1 ND1 na 

Anthracene 11 ND1 ND1 ND1 ND1 na 

Benzo(a)anthracene ND10 ND1 ND1 ND1 ND1 na 

Benzo(a)pyrene ND10 ND1 ND1 ND1 ND1 0.7 

Benzo(b)fluoranthene ND10 ND1 ND1 ND1 ND1 na 

Benzo(g,h,i)perylene ND10 ND1 ND1 ND1 ND1 na 

Benzo(k)fluoranthene ND10 ND1 ND1 ND1 ND1 na 

Chrysene ND10 ND1 ND1 ND1 ND1 na 

Dibenz(a,h)anthracene ND10 ND1 ND1 ND1 ND1 na 

Fluoranthene ND10 ND1 ND1 ND1 ND1 na 

Fluorene 10 ND1 ND1 ND1 ND1 na 

lndeno(1,2,3-cd)pyrene ND10 ND1 ND1 ND1 ND1 na 

Naphthalene* 94 ND1 ND1 ND1 ND1 30 

Phenanthrene ND10 ND1 ND1 ND1 ND1 na 

Pyrene ND10 ND1 ND1 ND1 ND1 na 

na = Not Applicable 
ND1 = Compound not detected above the detection limit (1 or 10 ug/L) 
EPA Method 625 
* includes monomethylnaphthalenes 
All analyses conducted by Trace Analysis, Inc., Lubbock, TX 
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Work Plan to Remediate Soil and Groundwater 
Lovington Refinery 

Table 3 
Metals in Groundwater at the Lovington Refinery 

TABLE 4. Metals in Groundwater (mg/L) at the Lovington Refinery 
Metal Compound MW-1 MW-2 MW-3 MW-4 MW-5 NMWQCC Standard 

Aluminum 1.20 0.50 1.00 0.50 1.80 5 

Arsenic 0.50 0.30 ND.2 0.20 0.50 0.1 

Barium 2.12 0.12 0.10 0.11 ND.03 1 

Beryllium ND.01 ND.01 ND.01 ND.01 ND.01 1 

Boron 0.66 0.25 0.15 0.16 0.26 0.75 

Cadmium ND.02 ND.02 ND.02 ND.02 ND.02 0.01 

Chromium ND.05 ND.05 ND.05 ND.05 ND.05 0.05 

Cobalt ND.03 ND.03 ND.03 ND.03 ND.03 0.05 

Copper ND.02 0.05 ND.02 0.04 0.05 1 

Iron 1.38 0.16 0.48 0.46 0.32 1 

Lead ND.001 ND.001 ND.001 ND.001 ND.001 0.05 

Manganese 0.39 0.07 ND.01 0.04 0.05 0.2 

Mercury ND.001 ND.001 ND.001 ND.001 ND.001 0.002 

Molybdenum 0.10 0.20 0.20 0.10 0.30 1 

Nickel ND.2 ND.2 ND.2 ND.2 ND.2 0.2 

Selenium ND.001 ND.001 ND.003 ND.001 ND.003 0.05 

Silver ND.0001 ND.0001 ND.0001 ND.0001 ND.0001 na 

Uranium ND.5 ND.5 ND.5 ND.5 ND.5 5 

Vanadium ND.05 ND.05 ND.05 ND.05 ND.05 na 

Zinc 0.05 ND.02 0.06 0.05 0.04 10 

na = Not Applicable 
ND0.05 = Compound not detected above the detection limit (0.0001 to 0.5 mg/L) 
EPA Methods: 200.7, 239.2, 270.2, 272.2, 245.1 
All analysis conducted by Trace Analysis, Inc., Lubbock, TX 
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Work Plan to Remediate Soil and Groundwater 
Lovington Refinery 

5.0 REMEDIATION DESIGN OBJECTIVES 

The objectives of the proposed remediation 
system for the Lovington Refinery include: 

• Remove residual hydrocarbons within 
the vadose zone beneath the source 
area. 

• Remove free product from the water 
table beneath the source area. 

• Remediate groundwater that contains 
dissolved-phase hydrocarbons with a 
total BTEX concentration of 1,000 ppb or 
greater. 

• Enhance natural intrinsic 
bioremediation to remediate the remain
ing downgradient portion of the 
dissolved-phase hydrocarbon plume. 

To achieve these objectives, GCL selected 
the following combination of remediation 
technologies: 

• Pump-and-treat system for free product 
and high-BTEX groundwater removal 
beneath the source area. 

• Air sparging/vapor extraction system to 
remediate the high-BTEX groundwater 
and the vadose zone near the source. 

Residual hydrocarbons in soil, free prod
uct, and high-BTEX groundwater are long-term 
sources of hydrocarbons for groundwater. 
Source removal is a key element in this 
remediation system design. Free product and 
high-BTEX groundwater wil l be removed using 
a submersible total fluids pump installed witnin 
a recovery well installed at the source. 

Air sparging/vapor extraction is most 
effective in uniform, coarse-grained material, 

with little or no fines, similar to site conditions. 
This approach injects hydrocarbon-free com
pressed atmospheric air into the aquifer beneath 
contamination. Air injection creates an inverted 
cone of bubbles or discrete "air tubes" below the 
water table that advance toward the surface. 
Hydrocarbons dissolved in the groundwater and 
sorbed onto soil particles are essentially stripped 
into the gaseous phase by the rising air, break 
through at the water table, and are removed from 
the vadose zone by the vapor extraction system. 

The portion of the plume not actively 
remediated (BTEX <1,000 ppb) wil l attenuate 
naturally but with some enhancement to encour
age biodegradation of the hydrocarbons. At
tenuation will occur by both enhanced mtrinsic 
bioremediation and dilution (dispersion/ 
mixing). 

mtrinsic bioremediation of hydrocarbons 
without the addition of any nutrients into the 
subsurface. Enhanced intrinsic bioremediation 
is when oxygen and/or other nutrients are 
added to the aquifer within or upgradient of the 
plume. This effectively increases growth of 
naturally occurring bacteria which accelerates 
the rate at which hydrocarbons are biodegraded. 
Enhancement will occur by the movement of 
oxygenated groundwater from the upgradient 
sparged groundwater flowing into low-oxygen 
downgradient areas. 

Based on the experience of the New 
Mexico Environment Department (NMED), 
mtrinsic bioremediation works best in homog
enous and permeable aquifers, single-source 
plumes, low groundwater gradients, absence of 
free product/soil contamination, and where 
hydrocarbon concentrations are 40,000 ppb or 
less (NMED, 1995). Most of these conditions 
are met for that portion of the plume not 
actively remediated. 
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6.0 SYSTEM DESIGN AND INSTALLATION 

The remediation system for the 
Lovington Refinery consists of a total fluids 
pumping for source removal and air sparge/ 
vapor extraction to promote cleanup of the 
groundwater. The system focuses on aggres
sive physical removal while simultaneously 
stimulating naturally occurring hydrocarbon 
degrading bacteria. 

6.1 Total Fluids Pumping 

To aggressively remove the source, free 
product and high-BTEX groundwater, a 
submersible total fluids pump wil l be installed 
in a 4-inch recovery well (RW-1), located just 
downgradient of MW-1 (Figure 5). The well 
wi l l be installed to about 15 feet below the 
present water table, about 115 feet bgs. 

The total fluids wi l l be pumped to an 
existing facility tank. The conveyance line wil l 
contain a shut-off valve, totalizing meter, flow 
meter, and sampling port. Drawdown calcula
tions indicate a pumping rate of about 20 
gallons per minute (gpm) wi l l produce a cone 
of depression sufficient to draw free product/ 
high-BTEX groundwater into the well. 

The total fluids pumped wil l undergo 
treatment including product recycling. The 
treated water is released to the Lovington 
publicly operated treatment works along with 
site discharge water. It is expected that exist
ing refinery treatment processes are adequate 
to treat the total fluids waste stream. 

6.2 Air Sparging System 

The area of the dissolved-phase plume 
with total BTEX of about 1,000 ppb or greater is 
shown on Figures 3 and 4. Based on GCL's 
experience, a single air sparging well is ex

pected to have a 30-foot radius of influence in 
the materials observed beneath the site. 
Consequently, eight sparging wells wi l l 
provide the necessary coverage to remediate 
groundwater with 1,000 ppb of BTEX or 
greater as depicted in Figure 5. 

Each sparging well cluster wi l l be con
structed with a sparge point installed below 
the groundwater plume (estimated at about 10 
to 15 feet below the water table) and a screened 
section within the vadose zone for soil-vapor 
extraction. A 1-inch diameter HDPE pipe 
delivers compressed filtered atmospheric air 
into the aquifer through the submerged sparge 
point. It is estimated that each sparge point 
wi l l deliver 5 to 10 cubic feet per minute (cfm), 
operating at 12 psi. 

Dedicated piping wil l be used for each 
sparge point to allow for fine-tuning the 
sparging system. Each sparge line wi l l house a 
valve, flow meter, and pressure gage. 

In addition to the air-stripping action 
within the aquifer, air injection also increases 
the dissolved oxygen content which stimulates 
naturally occurring microbes present in the 
aquifer. This wil l cause greater biodegradation 
of hydrocarbons than would occur naturally. 

6.3 Vapor Extraction System 

Vadose zone vapors wil l be extracted 
through 2-inch diameter Schedule 80 PVC pipe 
and 10- to 20-foot long screens installed within 
the vadose zone about 2 to 3 feet about the 
water table. Longer, or multiple, screens wil l 
be used in the source area to remove residual 
hydrocarbons observed from the surface to the 
water table. A blower operating at 60 psi wi l l 
remove 15 to 30 cfm from each well. Typical 
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designs remove about three to six times more 
air than is injected to ensure complete capture 
of vadose zone vapors. 

Two banks of four wells each wi l l be 
connected to a common header prior to entry 
into the vacuum system. Each well wi l l be 
equipped with a flow meter, vacuum gage, and 
valve, all located in a central location for ease 
of operation and maintenance. 

Initial hydrocarbon vapor concentrations 
wil l likely exceed the New Mexico Air Quality 
Board limit of 10 pounds per hour (pph). 
Consequently, the air stream wi l l be treated 
using an internal combustion engine/catalytic 
oxidation treatment unit. It is expected that 
emissions wi l l drop below 10 pph within three 
to six months, at which time the treatment unit 
wi l l be removed and vapors wi l l be vented 
directly to the atmosphere. 

6.4 Monitoring Well Installation 

Three 4-inch diameter monitoring wells 
(MW-7, MW-8, MW-9) wi l l be installed as 
shown in Figure 3 to better delineate the 
dissolved-phase plume in downgradient and 
crossgradient directions. These locations are 
also ideal for monitoring the performance of 
the remediation system. 

6.5 Pilot Testing 

Each system component wi l l be tested 
independently prior to system startup to 
ensure each component of the remediation 
system performs as expected. Once each 
component is demonstrated to be operating 
properly, the entire system wi l l be activated 
and evaluated closely for one week. 

A step-drawdown test wil l be conducted 
in recovery well RW-1 to determine the radius 
of influence, the optimum pumping rate, and 
well efficiency. The connection to the desalter 
line wi l l be completed prior to testing. Nearby 
monitoring wells MW-1, MW-6, and MW-7 wi l l 
be monitored for drawdown/product thick
ness during the test. 

To determine the site-specific radius of 
influence for the vapor extraction system, a 
monitoring well with at least 3 to 5 feet of 
exposed screen within the vadose zone wi l l be 
vacuum tested. Vacuum in the nearest three 
suitable wells wil l be monitored and analyzed 
to estimate the radius of influence for a single 
well. The results wi l l guide the final spacing of 
sparge wells. 

6.6 Installation Schedule 

The expected schedule for mstalling the 
remediation system is as follows: 

Task Duration 

Develop Work Plan/ 
Client Review 2 weeks 

NMOCD Work Plan 

Approval 3 weeks 

Well Installation 2 weeks 

Equipment Procurement 2 weeks 

Remediation Equipment 

Installation 1 week 

Pilot Testing 1 week 

Startup 2 weeks 
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7.0 SYSTEM OPERATION AND MAINTENANCE 

GCL will manage the remediation system 
operation and maintenance, conduct perfor
mance monitoring, and report quarterly to the 
New Mexico Oil Conservation Division 
(NMOCD). 

During the first week of operation, 
system performance parameters such as water 
levels, carbon dioxide, dissolved oxygen, air 
injection pressures/flow rates, vapor extraction 
vacuum/flow/concentration, and groundwa
ter pumping rate will be monitored. 

NRC personnel will be trained in adher
ence to applicable health and safety plans, on 
emergency shutdown procedures, and record 
keeping. 
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8.0 PERFORMANCE MONITORING 

System performance is based on soil 
vapor and groundwater BTEX concentrations. 
Soil-vapor samples wi l l be collected from the 
input and output of the proposed off-gas 
treatment system. 

To provide baseline groundwater chemis
try, groundwater samples from monitoring 
wells MW-1, MW-3, MW-4, MW-6, MW-7, and 
newly-installed monitoring wells (MW-7, MW-
8, MW-9) wi l l be analyzed for BTEX using 
Environmental Protection Agency (EPA) 
Method 8020. Water level and product thick
ness wi l l be collected prior to activating the 
remediation system. 

Based on the preponderance of non-
detectable levels for metals, major cations/ 
anions, and PAHs, groundwater samples wi l l 
be tested for BTEX contaminants only. How
ever, groundwater samples wi l l be analyzed 
for the biodegradation indicator parameters 
such as dissolved oxygen, nutrients, sulfate, 
nitrate, and indigenous bacteria populations. 

Three 4-inch diameter PVC monitoring 
well (MW-7, MW-8, MW-9) wi l l be installed 
downgradient and crossgradient of the plume 
to monitor plume concentrations during 
remediation. Groundwater samples from 
monitoring wells wi l l be analyzed for BTEX. 

The proposed schedule for performance 
monitoring is as follows: 

• Prior to system startup, collect a 
baseline round of water/product levels 
and groundwater samples. 

• At system startup, record water/ 
product levels and collect vapor 
samples. 

• Collect weekly water/product levels 
and vapor and groundwater samples 
during the first month of operation. 

• Collect groundwater samples from 
selected monitoring wells after three 
months of operation. 

• Conduct long-term monitoring by 
collecting quarterly groundwater and 
soil samples and water/product levels. 

The data collected during remediation 
wil l be compared to the baseline data collected 
prior to activating the system. The comparison 
allows one to quantify the system performance 
with regard to petroleum hydrocarbons in 
groundwater/soil remediation. 

It is anticipated that the remediation 
system wil l operate for one to two years. After 
one year of operation, the system performance 
wil l be evaluated and recommendations 
provide to the NMOCD. 

Environmental Science 
and Engineering 

A BDM International Company 

18 



Work Plan to Remediate Soil and Groundwater 
Lovington Refinery 

9.0 REFERENCES 

NMED, 1995. Tank Notes, Vol. 7, No. 4. 

Environmental Science 
and Engineering 

A BDM International Company 

19 





Office Locations 

UNITED STATES 

Montgomery, Alabama 

Huntsville, Alabama 

Phoenix, Arizona 

Tucson, Arizona 

Redlands, California 

Monterey, California 

Denver, Colorado 

Colorado Springs, Colorado 

Washington, D.C. 

Panama City, Florida 

Pensacola, Florida 

Fort Benning, Georgia 

Chicago, Illinois 

Des Moines, Iowa 

Fort Knox, Kentucky 

Louisville, Kentucky 

Gaithersburg, Maryland 

Germantown, Maryland 

Lanham, Maryland 

Boston, Massachusetts 

Dearborn, Michigan 

Helena, Montana 

Las Vegas, Nevada 

Albuquerque, New Mexico 

Las Cruces, New Mexico 

Dayton, Ohio 

Bartlesville, Oklahoma 

Pittsburgh, Pennsylvania 

N. Augusta, South Carolina 

Corpus Christi, Texas 

San Antonio, Texas 

Salt Lake City, Utah 

Seattle, Washington 

Richland, Washington 

Morgantown, West Virginia 

San Juan, Puerto Rico 

INTERNATIONAL 

Brazil 

Egypt 

Germany 

Oman 

Mexico 

Saudi Arabia 

Turkey 
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