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Executive Summary 

This report summarizes the data collected and chronicled in various reports since 1994 
during soil and ground water site investigations at Giant Industries Arizona, Inc.'s (Giant) 
former Crude Station in Bloomfield, New Mexico. Site activities have resulted in the 
installation of five ground water monitoring wells MW-1 through MW-5 during 1994 and 
1995, and the excavation of over 12,924 cubic yards of hydrocarbon impacted soil in 
2000. Hydrocarbon impacted soil and ground water appeared to be related to Giant's 
crude oil storage operations associated with a former 55,000-barrel steel tank designated 
967-D. Impacted soil above New Mexico Oil Conservation Division standards remain at 
the Crude Station. The current investigation described herein included the following 
activities: 

• The installation of two additional off-site ground water monitoring wells, MW-6 and 
MW-7, 

• ground water sampling and analysis for benzene, toluene, ethyl benzene, xylene 
(BTEX), major ions, and total dissolved solids (TDS), from all monitoring wells and 
the preparation of a new potentiometric surface contour map, 

• a bioventing pilot test completed in June 2001 to look at the feasibility of 
hydrocarbon removal through in-situ bioremediation, and 

• a historical record search to acknowledge the existence of additional sites adjacent to 
and in the near vicinity of this site. 

Ground water elevation measurements and ground water samples were collected from 
monitoring wells MW-3 through MW-5 on May 10, 2001. Giant abandoned monitoring 
well MW-1 during the excavation of the tank pad in August 2000 and monitoring well 
MW-2 was not sampled due to phase separated hydrocarbons (PSH) within the well. 
Monitoring wells MW-6 and MW-7 were installed on May 17, 2001 and developed on 
May 21, 2001 and the ground water was sampled on May 23, 2001. New Mexico Water 
Quality Control Commission (WQCC) BTEX constituents were not detected in the 
ground water from MW-3, MW-4, and MW-5. WQCC benzene standards were exceeded 
in the ground water samples collected from MW-6 and WQCC standards for benzene and 
xylenes were exceeded in the ground water samples collected from MW-7. WQCC 
standards for total dissolved solids were exceeded in all montioring wells including 
upgradient well MW-3. The WQCC standard for chloride was exceeded in MW-3 only. 
Sulfate concentrations are also above the WQCC standard at all locations sampled. In 
general, the ground water at the site is unsuitable for domestic supply, due to high 
concentrations of both sulfate and total dissolved solids (TDS). Toluene was not detected 
in the ground water from MW-7 which is uncharacteristic of onsite impacted ground 
water from MW-2 based on historical data. This may indicate a potentially different 
hydrocarbon source of impact for each of the wells. 
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The ground water at the site appears to flow to approximately forty-five degrees south of 
west at approximately 0.015-ft/ft gradient and has not changed with the addition of new 
data from MW-6 and MW-7. MW-7 does not appear to be directly downgradient of 
Giant's operations. 

Giant initiated the bioventing pilot test on June 20, 2001 by injecting air into three levels 
within the vadose zone. Oxygen, carbon dioxide, and volatile hydrocarbon 
concentrations in the soil gas from within the pore space in each zone was monitored. 
Air injection ceased on June 21, 2001 and respiration rates of the biologic activity were 
monitored for an additional five days through June 26, 2001. The 14 percent decrease in 
oxygen along with the 50 percent increase in carbon dioxide concentrations measured in 
the soil gas during the five days following the air-injection, indicates significant biologic 
activity at the site. During the five days following the pilot test approximately nine-
pounds of hydrocarbons were mineralized to carbon dioxide and water. Based upon the 
results of the pilot test, which indicate that the site has sufficient permeability to be a 
candidate for this treatment method, the proposed model is to implement bioventing for 
site restoration. 

West of the former tank site is a City of Bloomfield Electrical Substation and two well 
sites (Jan Redding #1 and Cook #1E) owned and operated by Manana Gas. Historical 
research of this area indicate that several oil and possibly gas wells, and associated pits, 
may have once been operational in this area, such as the Bishop #1 and Bishop #3, the 
Hare #1, and the Kittell #1. The potential exists that these operations may have impacted 
in the ground water from monitoring well MW-7. 

Monitoring Well Installation, Ground Water Sampling, and Bioventing Pilot Test, 
Blooomfield Crude Station, July 2001 
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1.0 Introduction 

This report summarizes the data collected and chronicled in various reports since 1994 
during soil and ground water site investigations at Giant Industries Arizona, Inc.'s (Giant) 
former Crude Station in Bloomfield, New Mexico (Figure 1). The current investigation is 
centered on the following: 

• The installation of two additional off-site ground water monitoring wells, MW-6 and 

• Ground water sampling and analysis for benzene, toluene, ethyl benzene, xylene 
(BTEX), major ions and total dissolved solids (TDS) and the preparation of a new 
potentiometric surface contour map. 

• A bioventing pilot test completed in June 2001 to look at the feasibility of 
hydrocarbon removal through in-situ bioremediation. 

• A historical record search to acknowledge the existence of additional sites adjacent to 
and in the near vicinity of this site. 

The former crude station has previously been the focus of a subsurface investigation 
where activities have included the removal of a 55,000-barrel tank, numerous soil borings 
and sampling, installation of seven ground water monitoring wells, excavation and off-
site land farming of hydrocarbon impacted soil, and ground water sampling. The area of 
focused investigation is where the former crude oil storage tank numbered 967-D was 
located. A more detailed historical account of the former Crude Station is in a report 
previously submitted to the New Mexico Oil Conservation Division (NMOCD) titled 
Comprehensive Report For The Bloomfield Crude Station, dated January 2000. 

Ground water samples have been collected intermittently and submitted for laboratory 
analyses since 1994 from five ground water monitor wells (Figure 2), installed during 
1994 and 1995. The laboratory results of samples collected from two of the three onsite 
ground water monitor wells demonstrated no detectable levels of benzene, toluene, ethyl 
benzene, or xylenes (BTEX), as summarized in Table 1 and Appendix A, which indicates 
that the ground water in the vicinity of these wells has not been impacted by petroleum 
hydrocarbons. The ground water monitor well located on the western perimeter of the 
site (MW-2) has exhibited phase-separated-hydrocarbons (PSH) since 1994 (Appendix 

MW-7. 

B). 
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The ground water from the two-downgradient monitor wells has been sampled and 
submitted for laboratory analyses. Downgradient well, numbered MW-4 and MW-5 have 
exhibited no detectable levels of BTEX. 

TABLE 1 
SUMMARY OF GROUND WATER ANALYTICAL RESULTS FOR BTEX 

1994-1999 
Total TPH 

NMWQCC Benzene Toluene Ethylbenzene Xylenes (mg/l) 
Standards (Ug/L) (HB/L) (Ug/L) (Ug/L) 

10 750 750 620 None 
MW-1 Sep-94 NS NS NS NS NS 

(see note) Apr-95 NS NS NS NS NS 
Sep-99 NS* NS* NS* NS* NS* 
Dec-99 NS* NS* NS* NS* NS* 

MW-2 Sep-94 640 600 82 690 5 
Apr-95 220 280 53 430 3 
Sep-99 NS** NS** NS** NS** NS** 
Dec-99 NS** NS** NS** NS** NS** 

MW-3 Sep-94 ND ND ND ND ND 
Apr-95 ND ND ND ND ND 
Sep-99 ND ND ND ND ND 
Dec-99 ND ND ND ND ND 

MW-4 Sep-94 2.1 ND ND 1.2 ND 
Apr-95 ND ND ND ND ND 
Sep-99 ND ND ND ND ND 
Dec-99 ND ND ND ND ND 

MW-5 Sep-94 NS NS NS NS NS 
Apr-95 ND ND ND ND NS 
Sep-99 ND ND ND ND ND 
Dec-99 ND ND ND ND ND 

Note: MW-1 was not completed in ground water and was subsequently abandoned 

ND = Not Detected 
NS = Not Sampled 
NS* = Insufficient sample volume 
NS** = Sample not collected due to product in well 



Monitoring Well Installation, Ground Water Sampling, and Bioventing Pilot Test 
Giant Industries Arizona, Inc. 
Bloomfield Crude Station 
July 2001 

Laboratory analyses and field screening tests of soil samples collected on-site at various 
depths from 1994 through 2000, condensed into table-format and located in Appendix C, 
indicate various levels of hydrocarbon impact to the soil from slightly beneath ground 
surface down to seventeen-feet beneath ground surface (bgs). Select maps from historical 
reports have been included in Appendix D to reference previous sample activities. 

The pilot test approved by the NMOCD and conducted by Giant during the week of June 
18, 2001 involved an in-situ bioventing study. In-situ bioventing includes the delivery of 
oxygen through air movement in the soil pore spaces found above the water table. The 
impacted areas identified at this site are predominately located in the native soils above 
ground water, with the exception of the western edge of this site. This pilot test was 
accomplished by injecting ambient air through monitoring points screened at five-foot, 
ten-foot, and fifteen-foot bgs. The levels of oxygen, carbon dioxide, and volatile organic 
compounds were then monitored at each depth (shallow, intermediate, and deep) at the 
point of injection (BV1) and in a radius of ten-foot increments out to thirty-foot (Figure 
3). 

1.1 Physical Setting 

Giant owns the property referred to as the former Crude Station on the southwest corner 
of Blanco Boulevard and Fifth Street in the City of Bloomfield, San Juan County, New 
Mexico. The site occupies approximately 5.5 acres within the Nl/2, NWI/4, NWI/4 of 
Section 22, Township 29 North, Range 11 West. A regional location map is shown in 
Figure 1. A 55,000-barrel crude oil storage tank was previously located on this site within 
an earthen berm, which occupied approximately 100,000 square feet on the west side of 
the former Crude Station. 

The geography, hydrogeology and geology of the site are described in a report previously 
submitted to the New Mexico Oil Conservation Division (NMOCD) titled Site 
Assessment for the Bloomfield Crude Station, dated May 1995. 

The current physical setting at the site is an open excavated area where approximately 
12,924 cubic yards of hydrocarbon impacted soil was removed and 6,048 cubic yards of 
clean backfill was replaced in August 2000. Ground water was encountered in the 
excavation at approximately 15 feet beneath ground surface. The excavation is double 
fenced and locked, one chain link fence surrounding the site perimeter and another chain 
link fence surrounding the excavation. The limits of excavation are shown in Figure 3. 
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The earthen berms that surrounded the former Tank 967D have been partially removed 
during the tank decommissioning in 1996 and during remedial excavation work in 2000. 
The berms were approximately 340-feet by 280-feet in size. As detailed in the October 
2000 report, titled Report for Remedial Excavation - Work Performed During August 
2000 For The Bloomfield Crude Station, the area beneath the western edge of the tank 
pad, exposed during excavation, exhibited the most highly impacted soils. The 
excavation began on the east side of the tank pad and proceeded to the west; midway 
across the tank pad PSH were observed on the ground water along the southern edge of 
the excavation. Test holes used to define the limits of migration indicated that 
"significant amounts of overburden" would have to be removed to excavate additional 
hydrocarbon impacted soil and excavation ceased. A portion o r the center of the 
excavation was left open to allow Giant to recover PSH (Appendix D). 

West of the former tank site is a City of Bloomfield Electrical Substation and two well 
sites (Jan Redding #1 and Cook #1E) owned and operated by Manana Gas (Figure 2). To 
the West of the electric substation and the Manana well sites, on the corner of North 
Frontier and Blanco Boulevard, is a vacant lot. What appears to be a monument, located 
on this lot, may indicate a previous well site that has been plugged and abandoned. 
Historical research of this area indicate that several oil and possibly gas wells, and 
associated pits, may have once been operational on this lot, such as the Bishop #1 and 
Bishop #3, the Hare #1, and the Kittell #1 (Figure 2). 

1.2 Site Chronology 

The former Crude Station has had numerous owners since the late 1920s. A ground 
water investigation was initiated by Giant, the current owner, in 1994. Giant has 
conducted soil and ground water investigations pursuant to decommissioning tank 967-D. 

Background Information: 
• The site was originally leased for oil exploration and production on September 6, 

• Since 1929 the site has been owned and leased by several companies that operated 
various process units and tanks on or near the site, including refining operations. 
Aerex Refining, Plateau Refining, Shell Oil Company, El Paso Products, Malco, and 
Clayton Investment of Thriftway Marketing are known to have operated refining or 
other businesses on or near the property. 

• Estimated date of construction for Tank 967-D was 1957. 

1929. 

V 
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• Tank 967-D was closed in 1994. 
• Tank 967-D was removed in late 1995 through early 1996. 
• Several buildings, a 10,000-bbl tank, and 2,500-bbl tank remain at the site (Appendix 

A chronological listing of investigative and remedial activities from 1994 through 2000 is 
included in Appendix E for reference. 

Current Activities: 

• On May 17, 2001 the additional ground water monitoring wells, numbered MW-6 and 
MW-7, were installed. MW-6 was installed down-gradient of the site, south of the 
Manana well locations and MW-7 was installed cross-gradient of the site west of the 
Manana well location. (Figure 2, Appendix F) 

• The newly installed ground water monitor wells, MW-6 and MW-7, were developed, 
according the NMOCD guidelines and specifications in the previous correspondence, 
on May 21,2001. 

• Monitor wells MW-6 and MW-7 were sampled, according the NMOCD guidelines 
and specifications in the previous correspondence, on May 23, 2001 (Appendix G). 

• A new survey with the top of casing elevations was obtained, properly positioning 
and identifying each of the ground water monitor wells MW-2 through MW-7 with 
other surface features on May 31, 2001. 

• Monitoring points were installed on June 12-13th for the bioventing pilot test 
(Appendix F). 

• GEM initiated the pilot test on June 20, 2001 (Appendix H). 
• A historical record search is initiated in order to acknowledge the existence of 

additional sites adjacent to and in the vicinity of this site (Appendix I). 

D). 
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2.0 Methods of Monitoring Well Installation, Ground Water 
Sampling and Biovent Pilot Test 

Giant installed ground water monitor wells MW-6 and MW-7 on May 17, 2001, at the 
locations shown on Figure 2. 

Ground water elevation measurements and ground water samples were collected from 
monitoring wells MW-3 through MW-5 on May 10, 2001. Giant abandoned monitoring 
well MW-1 during the excavation of the tank pad in August 2000 and Monitoring well 
MW-2 was not sampled due to PSH within the well. Monitoring wells MW-6 and MW-7 
were developed on May 21, 2001 and the ground water was sampled on May 23, 2001. 
The elevations at the top of casing on all of the monitoring wells were surveyed on May 
30, 2001. 

Giant initiated the bioventing pilot test on June 20, 2001 by injecting air into three levels 
within the vadose zone. Oxygen, carbon dioxide, and volatile hydrocarbon 
concentrations from within the pore space of the soil in each zone was monitored. Air 
injection ceased on June 21, 2001 and respiration rates of the biologic activity were 
monitored for an additional five days, through June 26, 2001. 

2.1 Monitor Well Installation 

Giant installed and developed ground water monitoring wells MW-6 and MW-7 at the 
locations shown on Figure 2. Boreholes for MW-6 and MW-7 were completed using a 
CME 75-drill rig equipped with 4.25-inch inside-diameter hollow-stem augers. Drilling 
equipment and sampling tools were decontaminated prior to use at each boring location. 
Decontamination included cleaning the drilling equipment with an Alconox™ soap 
solution followed by a potable water rinse. 

Golden Environmental Management's (GEM's) field geologist described the lithology of 
the soil at each well location on individual "Record of Subsurface Exploration" forms, 
included in Appendix F. The borings were advanced to approximately 10-feet beyond 
where ground water was first encountered. Fifteen feet of well screen was placed across 
the water table interface with approximately 5 feet of the well screen above the water 
table and 10-feet of the well screen below the water table. The annular space was filled 
with 10-20 grade silica sand surrounding the well screen to approximately 3-feet above 
the top of the screen. Bentonite chips (3/8-inch), hydrated with 5 gallons of potable 

,v i 
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water, filled the annular space 2-feet above the sand pack. The remaining annular space 
was grouted to the surface using a neat cement slurry containing approximately 5-percent 
bentonite. Each well was fitted with locking caps and set in a flush-to-surface vault in a 
concrete pad that is sloped to drain water away from the well. Details of well 
construction are given on the "Well Installation Records" included in Appendix F. 

Monitoring wells MW-6 and MW-7 were developed on May 21, 2001, by dropping a 
Teflon™ bailer inside the well to surge water back and forth through the well screen. 
Five- gallons of potable water was introduced into monitoring well MW-6 due to the low 
yield and high clay content of the formation. Following removal of potable water and 
surging, the wells were bailed until the produced water was free -of sediment and a 
minimum of three casing volumes of ground water was removed. Well development 
information for both wells was recorded on "Well Development and Purging Data" 
forms, included in Appendix G. 

2.2 Ground Water Sampling 

The ground water from monitoring wells MW-3, MW-4, and MW-5 was purged and 
sampled, and submitted for laboratory analysis on May 10 and 11, 2001. On May 23, 
2001, more than 24 hours after the wells were developed, the ground water from MW-6 
and MW-7 was purged, sampled, and submitted for laboratory analysis. The pH, 
temperature and electric conductivity were measured during purging. The wells were 
considered purged when ground water samples bailed from the wells was no longer silty 
and the temperature, pH, and conductivity readings stabilized (Appendix G). 

Ground water samples were collected in pre-preserved, 40-milliliter (ml) glass volatile 
organic analysis vials (VOA vials) with Teflon™-lined caps for analysis by EPA Methods 
8021 modified for aromatic hydrocarbons. Two additional pre-preserved VOA vials 
were filled for analysis for total petroleum hydrocarbons by EPA Method 8015 Modified 
at MW-3, MW-4, and MW-5. These samples were stored on ice and transported for 
analysis to Pinnacle Laboratories located in Albuquerque, New Mexico following strict 
chain-of-custody procedures. 

A one-gallon plastic bottle was filled with ground water for analysis of major cations and 
anions, TDS and an ion balance by various EPA methods. These samples were stored on 
ice and transported for analysis to Inter-Mountain Laboratories located in Farmington, 
NM following strict chain-of-custody procedures. Water sampling data were recorded on 
"Well Development and Purging Data" forms included in Appendix G. 
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United Field Services of Farmington, New Mexico surveyed the top-of-casing elevations 
at all monitoring wells and plotted the well locations on a 1-inch equals 100-feet scale 
50-foot by 50-foot grid map. 

The depth to the top of ground water was measured and each well was checked for the 
presence of PSH several times during May and July of 2001 using a KECK™ oil/water 
interface probe. Depth-to-water measurements were subtracted from the top of casing 
elevations for each well to determine the elevation of the potentiometric surface. The 
potentiometric surface where PSH were found was calculated using product density of 
0.7 water. The potentiometric surface elevation data was plotted on the site map and 
whole number isoelevation contours interpolated between wells. A table that 
comprehensively summarizes the ground water elevations is included in Appendix J. 

2.3 Bioventing Pilot Test 

To conduct the pilot test, four three-level monitoring points were installed using a hand 
auger. Soil samples from five-foot intervals were collected and screened using standard 
headspace techniques. The monitoring points were installed in a line ten feet apart as 
shown on Figure 3. Each monitoring point was constructed of one-inch diameter 
polyvinyl chloride (PVC) pipe, with one foot of .010-inch slotted screen, and an end cap. 
As described on the on the "Record of Subsurface Exploration" and the "Monitor Well 
Installation" forms in Appendix F, four-inch diameter borings were advanced to 
approximately sixteen-feet bgs and the deep monitoring points were installed with the 
screen placed from fourteen- to fifteen-feet bgs. A 10-20 grade silica sand was placed in 
the deep interval surrounding the screen to approximately one-foot above the screen. A 
one-foot thick quick-gel (bentonite) plug was placed above the sand. Additional 10-20 
grade silica sand was then placed to the level the intermediate monitoring points were 
installed. The sand filled the annular space to one-foot above the intermediate screen set 
from ten- to eleven-foot bgs. Quick-gel was placed above the intermediate interval sand 
pack to a thickness of 1-foot. The shallow monitoring points (third interval) was then 
installed with 10-20 grade silica sand one-foot above shallow level screen, from five- to 
six-feet bgs. Quick-gel was placed from the top of the sand pack to the ground surface. 
The quick-gel were hydrated at each interval by pouring one gallon of potable water into 
the intermediate and shallow monitoring points. 

To initiate the pilot test a rotary vane air compressor, capable of supplying enough air to 
exchange the soil pore space gas a minimum of once every 24 hours, was attached to a 
manifold that connected the shallow, intermediate and deep screens at bioventing 
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monitoring point numbered BV-1. The flow rate was adjusted by a series of valves on 
the manifold as shown in Picture 1 located in Appendix K. Air flow to each screened 
interval was continuously measured by inline King ™ air flow meters with a flow range 
of 4 to 40 standard cubic feet per minute (scfm). 

Soil permeability was observed by measuring flow conditions experienced during the 
injection startup. The following flow rates were observed according to the combination 
of open and closed valves: 

• With all valves open, the airflow followed the path of least resistance into the shallow 
zone at 20-scfm. 

• When the valves to the shallow and intermediate zones were closed, flow to the deep 
zone was measured at 17-scfm. 

• With the valves to the shallow zone closed and the intermediate and deep zones open, 
the final airflow was measured at 8-scfrn to the intermediate zone and 9-scfm to the 
deep zone. 

Once air injection was initiated, carbon dioxide, oxygen, and ionizable hydrocarbon 
concentrations were collected from each level of the monitoring points numbered BV-2, 
BV-3 and BV-4 (Figure 3). 

Immediately after air injection ceased, pressure readings from each monitoring point 
depth were collected using magnehelic gauges. Measurements were recorded 
continuously until the pressure at each level returned to atmospheric pressure. Once the 
pressure stabilized, the carbon dioxide, oxygen, and ionizable hydrocarbon measurements 
from each monitoring point resumed and continued for approximately five days. 
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3.0 Results 

Concentrations of BTEX were not detected in the ground water from MW-3, MW-4, and 
MW-5. Slightly elevated concentrations of benzene was detected in the ground water 
samples collected from MW-6 and elevated benzene and xylenes were found in the 
ground water samples collected from MW-7. 

The ground water at the site appears to flow to approximately forty-five degrees south of 
west at approximately 0.015-ft/ft gradient (Figure 4). 

Changes in the concentrations of oxygen, carbon dioxide, and hydrocarbons were 
recorded during the pilot test at all monitoring points. 

3.1 Ground Water Monitoring 

Laboratory analytical results indicate concentrations of BTEX above the NMWQCC 
standards in ground water samples collected from MW- 6 and MW-7 during the May 
2001 ground water sampling. BTEX was not detected in the in the ground water samples 
collected from MW-3, MW-4, and MW-5. Laboratory results are summarized below in 
Table 2 and the laboratory analytical reports are included in Appendix L. 

TABLE 2 
GROUND WATER SAMPLING MAY 2001 BTEX ANALYTICAL RESULTS 

Well Benzene Toluene Ethylbenzene Total Xylenes 
Ug/L "g/L ^g/L ug/L 

MW-3 <0.5 <0.5 <0.5 <0.5 
MW-4 <0.5 <0.5 <0.5 <0.5 
MW-5 <0.5 <0.5 <0.5 <0.5 
MW-6 12 15 13 83 
MW-7 2,400 <10 380 2,800 
NMWQCC Standards 10 750 750 620 
ug/L = micrograms per liter NMWQCC : New Mexico Water Quality Control 
Commission Results that exceed NMWQCC standards are in bold 

The results of the general chemistry analysis indicate high conductivity [2,160 microhms 
per centimeter (urnhos/cm) to 7,000 ^mhos/cm] in all of the samples. Total dissolved 
solids (TDS) were also found to be high (1,710 mg/L to 5,230 mg/L) in samples from 
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MW-2, MW-3 (upgradient), MW-4, MW-5, MW-6 and MW-7. The NMWQCC standard 
for TDS in a domestic water supply is 1,000 mg/L. These results indicate a poor quality 
of ground water for potable use. The samples from all of the wells exceed the 
NMWQCC domestic water supply standard for sulfate. The standard for sulfate is 600 
mg/L, MW-3 (upgradient), MW-4, MW-5, MW-6, and MW-7 samples contained 2,250 
mg/L, 2,680 mg/L, 1,230 mg/L, 2,780 mg/L and 642 mg/L respectively. The sample 
taken from MW-3 contained 1,320 mg/L chloride, which exceeds the NMWQCC 
domestic water supply standard for chloride of 250 mg/L. These results are shown in 
Table 3 and on the laboratory analytical reports in Appendix L. 

TABLE 3 
GROUND WATER SAMPLTNG MAY 2001 GENERAL CHEMISTRY ANALYTICAL RESULTS 

Analyte Units MW-3 MW-4 MW-5 MW-6 MW-7 WQCC 
LabpH s.u. 7.3 7.1 6.7 6.9 6.7 6-9 
Conductivity Umhos/ 4,500 5,090 7,000 5,470 2,160 No Std. 

TDS cm 
mg/L 

3,960 4,630 5,230 4,580 1,710 1,000 
Alkalinity as CaC03 mg/L 459 490 757 740 600 No Std. 
Bicarbonate as HC0 3 mg/L 559 597 923 903 732 No Std. 
Carbonate as C0 3 mg/L <1 <1 <1 <1 <1 No Std. 
Hydroxide mg/L <1 <1 <1 <1 <1 No Std. 
Chloride mg/L 78 77 1,320 80 52 250 
Sulfate mg/L 2,250 2,680 1,230 2,780 642 600 
Calcium mg/L 423 500 700 534 296 No Std. 
Magnesium mg/L 40.4 52.5 63.2 53.3 25.6 No Std. 
Potassium mg/L 2.5 4.2 5.6 6.3 1.6 No Std. 
Sodium mg/L 711 900 924 1,030 234 No Std. 
s.u. = standard units u.mhos/cm = micromhos per centimeter mg/L - milligrams per liter WQCC = 
New Mexico Water Quality Control Commission Standard No Std. = No Standard 

The potentiometric surface elevation data collected during May and July are presented 
below in Table 4. As previously described, the ground water elevation was corrected 
using a product density of 0.7 water to properly reflect the estimated elevation at MW-2. 
As shown in figure 4, the ground water at the site appears to flow to approximately forty-
five degrees south of west at a gradient of approximately 0.015 ft/ft. 
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TABLE 4 
2001 WATER LEVEL ELEVATIONS 

Well 
5/23/01 

Potentiometric 
Surface Elevation 

7/03/01 
Potentiometric 

Surface Elevation 

5/23/01 
Product 

Thickness 

7/03/01 
Product 

Thickness 
MW-2 5470.07 5469.52 0.56 0.84 

MW-3 5473.01 5472.67 None None 

MW-4 5470.05 5469.75 None None 

MW-5 5465.25 5465.25 None None 

MW-6 5468.00 5467.88 None None 

MW-7 5468.09 5468.31 None None 

Potentiometric surface elevation is given in feet above mean sea level W. 
corrected for product thickness Product thickness is given in feet 

W-2 elevation is 

3.2 BIOVENTING PILOT TEST 

Oxygen, carbon dioxide, and ionizable hydrocarbon readings collected during the 
bioventing pilot test are presented in Appendix M, as are graphical depictions of the data. 
For this discussion, the changes in average concentrations of carbon dioxide, oxygen, and 
hydrocarbons are addressed from: 

INITIAL READINGS -> END-OF-INJECTION READINGS -» END-OF-MON STORING READINGS 

As presented in Table 4, titled "Respiration Test Averages From Beginning to End of 
Injection and End of Test", respiration monitoring indicated a relatively low (14.5 
percent) initial oxygen concentration in the soil gas prior to air injection. Immediately 
following the period of air injection, the average concentration of oxygen in the soil gas 
increased by 18 percent from 14.59 percent to 17.27 percent oxygen then decreased by 14 
percent to 14.9 percent oxygen at the end of the monitoring period. Oxygen decreases 
from the initial readings to end-of-injection readings were observed in the shallow 
monitoring intervals of bioventing monitoring points BV-3 and BV-4, the two monitoring 
points furthest from the injection point. All other bioventing monitoring point intervals 
showed similar to average trends. 
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TABLE 5 
RESPIRATION TEST AVERAGES FROM BEGINNING TO END OF INJECTION AND AT END OF TEST 

Initial End -Of-Injection End-Of-Test 

%o2 

ppm 
HC % co2 % 0 2 

ppm 
HC % co2 % 0 2 

ppm 
HC % co2 

BV-1 
Shallow 19.8 1115 0.412 19.9 19.4 0.05 15.2 27.7 0.15 

Intermediate 13.6 61.1 1.0 19.5 50.1 0.07 15.7 93.4 3.51 
Deep 8.5 91 0.19 20.2 28.5 0.08 16.8 10.7 0.06 

BV-2 
Shallow 16.6 17.8 0.444 18.1 94.6 1.0 1-3.5 10.4 1.0 

Intermediate 15.2 425 2.4 17.2 528 0.46 14.4 310 1.0 
Deep 15.7 139 1.3 20.3 327 0.09 15.0 117 0.24 

BV-3 
Shallow 15.7 3.1 1.2 13.8 2100 2.1 12.8 998 3.8 

Intermediate 14.0 243 1.1 17.1 323 1.0 14.8 144 1.0 
Deep 20.5 2.9 0.03 20.1 33.8 0.34 17.2 40.6 0.81 

BV-4 
Shallow 13.6 12.4 1.5 11.5 1926 4.9 13.3 1258 3.7 

Intermediate 13.4 97.9 1.3 15.2 181 2.1 16 159 3.2 
Deep 8.5 67 0.42 14.3 518 1.0 14.1 279 1.3 

Average 
Total 14.59 105.47 0.94 17.27 510.8 1.1 14.9 286.4 1.65 

Shallow 16.42 11.10 0.89 15.83 1035 2.01 13.7 571.0 2.16 
Intermediate 14.05 206.75 1.45 17.25 270.5 0.91 15.23 176.6 2.18 

Deep 13.3 75 0.48 18.7 227 0.38 15.8 112 0.6 

Hydrocarbon concentrations increased by 384 percent from a pre-injection average of 
105 parts per million (ppm) to 510 ppm at the end-of-injection reading and then 
decreased by 44 percent to 286 ppm at the end of monitoring reading. All bioventing 
monitoring point intervals showed similar trends. 

Carbon dioxide concentrations increased by 17 percent from a pre-injection average of 
0.94 percent to 1.10 percent at the end-of-injection; then increased by 50 percent to 1.65 
percent at the end-of-monitoring. Although all monitoring intervals reflected similar 
increases in carbon dioxide from the end-of-injection to the end-of-monitoring periods, 
the intermediate and deep monitoring intervals showed contrary to average decreases in 
the concentration between initial and end-of-injection readings. 
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The results of the pressure decline that was monitored immediately following the 
completion of air injection is presented graphically in Appendix M. Pressure readings 
decreased at all monitoring point intervals and then dropped to atmospheric pressure 
within 66 minutes following the end of injection. 
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4.0 Conclusions 

4.1 GROUND WATER MONITORING 

The ground water sampling and analyses for 2001 indicate the contaminant plume in the 
ground water at Giant's former Crude Station has not changed substantially since this 
investigation began in 1994. Laboratory analyses of ground water samples from MW-3, 
MW-4 and MW-5 remain below the detectable levels for BTEX. The installation of 
MW-6 and MW-7 indicate BTEX impacted ground water above NMWQCC standards at 
those locations. Benzene exceeded the 10 parts per billion (ppb) NMWQCC standard by 
2 ppb at MW-6. All other hydrocarbon constituents were well beneath standards. 
Analysis of the ground water from MW-7 showed benzene and xylene concentrations 
exceed the NMWQCC standards. Toluene was not detected in the ground water from 
MW-7 which is uncharacteristic of onsite ground water from MW-2 based on a 
comparison of historical dissolved phase hydrocarbon concentrations from the 1994 and 
1995 analytical results (Appendix A). This may indicate a potentially different 
hydrocarbon source of impact for each of the wells. 

The NMWQCC standards for sulfate and total dissolved solids are exceeded at all 
monitoring wells including the upgradient well MW-3. The NMWQCC standard for 
chloride in ground water is exceeded in upgradient MW-3. The elevated levels of these 
parameters are indicators of the typically poor quality of the shallow ground water at the 
site. 

Plotting the potentiometric surface contours, including information from the newly 
installed wells MW-6 and MW-7, does not indicate a change in the ground water 
direction or gradient from what has previously been reported. Based on this information, 
MW-7 is not directly downgradient of Giant's former tank or it's bermed area, Figure 4. 

Review of the NMOCD records in the regional Aztec, New Mexico office indicate that 
there were several oil and gas wells in the immediate vicinity of MW-7. One of the 
wells, the Bishop #3, was drilled in 1925 and apparently shut-in in 1953, appears to have 
been plugged and abandoned in 1983. These wells may have had reserve or production 
pits that could potentially be the source of the impact at MW-7. There are several 
unmarked pipes protruding from the ground near MW-7 that may be monuments for 
abandoned wells though they are not marked as such. In addition, there are several areas 
void of vegetation on this lot and near these unmarked pipes. 
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Manana Gas operates natural gas wells upgradient of MW-7. Although no pits are 
evident at this time, research has not yet been conducted to determine whether production 
pits formerly existed near the existing meter runs or elsewhere on the site. 

4.2 BIOVENT PILOT TEST 

The 14 percent decrease in oxygen along with the 50 percent increase in carbon dioxide 
concentrations measured in the soil gas during the five days following the air-injection, 
indicates significant biologic activity at the site. During the five days following the pilot 
test approximately nine-pounds of hydrocarbons were mineralized to carbon dioxide and 
water. The data and variables used to quantify the biological reduction of the 
hydrocarbons to their basic mineral constituents are as follows: 

• Thirty-feet radius of influence 
• Fifteen-feet column of soil 
• Thirty-five percent void space (filled with soil gas) 
• 14,837 cubic feet of soil gas 
• 17.29 percent oxygen at end of injection (2562 cubic feet) 
• 14.9 percent oxygen at end of monitoring (2211 cubic feet) 
• 351 cubic feet of oxygen consumed 
• The density of oxygen is 0.089207 pounds per cubic foot (standard conditions) 
• 31.4 pounds of oxygen was consumed 
• 3.5 mg of oxygen are required to mineralize 1 mg fuel hydrocarbons based on the 

stoichiometric relationship usually employed to represent the oxidation of fuel 
hydrocarbons to carbon dioxide and water: C6Hi4 + 9 QA) 02 ->• 6CO2 + 7H 20 
(AFCEE, 1996) 

• Results in 9 pounds of hydrocarbons consumed 

, v i . 
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5.0 Recommendations 

As a result of the pilot test described in this report, the analytical data referenced from 
previous reports and recently obtained, the following treatment method and monitoring 
plan is recommended: 

• Implement bioventing at the site to reduce the hydrocarbon concentrations in soil 
below NMOCD standards. Injection wells should be used on the perimeter of the 
impacted soil to prevent migration of hydrocarbon containing soil gas. Space 
injection wells 60-feet on center with an injection rate of approximately 25 cubic feet 
per minute. Air should be injected at a depth of 10- to 15-feet bgs. Delineation of 
impacted soil will proceed with the installation of injection wells and monitoring 
points. 

• Develop an aggressive product recovery plan to remove the PSH from the ground 
water in the vicinity of MW-2. Following removal of product, sample MW-2 
annually until BTEX levels are below New Mexico ground water standards, then 
sample quarterly for closure. 

• Conduct annual ground water sampling for BTEX at monitoring wells MW-3, MW-4, 
and MW-5. 

• Conduct quarterly ground water sampling for BTEX at MW-6 until the ground water 
is below standards for four consecutive quarters or as required by the NMOCD. 

• Abandon MW-7. 

• Use the western fence line between Manana Gas and Giant's property as the western 
boundary of Giant's liability for remediation. 

• Submit and annual report to the NMOCD that presents the data collected and site 
activities during the previous year's activity 
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Figure 3 
GROUND WATER GRADIENT MAP 
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Figure 4 
BIOVENTING PILOT TEST 
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APPENDIX A 
COMPREHENSIVE SUMMARY OF GROUND WATER ANALYSES 



Summary of Ground Water Analytical Results For BTEX 
September 1994 Through May 2001 

NM WQCC 
Standards 

Benzene 
(Ug/L) 

Toluene 
(Ug/L) 

Ethylbenzene 
(W5/L) 

Total Xylenes 
(Mg/L) 

NM WQCC 
Standards 

10 750 750 620 

MW-1 
(see note) 

Sep-94 NS NS NS NS 
MW-1 

(see note) 
Apr-95 NS NS NS NS MW-1 

(see note) Sep-99 NS* NS* NS* NS* 
MW-1 

(see note) 
Dec-99 NS* NS* NS* NS* 

MW-1 
(see note) 

May-01 NS* NS* NS* NS* 

MW-2 
Sep-94 640 600 82 690 

MW-2 Apr-95 220 280 53 430 MW-2 
Sep-99 NS** NS** NS** NS** 

MW-2 

Dec-99 NS** NS** NS** NS** 

MW-2 

May-01 NS** NS** NS** NS** 

MW-3 
Sep-94 ND ND ND ND 

MW-3 Apr-95 ND ND ND ND MW-3 
Sep-99 ND ND ND ND 

MW-3 

Dec-99 ND ND ND ND 

MW-3 

May-01 ND ND ND ND 

MW-4 
Sep-94 2.1 ND ND 1.2 

MW-4 Apr-95 ND ND ND ND MW-4 
Sep-99 ND ND ND ND 

MW-4 

Dec-99 ND ND ND ND 

MW-4 

May-01 ND ND ND ND 

MW-5 
Sep-94 NS NS NS NS 

MW-5 Apr-95 ND ND ND ND MW-5 
Sep-99 ND ND ND ND 

MW-5 

Dec-99 ND ND ND ND 

MW-5 

May-01 ND ND ND ND 

MW-6* May-01 12 15 13 83 

MW-7. May-01 2,400 ND 380 2,800 

Note: 

MW-1 was not screened within the aquifer 
ug/L = micrograms per liter 
ND = Not Detected 
NS = Not Sampled 
NS* = Insufficient sample volume 
NS** = Sample not collected due to product in well 
• = Groundwater monitor wells recently installed in May 2001 



o 
o 
«s 
-o 
a 
es 

•* S 
JS 
U 
s. 
cu 
cs 

£ 
s. 
<u 
s 

o 
la 
o 
cc 

CC 

"3 
u 

• — 
c 
< 
u 
CU R e s o i -O O t7 es S 

3 
t/5 

S
o

d
iu

m
 

(m
g/

L
) 

N
o
 
S

td
 

00 
(N 
OO 

* * 
C/3 

sO r> 
0 
ON 

0 
0 
Ov 

VD 
00 

r f 
r - l 
O- 1

,0
3
0
 

r f 
ro 
r-l 

P
ot

as
si

um
 

(m
g/

L
) 

N
o
 S

td
 

r f 
* * 
CO 

2 

Tf VO 
<N 

i n 
m" 

r - l 
r f 

VO 
vd 

vq 
vo* 

ro 
vd 

vq 

M
ag

ne
si

um
 

(m
g/

L
) •e 

35 
0 

Z 

0 
ro 

* * 
CO 

2 

r-
m 

4
0
.4

 

m 
«n 

5
2
.5

 

vo 

6
3
.2

 

5
3
.3

 

2
5
.6

 

C
al

ci
um

 
(m

g/
L

) •0 
55 
0 z 

vo 
<N 
ro 

* * 
CO 

2 

ON 
r - i 
T f 

r o 
rvj 
r f 

ON 
m 
T f 

0 
0 
vo 

r f 
f t 
VO 

0 
0 r~ 

r f 
cv 
vo 

VO 
Ov 
r - i 

S
u

lf
a
te

 

(m
g/

L
) 

0 
0 
vo 

vo 
r f 
(N 

* * 
CO 

2 1
,9

2
0

 tt 
" I 
<N 
<N 2

,4
7
0
 

2
,6

8
0
 

1
,3

9
0

 

1
,2

3
0

 

2
,7

8
0
 

VO 

C
h
lo

ri
d
e
 

(m
g/

L
) 
' 

O 
i / i 
f N 

O
S

O
'l 

* * 
CO 

2 
r f 

OO i n 
r- r~ 

r-
vo 
©v 
Ov 1

,3
2

0
 

0 
00 

r - l 
vo 

H
yd

ro
xi

de
 

(m
g/

L
) 

55 
0 
Z 

0 

* * 
CO 

2 
O 0 V O V v 

C
ar

bo
na

te
 

(C
O

,)
 

(m
g/

L
) 

55 
e 
Z 

0 

* * 
CO 

2 
O V 0 O "v V V 

B
ic

ar
bo

na
te

 
(H

C
0

3
) 

(m
g/

L
) 

55 
0 
Z 1

,1
7
0
 * * 

CO 

2 

vo 
ro 
vo 

Ov 
VO 
ir, 

0 r— 
f -
Ov 
VO 

vo 
r f 
Ov 

r o 
r - l 
Ov 

r o 
0 
Ov 

<N 
r o 
r~ 

S
o

d
iu

m
 

A
bs

or
pt

io
n 

R
a
ti

o
 

55 
0 z 1

1
.7

8
5
 

* * 
CO 

2 8
.1

4
7
 

N
T

 

1
0
.8

8
6
 

N
T

 

8
.8

4
 

N
T

 

N
T

 

N
T

 

H
ar

dn
es

s 
(C

aC
O

,)
 

(m
g/

L
) s 

55 

z 

N
T

 * * 
CO 

2 

N
T

 

1
,2

2
0
 

N
T

 

1
,4

6
0

 

N
T

 

2
,0

1
0
 

1
,5

5
0
 

r o 
r f 
00 

A
lk

a
li

n
it

y
 

(C
aC

O
,)

 
(m

g/
L

) 

ua 
0 
Z 

r-
Ov 

* * 
CO 

2 
(S 

«n 

Ov 
vo 
r f 

NO 
r-<n 

0 
Ov 
r f 

vo 
r-. 
r-

r -
VO 

0 
rr 
r~ 

O 
O vo 

T
D

S
 

(m
g/

L
) 

1
,0

0
0

 

3
,0

4
9

 * * 
CO 

2 3
,4

1
3

 

3
,9

6
0

 

4
,6

3
0
 

4
,4

1
0

 

5
,2

3
0
 

tt 
00 
>o 

1
,7

1
0
 

C
on

du
ct

iv
it

y 
(n

m
ho

s/
cm

) 

3 
cc 
0 

z 

4
,9

2
0
 * * 

CO 

2 4
,2

5
0

 

4
,5

0
0

 

5
.4

2
0
 

5
,0

9
0

 

6
,0

0
0
 

7
,0

0
0
 

5
,4

7
0

 

2
,1

6
0

 

- K ? C\ 
vo 

vq 
vd 

* * 
CO 

2 
r~ 

m 0 
r-' 

Ov 

vd 
r~ 
vd 

Ov 

vd 
t -
vd 

Q
C

C
 

1
9
9
4
*

 

2
0
0
1

 

1
9
9
4
*

 

2
0
0
1

 

1
9
9
4
*
 

2
0
0
1

 

1
9
9
4
*

 

2
0
0
1

 • 
0 
0 
<N 

• 
O 
O 
<N 

N
M

W
 

M
W

2 

M
W

3 

M
W

4 m 

2 M
W

6 

M
W

7 

£ s u •— 
S) o — 

M •« "3 

TJ -= 

£ >. 
Q. C 
E « 
8 g 
U I-

u JS 

1 s 
2 « 
•o o 
CO c 

ro" S 
£ 1 

£ 
E 
o 
O 
o 
c o 

<- U 
« -•{? 
.1 -3 

E o. 

S E S 
CM _ 
^ S 
2 o 

c/3 

z 

E 1 
^ II 

11 
i E 

s -s 
S*i *̂  ^ c 

CO 

z z 
II II 
O -a 
U co 
P o 
^ z 



GROUNDWATER SAMPLING RESULTS FOR 
POLYNUCLEAR AROMATIC HYDROCARBONS (EPA 610) 

September 1994 

Units: pg/L MW-3 MW-2 MW-4 

Naphthalene <0.50 8.9 <0.50 

Acenaphthylene <1.0 <1.0 <1.0 

Acenaphthene <0.50 <0.50 <0.50 

Fluorene <0.10 1.2 <0.10 

Phenanthrene <0.05 1.8 O.05 

Anthracene <0.05 <0.05 <0.05 

Fluoranthene <0.10 1.2 <0.10 

Pyrene <0.10 <0.10 <0.10 

Benzo(a)Anthracene <0.10 O.10 <0.10 

Chrysene O.10 0.17 O.10 

Benzo(b)Fluoranthene <0.10 <0.10 O.10 

Benzo(k)Fluoranthene <0.10 <0.10 <0.10 

Benzo(a)Pyrene <0.10 <0.10 <0.10 

Dibenzo(a,h)Anthracene <0.20 <0.20 <0.20 

Benzo(g,h,i)Perylene <0.10 <0.10 <0.10 

Indeno(l,2,3-CD)Pyrene <0.10 <0.10 <0.10 

1 -Methylnaphthalene <0.30 5.9 <0.30 

2-Methylnaphthalene <0.30 5.8 <0.30 

pg/L = micrograms per liter 



GROUNDWATER SAMPLING RESULTS FOR PRIORITY POLLUTANT METALS 
September 1994 

Well 
Silver 
mg/L 

Arsenic 
mg/L 

Beryllium 
mg/L 

Cadmium 
mg/L 

Chromium 
Mg/L 

MW-3 <0.01 O.005 <0.004 <0.0005 <0.01 

MW-2 <0.01 <0.005 <0.004 <0.0005 0.010 

MW-4 <0.01 <0.005 <0.004 <0.0005 <0.01 

NMWQCC 
Standard 0.05 0.1 No std. 0.01 0.05 

Copper 
mg/L 

Mercury 
mg/L 

Nickel 
mg/L 

Lead 
mg/L 

Antimony 
Mg/L 

MW-3 <0.01 O.0002 <0.02 <0.002 <0.05 

MW-2 0.012 <0.0002 <0.02 <0.002 <0.05 

MW-4 <0.01 <0.0002 O.02 <0.002 <0.05 

NMWQCC 
Standard 1 0.002 0.2 <0.05 No std. 

Selenium 
mg/L 

Thallium 
mg/L 

Zinc 
mg/L 

MW-3 O.005 <0.005 0.023 

MW-2 <0.005 <0.005 0.032 

MW-4 <0.005 <0.005 0.026 

NMWQCC 
Standard 0.05 No std. 10 

mg/L = milligrams per liter 

NMWQCC = New Mexico Water Quality Control Commission 

No std. = No NMWQCC standard 
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APPENDIX B 
COMPREHENSIVE SUMMARY OF PHASE SEPERATED HYDRODCARBONS AND RECOVERY 



fc* 
CU 
> 
o 
u 
<u 
tf 
*o c 
es 
be 
a 

•c 
o 
a 
o 
c 

es ^ 

15 
B £ 
"S3 OC 
S .S 

OH C 
« o < t/5 
i 
CO 
es 
-a 

© 
o 

3 
1-5 

I 
ID 
©N 
ON a 2 

E a 
5 £ S 

8? 

CU 
> 
© 

<u 
tf 
CU 

S 
s 
"3 
> 

U v 
3 C 

-O ^ 
O W *• *3 

<u 
es 

o 

a 
<u 

C 

© t-> ** « 

a. o 
CU 

Q ^ 

<u 
es 
ft 

00 
V H 

3 
O H 
C/3 
<U 

T3 

3 

ON 

O N 
O N 
O N 

i n 1—H 

O N 
O N O 
*—i m 

<u 
> i •S 

B 
H-» 

o (J 

o 
u-i 

i n 
CN 

m 
rn 
rn 

o 

CN 

NO 
ON 

NO m oo 
ON 
00 

ON 
ON 
ON 

o 

NO 

NO 

t--
t--
NO 

m 
NO 

ON 
NO 

CN 
m 
NO 

m 

NO' 

vo 
NO 

ON 
NO o 

in 

oo 

wn 
i n 

00 
- d 
<D > o 
s 

-t—» 
o 
3 

T3 
O 
I - i 

PH 
f-s—I 
O 
c/3 
e 

j2 
"3 
O 

H-» 

o 
H 

ON 
ON 
ON 

NO 

) - l 

u 

1 
(L> 
> 
O 

ON 
ON 
ON 

O 
O 
CN 

O 

Q 

o 
o 
CN 

CN 

H 
03 

o 
o 
CN 

rn 
CN 

C3 

O 
O 
CN 

rn 

3 

o 
o 
CN 

ON 

> 
"3 



I 

J 



APPENDIX C 
COMPREHENSIVE SUMMARY OF SOIL ANALYSES 



Summary of Soil SamplesAnalytical and Field Screening Results 
March 1994 through August 2000 

March 15,1994 - Tank 967D Closure 

RESULTS OF TPH ANALYSES OF T H E S O I L SAMPLES C O L L E C T E D FROM THE 

EXCAVATION EAST OF THE F O R M E R T A N K 967D 

Sample ID 
C6 - C10 
Range 
mg/kg 

C10 - C22 Range 
mg/kg 

C22 - C36 Range 
mg/kg 

Sample 1 16,000 9,300 7,600 

Sample 2 22,000 14,000 12,000 
• mg/kg - milligrams per kilogram 

RESULTS OF BTEX ANALYSES OF T H E S O I L SAMPLES C O L L E C T E D FROM THE 

EXCAVATION EAST OF THE F O R M E R T A N K 967D 

Sample ID 
Benzene 

ug/l 
Toluene 

ug/l 
Ethyl Benzene 

ug/l 
Total Xylenes 

ug/l 

Sample 1 1,800 2,500 630 4,700 

Sample 2 2,300 3,600 640 4,800 
• ug/l - micrograms per liter 

March 29,1994 - Tank 967D Closure 

RESULTS OF F I E L D HEADSPACE READING OF S O I L SAMPLES C O L L E C T E D FROM 
T H E EXCAVATION EAST OF T H E F O R M E R T A N K 967D 

Sample Depth Reading 

0.5 feet 180 ppm 

1.0 feet 192 ppm 

3.0 feet 220 ppm 

3.0 feet 180 ppm 
• ppm - parts per million (mg/kg) 



September 19,1994 - Phase 1 Site Characterization 

RESULTS OF THE PHASE l SITE CHARACTERIZATION - TPH ANALYSES AND FIELD 

SCREENING 

Sample ID 
(Location-Depth) 

C6 - C18 Range 
mg/kg 

C12 - C36 Range 
mg/kg 

Field Screening 
NDU 

SB-1 ( 9.0 feet) 15 33 465 
SB-2 (12.5 feet) 1,300 1,300 432 
SB-3 (11.0 feet) 490 830 383 
SB-4 (16.5 feet) 4,900 3,200 305 
SB-5 (17.0 feet) 3,400 2,200 187 
SB-6 ( 5.0 feet) 180 78 236 
SB-7 (12.3 feet) 2,000 1,500 176 
SB-8 (12.0 feet) 550 410 202 

• mg/kg - milligrams per kilogram 
• NDU- Needle Deflection Unit on HNu photoionization detector is approximately 

equivalent to parts per million 

April 24, 1995 - Phase 2 Site Characterization 

RESULTS OF THE PHASE 2 SITE CHARACTERIZATION - FIELD HEADSPACE 

SCREENING 

Sample ID 
(Location-Depth) 

Field Screening 
NDU 

SB-9* 0 
SB-10 (14.0 feet) >2,000 
SB-11 (10.0 feet) >2,000 
SB-12 (10.0 feet) >2,000 
SB-13* 0 
SB-14* <5 
SB-15 (15.0 feet) 382 
SB-16 (14.0 feet) 1,142 
SB-17 (16.0 feet) 1,601 
SB-18 (17.0 feet) 435 
SB-19* <5 
SB-20* <5 
SB-21* <5 

• * - average field headspace reading over entire sampling interval 
• NDU- Needle Deflection Unit on HNu photoionization detector is approximately 

equivalent to parts per million 
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APPENDIX D 
REFERENCED FIGURES FROM HISTORICAL REPORTS 
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APPENDIX E 
CHRONOLOGY OF INVESTIGATIVE AND REMEDIAL ACTIVITIES 



Chronology of Investigative and Remedial Activities 
From 1994 through Present 

• 1994 - Giant excavated an area east of Tank 967-D to a depth of approximately 12-
feet below ground surface to investigate the presence of hydrocarbons. 

• 1994 - Soil samples were collected from the excavation and analyzed for total 
petroleum hydrocarbons (TPH) and BTEX (Appendix C). 

• 1994 - Giant notified the NMOCD that hydrocarbons were found in the subsurface 
soil at the site. 

• 1994 - Additional verification samples were collected from several locations within 
the excavation. The samples were analyzed using a photoionization detector (PID) 
and are summarized Appendix C. 

• 1994 - Giant, submitted the tank closure investigation report titled Initial Site 
Assessment and Characterization Plan, dated May 9, 1994, to" the NMOCD and 
proposed to delineate the hydrocarbon impact by drilling, sampling and by visual 
observation. 

• 1994 - Giant submitted a letter to the NMOCD, dated June 23, 1994, specifying the 
site characterization work plan described in the May 9, 1994 report. 

• 1994 - In a letter dated August 19, 1994, NMOCD approved the work plan submitted 
by Giant. 

• 1994 - Giant contracted site characterization services, which included soil borings, 
soil sampling, ground water monitor well installation and ground water sampling. 

• 1994 - Ground water monitor wells numbered MW-1 through MW-4 were installed 
upgradient, downgradient, and cross-gradient of the former tank (Figure 2). 

• 1995 - A report titled Site Assessment and Proposed Action Plan for the Bloomfield 
Crude Station. Bloomfield. New Mexico, dated January 1995, was submitted to the 
NMOCD describing the second phase of investigations. 

• 1995 - The NMOCD approved the recommendations for phase two of the 
investigation as described in the January 1995 report. 

• 1995 - Giant submitted the technical approach to the NMOCD to begin the next 
phase of investigation on March 23, 1995. 

• 1995 - The NMOCD approved the next phase of investigation on April 24, 1995. 
• 1995 - Additional soil borings, SB-9 through SB-21, were conducted in April 1995. 

Field headspace readings were taken with a PID on soil samples collected from all of 
the borings and hydrocarbons were detected in seven of the thirteen new soil borings 
(Appendix C). 

• 1995 - A downgradient ground water monitor well, numbered MW-5, was installed 
off-site, in May 1995 (Figure 2). Ground water samples were collected from the 
newly installed well and from three of the four existing on-site wells (Appendix A). 

• 1995 - A report titled Site Assessment for the Bloomfield Crude Station. Bloomfield. 
New Mexico was prepared in May 1995. 

• 1995 - A letter from the NMOCD, dated August 9, 1995, stated that the remediation 
plan in the May 1995 report was lacking and requested a remedial action work plan 
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for the contaminated soil and groundwater to be submitted to the NMOCD by 
October 6, 1995. 

• 1995 - Giant received a proposal for a pilot test and remedial system design and 
installation at the Bloomfield Crude Station in August 1995, which included removal 
of free product and the in-situ bioventing. 

• 1995 - A deadline extension from the NMOCD was acknowledged by Giant on 
October 5, 1995, allowing the remedial action work plan to by submitted by 
November 6, 1995. 

• 1995 - The Remedial Action Work Plan was submitted to the NMOCD on November 
3, 1995. 

• 1995 - The Remedial Action Work Plan was conditionally approved by the NMOCD 
on December 8, 1995. Conditions included submittal of a work plan for installation 
of an additional monitoring well, additional water sampling, submission of annual 
reports and the results of the pilot test with final design proposal by March 1, 1996. 

• 1995 - During process cleaning on December 12, 1995, Tank 967-D caught fire and 
burned hydrocarbons and tank bottoms within the tank. Lead based paint chips from 
the tank exterior impacted the soil around the tank. Due to fire, the subsurface 
investigation was suspended. 

• 1996 - The impact from the fire was addressed through April which included general 
cleanup, removal of the lead and hydrocarbon impacted soils, and the damaged tank 
967-D was removed. Giant pursued closure of the site lead issues with the New 
Mexico Environment Department from 1996 through June 1999. 

• 1996 - The report titled Bloomfield Crude Station. Tank Removal Operations Report 
dated August 1996 which summarized tank removal operations, sampling, and the 
disposition of all waste generated during site activities was submitted to the NMOCD. 
Based on the results of the clean-up and lead investigation, Giant requested closure of 
the remedial activities completed at the site. 

• 1999 - Giant submitted another report titled Giant Industries Arizona. Inc.. Soil Lead 
Survey - Bloomfield Crude Station. Bloomfield. New Mexico to the NMOCD on 
April 28, 1999. This document detailed the results of the tank fire investigation and 
requested closure of the soil lead remedial actions. 

• 1999 - On June 21, 1999 the NMOCD granted closure and requested a work plan to 
completely define the extent of soil and ground water contamination at the site. 

• 1999 - Giant submitted the Work Plan for the Giant Bloomfield Crude Station to the 
NMOCD on September 27, 1999. Considering the time span between the tank fire 
and this submittal, Giant's work plan included a request to re-evaluate the remedial 
strategies best suited for the Bloomfield Crude Station. 

• 1999 - NMOCD approved the September 27 work plan on October 29, 1999 and 
requested a comprehensive report on the site. 

• 1999 - Subsurface investigations which included the collection of ground water 
elevations to estimate the ground water gradient, collecting ground water samples, 
and conducting product recovery from monitor well numbered MW-2 continued 
through December. 

• 2000 - Giant submitted the Comprehensive Report for the Bloomfield Crude Station 
dated January 2000 to the NMOCD, detailing the past and current investigations and 
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identified the remedial alternative for hydrocarbon source removal as excavation of 
the soil in the vicinity of MW-2 and beneath the tank pad. 

• 2000 - Giant received conditional approval of the proposed work plan in a letter from 
the NMOCD, dated May 19, 2000, and requesting a comprehensive report by August 
31,2000. 

• 2000 - Excavation of approximately 12,924 cubic yards of hydrocarbon impacted soil 
were removed and hauled to Giant's permitted landfarm in August 2000. 

• 2000 - The Report for Remedial Excavation Work Performed During August 2000 
was submitted to the NMOCD in October 2000 which included a recommendation for 
an in-situ bioventing pilot test for site restoration. 

• 2001 - In correspondence dated February 7, 2001 from the NMOCD, the proposed 
pilot test was approved, two additional ground water monitor wells are requested and 
a comprehensive report on the site investigations and pilot test are requested by July 
1,2001. 

• 2001 - Due to closure of a former contractor's area office, prohibiting Giant from 
obtaining pertinent records and files, the NMOCD granted Giant a 30-day extension. 
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APPENDIX F 
RECORD OF SUBSURFACE EXPLORATION AND MONITOR WELL INSTALLATION FORMS 



K G E M P ~ 

RECORD OF SUBSURFACE EXPLORATION 

Goiden Environmental Management, Inc 
*06 lan Juan Bouievard. Suite D 
Partington New Mexir.c 87401 

(EOEi 566-9116 FAX (505) 566-9120 

Page ot 

Project Ns.r,e / ^ / 4 f A / T ^ / " C p J * S . f ^ T ^ ^ X 
Project Numoer Phase „ , 

Project Lotion .gVfe. 2 ASm 

Elevation 
Borehole Location, 
QWi. Deoth ^ 
Legged By f l l X/^> 
Drilled By 

, Well Logged By 

Contractors On-Site 

Client Personnel On-Site 

Da:e/Tirne Started 
Date/Tine Completed 

Drilling; Method 

Air Monitoring Method 

Oepth 

(Fast) 

15 

20 

25 

30 

35 

40 

Comments: 

Sample 

Interval 

Sampie 
Type & 

Recovery 
(inches) 

^5 

Sample Description 

Classification System: USCS 

/O - / i ^SSi^M /H> 

tf j£^-^J^M^ 

TO =3C>f 

uses 
Symbol 

Depth 

Lithology 

Change 

(feet) 

Air Monitoring 

Units: NDU 

BZ SH " S 

0 

V 

D 
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0 

Drilling Conditions 

& Blow Counts 

AJA: 

Geologist Signature 
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MONITORING WELL INSTALLATION RECORD 

Golden Environmental Services 
906 San Juan Blvd. Ste. 906 
Farmington. New Mexico 87401 
(505) 566-9116 FAX (505) 566-9120 

Elevation 

Boreholes I 
Well # ^ 1 i P ± ^ h _ 
Page I of _J 

Project Name /As)"^ /fyiS&Lz '^\\\~4~r* 
Project Number ____ Cost Code , 

Project Location o i / ^ ^ i /o/t^77rf^?^t{'t% 

On-Site Geologist jj/~ 
Well Location j S i ^ ^ s£>-^ <,-». ̂  ^ ' 0 4 ^ ^ i / ' i U ' ( P e r s o n n e l On-Site 
GWL Depth 
Installed By 

"Contractors On-Site A / j ? t ? £ l / ^ ^ r f f . p ' % T 
Client Personnel On-Site 

HSA 
Date/Time Started _ 2 J 

Date/Time Completed / 

Depths in Reference to Ground Surface 

Item Material Depth 
(feet) 

Top of Protective Casing £> 

Bottom of Protective Casine /UA 
Top of Permanent Borehole 
Casing /UA 
Bottom of Permanent Borehole 
Casing A/A 
Top of Concrete 

Bottom of Concrete / / 

Top of Grout 

Bottom of Grout // 

Top of Well Riser Is**-- O 

Bottom of Well Riser ti 

Top of Well Screen 

Bottom of Well Screen "1 IP/ J-** / v ^x. i* 

Top of Peltonite Seal 

Bottom of Peltonite Seal 

Top of Gravel Pack fS'Z* 
Bottom of Gravel Pack 

Top of Natural Cave-In JUA 
Bottom of Natural Cave-In /(/} A 
Top of Groundwater 

Total Depth of Borehole SO 

OCX 
co
co: 
OCX 

ocx 

Top. of Protective Casing 

Top of Riser 

Ground Surface 

oo 
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Top of Seal 

Top of Gravel Pack 

Top of Screen 

// Z 

±3£ 

Bottom of Screen 

Eottom of Borehole 

£4 / '> 

Comments: 

Geologist Signature 
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° HjGEM ] J -

Golden Environmental Management, Inc 
906 San Juan Souievarc. Suite 0 
Farrington, New Mexico 87401 
(50f) 5S6-9U6 FAX (505) 555-9120 

Elevation 

RECORD OF SUBSURFACE EXPLORATION 

Page 

^ / S Personnel On-Site 
/ / f e ^ ^? '•'-•i Contractors On-Site 

Client Personnel On-Site 
3 6 

Borehole Location J ) l *~ t? 
GW . Depth 
Logged By _ 
Dri-led By /Ls^ £?? 
Dare/Time Started / j g , A * ^ £ T — / 7 — £ i ? / 
Da-s/Time Completed / 7 ^ r ? A ^ A ' ^ * — / 7 — 

Project Name 
Project Number 
Project Location 

Well Logged By 

Phase 

/A 
•1A 

Drilling Method 
Air Monitoring Methoo <1 n 

Depth 

(Feet) 

Sample 

interval 

Sample 

Type & 

Recovery 

(inches) 

Sampla Description 

Classification System: USCS 

uses 
Symbol 

Depth 

Lithology 

Change 

(feet) 

Air Monitor' 

Units: ND 

EZ BH 

ng 

J . 
S 

Drilling Conditions 

& Blow Counts 

0 

~ ' _ 5 O 

--

0 d 

~~ 15 IP O 

" 20 
0 d 
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~~_ 30 0 O 

~~ 35 
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Ccmments: 

Geologist Signature /fet 
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MONITORING WELL INSTALLATION RECORD 

Golden Environmental Services 
906 San Juan Blvd. Ste. 906 
Farmington, New Mexico 87401 
(505) 566-9116 FAX (505) 566-9120 

Elevation 

Borehole # A H ' ^ 
Well# /WtO-""? 
Page / of f 

Project Name 
Project Number / ") / Cost Cade 

Project Location £M£>#Jd£. /y^^^r^%'/y 

Well Locationy),^ jjj*>f J f c t f x n ? - ^ ^ 
GWL Depth sbf^ 
Installed By yA^pi ^£??iS/ro{~*3cuL-) ' 

On-Site Geologist fi]&gL;: &<5?J-£-
Personnel On-Site 

Contractors On-Site A ^ f i : K T 7 
Client Personnel On-Site 

Date/Time Started 
Date/Time Completed 

Depths in Reference to Ground Surface 

Item Material Depth 
(feet) 

Top of Protective Casing o 
Bottom of Protective Casing /Is A 
Top of Permanent Borehole 
Casing 
Bottom of Permanent Borehole 
Casing ASH 

Top of Concrete o 
Bottom of Concrete 

1 / 

if 

Top of Grout 

Bottom of Grout 

Top of Well Riser 

Bottom of Well Riser 
/ /{ 

•f / 

Top of Well Screen 

Bottom of Well Screen " ' 

Top of Peltonite Sea! 

Bottom of Peltonite Seal it1 

Top of Gravel Pack > / / ' 

Bottom of Gravel Pack >{ 33* 
Top of Natural Cave-In /VA 

Bottom of Natural Cave-In f J A • 

Top of Groundwater 

Total Depth of Borehole 3&' 
Comments: / M' tU j f j ^ 

XX 
OCX 
OCX 

ocx 

l l 

KXX 

coo 
OCX 
OCX 

ocx 

i l 
l i S l I 

Top of Protective Casing ^ 

Top of Riser 

Ground Surface 

Top of Seal 

Top of Gravel Pack 

Top of Screen ___ '_?// 

Bottom of Screen 

Bottom of Borehole 

^ / Geologist Signature 

C:\000\Admin\FonnjMvlONWELL. doc 



r°4 

!-LGJEM y -

RECORD OF SUBSURFACE EXPLORATION 

->JI 

Golden Environmental Management:, Inc 
906 San Juan Bouievarc, Suite D 
FarnJngion. New Mexico 87401 
(50E) 566-9116 FAX (505) 566-9120 

Elevation 

Page 

Project Name 

Project Number 

Project Location 

1 1 

Or-' 
Phase 

J Tf", 

Borehole Location \ ' L l N D-̂ - p O i C - - ^ 
GW. Depth y |P=)' " 
Logged By /' .. f HAl7-?-- 1> 
Driiled By /' rrVl-g--' -T^rh 
Dats/Tirne Started f f e ? - j " 2 - 0 ! f ® I ^ O o " 

c, moez. Well Logged 3y 

Personnel On-Site ( '... f / "> . * } ; " • • / C f I/} r ~ n n ft/?/* 

Contractors On-Site A /A— _^ '_ 

Client Personnel On-Site A/A -

Dats/Time Completed D ^ - l 7 - Q ; (it- j ^ ^ V ? 
Drilling Method 

Air Monitoring Method 

L y i r=H jL-M .< / I f 1 ' V 

Depth 

(feet) 
Sample 

Interval 

Sample 

Type Si 

Recovery 

(inches) 

Sample Description j 

Classification System: 'JSCS ' 

uses 
Symbol 

Depth 

Lithology 

Change 

(feet) 

Air Monitoring 

Units: NDU. 

BZ BH S 

Drilling Conditions 

& Blow Counts 

0 
Srxre i , r r ^ed + o - r ' : r ^ ( [ o ( 3 3 _ 

~ 5 . . ... -
A.<=) 

i 7.. A 

Il_ 1 0 

— - — 

>3 
- — 

322 Z 

,— i i 4_ 
1 5 J?_ • — 

Vvi - r - S O n d > o \ r £ \ J 
........ 

: : S o H a t lb " 

™ 2 0 

~" 25 

Il_ 3 0 

~" 35 

~1_ 4 0 

Ccmments: c, M V-
ux (0' n 

Geologist Signature 

7/-:j/2001\DRILLGG 



u ^ G E M " ^ ~ 

MONITORING WELL IN STALL AT ION RECORD 

Golden Environmental Management, Inc. 
906 San Juan Boulevard, Suite D 

Farmington, New Mexico 87401 

Borehole # 
Well # 
Page ,2 

#1/- / 
of ^ 

GttflftlrCrutk. Shridn Pilot jp^-t 
(505) 566-9116 FAX (505) 566-9120 Project Number Mil Cost Code 3 " 

Project Location &l oryrnJ-tt 

Elevation On-Site Geologist 
Well Loca-cion / 2 . ' /V o £ r n U j --'-1 Personnel On-Site dmn-e?, 
GWL Depth > ' Contractors On-Site N'/Q— " 
Installed Ey Q_, IT) a? 7..- ~ ~7?fhin',r i ?.n Client Personnel On-Site p-JfX-

Date/Time Started f ) b -17,-01 Ol^DD 
Date/Time Completed $£,-11 *Qi (3 /(U5f~) 

Depths in Reference to Ground Surface 

Item -Materit, 

D X S 
Dep* 
(feet) 

Top of Protective Casing 

Bottom of Protective Casing 
Top of Permanent Borehole 
Casing 
Bottom of Permanent Borehole 
Casing 

Top of Concrete 

Bottom of Concrete 

Top of Grout 

Bottom of Grout 

Top of We ll Riser +3." -7-2" + 11" / 'Nt 
Bottom of Well Riser -14' -!0! -51 I'm 
Top of Well Screen •14' -10' -51 l"P'/C 
Bottom of Well Screen -:5< -li1 _ / / rpvc 
Top of Peltonite Seal XlbJ -2.' & Powder 

Bottom of Peltonite Seal 12' - r -4' Twines 

Top of Gravel Pack IZ' - r _ / / ' 
i 

Bottom of Gravel Pack -Its' -r '/D-2o, 
Sand 

Top of Natural Cave-In — — — 

Bottom of Natural Cave-In " — — -

Top of Groundwater HJ — — 

Total Depth of Borehole lid' -lb' 
• _ i a i M i 

-v 

Top of Protective Casing 

OCX 
OCX 
OCX 
CCC 
OCX 

Top of Riser 

Ground Surface 

Nft-

NPr 

cxx 
OCX 
OCX 

cod 

Top of Seal 

Top of Gravel Pack 

Top of Screen Nff-

B ottom of Screen 

Bottom of Borehole r/A-

Comments: 3 / mrk rllnrrvlfr mon/brina pry'nh, insha.!l?r1 in I - 'oorf^oi l a i 7) d e p i h ^ 

b - ^ . p ( D - ! G ' ) T - Informed i r f i ( i d e o l o g i s t Signature 

^nanow(o-S') See ak>^- screened mhruah. 



s 
o WML mm 

4jGEM 

Golden Environmental Management, Inc 
906 San Juan Boulevard. Suite D 
Farrington, New Mexico 87401 
CSOtl 566-9116 FAX (505) 556-9120 

Elevation 
Borehole Location 
GW. Depth " 
Logged By 
Drilled By 

RECORD OF SUBSURFACE EXPLORATION 

Project Name 

Project Number 

Project Location 

&ianiOrvJp oktrjuA Piidfl?3f-
/ /?/~7 f Phase 
&/yn*~>n-£? ? / A r-J r r , 

I'M/- I 
Well Logged By 
Personnel On-Site 
Contractors On-Site 
Client Personnel On-Site 

Crnn-7 - hrhnlrjn^ 

A / , 

r-J / 

Date/Tirne Started Qte -/ S -QJ (3 Q77>0 
Date/Time Completed f ) / „ - / S -Q/ {£) r f t 4 ~ 

Drilling Method 
Air Monitoring Method 

Q r-O h-:'!//>' 
'PiO 

Depth 
(Feet) 

10 

15 

20 

25 

30 

35 

40 

Sample 
Interval 

5' 

£ 7 

Sample 

Type & 

Recovery 

(inches) 

Sample Description 
Classification System: USCS 

n I , 

Sardy c/a\/ 

1-6 _gr?V 

£!ne: 'clogcJ sard, b rWW I 4 

SajnSi km LIJ r, 

tioi+ o r !k?' 

uses 
Symbol 

S S L -

Depth 
Lithology 
Change 
(feet) 

3& 
JL 
12' 

/52 

Air Monitoring 
Units: NDU_ 

B2 BH * S 

.3 

Drilling Conditions 

& Blow Counts 

comments: Pi€ \r\ Hgad^cof.e.̂ t&6. m/ys\xjffC^jyyi oJr 5'. > 0 r v l i*o'- l ^ idy t^ rbcr i a^or~ 
nYyScr̂ PfX <vV /V -V-fS ft' teas. No odor hj-f-.iyf.y' %'Oi/vt H 
H ' rv ±»1iQk4- nruryr r\ >AA n-r 11-"W bOf=> Soi l Hvio toSOrv. mi-<-in ^ m r n W jrOrCfn 1 \bc n 

Cj-yjr • f\((3 OdOv^ob^fXJPCA. Geologist Signature 

befouu | 

7/5/2001\DRILLCG 



. i f . i 

\ 

M ONITORING WELL INSTALLATION RECORD 

Golden Environmental Management, Inc. 

906 Sun Juan Boulevard, Suite D 

Faimingion, New Mexico 87401 

(5C.5) 566-9116 FAX (505) 566-9120 

Elevation 
WellLocadon //?' W of &V-1 
GWL Depth > !(# / 

Installed Ey C, rf)/?? 7. - Jerfcn Iriasn 

2 Borehole i 
Well # "pV - 2." 
Page "X- of 

Project Name Gl iclfH-i n 
Project Number (p\~~) I Cost Code "5 

Project Location *g/ oo>rrJ-- ? \A , hlf'O 

On-Site Geologist f f i o r h ' l f ) A/?g,. 
Personnel On-Site ( I f f ) a ? 7 . / f f i f / P 

Contractors On-Site _ f \ f f - ~ 
Client Personnel On-Site 

Date/Time Started QG> ~/3 ~f>f (Zp 07 o P 
Date/Time Completed {%, - / 3 @@Q4S 

• 9 B B I n i l l l l l H w m i m — m 

Deotlvs in Reference to Ground Surface 

1 Item -Material 
V ZL S 

Top of Protective Casing 

Bottom of Protective Casing 
Top of Permanent Borehole 
Casing 
Bottom of Permanent Borehole 
Casing 

Top of Concrete 

Bottom of Concrete 

Top of Grout 

Bottom of Grout 

Top of Well Riser + r 
l"PVC 

Bottom of Well Riser -14' '10' -5
1 l"PUC 

Top of Well Screen -idi -Io' -5' l/fP/C 
Bottom of Well Screen •IS' -IS -(?' r'Pic 
Top of Peltonite Seal -lo' -r 
Bottom of Peltonite Seal -!2! 

-r -4' 
Top of Gravel Pack -°i' Sf'G&'x! 

Bottom of Gravel Pack -ICS -rd -r 
°/e-20 

Top of Natural Cave-In — — 

Bottom of Natural Cave-In — — — 

Top of Groundwater yi'S — — 

Total Depth of Borehole Yiy -is 
• • l l l l l l l 

-9' 

OCX 

oc* 
OCX 
cc< 
cc< 

cc< 
ec* 
ocx 
OCX 

Top of Protective Casing /VAT-

Top of Riser 

Ground Surface 

Top of Seal 

Top of Gravel Pack 

Top of Screen 

Bottom of Screen 

Bottom of Borehole 

Comments: 3 ~ Imcfo diame-hy' mont-krl^ pp/nfi fnfSaflfft m 

A/A-

A//7-

f\/A-

*2_ 

D'Detp ( * - * ' ) ± - l ^ h r m e ^ k ^- /^ logis t Signature 



3EM y-

RECORD OF SUBSURFACE EXPLORATION 

Go;den Environmental Management, Inc 
906 San Juan Bomevarc, Suite D 
Farrington. New Mexico 87401 
(505] 566-<>116 FAX (505) 566-9120 

Page 

Project Name 
Project NumDer 
Project Location 

/ o, 2- b>rthck 3 
(-7/djnf ( HJA? ohf-i^nf^'of 

Phase 

Ele-
Soi 
GW 
Lc f; 
Dri: 
Da-
Dar 

i-ation _ 
•ehole Location /Q ' l\f £>f 0 t/-"^ 
. Depth > l f „ ' 
;ged By 
led By C. r f l f l f > - Te&A in,™ 
i/Tirne Startea (%-yQ / Oct °1¥5~ 

:e/Time Completed -/z.-t3t a /- / 2QO 

Well Logged By 
Personnel On-Site 
Contractors On-Site 
Client Personnel On-Site 

Drilling Method 
Air Monitoring Method 

Depth 
(Feet) 

10 

15 

20 

25 

30 

35 

40 

^1 

5' 

Sample 
Interval 

Sample 
Type & 

Recovery 
(inches) 

Sample Description 
Classification System: USCS 

Sands] Clay , b r j u / r j 

Cla\K\j " f j r.A, O^txx 

Cl&sj-e\( Sand, brouwi 

uses 
Symbol 

Depth 

Lithology 

Change 

2. 

4 

q.o 

J6>.o. 

Air Monitoring 
Units: NDU 

SZ 8H S 

a: 

/-7 

Drilling Conditions 

& Blow Counts 

Ccmments: P'^M (rvari^rArP wnrl'mr^ unrig 4-*k^ n-hc)1. lO'.Onfl I.C, A/n hudrr^yxr bo n 
? ' -TO - 7 . / 

7/5/2001\DRILLOG 

/ a 0 ^ ^ J r s C ^ j / Y t o d e v - a M ' G e o l ° e i s t Signature ' ' ^ 

^6/lo-cv -gr* csi in Color u/QS ohszr-jed. 

inn ' S 



» a s e l l > 

MONITORING WELL INSTALLATION RECORD 

Gulden Environmental Management, Inc. 
906 San Juan Boulevard, Suite D 

Fanning!on, New Mexico 87401 

(505) 566-9116 FAX (505) 566-9120 

Elevation 
Well Location 
GWL Depth 
Installed Ev 

lf):' \A/ cL p^hZ 

Z> Borehole 
Well # B V - 3 
Page O of ^ 

n 

Client Personnel On-Site 

Cost Code 3 

* u ; M m 

NA— ' 
p| «2 

Date/Time Started 0(.Wo-Oj f^OQ^^ 
Date/Time Completed QU-lo 'Ol 7$ llOO 

Depths in Reference to Ground Surface _„ • • , 

Item -Iratexsal 

D X S 
Begith 

Top of Protective Casing 

Bottom of Protective Casine 
Top of Permanent Borehole 
Casing 
Bottom of Permanent Borehole 
Casing 

Top of Concrete 

Bottom of Concrete 

Top of Grout 

Bottom of Grout 

Top of Well Riser +2" i"PVC 
Bottom of Well Riser -ID' S l 

Top of Well Screen rW -\Cr -5' 
Bottom of Well Screen -151 

- / / " -&! 

Top of Peltonite Seal -r & 

Bottom of Peltonite Seal [a1 -9' 
Top of Gravel Pack m' |-9' 
Bottom of Gravel Pack rllS 73 

/O-Z-O 

Top of Natural Cave-In — — — 

Bottom of Natural Cave-In — - — 

| Top of Groundwater — 

•— 
1 Total Depth of Borehole !-/V 

OCX 
OCX 
OCX 
OCX 
OCX 

OCX 
OCX 
oc< 
OCX 
CC< 

Top of Protective Casing 

Top of Riser 

Ground Surface 

Top of Seal 

Nftc 
NPr 

Top of Gravel Pack /VA-

Top of Screen /VA-

Bottom of Screen 
Bottom of Borehole 

Comments: 3 ' / ' d.'d-'^M-'/ mon'i-farinG po'n-fs m5-rg (led in /-bortho/i. ^OJtpr-hS 

0 - D^(0 

;nature 



LLGEM_JJ ~ 

G o i d e n Envi ronmenta l Management , Inc 

906 san Juan Boulevara, Suite D 

Fariringran. New Mexico 8~401 

(5C5) 565-9116 FAX (505) 556-9120 

RECORD OF SUBSURFACE EXPLORATION 

Project Name 

Project Number 

Project Location 

Page / 

Phase 
- . . C ^ ic-' r--i W 

Elevation 
Bo.'ehole Location IQ' V\/ \J- g, 
GW. Depth > i " 
Logged By f fO Cl-P? ' "&rftr\'iQjf\ 
Drilled By OTiflr* 7'- T>~•-,,- r; ~,r, 
Date/Tine Started QCs Ol \ 2.QO" 
Oa-.e/Time CompletedQ(c-f^,-<Oj ^ 1<Q 

Well Logged By 

Personnel On-Site 

Contractors On-Site 

Client Personnel On-Site r-it 

Drilling Method 

Air Monitoring Method 

Depin 

(Feet) 

Sample 

Interval 

Sample 

Type & 

Recovery 

fincnss) 

Sample Description 

Classification System; USCS 
uses 

Symbol 

Depth 

Lithology 

Change 

(feet) 

Air Monitoring 

Units: NDU 

BZ BH S 

Drilling Conditions 

& Blew Counts 

20 

25 

30 

35 

40 

5 

tz. 

'BvDu.od 

± GJcxuesi Sand ojnd S-Xrda 

dl due Lj 'SOJTXI, kvtxoo 

6CH -tr !b ' 

•7^ 

4.0 

0-9 

01 >7o 

LL 

Comments: P l f i / j lopfld3QQ-Cji> f - f 3 / l u y ft ^ l-UCV^-^-ke-ti 0.4- fa ' . i O ' 
,1 t o n i t Q ' 

Geologist Signature 

7/5/2001NDRILLCG 



. G E M 

MONITORING WELL INSTALLATION RECORD 

Golden Environmental Management, Inc. 

90(> San Juan Boulevard, Suite D 

Farmington, New Mexico 87401 

(505) 566-9116 FAX (505) 566-9120 

Elevation 
Well Location 
GWL Depth 
Installed Ev 

Borehole # 
Well# 

4 
Pace of 

Project Name 
Project Number 
Project Location 

I C W o£ P A / - . 7 ) 

am PI.- - iPflA'A, 

Contractors On-Site 
Client Personnel On-Site 

( o i l i Cost Code O 
•;Wd M^/\ 

UnrUrA 
0 PftO-r z, / 

rJ&- ' 

Date/Time Started CO-l^b-Oi (g 
Date/Time Completed DU-Cb-DI P 1415T 

Depths in Reference to Ground Surface A , , 

Item 

Top of Protective Casing 

Bottom of Protective Casing 
Top of Permanent Borehole 
Casing 
Bottom of Permanent Borehole 
Casing 

Top of Concrete 

Bottom of Concrete 

Top of Grout 

Bottom of Grout 

TopofWell Riser 

Bottom of Well Riser 

Top of Well Screen 

Bottom of Well Screen 

U. x S 

•fn " +2" 

m' -io 

Top of Peltonite Seal 
L 

Bottom of Peltonite Seal Yd' 
Top of Gravel Pack 

Bottom of Gravel Pack 

Top of Natural Cave-In 

Bottom of Natural Cave-In 

Top of Groundwater 

Total Depth of Borehole 

IO' 
ll' 

-lb' 

-©spin 
(fcit) 

.r-i 

•B-
-4' 
-41 IO-2.C 

I'J-Z-O 

(XX 

oc* 
e<x 

Top of Protective Casing 

Top of Riser 

Ground Surface 

ri 

OCX 

cc< 
COC 

Top of Seal 

Top of Gravel Pack 

Top of Screen A/ 

Bottom of Screen 

Bottom of Borehole A/ A— 

Comments: 5 " ( f i c h d i d m e f t s tY)£>* i/•£"-> Do/ r i -h , i n ^ l u l l e d /-ho*~*hc>k 

D D t £ p ( 0 - / J > 0 X ~ - t * W , r . ^ /"rj.^Geologist Signature 

depths 





APPENDIX G 
WELL DEVELOPMENT AND PURGING DATA FORMS 
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G E M 

W E L L OBSERVATION DATA 

s. 

Project Name_ 

Project Manager Al I%T I Try kJ f.€ 

Client Company Q- 1 A}I~P 

Site N a m e t f T / y / T C T L/ cj . V T ^ - f l 

bini Project No. 

Cost Code 

Date 5" - / 1-0 t 

Well or 
Piezometer 

Time 
Reason Not 
Measured 

Depth to 
Floating 

Producl (Feet) 

Depth to 
Water (Feet) 

Depth to 
Sinking 

Product (Feet) 

Total Well 
Depth (Feet) 
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W E L L O B S E R V A T I O N D A T A 
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APPENDIX H 
FIELD NOTES AND PILOT TEST DATA 



T ime in 
Bioventing Well Days from 

BV-1 Shallow Beginning 
Zone of Pilot 

Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Units ppm/100 % %/10 

6/20/2001 -0.12 11.15 0.412 1.98 
0.00 na na na 

Begin Pilot Test 0.00 na na . na 
0.04 na na na 
0.07 na na na 
0.09 na na na 
0.11 na na na 
0.13 na na na 
0.25 na na na 
0.40 na na na 

21-Jun 0.75 na na na 
0.91 na na na 
1.03 na na na 

End Injection 1.09 0.194 0.05 1.99 
1.12 0.112 0.058 2 
1.19 0.158 0.041 2 
1.22 0.085 0.091 2 
1.26 0.145 0.036 1.96 
1.30 0.137 0.057 1.95 

22-Jun 1.84 0.302 0.077 1.85 
1.97 0.288 0.047 1.81 
2.15 0.376 0.047 1.75 

23-Jun 2.74 .0.951 0.071 1.68 
2.88 0.408 0.085 1.68 
3.10 0.483 0.077 1.68 

24-Jun 3.72 0.433 0.073 1.65 
3.90 0.541 0.074 1.63 
4.11 0.259 0.096 1.72 

25-Jun 4.77 0.552 0.092 1.56 
5.11 0.36 0.116 1.56 

26-Jun 5.81 0.'211 0.109 1.52 
6.06 0.277 0.15 1.52 

ppm = parts per million 

bv-1bv1st 



Bioventing Well 
BV-1 

Intermediate 
Zone 

T ime in 
Days from 
Beginning 

of Pilot 
Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Units ppm/100 % %/10 

6/20/2001 -0.12 6.11 1 1.36 
0.00 na na na 

Begin Pilot Test 0.00 na na - na 
0.04 na na na 
0.07 na na na 
0.09 na na na 
0.11 na na na 
0.13 na na na 
0.25 na na na 
0.40 na na na 

21-Jun 0.75 na na na 
0.91 na na na 
1.03 na na na 

End Injection 1.09 0.501 0.07 1.95 
1.12 0.704 0.074 1.96 
1.19 1.08 0.067 1.96 
1.22 1.01 0.082 1.99 
1.26 0.831 0.065 1.91 
1.30 0.629 1.51 1.89 

22-Jun 1.84 2.6 1.7 1.67 
1.97 2.66 1.36 1.64 
2.15 3.89 1.64 1.62 

23-Jun 2.74 2.66 1.7 1.55 
2.88 3.75 1.71 1.5 
3.10 3.17 1.63 1.53 

24-Jun 3.72 3.53 2.95 1.5 
3.90 3.63 2.11 1.5 
4.11 2.02 2.38 1.53 

25-Jun 4.77 5.1 2.82 1.45 
5.11 1.-74 1.95 1.63 

26-Jun 5.81 1*41 3.31 1.46 
6.06 0.934 3.51 1.57 

ppm = parts per million 

bv-1bv1it 



T ime in 

Bioventing Weil ^ y s from 

BV-1 Deep Zone B e ? ™ 9 

of Pilot 
Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Units ppm/100 % %/10 

6/20/2001 -0.12 9.11 0.19 0.85 
0.00 na na na 

Begin Pilot Test 0.00 na na - na 
0.04 na na na 
0.07 na na na 
0.09 na na na 
0.11 na na na 
0.13 na na na 
0.25 na na na 
0.40 na na na 

21-Jun 0.75 na na na 
0.91 na ' na na 
1.03 na na na 

End Injection 1.09 0.285 0.08 2.02 
1.12 0.403 0.062 1.91 
1.19 0.444 0.03 1.95 
1.22 0.176 0.058 1.92 
1.26 0.451 0.057 1.72 
1.30 0.306 0.043 1.73 

22-Jun 1.84 0.513 0.052 1.3 
1.97 0.429 0.029 1.14 
2.15 0.557 0.064 1.11 

23-Jun 2.74 1.59 0.052 1.07 
2.88 0.489 0.072 1.08 
3.10 0.393 0.079 1.23 

24-Jun 3.72 0.417 0.038 1.4 
3.90 0.349 0.037 1.36 
4.11 0.18 0.032 1.49 

25-Jun 4.77 0.294 0.046 1.46 
5.11 0:233 0.074 1.54 

26-Jun 5.81 0.107 0.059 1.68 
6.06 

ppm = parts per million 

bv-1bv1dt 



T ime in 
Bioventing Well 

BV-2 Shallow 
Zone 

Days from 
Beginning 

of Pilot 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Bioventing Well 
BV-2 Shallow 

Zone 
Test 

Units ppm/100 ppm/10000 % 

6/20/2001 -0.12 0.178 0.444 16.6 
0.00 

Begin Pilot Test 0.00 3.12 2.4 - 13.4 
0.04 4.06 5.1 10.6 
0.07 6.8 1.8 11.2 
0.09 12.02 2.2 11.6 
0.11 13.72 2.8 10.7 
0.13 15.74 2.8 11.2 
0.25 18.34 2.9 11.5 
0.40 20.25 2.4 12 

21-Jun 0.75 12.61 2.8 18.1 
0.91 11.75 2.4 18.7 
1.03 12.55 1 18.7 

End Injection 1.09 9.46 1 18.1 
1.12 9.62 1.1 17.7 
1.19 10.75 1.9 17.5 
1.22 13.08 1.1 17.3 
1.26 10.6 1.2 17.6 
1.30 12.03 1 17.3 

22-Jun 1.84 18.63 1.3 16.8 
1.97 15.85 1 16.3 
2.15 17.73 1 15.7 

23-Jun 2.74 18.52 1.4 15.2 
2.88 16.1 0.921 16 
3.10 15.58 1 15.7 

24-Jun 3.72 16.84 1.3 15 
3.90 12.72 3.8 14 
4.11 12.93 1.2 14.8 

25-Jun 4.77 3.38 1 14.8 
5.11 3.29 1 15.1 

26-Jun 5.81 0*.957 1 14 
6.06 1.04 1 13.5 

ppm = parts per million 

bv-2bv2st 



Bioventing Weil 
BV-2 

Intermediate 

T ime in 
Days from 
Beginning 

of Pilot 
Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Zone 

T ime in 
Days from 
Beginning 

of Pilot 
Test 

ppm/100 % % 

6/20/2001 -0.12 
0.00 

4.25 2.4 15.2 

Begin Pilot Test 0.00 5.67 1.7 - 11.7 
0.04 9.54 2 14.9 
0.07 8.69 1 15.4 . 
0.09 8.49 1 16.4 
0.11 11.48 1 16.4 
0.13 10.02 1 16.8 
0.25 21.27 1 17.7 
0.40 24.33 1 18.4 

21-Jun 0.75 5.59 1 18.6 
0.91 8.48 0.526 18.9 
1.03 9.45 0.896 18.5 

End Injection 1.09 5.28 0.464 17.2 
1.12 7.08 0.827 16.8 
1.19 6.44 1 14.4 
1.22 6.92 0.101 13.9 
1.26 5.56 0.451 13.7 
1.30 18.47 1 13.8 

22-Jun 1.84 9.57 1 13.7 
1.97 8.45 0.774 13.5 
2.15 9.74 1 14.2 

23-Jun 2.74 11.91 1 13.2 
2.88 4.92 0.58 14.4 
3.10 9.52 1 14 

24-Jun 3.72 19.57 1 14.4 
3.90 9.52 1 13.7 
4.11 3.1 1 14.7 

25-Jun 4.77 2.59 0.847 16.2 
5.11 3.42 1 14.3 

26-Jun 5.81 4.88 1 14.8 
6.06 3.1 1 14.4 

ppm = parts per million 

bv-2bv2it 



T ime in 

Bioventing Well ° a y S f r o m 

BV-2 Deep Zone B e f ^ r of Pilot 
Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Units ppm/100 ppm/10000 %/10 

6/20/2001 -0.12 1.39 1.3 1.57 
0.00 na na na 

Begin Pilot Test 0.00 na na - na 
0.04 na na na 
0.07 na na na 
0.09 na na na 
0.11 na na na 
0.13 na na na 
0.25 na na na 
0.40 na na na 

21-Jun 0.75 na na na 
0.91 na na na 
1.03 10.34 0.096 2.05 

End Injection 1.09 3.27 0.094 2.03 
1.12 3.14 0.099 2.01 
1.19 3.46 0.102 1.95 
1.22 3.31 0.086 1.91 
1.26 4.16 0.088 1.87 
1.30 3.53 0.102 1.83 

22-Jun 1.84 4.13 0.1 1.42 
1.97 4.12 0.116 1.39 
2.15 5.75 0.109 1.27 

23-Jun 2.74 7.26 0.099 1.19 
2.88 7.53 0.133 1.13 
3.10 4.86 0.115 1.28 

24-Jun 3.72 5.74 0.109 1.24 
3.90 6.58 0.113 1.35 
4.11 2.4 0.091 1.24 

25-Jun 4.77 1.92 0.082 1.6 
5.11 2.01 0.138 1.45 

26-Jun 5.81 f.19 0.128 1.32 
6.06 1.17 0.243 1.5 

ppm = parts per million 

bv-2bv2dt 



T ime in 
Bioventing Well Days from 

BV-3 Shallow Beginning 
Zone of Pilot 

Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Units ppm/100 % % 

6/20/2001 -0.12 0.031 1.2 15.7 
0.00 

Begin Pilot Test 0.00 1.16 3.5 -11.5 
0.04 3.06 3.1 10.2 
0.07 4.54 3.6 10.2 
0.09 6.1 4.6 10.5 
0.11 7.81 4.5 10.2 
0.13 9.91 4.9 10.6 
0.25 17.78 5.9 9.3 
0.40 19.89 7.6 11.9 

21-Jun 0.75 22.2 2.7 13.7 
0.91 22.37 3.5 15.9 
1.03 21.61 5.2 12.5 

End Injection 1.09 21.01 2.1 13.8 
1.12 20.84 2.8 14.2 
1.19 22.03 3.1 14.2 
1.22 22.88 3.3 12.7 
1.26 22.27 2.7 13.4 
1.30 23.14 4.1 13 

22-Jun 1.84 23.22 2.7 13.2 
1.97 23.08 2.8 12.8 
2.15 23.39 1.7 13.3 

23-Jun 2.74 20.25 4.7 12.7 
2.88 22.2 2 13.6 
3.10 21.52 2.2 12.9 

24-Jun 3.72 21.1 4.6 13.2 
3.90 22.54 3.2 12.6 
4.11 19.21 2.6 13 

25-Jun 4.77 19.36 3.3 12.8 
5.11 15.22 2.8 12.9 

26-Jun 5.81 14.52 3.1 12.3 
6.06 9.88 3.8 12.8 

ppm = parts per million 

bv-3bv3st 



Bioventing Well 
BV-3 

T ime in 
Days from 
Beginning 

of Pilot 
Test 

Hydrocarbon Carbon Dioxide Oxygen 
Intermediate 

Zone 

T ime in 
Days from 
Beginning 

of Pilot 
Test 

Concentraion Concentration Concentration 

Units ppm/100 % % 

6/20/2001 -0.12 
0.00 

2.43 1.1 14 

Begin Pilot Test 0.00 4.72 3.1 "13.9 
0.04 3.64 2.2 15.2 
0.07 3.77 2.5 15.5 
0.09 5.81 2 16.3 
0.11 5.79 2.9 16.5 
0.13 5.34 2.8 16.8 
0.25 16.15 1.4 17.1 
0.40 7.02 1.7 19.2 

21-Jun 0.75 4.84 1.3 18.9 
0.91 3.78 1 18.3 
1.03 15.99 1 18.4 

End Injection 1.09 3.23 1 17.1 
1.12 4.24 1 16.5 
1.19 4 2.7 14.8 
1.22 16.2 1 14.4 
1.26 3.26 1 14.7 
1.30 3.24 1 14.2 

22-Jun 1.84 7.22 1 15.4 
1.97 6.32 1 14.4 
2.15 5.08 1 14.4 

23-Jun 2.74 3.44 1 13.9 
2.88 5.68 1 14.2 
3.10 4.98 1 14.6 

24-Jun 3.72 6.83 1 15.2 
3.90 5.75 0.985 15.3 
4.11 1.54 1 14.2 

25-Jun 4.77 1.75 1 14.3 
5.11 1.2 1 15.3 

26-Jun 5.81 1.25 1 15.6 
6.06 1.44 1 14.8 

ppm = parts per million 

bv-3bv3it 



T ime in 
Bioventing Well Days from 

BV-3 Beginning 
Deep Zone of Pilot 

Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Units ppm/100 % % 

6/20/2001 -0.12 0.029 0.027 2.05 
0.00 na na na 

Begin Pilot Test 0.00 na na • na 
0.04 na na na 
0.07 na na na 
0.09 na na na 
0.11 na na na 
0.13 na na na 
0.25 na na na 
0.40 na na na 

21-Jun 0.75 na na na 
0.91 na na na 
1.03 2.19 0.447 1.98 

End Injection 1.09 0.338 0.336 2.01 
1.12 0.464 0.921 2.02 
1.19 0.373 0.488 1.87 
1.22 0.955 0.563 1.79 
1.26 5.56 0.451 1.76 
1.30 2.9 0.412 1.71 

22-Jun 1.84 1.18 0.601 1.71 
1.97 0.997 0.623 1.52 
2.15 1.59 0.827 1.63 

23-Jun 2.74 1.69 0.478 1.73 
2.88 1.06 0.467 1.67 
3.10 1.07 0.335 1.6 

24-Jun 3.72 1.54 0.096 1.6 
3.90 2.06 0.108 1.56 
4.11 0.517 0.677 1.73 

25-Jun 4.77 0.42 0.753 1.74 
5.11 0.96 0.51 1.67 

26-Jun 5.81 1.45 0.504 1.73 
6.06 0.406 0.81 1.72 

ppm = parts per million 

bv-3bv3dt 



T ime in 
Bioventing Well 

BV-4 
Shallow Zone 

Days from 
Beginning 

of Pilot 
Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Units ppm/100 % %/10 

6/20/2001 -0.12 
0.00 

0.124 1.5 13.6 

Begin Pilot Test 0.00 0.193 2.1 - 14.3 
0.04 1.3 1.6 12.7 
0.07 2.46 1.7 10.9 
0.09 3.46 3.2 10.4 
0.11 4.1 3.3 9.6 
0.13 4.88 2.9 10.4 
0.25 12.44 6.4 9.8 
0.40 17.94 9.9 13.3 

21-Jun 0.75 20.25 6 10 
0.91 19.47 5.3 10.7 
1.03 19.36 5.6 10.7 

End Injection 1.09 19.26 4.9 11.5 
1.12 19.36 5.4 11.6 
1.19 19.57 5.8 11.9 
1.22 20.42 5.9 11.9 
1.26 20.5 4.5 11.1 
1.30 21.18 5 11.5 

22-Jun 1.84 20.67 5.2 11.4 
1.97 19.63 5.3 11.4 
2.15 20.93 5.6 11.5 

23-Jun 2.74 20.08 5.6 11.8 
2.88 19.98 5 12.3 
3.10 19.36 4.9 12.5 

24-Jun 3.72 19.1 5 12.5 
3.90 10.65 5.2 13.2 
4.11 17.26 4.8 12.9 

25-Jun 4.77 16.52 3.2 12.6 
5.11 15.07 3.2 13.2 

26-Jun 5.81 13.97 4.9 13.2 
6.06 12.58 3.7 13.3 

ppm = parts per million 

bv-4bv4st 



Bioventing Weil 
BV-4 

T ime in 
Days from 
Beginning 

of Pilot 

Hydrocarbon Carbon Dioxide Oxygen 
Intermediate 

T ime in 
Days from 
Beginning 

of Pilot 
Concentraion Concentration Concentration 

Zone 

T ime in 
Days from 
Beginning 

of Pilot 
Zone 

Test 

Units ppm/100 % %/10 

6/20/2001 -0.12 
0.00 

0.979 1.3 1.34 

Begin Pilot Test 0.00 1.02 1 • 1.62 
0.04 1.2 1.2 1.51 
0.07 1.2 3.3 1.48 
0.09 1.41 1.4 1.48 
0.11 1.64 3.7 1.49 
0.13 1.86 2.1 1.5 
0.25 2.76 2.5 1.45 
0.40 2.36 2.5 1.75 

21-Jun 0.75 1.69 3.2 1.72 
0.91 1.97 9.4 1.65 
1.03 3.97 3 1.53 

End Injection 1.09 1.81 2.1 1.52 
1.12 1.98 2.2 1.59 
1.19 2.49 2.5 1.67 
1.22 3.73 2.8 1.46 
1.26 5.2 5.5 1.42 
1.30 6.39 2.1 1.55 

22-Jun 1.84 3.72 1.7 1.55 
1.97 8.01 4.1 1.53 
2.15 6.21 2 1.54 

23-Jun 2.74 6.54 3.2 1.6 
2.88 3.06 1.5 1.62 
3.10 4.98 2 1.49 

24-Jun 3.72 6.51 2.3 1.52 
3.90 6.64 1.6 1.52 
4.11 3.72 3.9 1.52 

25-Jun 4.77 1.6 3.2 1.5 
5.11 1.68 3.8 1.51 

26-Jun 5.81 141 1.3 1.67 
6.06 1.59 3.2 1.6 

ppm = parts per million 

bv-4bv4it 



T ime in 
Bioventing Well Days from 

BV-4 Beginning 
Deep Zone of Pilot 

Test 

Hydrocarbon 
Concentraion 

Carbon Dioxide 
Concentration 

Oxygen 
Concentration 

Units ppm/100 % %/10 

6/20/2001 -0.12 0.674 0.415 0.85 
0.00 na na na 

Begin Pilot Test 0.00 na na - na 
0.04 na na na 
0.07 na na na 
0.09 na na na 
0.11 na na na 
0.13 na na na 
0.25 na na na 
0.40 na na na 

21-Jun 0.75 na na na 
0.91 na na na 
1.03 9.01 1 1.72 

End Injection 1.09 5.18 1 1.43 
1.12 6.44 1 1.49 
1.19 6.39 1.6 1.54 
1.22 6.09 2.5 1.46 
1.26 6.19 1.3 1.42 
1.30 10.71 1 1.55 

22-Jun 1.84 9.87 2 1.42 
1.97 8.85 2.1 1.34 
2.15 8.77 3.3 1.27 

23-Jun 2.74 9.51 1.3 1.36 
2.88 6.14 1 1.38 
3.10 6.7 1.2 1.32 

24-Jun 3.72 8.43 5.5 1.32 
3.90 9.31 1 1.31 
4.11 3.77 1.8 1.31 

25-Jun 4.77 3.8 2.7 1.39 
5.11 3.69 3 1.07 

26-Jun 5.81 3.71 2 1.37 
6.06 2.79 1.3 1.41 

ppm = parts per million 

bv-4bv4dt 





APPENDIX I 
HISTORICAL RECORDS 





(Form C-102) 
(Revised 7/1/02) 

NEW MEXICO OIL CONSERVATION COMMISSION 
Santa Fe, New Mexico 

MISCELLANEOUS NOTICES 
Submit this notice in TRIPLICATE to the District Office, Oi l Conservation Commission, before the work specified is to begin. A copy will be 
returned to the sender on which will be given the approval, with any modifications considered advisable, or the rejection by the Commission 
or agent, of the plan submitted. The plan as approved should be followed, and work should not begin until approval is obtained. See addi
tional instructions in the Rules and Regulations of the Commission. 

Indicate Nature of Notice by Checking Below 

NOTICE OP I N T E N T I O N 
TO CHANCE PLANS ! NOTICE OF INTENTION TO 

TEMPORARILY ABANDON W E L L 
NOTICE OF INTENTION 
TO D R I L L DEEPER 

NOTICE OF I N T E N T I O N 
TO PLUG W E L L X NOTICE OF INTENTION 

TO PLUG BACK 
NOTICE OP INTENTION 
TO SET LINER 

NOTICE OF I N T E N T I O N 
TO SQUEEZE 

NOTICE OF INTENTION 
TO ACIDIZE 

NOTICE OF INTENTION 
TO SHOOT (Nitro) 

NOTICE OF I N T E N T I O N 
TO G U N PERFORATE 

NOTICE OF I N T E N T I O N 
( O T H E R ) 

NOTICE OP INTENTION 
( O T H E R ) 

O I L CONSERVATION COMMISSION . „ „ 
SANTA FE, NEW MEXICO W ^ ^ . ^ M ^ . ' ^ . - M ^ l X X f 3^^.€ff...O*...+252.. 

(Place) (Date) 

Gentlemen: 

Following is a Notice of Intention to do certain work as described below at the 

^e_Aevmm^maD^ n . ? M * 3 P weii No .?. in 
(Company or Operator) ....y...,«j. ('umti 

.M..../4 m % o f see.....??.. T 29K R 113 NMPM Bloc^ield-Fartringtcn 
(40-acre SubdTvlalonj ' ' ' ' 

San...JUS2}_ County. 

Pool 

F U L L D E T A I L S O F P R O P O S E D P L A N O F W O R K 
(FOLLOW INSTRUCTIONS I N T H E RULES AND REGULATIONS) 

This-'jaell d r i l l e d In' :1925.b/ 'The.Bl^ Conpany, and was cDepleted at a 
t o t a l depth of 700' i n the Farmington sandstone. 
8- l /4 w - casing-was -set5 at 6901. 10-1/2" set at approslmteiy 200'. 
I n i t i a l production was approximately 10 barrels o i l per day. In 1926 the Fide l i ty Oi l 
Cornpairy purchased' this":.vsell. from the Sloozsfield Oil h. Gas Co, I n Sept. 1929 the 
F ide l i ty Oi l Company went into receivership and A. C. L Virginia K i t t e l l received t i t l e 
through court order, In."1930.title was iransferred to Ihe Aerax ConDany and they are 
the present owners. Production at present estimated at 1/2 barrel o i l per day. 

VJe propose to p u l l pipe, .olug'and abandon as fol lows: Place 10—sack regular cerrsnt 
plug from 700 to 650, p u l l a l l casing, put cement plug i n top and leave rsarksr 4* 
above ground l eve l . 

Approved 
Except as follows: 

19.X3 ...r!^....^.^.^. B^.i 

Approved 

O I L CONSERVATION COMMISSION 

By.. •:&£<&.Zr.-:. 

By 

Position.. 

Company or Operator 

Send Communications regarding well to: 

Name.. 

T 1 t l e . . . . ^ . A „ ^ Address.. 



I JY A.'fO MINERALS DEPARTMENT 

O I 3 T « 1 8 U T I O H 

j o r r i c t 

AT OH 

O l ' C O N S E R V A T I O N D I V I S I O N 
' P. o . B O X 20a a 

S A N T A F E . N E W M E X I C O 8 7 5 0 1 

Fora C-103 
Revised 10-1 - ' 

5a. Indicate Type oi Lease 

Slat* Q r » . 
i . Stale OU 6 Gas Lease No. 

I 
SUNDRY NOTICES AND REPORTS ON WELLS 

( 0 0 N O T U S t T X I J ' 0 « M r o t " 0 > 0 5 « t s T O O H I L L O n T O 9 ( C > ( N OR | t ( > l a ' l D l r r l K I n T » C = C I I V o I K . 
» c ^ " U I C A T I O H r o « » t « M i T - • • i r o K M C - I O I ) r o e S U C H » O > O I U I . I 

L a ( 1 1 

tame of Operator 

7. Unit Agreement Mc.Ti* 

I ess ol Operator 

8. Fcrm or Lease Name 

c 0 

/ooo R;0 £ 

I 
U M I 

9. Weil No. I 

3 
stlon o l Well 

U X I T I t T T C H . rccT r« ow THc . C C t T r » O M 

10. F i e l d and Foo l , or Wildcat 

, L I N l , S t C T I O K . a? AJ R A N G E . 

15. Elevation (Show whether DF, RT, CR, etc.) 

Check Appropriate Box To Indicate Mature of Notice, Report or Other Data 
N O T I C E O F I N T E N T I O N T O : 

M H C M t Q I A L N M 

d # O M A R | L Y A • A H 0 ON 

C A S I N G • 

t * L U C A M D A B A N D O N 

C H A N G E P L A N S 

• 

• 

• 

R C U C Q I A L W O R K 

C O M M C N C C D R I L L I N G O P N S . 

C A S I N G T E S T A N O C E M E N T J Q J l 

O T H E R 

S U B S E Q U E N T R E P O R T O F 

• A L T E R I N G C A S I N G 

R L U G A N O A B A H D O M M t N T 

• 

I-czlbe .Proposed or Completed Ope.-=tlor..i (Clear ly state a l l pertinent de ta i l s , and give pertinent dates, inc luding est imated date of starting any proposed 
k j SEE RULE I r03. \k) SEE RULE I r03. 

\ Ct 4-c 
2 . 5 err c e v , ^ + p ) y 3 $ s i s C ^ i ^ £ o A O C / ) 6*1 o'~ m o ' . 

f.' 3d - c o ^ c f p l u j 52>sU 3 & 0 ' - 5-30'. 

,5, C o ^ - GU.+ o-C K<3^, tv'̂ To^ v 7/-:^ ) e \ ^ /4L - I kn. J.xcf ^ 4 

1i ^ <r>a."r~ 

I 
I 
I 
I 
I 
I _ 
hei t h m l t h « Information above is true mrid complete to the best of rry Vnowledge »nd be l i e f . 

J^fw^ . /7<£W^yd^ TITL. /g^^gu^ ffe.-^ts^ ... M - /0 ~ ^ 7 -

c7. DcFUTY Oil £ & j rjiPgrrre. 



STATE OF NEW MEXICO 

ENER&. AND MINERALS DEPAL.MENT 
OIL CONSERVATION DIVISION 

AZTEC DISTRICT OFFICE 

BRUCE KING 
GOVERNOR 

LARRY KEHOE 
SECRETARY 

1000 RIO BRA20S ROAD 
AZTEC. NEW MEXICO 8741C 

(505) 334-6178 

DIVISION APPROVED PLUGGING PROGRAM 

8 

S m i t h & M i l e y 
B i s h o p #3 

) ^ 2 2 - 2 9 N - l l W 

Downhole "Equipment •- 10" a t 115 
Ho le S i z e Unknown 
T o t a l D e p t h 6 9 9 ' 

<SlO 

Clean out hole t o 699'. 

Set a cement p l u g 699' - 599 
Come out of hole t o 400'. 

Set a cement p l u g 400' - 250' 

ISsks 

6 

7 

8 

9 . 

Come out o f h o l e . Watch f l u i d l e v e l f o r one hour. I f 
f l u i d l e v e l does not drop s i g n i f i c a n t l y , go t o step #6. 
I f f l u i d l e v e l drops 30' or more w a i t f i v e more hours and 
tag p l u g . I f p l u g i s below 300' f i l l t o 250'. 

Come out o f hole t o 160' 

Set a cement plug 160' - 50' ^ sh 

Set a t o p p l u g and marker w i t h ten sacks of cement. 

F i l l p i t s , clean and l e v e l l o c a t i o n . 

0 

X 10" 

CM ft. 

a.o bio 

TO -5W 





APPENDIX J 
COMPREHENSIVE SUMMARY OF GROUND WATER ELEVATIONS 



Summary of Ground Water Elevation 
September 1994 through July 2001 

WATER L E V E L ELEVATIONS 

Well ID Date Measured 
Measured 

DTW 
T O C 

Elevation Groundwater Elevation 

MW-1* NA NA NA NA 

September 22, 1994 13.28 5483.04 5469.076 

October 31, 1994 12.66 5470.29 

April 27, 1995 13.15 5469.5 

May 4, 1995 NA NA 
MW-2 September 30,1999 17.48 5467.29 

November 16, 1999 17.00 5467.69 

December 14, 1999 16.76 5467.75 

May 11, 2001 16.77 5485.33 5469.93 

Mav 21, 2001 15.65 5470.06 

May 23, 2001 15.69 5470.07 

July 3, 2001 16.32 5469.60 

July 9, 2001 16.43 5469.52 

September 22, 1994 13.02 5486.21 5473.19 

October 31, 1994 12.39 5473.82 

April 27, 1995 12.98 5473.23 

May 4, 1995 12.68 5473.53 
MW-3 September 30,1999 15.81 5470.40 

November 16, 1999 15.41 5470.80 

December 14, 1999 15.25 5470.96 

May 11.2001 15.50 5488.61 5473.11 

Mav 21, 2001 15.60 5473.01 

Mav 23, 2001 15.62 5472.99 

July 3, 2001 15.90 5472.71 

July 9, 2001 15.94 5472.67 

September 22, 1994 14.38 5483.88 5469.50 

October 31, 1994 14.01 5469.87 

April 27, 1995 13.73 5470.15 

May 4, 1995 13.67 5470.21 
MW-4 September 30,1999 16.21 5467.67 

November 16, 1999 15.51 5468.37 

December 14, 1999 16.00 5467.88 

Mav 11, 2001 16.05 5486.18 5470.13 

May 21, 2001 16.13 5470.05 

Mav 23, 2001 16.14 5470.04 

July 3, 2001 16.33 5469.85 

July 9, 2001 16.43 5469.75 



WATER L E V E L ELEVATIONS 

Well ID Date Measured 
Measured 

DTW 
T O C 

Elevation Groundwater Elevation 

MW-5 

September 22, 1994 NA 5479.41 NA 

MW-5 

October 31, 1994 NA 

5479.41 

NA 

MW-5 

April 27, 1995 NA 

5479.41 

NA 

MW-5 
May 4, 1995 14.38 

5479.41 

5465.03 
MW-5 September 30, 1999 16.93 

5479.41 

5462.48 MW-5 

November 16, 1999 16.52 

5479.41 

5462.89 

MW-5 

December 14, 1999 16.63 

5479.41 

5462.78 

MW-5 

Mav 11, 2001 16.32 5481.61 5465.29 

MW-5 

May21,2001 16.36 

5481.61 

5465.25 

MW-5 

May 23, 2001 16.38 

5481.61 

5465.23 

MW-5 

July 3, 2001 16.29 

5481.61 

5465.32 

MW-5 

July 9, 2001 16.36 

5481.61 

5465.25 

MW-6 
May 23, 2001 18.18 5486.18 5468.00 

MW-6 July 3, 2001 18.27 

5486.18 

5467.91 MW-6 

July 9,2001 18.30 

5486.18 

5467.88 

MW-7 
Mav 23, 2001 23.77 5491.86 5468.09 

MW-7 July 3, 2001 23.62 

5491.86 

5468.24 MW-7 

July 9, 2001 23.55 

5491.86 

5468.31 

Notes: 

Measuring points are marked by a notch in top of well casing 

NA = Not Available 

MW-1 * = Water levels for MW-1 are not included because this well is not screened in the aquifer 

TOC = Top of Casing 

DTW = Depth to Water 

Water Elevation = (Surveyed Well Casing Elevation) - (DTW) 

Water level elevation is given in feet above mean sea level 

MW-2 water level is corrected for product thickness using a specific gravity of 0.7 





APPENDIX K 
BIOVENT PILOT TEST PHOTOGRAPHS 
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APPENDIX M 
GRAPHICAL ILLUSTRATIONS OF BIOVENT DATA 
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