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ENVIRON.  TPH-GRO ranged from not observed above the laboratory detection limit to
15,000 mg/Kg in soil samples submitted for analyses by ENVIRON.  The TPH and TPH-
GRO concentrations observed in the soil sample analyzed from SB-1 (at 13 feet) exceeded
the Allowable Concentration for total recoverable petroleum hydrocarbons (TRPH).  The soil
in this area was removed during the initial abatement activities.  Groundwater samples were
collected by ENVIRON from probes SB-3 through SB-6 for BTEX analyses.  BTEX
concentrations observed in the groundwater samples collected from SB-3 and SB-5 exceeded
the Allowable Concentrations.  It should be noted that probe water samples are generally
considered qualitative since they were not collected from completed and developed
groundwater monitoring wells.

Laboratory results for split groundwater samples BTB-SB-3 and BTB-4 collected during
ENVIRON site assessment activities on January 9, 2007 are summarized in Table 2 attached
to this letter.  BTB-SB-3 and BTB-4 were collected from ENVIRON’s probes SB-3 and SB-
4, respectively, on January 9, 2007.  BTEX concentrations were observed at relatively low
concentrations in groundwater sample BTB-4 collected from SB-4 on January 9, 2007.
Relatively high BTEX concentrations were observed in the groundwater sample collected by
Paragon from probe SB-3 on January 9, 2007.  BTEX concentrations observed in BTB-4
collected by Paragon from SB-4 in January 2007 were not observed above the Allowable
Concentrations.  The BTEX concentrations observed in the groundwater sample collected by
Paragon from probe SB-3 exceeded the Allowable Concentrations.  It should be noted that
probe water samples are generally considered qualitative since they were not collected from
completed and developed groundwater monitoring wells.

1.2 Abatement Activities
During a routine site inspection on January 7, 2007, Machii-Ross Petroleum Company
personnel observed crude oil (product) in the bermed area for the southern aboveground
storage tank (AST).  The leak from the AST was repaired on January 7, 2007.  It was
estimated by Machii-Ross Petroleum Company personnel that approximately 70 barrels
(bbls) of oil were released.  Key Energy was mobilized to the site to recover the product on
January 8, 2007 using a vacuum truck.  Excavation activities were also initiated on January
8, 2007.  Soil abatement activities consisting of the excavation and off-site disposal of
contaminated soil was performed at the site by Flint Energy Services, Inc. (Flint) between
January 8, 2007 and January 16, 2007.  The approximate limits of the excavation are shown
on Figure 3 attached to this letter.

A subsurface drain located to the west of the tank battery was impacted and subsequently
excavated.  The drain was replaced and the former drain was connected to riser to be used as
groundwater recovery points if necessary.  In the excavation trench performed during
removal of the subsurface drain, four (4) separate slotted horizontal drain lines were installed



Machii-Ross Petroleum Company – Berger Tank Battery June 2010 QMR and NFA Request
Project Number 1007004
January 18, 2011
Page 3

with risers extending approximately three (3) feet above ground surface.  These remedial
drains were constructed with two (2) and three (3) inch diameter PVC pipe.  The trenches
were excavated below observed hydrocarbon impact into what appeared to be a relatively
impermeable, hard and dry siltstone.  During the trench excavation, oil/groundwater was
removed by a vacuum truck directly from the excavation and from the risers once installed.

On January 11, 2007 following interviews with the property owners, it was discovered that
the subsurface drain was connected to an unnamed creek located to the west of the site.
Product was then observed on the creek and the release was reported to the National
Response Center, the COGCC and the Colorado Department of Public Health and
Environment on January 11, 2007.

Paragon and Peterson Energy Management personnel installed booms at the outlet of the
subsurface drain to the creek and at several other locations downstream.  The booms were
maintained and periodically replaced by Peterson Energy Management.  Periodically,
vacuum trucks were used to remove product from the creek and from vegetation near the
creek.  On January 12, 2007, the subsurface drain was flushed with approximately 500
gallons of BioSolve and the mixture was recovered from the downstream end of the pipe.

Approximately 100 cubic yards of contaminated soil were excavated from the subsurface
drain area.  The soil was transported by Flint to the Denver Regional Landfill in Erie,
Colorado.  Groundwater encountered in the bottom of the excavation during the abatement
activities was removed using a vacuum truck.  Approximately 10 bbls of oil were recovered
during abatement activities. The excavation was backfilled with imported soil.

Seven (7) soil samples, T-1 through T-7, and 12 surface water samples were collected during
the abatement process.  The TRPH concentration observed in soil sample T-1 exceeded the
Allowable Concentration.  The excavation area could not be increased to the east of sample
location T-1 due to the location of the ASTs.  The TRPH concentrations observed in the
remaining soil samples collected from the excavation were not observed above the Allowable
Concentration.  Six (6) Creek Samples were collected from an area of the creek located to the
north of County Road 20.  Three (3) Tile Drain samples were collected approximately 60 feet
upgradient of where the subsurface drain flowed into the creek.  Three (3) Drain Outlet
samples were collected from the subsurface drain outfall into the creek.  BTEX
concentrations observed in the surface water samples collected near the site in January and
February 2007 were not observed above the Surface Water Standards.

1.3 Paragon Site Assessment Activities
Based on the soil and water contamination observed during excavation activities, additional
site assessment was performed at the site in February 2007.  Four (4) monitoring wells,
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PMW-1 through PMW-4, and three (3) direct-push probes, PB-1 through PB-3, were
installed at the site on February 12 and 14, 2007 to obtain information regarding potential
petroleum hydrocarbon contamination.  The approximate locations of the monitoring wells
and direct-push probes are shown on Figure 3 attached to this letter.  The TRPH
concentration observed in the soil sample analyzed from PB-2 exceeded the Allowable
Concentration.  The TRPH concentrations in soil samples analyzed from PMW-1, PMW-2,
PMW-3, PMW-4, PB-1 and PB-3 were not observed above the Allowable Concentration of
1,000 mg/Kg.

2. GEOHYDROLOGY

Groundwater elevations in wells PMW-1, PMW-2, PMW-3 and PMW-4 were measured by
Paragon on June 22, 2010.  Groundwater elevation data for the site is summarized in Table 1
which is attached to this report.  Groundwater was observed in wells PMW-1, PMW-2,
PMW-3 and PMW-4 to range from approximately 3.2 to 7.0 feet below the top of casings on
June 22, 2010.  Free-phase product was not observed in monitoring wells PMW-1 through
PMW-4 on June 22, 2010.

A piezometric surface diagram for groundwater elevations observed during the June 2010
sampling event is attached to this report as Figure 3.  The piezometric surface was estimated
using the Surfer® software distributed by Golden Software based on groundwater table
measurements in wells PMW-1, PMW-2, PMW-3 and PMW-4.  As seen from Figure 3, the
general groundwater flow direction appeared to be towards the northwest.  The hydraulic
gradient observed at the site on June 22, 2010 was estimated to range from approximately
0.03 to 0.04.  The groundwater flow direction and hydraulic gradient estimated for June 2010
are similar to previous observations at the site.  It should be noted that local geohydrologic
characteristics may change due to variations in precipitation, recharge, stratigraphy or
conditions not apparent at the time of sampling.

3. GROUNDWATER QUALITY RESULTS

Information collected during the June 2010 sampling event relative to groundwater quality at
the site is summarized below.  That information includes temperature, electrical conductance
and pH measurements, dissolved oxygen (DO) measurements, and laboratory results.

3.1 Field Data
Groundwater temperature, electrical conductance and pH measurements were performed on
June 22, 2010 during purging of wells PMW-1 through PMW-4 prior to collecting
groundwater samples for laboratory analysis.  Purging of monitoring wells prior to sampling
was accomplished using clean disposable bailers.  Measurements were recorded during the
removal of water from the wells.  The wells were considered purged when temperature,
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electrical conductance, and pH measurements stabilized to within ten (10) percent for three
(3) consecutive measurements and a minimum of three (3) well volumes were removed from
the well or after the well was purged essentially dry.  The wells were allowed to recharge
prior to sampling.

DO measurements were performed in wells PMW-1 and PMW-2 on June 22, 2010.  DO
measurements were not performed at wells PMW-3 and PMW-4 due to a malfunctioning DO
meter.  DO monitoring results are summarized in Table 2 attached to this report.  As seen
from Table 2, DO concentrations were observed to range from approximately 0.9 to 1.3
milligrams per liter (mg/L) during the June 2010 sampling episode.  In general, an obvious
correlation was not observed between BTEX concentrations observed in groundwater
samples and DO measurements in June 2010.

3.2 Groundwater Analytical Results
Groundwater samples were collected from monitoring wells PMW-1 through PMW-4 and
trench recovery locations T-1 through T-5 on June 22, 2010 for laboratory analysis.
Groundwater samples were transported under standard chain-of-custody procedures to
Technology Laboratory, Inc. (TLI) in Fort Collins, Colorado for BTEX analysis by EPA
Method 8260B.  Groundwater sample results are summarized in Table 2 attached to this
letter.  The approximate locations of PMW-1 through PMW-4 and T-1 through T-5 are
shown on Figure 4 attached to this letter.  The TLI laboratory report for wells PMW-1
through PMW-4 and T-1 through T-5 is also attached to this letter.

BTEX concentrations were not observed above the laboratory detection limit of 1.0
micrograms per liter (μg/L) or were observed at relatively low concentrations in the
groundwater samples collected from PMW-1 through PMW-4 and T-1, T-4 and T-5 on June
22, 2010.  Benzene concentrations were observed at 12 and eight (8) μg/L in the groundwater
samples collected in June 2010 from T-2 and T-3, respectively.  The benzene and xylenes
concentrations observed in the groundwater sample collected from T-2 in June 2010
increased compared to previous sample results.  The benzene concentration observed in the
groundwater sample collected from T-4 on June 22, 2010 decreased compared to previous
sample results.  In general, the remaining BTEX concentrations observed in the groundwater
samples collected from PMW-1 through PMW-4 and T-1 through T-5 in June 2010 were
similar to previous sample results.

The benzene concentrations observed in groundwater samples collected from T-2 and T-3 in
June 2010 slightly exceeded the COGCC Concentration Level.  The remaining BTEX
concentrations observed in the groundwater samples collected from PMW-1 through PMW-4
and T-1 through T-5 on June 22, 2010 were not observed above the COGCC Concentration
Levels.
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4. VACUUM-ENHANCED RECOVERY EVENTS

A vacuum-enhanced recovery (VER) event using a Key Energy vacuum truck was performed
at the recovery trenches, T-2 through T-5, on June 21, 2010 the day prior to sampling since
the recovery trench locations can not be purged manually.  T-1 riser pipe is damaged and
Key Energy was unable to recover from this riser pipe location. As seen from Table 3,
approximately 271,000 gallons of groundwater have been recovered from recovery wells T-1
through T-5 between March 2007 and June 2010.  The recovered groundwater was
transported to a COGCC-approved disposal well operated by Conquest Disposal Service.
The Key Energy work ticket is attached to this report.

5. GROUNDWATER MODELING RESULTS

Paragon performed groundwater modeling to estimate benzene concentrations at the
downgradient point of exposure (POE), the creek located approximately 1,800 feet (549
meters) from the apparent benzene source area which appears to be in the vicinity of the
aboveground storage tanks (ASTs).  The software program BP RISC, Version 3.08 Saturated
Zone Model was used to model benzene concentrations in groundwater at the site. The
saturated zone model used in BP RISC considers one-dimensional flow, three-dimensional
dispersion, adsorption and degradation. The dissolved-phase “source” concentration used in
BP RISC is assumed to be uniform within the source volume and constant for the length of
the pulse.  The only process causing retardation of the dissolved-phase plume is the presence
of organic carbon and the chemicals’ (i.e. benzene) affinity for the organic carbon.

The benzene concentration at the POE located 1,800 feet from the site was predicted using
the highest observed benzene concentration of 12 μg/L in the last year of monitoring in the
groundwater sample collected from well T-2 on June 22, 2010 and the longest pulse length of
100 years.  Based on soil conditions observed during drilling, a range of effective porosity
and hydraulic conductivity were estimated.  Various model scenarios were run using the
lower and upper range of the estimated effective porosity and hydraulic conductivity.  A
copy of the graphs, receptor concentrations and model input summaries are attached to this
report.  The results of the modeling for the various conditions are summarized in the
following table.
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Summary of BP RISC Model Results
Benzene
Source

Concentration
(μg/L)

Pulse
Length
(Years)

Maximum Predicted
Benzene Concentration

at Receptor (μg/L) Estimated Effective Porosity and
Hydraulic Conductivity used in

model
12 100 0.00 Effective Porosity = 0.12

Hydraulic Conductivity = 0.00016 meters/day

12 100 0.00 Effective Porosity = 0.3
Hydraulic Conductivity = 0.00016 meters/day

12 100 0.052 Effective Porosity = 0.12
Hydraulic Conductivity = 1.88 meters/day

12 100 0.052 Effective Porosity = 0.3
Hydraulic Conductivity = 1.88 meters/day

Note:  Bold values indicate an exceedance of the COGCC Concentration Level for benzene of 5 μg/L.

As seen from above, BP RISC predicts that benzene could reach the downgradient POE (the
creek) located 1,800 feet northwest of the site at a concentration well below the COGCC
Concentration Level.

The shortest distance downgradient of the source at which a benzene concentration of 5 μg/L
was predicted using BP RISC using the source concentration of 12 μg/L and a pulse length of
100 years.  The distance predicted was 17 meters (56 feet) downgradient of the source.

Based on the modeling results, it does not appear that benzene from the subject site will be a
significant threat to the downgradient POE (the creek) in the future.

6. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions are made based on information obtained during the quarterly
sampling event.

1. Groundwater was observed in wells PMW-1, PMW-2, PMW-3 and PMW-4 to range
from approximately 3.2 to 7.0 feet below the top of casings on June 22, 2010.  Free-
phase product was not observed in monitoring wells PMW-1 through PMW-4 on June
22, 2010.

2. The general groundwater flow direction on June 22, 2010 appeared to be towards the
northwest.  The hydraulic gradient observed at the site on June 22, 2010 was
estimated to range from approximately 0.03 to 0.04.  The groundwater flow direction
and hydraulic gradient estimated for June 22, 2010 are similar to previous
observations at the site.
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3. The benzene and xylenes concentrations observed in the groundwater sample
collected from T-2 in June 2010 increased compared to previous sample results.  The
benzene concentration observed in the groundwater sample collected from T-4 on
June 22, 2010 decreased compared to previous sample results.  In general, the
remaining BTEX concentrations observed in the groundwater samples collected from
PMW-1 through PMW-4 and T-1 through T-5 in June 2010 were similar to previous
sample results.

4. The benzene concentrations observed in groundwater samples collected from T-2 and
T-3 in June 2010 slightly exceeded the COGCC Concentration Level.  The remaining
BTEX concentrations observed in the groundwater samples collected from PMW-1
through PMW-4 and T-1 through T-5 on June 22, 2010 were not observed above the
Concentration Levels.

5. The extent of groundwater impacts at the site appears to be limited and bracketed.

6. Approximately 271,000 gallons of groundwater have been recovered from recovery
wells T-1 through T-5 between March 2007 and June 2010.  The recovered
groundwater was transported to a COGCC-approved disposal well operated by
Conquest Disposal Service.

7. Based on the modeling results, it does not appear that benzene from the subject site
will be a significant threat to the downgradient POE (the creek) in the future.

The following recommendations are made based on information obtained during the
quarterly sampling event.

1. Significant remedial actions have been performed at the site including soil excavation
activities and removal of approximately 271,000 gallons groundwater at the recovery
trench locations.  As a result, BTEX concentrations observed in groundwater samples
collected from T-1 through T-5 have decreased significantly since initial sampling in
2007.  Groundwater samples collected from PMW-1 through PMW-4 between 2007
and June 2010 have not been observed above the COGCC Concentration Levels.
Based on modeling results and since remaining groundwater contamination observed
in two (2) groundwater samples collected from the site in June 2010 were just slightly
above the COGCC Concentration Levels, we request No-Further Action (NFA) status
be granted to Machii-Ross Petroleum Company for this release.  Copies of the Berger
Lease area are attached to this report.














































































	1007004 - June 2010 QMR.pdf
	04jun10 - Fig 3.pdf
	04w0610 - Fig 4.pdf
	04jun10_bnz - Fig4a.pdf
	JUN10.pdf
	04data.pdf




