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1.0 EXECUTIVE SUMMARY

The Bureau of Economic Geology (BEG) conducted an environmental assessment at the
Yinson site in Jones County, Texas (RRC Cleanup Code 7B-50212) from March through August
of 1997. The Railroad Commission of Texas (RRC) prioritized assessment of the Vinson site
because of a complaint of crude-oil impact in the Vinson water-supply wells. Previous RRC
investigations included monitoring of the replugging of three former oil wells and pressure testing
of a crude-oil pipeline located within 1 mi of the site. At the start of this assessment the source of
drude oil and its subsurface extent were undetermined. During the investigation BEG delineated the
gxtent of subsurface crude-oil impact and excluded several potential sources. However, the source
of the crude oil at the Vinson site remains unproven.

The principal tasks performed for this investigation included:
| (1) review of RRC files and previously compiled site data,

(2) identification of the subsurface horizon(s) in which the crude oil is contained,

(3) delineation of the subsurface extent of crude oil and methane via solid-stem auger drilling

and measurement of borehole vapor concentrations,

(4) installation of monitoring wells and sampling of ground water to determine hydraulic

gradient and ground—wéter quality,

(5) - evaluation of risk associated with crude-oil-impacted ground water, and

(6) evaluation of options for site remediation.

The Vinson site is located in southwestern Jones County, Texas, approximately 18 mi
northwest of Abilene and 5 mi north of Merkel, Texas, adjacent to a tributary of Bitter Creek. On
November 6, 1991, Mrs. Vinson reported to the RRC that a windmill on their property had
pumped crude oil into a surface tank, which spilled over into the yard and down the hill behind the
house. Subsequent work revealed the presence of crude oil in a newly installed water well, which -

is also in the Vinson’s backyard.




Results of this assessment show that freeéphase crude oil underlies approximately 76,000 ft2

of the Vinson property at a depth approximately 20 ft below ground level (bgl). Two domestic

ater supply wells, WW-1 and WW-2, intersect the crude-oil plume, which is nearly centered
eneath the house. Total oil volume is estimated between 125 and 500 barrels (bbl) (5,250 to
1,000 gal); 600 gal has already been produced. Coincident with and surrounding the crude-oil
lume is a secondary plume or halo of methane, which underlies an additional approximately
66,000-ft2 area. BEG measured methane concentrations up to 98 percent in the unsaturated zone at
depths of 8 to 12 ft bgl, in open boreholes drilled as deep as 35 ft within and around the perimeter
of the crude-oil plume.

Shallow (<35 ft bgl) ground water within the zone of hydrocarbon impact shows elevated
¢oncentrations of total petroleum hydrocarbons (TPH); however, results of benzene, toluene,
gthylbenzene, and xylene (BTEX) analyses from five down-gradient wells completed in the same
water-bearing zone were below detection limits. Minor concentrations of polynuclear aromatic
hydrocarbons (PAH’s) were detected in (1) one well completed in shallow (<35 ft bgl) ground
water and (2) three samples of water from the deeper (50 to 60 ft bgl) water-bearing zone. Not all

of the individual PAH compounds were detected in each sample, however, and duplicate analyses |

o

id not yield the same results.

The pr/ésence of hydrocarbons in shallow sediments (<35 ft bgl), its absence at greater depths
(50 to 60 ft bgl), and lack of a trace of lateral plume migration to the mapped position are indicative
af a nearby source of crude oil. The oil likely came from either (1) an overflowing surface storage
tank located'adjacent to an oil well now plugged and abandoned, immediately northwest of the
Yinson house (Bennett “A” #2 well) or (2) a shallow, buried, gathering line carrying oil from that
well to a nearby tank battery that could have developed a leak. Given an oil-production rate test of
87 bbl in 24 h, an unabated spill lasting at leastb 2 to 6.d could account for the amount of subsurface
grude oil estimated to be present at the Vinson site. Oil from the well could have discharged onto
the surface or into the subsurface and seeped into the ground to impact the shallow ground water.

We estimated the velocity of oil movement at the Vinson site to be approximately 0.013 to




- 0.026 ft/d. At this velocity oil might trﬁvél Sto 10 ft/yr, or take 30 to 60 yr to travel 300 ft thrbugh
| .the ground at the Vinson site. The present diameter of the crude-oil plume is approximately 300 ft.
Public health énd safety issues include use of an oil-impacted domestic water-supply well
WW-2) by site residehts, a potential for further impaét to _deeper water-bearing zones by cross-
dontamination through a wéll annulus, and the presence of elevated concentrations of methane in

he shallow subsurface.

o

As remedial actions, we recommend that the frée‘—phase crude oil be removed from the
subsurface through‘the use of product-only extraction de_vicés placed in two fluid-extraction wells.
- We also recommend installation of five sdil—vapor-extraction (SVE) wells to reduce subsurface
methane levels. A pilot system is needed to providc data on total emission of petroleum
hydrocaibons; if total emission does not exceed 1.0 Ib/hr a standard air permitting exemption may

he obtained.

2.0 INTRODUCTION

The Railroad Commission of Texas (RRC) has statutory responsibility under S.B. 1103

(2nd Legislature, 1991) for oversight of cleanup of abandoned oil-field sites throughout Texas.

wn

ince 1991, RRC personnel have identified and inventoried numerous sites as candidates for

leanup and have given priority to those sites that have had observable releases, occur in ground-

(@]

<

yater recharge zones with high soil permeability, lie near surface-water bodies or water-supply

ells (or both), have high public profile and have received complaints, and are near population

<

(@)

enters. Straightforward solutions for cleanup are readily apparent for many of the sites. At some
'sites, however, outlining cost-effective approaches to cleanup requires more complete information
on the surface and subsurface extent of the contamination. For these priority sites, the Bureau of

- Heonomic Geology (BEG) is providing more extensive site investigations for the RRC under

e

nteragency contract 94-0423. The purpose of these investigations is to provide the required

p—e

nformation for planning and executing the appropriate level of remediation.




The site of concern fof this investigation is the Vinson site in Jones County (RRC Cleanup

Code 7B-50212), where two private wafér-supply wells were fouhd to be impacted with crude oil

in November 1991. On the basis of the potential for risk to human health and the presence of an

unknown source of oil, RRC placed the Vinson site high on the priority list of sites in need of

remediation. The objectives of this study were to (1) determine extent and, if possible, the source

of crude oil in the Vinson wells and (2) make recommendations for cleanup at the site.

The principal tasks performed for this investigation included:

(1) review of RRC files and previously compiled site data,

(2) identification of the subsurface horizon(s) in which the crude oil is contained,

(3) delineation of the subsurface extent of crude oil and methane via solid-stem auger drilling
and measurement of borehole vapor concentrations,

(4) installation of monitoring wells and sampling of ground water to determine hydraulic
gradient and ground-water quality, |

(5) evaluation of risk associated with crude-oil-impacted ground water, and

(6) evaluation of options for site remediation.

2.1 Site Description

The Vinson site is located in southwestern Jones County, Texas, approximately 18 mi

northwest of Abilene and 5 mi north of Merkel, Texas, adjacent to a tributary of Bitter Creek

e

figure 2.1). It lies within a rural area that is used primarily for farming, ranching, and pétroleum
prroduction.

The site lies within the Mead oil-production field (figure 2.1), where numerous oil wells have
" been drilled and operated since the 1950’s. Acéording to the Abilene Geological Society (1978),
production from Mead field between 1951 and 1978 exceeded 1 million bbl (MMbbl) of oil from

[\9)

8 wells completed in fluvial-deltaic mid-Pennsylvanian Strawn formation sands at depths between

4,000 and 5,000 ft bgl. Three oil wells were in operatidn on the Vinson property within the last
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0 yr; all three were plugged in the 1980’s. A crude-oil pipeline, which is now abandoned,

N

parallels County Road 436 along the north edge of the Vinson site.

| Approximately 1 acre of the Vinson property is occupied by their home and surrbunding yard -
(ﬁg. 2.2); the remainder of the property is used to grow crops for grazing cattle and horses. The
Vinson house‘and two water wells (WW-1 and WW-2) sit on a hill at an elevation of
approximately 1,780 ft above mean sea level (amsl). Both of these wells have contained crude oil
since the original complaint in 1991. A third water well (WW-3) on the Vinson site is located off

the hill approximately 500 ft to the south of the domestic supply wells at an elevation of

o

pproximately 1,767 ft amsl (fig. 2.2). WW-3 is used as an irrigation well and has not shown any

vidence of crude-oil contamination.

[¢]

2.2 Site Geology

The Vinson site is located in the south portion of the West Texas Rolling Prairies Section of
the North Central Plains physiographic province of Texas (Duffin and Beynon, 1992). Surface
topography slopes to the southeast and is characterized by flat plains to rolling hills. Structurally
the area is near the east edge of the Permian Basin (Richter and others, 1990). Outcrops of Permian

zdiments in Jones County show that strata dip west-northwest at approximately 40 ft/mi.

[72]

(@)

verlying Quaternary deposits of the Seymour Formation and Recent alluvium dip gently to the

ast-southeast (Price, 1978). The Pennsylvanian Strawn Formation underlies Jones County at

o

o

epths of apbroximately 4,000 to 6,000 ft below land surface. This formation is the major oil-
producing zone in the region. |

The Vinson site is located near the contact of Quaternary alluvial deposits (Seymour
HFormation) and the Choza Formation of the Clear Fork Group (fig. 2.3). The Permian-age Clear
Fork Group comprfses red shale and siltstone with interbeds of limestone, dolomite, gypsum, and
otcasional lenses of silty sand. The Clear Fork Group is divided, from oldest to youngest, into the

Arroyo, Vale, and Choza Formations; these three formations are of similar lithology and often
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difficult to distinguish (Barnes, 1974). Semiconsolidated and unconsolidated Quaternary deposits
of clay, sand, and gravel of the Seymour Formation and Recent alluvium overlie rocks of the Clear

Hork Group.

2.3 Site Hydrology

213.1 Surface Water

Regional surface drainage is to the southeast. A tﬁbutary of Bitter Creek that crosses the

- Vlinson property drains a hilly region to the northwest and joins the main portion of the creek -
approximately 0.3 mi (~1,600 ft) to the southeast of the site. Bitter Creek flows into the Clear Fork
of the Brazos River approximately 7 mi to the northeast (fig. 2.2).

- Water in the tributary creek flows to the southeast around the terrace upon which the Vinson
house sits. The ephemeral creek was observed to be dry where it crosses under the Vinson
driveway in May, June, and August of 1997 but contained water after heavy rains in July. Water
movement in the creek fs slow to stagnant, and the creekbed can pond water. During our field

studies, there was no evidence of crude-oil seeps along the creek.

2.3.2 Ground Water

Both Permian and Quaternary rocks provide fresh to moderately saline waters in small to
mpderate quantities to wells within the county. In Jones County, water-bearing uhits of the Clear
Fork Group yield enough water to support irrigation and minor industry (Duffin and Benyon,
1992). Water wells on the Vinson property are completed in the Choza Formation, the uppermost
member of the Permian-age Clear Fork Group, which throughout western Jones County provides
limited amounts of fresh to slightly saline ground water (Price, 1978). Water-supply wells in the
immediate vicinity of the Vinson site are completed in the Choza Formation at depths of

approximately 60 ft bgl. Six water wells were identified on and in the immediate vicinity of the
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inson property during previous studies (table 2.1 and fig. 2.2). Data from these wells are also :

sed in this study.

2.4 Site History

‘In _August 1991 the Vinson family moved a honse onto the property referred to here as the
inson site. At that time there was a windmill (WW-1) located just south of the house that was
ed to pump water from a depth of approximately 40 ft bgl (table 2.1). The Vinsons installed a |
cond water well (WW-2) to a depth of 60 ft bgl in early September 1991. On November 6,

)91, Mrs. Vinson reported to the RRC that the windmill (WW-1) had pumped crude oil intoa
rface tank, which spilled over into the yard and down the hill behind the house.

Inspections by RRC pérsonnel on November 6 and 22, 1991, found well WW-1 to be

imping slugs of “black, dead oil.” WW-2 did not appear impacted at that time. Samples were

cqllected from both wells for chemical analysis. On February 22, 1992, an RRC inspector

documented that a 15-ft-thick column of crude oil was present in WW-2.

Other investigations into the source of crude oil at the Vinson site that predate this study

clude: |

(1) RRC,N ovemberv199l—collectcd samples of crude oil frnm Vinson wells and nearby
tank battery for finger-printing analyses using distillation and chromatography; collected
ground-water samples from WW-1, -2, and -3 for chemical analysis.

(2) Unocal, February 1992—collected samples of crude oil from Vinson wells and nearby
‘pipeline for chromatographic analysis; collected samples of ground water for chemical

analysis from WW-1, -2, -3, -4, -5, -6 (fig. 2.2).

(3) Reynolds Engineering Company, January 1993—supervised removal of approximately

600 gal (14 bbl) of crude oil from WW-2 and concluded that “a considerablé quantity of

oil remained in the shallow aquifer underlying the Vinson property.”

10




Table 2.1. Wells in the immediate vicinity of the Vinson site.

Well

WW-1

WW-2

WW-3

WW-4

WW-5

WW-6

Approximate
depth (ft bgl)

40

60

35
unknown
unknown

60

Comments
Windmill on the Vinson property that is not in use.
Water supply well for the Vinson house and garden.
Irrigation well south of the Vinson house.
Hand-dug well in pasture southwest of Vinson property.
Water-supply well northwest of the Vinson property.

Well next to tank battery on County Road 436.

11
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Possible sources of the oil contamination were investigated and several potential sources were
iminated, but the source of crude-oil contamination was not identified. Suspected sources of the

ude oil and the reasons for their elimination as potential sources prior to this study are included in

table 2.2.

Ic

1o

D

"

V|

3.0 METHODOLOGY

BEG personnel reviewed RRC case files for the Vinson site and conducted two

connaissance visits. BEG began onsite field work by collecting continuous cores in May 1997,

delineated the contaminant plume and installed five ground-water monitoring wells in July 1997,
and completed site sampling in Aligust 1997. Field methods described later include those used to
construct a site map, determine the feasibility of a surface geophysical survey, and conduct a

dtilling and sampling program to delineate the extent of crude-oil contamination and characterize

cal ground-water conditions.

3.1 Global Positioning System Survey

BEG prepared site maps shown in figures 2.2 and 3.1 using (1) a Global Positioning System

(GPS), (2) measured distances and compass bearings, and (3) aerial photography. On May 14 and

15, we conducted a differential GPS (DGPS) survey. At selected locations, we used our real-time

GPS in a static mode to acquire as many as 180 positions at a rate of about one per second. These

data were averaged to yield position coordinates with an accuracy of £3 ft. Locations included

ater wells (WW-1, WW-2, WW-3, WW-4, WW-5 and WW-6), two core sites (VCC-1 and

CC-2), one borehole (VBH-1), and sites of past and current oil wells and tank batteries. Road

intersections were also surveyed to provide ground-control points for georeferencing vertical aerial
plhotography. BEG also referenced aerial photography with a kinematic (walking) DGPS survey of

the Vinson driveway. Positions of the Vinson residence and later borehole locations were

12




Source
Crude-oil pipeline
Crude-oil pipeline pumping
station

Bennett “A” #1 (Arnot well)

Bennett “A” #2 (Unocal
well)

Stroube Operating salt-
water disposal well
(formerly an oil well)

Bennett “A” lease tanks

Table 2.2. Possible sources of crude oil.

Location

~1,000 ft north of Vinson house
~1,300 ft northwest of Vinson
house

~1,000 ft south of Vinson house

(see fig. 2.2)

~150 ft northwest of Vinson
house (see fig. 2.2)

1/4 mi east across Bitter Creek

~500 ft southwest of Vinson
house

13

Finding

Tested by RRC and found not to be leaking.

Ruled out because of an uncontaminated
water well (WW-5) located nearby.

Reentered and replugged in November
1991 under supervision of RRC with no
apparent show of oil.

Reentered and replugged in June 1992 with
no apparent oil show. CURA Inc. witnessed
and provided documentation of plugging on
behalf of Unocal.

RRC witnessed plugging and found no
evidence of oil or leakage.

Removed in 1991; reported in earlier RRC
documents to be the most likely source.
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igure 3.1. Locations of cores, boreholes, and monitoring wells drilled by BEG. Previously existing
ater wells and tank batteries at the Vinson site also shown.
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etermined by measuring the distances and directions from DGPS-surveyed locations using a tape,

O

pmpass, and transit.

Positional data were compiled and transferred to ArcView, a Geographic Information System

~

GIS) software. We digitally scanned a 1:24,000-scale, black-and-white aerial photograph taken

Qo

n December 20, 1976. This scanned image was georeferenced, mathematically corrected for

djstortion, and imported into the GIS. The photograph served as a backdrop to the positional data

)

nd allowed the on-screen digitizing of features not surveyed in the field.

3.2 Geophysics

BEG logged conductivity in boreholes using a Geonics EM39 electromagnetic induction
probe. The purpose of this test was to determine whether there was sufficient electrical contrast
between the crude-oil-impacted zone and unimpacted layers to allow the plume to be mapped by
surface geophysics. The EM39 has a 50-cm separation of transmitter and receiver coils, an
operating frequency of 39.2 kHz, and a formation-penetration radius of about 1 m. Use of the
EM39 in combination with lithologic logging allowed us to attempt to calibrate conductivity
rgadings with the known oil-bearing zone. In comparing the induction log and the cores, we
learned that there is only a slight conductivity decrease in the oil-bearing zone and that the contrast
probably would not be large enough to be detected accurately using surface geophysical methods.
We therefore omitted the planned surface geophysical survey described in the site-investigation

plan and relied on drilling to map out the dil plume.

3.3 Field Methods

BEG employed solid- and hollow-stem augering and mud rotary-drilling methods at the
Viinson site to collect sediment cores, drill boreholes to collect soil-gas samples, and to install
ground-water monitoring wells. We also collected water samples from ground-water monitoring

wells and the Vinson kitchen water tap. Figure 3.1 shows the locations of 30 soil-gas borings, 4
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continuous cores, and 5 ground-water monitoring wells. We conducted the drilling and sampling

n several stages. Stage 1 (May 1-3, 1997) was designed to determine:

- (1) at what depth the crude oil occurs in the subsurface,
(2) whether subsurface layeré of indurated rock would moSt likely preclude pertetration by a
conventional direct-push soil probe for soil and Soil-gas sarhpling, : :
(3) whether a nonintrusive geophysical method would be feasible for obtaining cost- -
effective infcmhation on the location t)f the subsurfaée oil plume, and
(4) whether signiﬁéant_ health risk is posed by exposure to ground water from the
contaminated well in domestic ﬁse.

During Stage 1 drilling we first collected two continuous cores (VCC-1 and VCC-2) using

hpllow-stem augers. VCC-1, located between existin’g' wells WW-1 and WW-2, was drilled to a
epth of 68 ft bgl. We found oil present in the core from a dépth of 15 ft bgl to approximately 36 ft
ol; we also found oil floating on ground water at this location. VCC-2 was located 220 ft to the
south of VCC-1 and was drilled to a depth of 35 ft bgl. There wére no obvious signs ‘of crude oil

detected in the core or ground water at this location. -

Second, we drilled one borehole (VBH-1) using solid-stem augers at a station approximately

210 ft west of VCC-1, between the contanlinatéd wells and the position of the former tank battery

ig. 3.1). Drill cuttings in VBH-1 had a stroﬁg hydrocarbon odor starting at a depth of about

20 ft bgl, and a split-spoon sample of sediments from the same depth contained crude oil. After

completing the boring at a depth of 50 ft bgl and removing the augers, we measured ground water

adepth of 17.5 ft bgl; it too contained crude oil.

Third, we put blank 2-inch casing in selected test borings and logged the holes using the

- downbhole electromagnetic 16gging tool, as previously described.

The stage 1 results indiéated a drilling resistance of as much as 16,000 Ib of head-feet torque
needed to penetrate the rock layers, which exceeds the capacity of conventional direct-push soil
robes, therefore excluding the use of direct-push technology at the Vinson site. However, we B

und that penetration rate with both hollow-stem and solid-stem augers was good, that we could
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obtain information from cuttings on the auger flights, and that the resulting boreholes allowed us to
take downhole readings of gas concentrations.

Stage 2 (May 20-30, 1997) included drilling and sampling to delineate the extent of the crude-
~gil plume and conducting an inventofy of water wells within 1 mi of the Vinson site. During stage
2 drilling we used solid-stem augers with the Bureau’s CME 75 rig to drill 27 additional borings
(VBH-2 through VBH-28; fig. 3.1). We measured volatile constituents of soil gas as indirect |

ndicators of crude-oil impacts. Transglobal Environmental Geochemistry (TEG) provided mobile

e

ju—

aboratory services for gas chromatography and TPH analyses. At the 27 borings we:
(1) inspected the soil material on the auger flights for evidehce of free oil product or oil
staining; |

(2) measured methane, carbon dioxide, and oxygen content of vapor in the borehole;

(3) analyzed light-end hydrocarbons in vapor samples using gas chromatography;

(4) analyzed total petroleum hydrocarbons (TPH) of soil samples; and

(5) analyzed TPH of ground water.

Objectives of stage 3 (July 10-19, 1997) field work were to bound the hydrocarbon plume on

the northwest edge, determine whether the source of crude oil was in the shallow subsurfaée or at

greater depth, collect core samples for laboratory TPH analyses, and install wells to monitor water

guality.

Field work completed at the Vinson site during stage 3 included (fig. 3.1):

| (1) - collection of two additional continuous cores (VCC-3 and VCC-4) from the surface to

depths of approximately 35 ft bgl;
(2) drilling of two additional plume-delineation borings (VBH-29 and VBH-30) and

measurement of borehole vapors; and |

.~ (3) installation, development, ahd'sampling of the five 2-inch-diameter ground-water
monitoring wells (VWW-A, VWW-B, VWW-C, VWW-D, and VWW-E) and sampling
of préexisting wells WW-3 and WW-6.
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BEG planned stage 4 field work (Auguét 18-19,-1997) in order to resample the five ground-
water monitoring wells. Drill cuttings from the borings that contained hydrocarbon constituents
and water from wells WW-2 and VWW-A were drurhmed for disposal at an RRC-approved
disposal facility.

Samples of the Vinson kitchen tap water (pumped from WW-2) were collected for analysis
dﬂuring stages 1 through 3 of field work. During stage 4 we »also collected a sample of water

directly from the holding tank that is located next to and supplied by WW-2.

[98)

.3.1 Coring

BEG collected four continudus cores (fig 3.1) from the Vinson site using standard

pvrocedures: |

| (1) A 3-inch-diameter split barrel sampler was attached inside of the lead auger and advanced
in 3-ft intervals.

(2) Recovered intervals were measured, described, and sampled for laboratory analysis and
then heat-sealed in plastic tubing for transport back to the BEG Core Research Center
(CRO). |

(3) Atthe CRC, cores were examined under black light to detect presence or absence of oil
contamination. o

~ (4) Additional core descriptions regarding mineralogy, bedding, and fractures were made.

3}3.2 Borehole Vapor Survey

- The purpose of \vapor sampling is to \map the hydrocarbon plume on the basis of gas
concentrations of volatile aliphatic molecules conﬁng off the crude oil; we used results of the onsite
gas chromatography (GC)‘analyses of vapor samples from 30 boreholes (fig. 3.1, table 3.1). The
soil-gaS sampling followed standard methods (ASTM D5314-92, Section 6.2.2.3). Vapor samples

were collected by
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Table 3.1. Borehole information.

Approximate Total Depth to Water-level

Date Date elevation depth water elevation

Boring drilled plugged (ft amsl) (ft bgl) (ft bgl) (ft amsl)
VBH-1 05/02/97 05/03/97 1777.23 50 17.50 1759.73
VBH-2 05/20/97 05/21/97 1776.77 35 13.60 1763.17
VBH-3 05/21/97 05/21/97 1778.27 35 14.50 1763.77
VBH-4 05/21/97 05/21/97 1778.25 35 14.50 1763.75
VBH-5 05/21/97 05/21/97 1777.80 35 16.15 1761.65
VBH-6 05/21/97 05/21/97 1779.72 25 0.00 1779.72
VBH-7 05/22/97 05/22/97 1777.81 35 15.40 1762.41
VBH-8 05/22/97 05/22/97 177711 35 n/m n/m
VBH-9 05/22/97 05/22/97 1770.55 25 4.80 1765.75
VBH-10 05/22/97 05/22/97 1770.19 25 3.80 1766.39
VBH-11 05/22/97 05/22/97 n/m 35 12.90 n/m
VBH-12 05/23/97 05/23/97 1778.01 35 14.15 1763.86
VBH-13 05/23/97 05/23/97 1774.89 35 10.00 1764.89
VBH-14 05/28/97 05/28/97 n/m 35 14.10 n/m
VBH-15 05/28/97 05/28/97 1769.79 25 8.50 1761.29
VBH-16 05/28/97 05/28/97 1770.37 25 13.00 1757.37
VBH-17 05/28/97 05/28/97 1769.49 25 9.15 1760.34
VBH-18 05/28/97 05/29/97 1768.33 25 7.65 1760.68
VBH-19 05/29/97 05/29/97 1767.72 25 6.82 1760.90
VBH-20 05/29/97 05/29/97 1772.35 25 10.25 1762.10
VBH-21 05/29/97 05/29/97 1772.49 25 11.20 1761.29
VBH-22 05/29/97 05/29/97 1769.82 25 6.21 1763.61
VBH-23 05/29/97 05/30/97 1773.11 25 6.73 1766.38
VBH-24 05/30/97 05/30/97 177711 35 13.93 1763.18
VBH-25 05/30/97 05/30/97 n/m 35 16.52 n/m
VBH-26 05/30/97 05/30/97 n/m 35 17.89 n/m
VBH-27 05/30/97 05/30/97 1779.20 35 17.90 * 1761.30
VBH-27 05/30/97 05/30/97 1779.20 35 18.30 1760.90
VBH-28 05/30/97 05/30/97 1769.65 25 9.30 1760.35
VBH-29 07/16/97 07/16/97 n/m 25 n/m n/m
VBH-30 07/16/97 07/16/97 n/m 35 n/m n/m

*Depth to oil; n/m = not measured.
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(1) preparing the soil-gas-sampling probe with an appropriate length of 0.25-inch-diameter
virgin polyethylene tubing and collecting a vapor sample blank;

(2) drilling the borehole to a depth of 25 or 35 ft bg;

(3) covering the borehole opening with a piece of high-density polyethylene to trap vapors
as soon as the solid-stem augers were withdrawn from the borehole;

(4) measuring the water level by inserting a probe through the plastic;

(5) lowering a soil-vapor probe consistently within 1 to 3 ft of the fluid level;

(6) purging the tubing with a 50-cc plastic, gas-tight syringe;

(7) sampling borehole vapors using a 5-cc glass, gas-tight syringe for GC analysis; and

(8) analyzing vapor samples on the GC for organic (C1-C6) fractions and on a Lantech
infrared gas analyzer for methane, carbon dioxide, and oxygen levels.

TEG of Marion, Texas, provided a mobile laboratory to collect and analyze vapor samples for

TPH and C1-C6 hydrocarbons using EPA Method 8015 (appendix A-2). Depths shown in

appendix A-2 are sample depths. A Shimadzu GC-14A (with FID detector) was used in

conjunction with a DB-5 1.5-um, megabore capillary column for TPH and an Altech alumina-

pTcked column for C1-C6 aﬁalyses. The GC was calibrated three times each day using external

standard techniques based on a hexane gas standard. A minimum of three gas concentration

standards (for example, 110, 440, and 1100 ppmv methane) were run during each calibration; if

percent relative standard deviation was less than 20 percent, then the average response factor could

be used for calibration. No sample preparation was necessary for analysis of soil vapors. GC

analysis duplicates were run after every 10 vapor samples.

BEG drilled and sampled approximately five boreholes per day. Boreholes were plugged with

cgment-—bentonite grout at the end of each day.
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3.3.3 Monitoring-Well Installation

BEG constructed five monitoring wells at the Vinson site using a CME-75 drilling rig.
Boreholes were drilled using a combination of hollow-stem auger and hydraulic rotary-drilling
methods. The rig, augers, and drilling equipment were decontaminated before drilling and between
wells. The completed monitoring wells consist of nominal 2-inch, flush-joint threaded (FJT),
schedule 40 PVC blank and slotted casing. Slotted casing (0.0IO—inch) was used to screen targeted
water-bearing zones. Clean, 15/40-grade silica sand was placed in the annulus of the well from the

t

o

tal depth (TD) to between 2 and 5 ft above the top of the screened interval. We then sealed off the
screened interval from overlying strata by emplacing a 2- to 5-ft-thick layer of bentonite pellets
(1y4-inch diameter) and Holeplug brand bentonite chips.

Well VWW-A was completed by first installing a 6-inch-diameter PVC casing from the
surface to 32.8 ft bgl to isolate the crude-oil-contaminated zone and then advancing the borehole to
62 ft bgl for installation of a 2-inch-diameter well casing to monitor the deepest water-bearing zone
(fig. 3.2). The remaining four monitoring wells were completed in shallow and intermediate water-
be¢aring zones (fig. 3.2; table 3.2). The five monitoring wells have locking caps with keyed-alike
locks; keys were provided to the RRC District 7B office in Abilene and RRC Site Remediation

Office in Austin, Texas.

3.3.4 Ground-Water Testing and Sampling

Tests to determine transmissivity were conducted at the five BEG monitoring wells and in
WW-3 in conjunction with collection of water samples for chemical analysis. The tests consisted of
standard unsteady-state pumping and recovery tests using a submersible pump with constant
pl”lmping rate and water-level changes measured in the pumping well. Using a 5-gal (18.93-L)
bucket and stopwatch, we measured the discharge rate of water from the well regularly, which
varied from 1 to 4 gal per minute (gpm) at the various wells. Water levels were measured by hand

using an electric sonde for all tests. At completion of the drawdown phase of the test, ground-
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ater samples were collected and then the pump waé turned off and water-level recovery was |
nlonifored.

BEG analyied the ground-water testing data by ‘grapllically plotting changes in Water level ,. »
versus time. One way to estimate transmissivity, ‘the ability of an aquifer of specified thickness to
transmit water, is by graphical comparison of the testing data to. “type”-curves. The type curves are
widely used solutioas of the partial, differential ‘eql‘lation for nonequilibrium (unsteady state) radial
flow of ground water to a well having a variety of boundary conditions. We analyzed test data
from wells VWW-A, VWW-B, VWW—D, and WW-3 by type—curve matching following the -
Walton methed for semicoﬁfined aquifers (Kruseman and De Ridder, ‘1983). At VWW-C and
VIWW-E discharge Was not held constant; transmissivity at these wells was estimated only from ‘
specific capacity (amount of discharge per unit amount of drawdown). Drawdown periods lasted
from 40 to 150 min for the}analyzed tests from wells VWW-B, VWW-D, and WW-3. Recovery
data were analyzed from well VWW-A; the recovery period lasted for 39 min.

Ground—water samples were collected at the end of the drawdown periods of the hydrologic
tests. Prior to collection of water samples, 27 to 123 Well-bore volumes of water were removed
fromthe various wells. Temperatufe andv pH were measured at the well sites. We measured
alkalinity at well sites by titrating ﬁnﬁltefed samples With a standard dilute (approximately

0.16'N H,SOy,) solution using a Hach digital titrator. Samples fer analyeis of ionic constituents and
dissolved metals were filtered through an inline O.45—uin cartridge filter attached at a tee to the
discharge line. Samples for cations and metals were acidified using 1 mL of 6N HNOj; per 125-mL
sample. |

After completing pumping, we sampled the wells for organic constituents by using dispesable
polyethylene‘ bailers. In July 1997 we sampled all BEG monitoring wells (VWW-A through
VW‘W_-E‘) and the Vinson irrigation well (WW-3) for benzene, toluene, ethylbenzene, and xylene |
(BTEX) analysis and sampled VWW-A for polyaromatic hydrecafbon (PAH) analysié. In August
1997 we sampled well VWW-E and the holding tank next to WW-2 and resampled well VWW-A

for PAH analysis. We also collected water samples from the kitchen tap in the Vinson residence
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during repeated site visits and had them analyzcd for volatile organic compounds (VOC), PAH,

and TPH.

3.4 Well Inventory

The purpose of the water-well inventory was to:

(i) identify possible reéeptors of ground water in the vicinity of the Vinson site,

(2) select existing wells that might be sampled for ground-water quality, and |

(3) determine the ground-water zones in which local wells are completed.

BEG personnel inventoried water Wells on May 28 and 29, 1997; Mr. Santos Gonzales (RRC
District 7B Field Coordinator) coordinated access to the individual properties. Fifteen water wells
weere identified and located within about 1 mi of the site (fig. 3.3 and table 3.3). We did not have
access to wells labeled S and T (fig. 3.3) to>make water-level and other measurements.

Prior to the water-well inventory and as part of the surVey we reviewed State well records and
verified water-well locations in the vicinity of the site. Two of the inventoried wells were part of
the data base of located wells (wells for which locations have been verified in the field by Texas
Water Development Board personhel), and three were in the State data base of plotted wells (wells
that have been reported but locations for which have not been verified in the field). We verified
bth types of wells in the field. |

Most wells are used for domestic and irrigation kpurposes. Some are used for watering
gardens and cattle. Several windmills have been abandoned after caving in and one windmill (J) to
the south of the Vinson site was reported .as being dry. Some of these wells have unknown dates
of construction; however, most were drilled prior to the 1980’s.

Once we realized the limited extent of contamination at the Vinson site, and upon consultation

=

ith the RRC, we decided that it was unnecessary to sample offsite wells. However, we did use

b=

rater levels from WW-6 (fig. 2.2; Q in fig. 3.3) to help define the direction of ground-water flow

at the Vinson site.
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LOCATION OF INVENTORIED
WATER WELLS
L] Water well
L] Vinson house
— — — - Dirt road

p=4

2000 ft
| ]

1
600 m

o —T-0

to Merkel
QAb9302¢c

Figure 3.3. Locations of inventoried water wells within 1 mi of the Vinson site. See table 3.3 for
information on inventoried wells.
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3.5 Risk-Evaluation Modeling

BEG used software developed by Groundwater Services Inc. for the Petroleum Storage Tank
(PST) Division of the Texas Natural Resource Conservation Commission (TNRCC) for risk-
evaluation modeling of conditions at the Vinson site. This software is based on guidance provided
in “Risk-Based Corrective Action (RBCA) for Leaking Storage Tank Sites (RG-36)” (TNRCC,
1994). This model was selected because of the similarity between constituents found at the Vinson

site and many PST sites.

4.0 RESULTS

The following sections document our hydrogeological investigation and delineation of
subsurface contamination at the Vinson site. The information presented provides a basis for

inferring the source of the oil, assessing risk, and recommending remedial solutions.

4.1 Waste Package
4.1.1 Crude Oil

BEG found hydrocarbons concentrated in a layer of silty sand at a depth of 17.7 to 18.0 ft
and 18.4 to 19.0 ft bgl in cores VCC-1 and VCC-3, respectively, and in small quantities along
fractures in both cores as deep as approximately 35 ft bgl. There was no evidence of hydrocarbon
contamination in deeper sediments obtained during coring. We found free-phase crude oil floating
on ground water in eight boreholes (VBH-1, -5, -11, -12, -13, -14, -24, and -27) and two core
holes (VCC-1 and VCC-3) within the vicinity of the Vinson house and the former Bennett “A”
No. 2 well. The inner shaded zone in figure 4.1 represents our best estimate of the extent of free-
phase crude oil present in the subsurface.

The crude-oil plume shown in figure 4.1 covers approximately 76,000 ft2. Thickness of the

column of crude oil floating on the water surface in WW-2 has ranged from “at least five feet”
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Figure 4.1. Locations of continuous cores, boreholes, wells and inferred extent of oil and methane.
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(Reynolds Engineering Co., 1993) in December 1992 to approximately 17 ft in May 1997. On the

basis of observations of the thickness of the oil-bearing zone (approximately 0.5 ft thick) and
distribution of crude oil in continuous cores, the area covered by the crude-oil plume (as much as :

76,000 ft2), assumed porosity of sediments between 10 and 15 percent, and assumed oil saturatidn
‘ I

between 25 and 50 percent, we estimate that the total volume of crude-oil present in the subsurface

is between approximately 125 and 500 bbl (approximately 5,000 and 21,000 gal).

i
|
!
1
4/1.2 Methane and Associated Gas Concentrations in Soil |
|
i

BEG detected methane concentrations of as much as 98 percent by volume of air during the |

; : . |
borehole vapor survey (VBH-11); the values range from 0 to 98 percent (table 4.1). A map of |
‘methane concentration (fig. 4.2) shows that the highest methane values were measured in borings?

in which we encountered free-phase crude oil. Data contained in table 4.1 are transcribed from the

laboratory results of analyses contained in appendices A and B. |
Zones of elevated carbon dioxide (fig. 4.3) and decre‘ased oxygen (fig. 4.4) concentrations i
are coincident with the zone of increased methahe (fig. 4.2) measured in the unsaturated-zone |

-10 ft bgl) borehole vapor. Carbon dioxide commonly occurs in the vadose zone because of

~~
b}

|
1
]
njicrobial degradation of organic material. Concentrations of carbon dioxide in clayey soils, 1
hpwever, rarely reach more than 0.5 percent (Jury and others, 1991). Carbon dioxide values ;

|

within the contaminated zones at the Vinson site range from 0.7 to 10 percent (fig. 4.3 and

tgble 4.2). Atmospheric oxygen concentrations were approximately 21 percent during the Vinson |
i
field studies but ranged as low as 1.9 percent in borehole vapor measurements taken in VBH-11 i

(table 4.2). The lowest values of percent oxygen (fig. 4.4) overlie the inferred center of the crude!—

ojl plume. .
!
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Table 4.1. Analytical results of borehole sampling.

Borehole
depth

Boring (ft)
V(BH-1 50
VIBH-2 35
VIBH-3 35
VIBH-4 35
\(BH-5 35
\IBH-6 25
\VIBH-7 35
\/BH-8 35
\(BH-9 25
\/BH-10 25
\(BH-11 35
\{BH-11 35
\VBH-12 35
\[BH-12 35
\(BH-13 35
\(BH-14 35
\(BH-14 35
\[BH-15 25
\(BH-16 25
\BH-17 25
\(BH-18 25
\/BH-19 25
\VVBH-20 25
\/BH-21 25
VBH-22 25
\/BH-23 25
\(BH-24 35
\(BH-25 35
\{BH-26 35
\/BH-27 35
\(BH-27 35
\{BH-28 25
VBH-29 25
VBH-30 35
detection —

limits
r/a: not analyzed
r/d: not detected
ri/m: not measured

Vapor Soil Water

Methane TPH  Collection TPH TPH

(EPA 8015) Methane* (EPA 8015) depth (EPA 418.1) Collection (EPA 418.1)

(ppmv) (%) (ppmv) (f) (mg/kg)  depth (ft) (ppb)
n/a n/m n/a n/m n/a n/m n/a

4 0.0 n/d 10 n/d 30 n/a

n/d n/d n/d 10 n/d 35 n/a
40,000 4.0 n/d 10 n/d 35 n/d
33,000 3.3 13,400 10 43 35 50,000
3 0.0 n/d 10 n/a n/a n/d

44 0.0 n/d 10 n/a n/a n/a
51,000 5.1 500 10 n/d 20/35 n/d
419 0.04 16 4 n/d 5/10/25 n/d

21 0.0 n/d 2 n/d 10/20 n/d
980,000 98.0 15,000 10 140 15 150,000
n/m n/m n/m n/m 700 35 n/m
700,000 70.0 10,000 10 52 20 22,000
n/m n/m n/m n/m 200 35 n/m
37,000 3.7 730 8 n/d 20/35 2,000
73,000 7.3 8,600 10 n/d 20 12,600
n/m n/m n/m n/m 107 35 n/m

2 0.0 n/d 8 n/d 10/25 n/d

9 0.0 n/d 10 n/d 10/25 n/d

8 0.0 n/d 8 n/d 10/25 n/d

n/d n/d n/d 6 n/d 10/25 n/d

19 0.0 n/d 6 n/d 10/25 n/d
93,000 9.3 1,800 10 n/d 10/25 1,500
600 0.06 n/d 10 n/d 10/25 n/d

20 0.0 n/d 10 n/d 10/25 n/d

87 0.01 n/d 10 n/d 10/25 n/d
46,000 4.6 1,300 10 n/d 20/35 14,300
4 0.0 n/d 10 n/d 20 n/d

3 0.0 n/d 10 n/d 20 n/d
830,000 83.0 18,300 12 n/d 20 28,600
n/m n/m n/m n/m 200 35 n/m
8,000 0.8 100 -7 n/d 25 n/d
n/a n/m n/a n/m n/a n/m n/a

n/a n/m n/a n/m n/a n/m n/a

1 — 10 — 10 — 1,000

Explosive limits for methane range from 5 to 15 percent; % = ppmv * 0.0001.
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Figure 4.2. Percent methane measured by GC in borehole vapor samples from the unsaturated zone
in May 1997. Concentrations of more than | percent were measured at depths of 8 to 12 ft below
ground surface in 25- to 35-ft-deep boreholes. Analytical results also listed in column 2 of table 4.1.
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Figure 4.3. Percent carbon dioxide measured in borehole vapor samples from the unsaturated zone
in May 1997. Concentrations were measured at depths of 2 to 12 ft in 25- to 35-ft-deep boreholes.
Results also listed in table 4.2.
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Figure 4.4. Percent oxygen measured in borehole vapor samples from the unsaturated zone in May
1997. Concentrations were measured at depths of 2 to 12 ft in 25- to 35-ft-deep boreholes. Results
also listed in table 4.2.
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Table 4.2. Meter data collected during borehole drilling.

Carbon Atmospheric Flame ionization
Methane  dioxide Oxygen pressure detector
Boring Date Time (%) (%) (%) (inches Hg) (ppm methane)
VBH-1 n/m n/m n/m n/m n/m n/m n/m
VBH-2 05/21/97 820 0.0 0.3 19.3 28.2 2
VBH-3 05/21/97 928 0.0 0.5 18.8 28.3 2
VBH-4 05/21/97 1048 3.4 0.8 16.1 28.2 400
VBH-4 05/21/97 n/m n/m n/m n/m n/m >10,000 @ 10 ft
VBH-5 05/21/97 1321 offscale 2.6 6.5 28.2 >10,000
VBH-6 05/21/97 1519 0.0 1.5 11.7 28.4 0
VBH-7 05/22/97 900 0.0 0.6 19.0 28.4 0
VBH-8 05/22/97 1027 20.4 3.2 13.0 28.4 n/m
VBH-9 05/22/97 1151 0.0 1.4 17.0 28.4 15
VBH-10 05/22/97 1422 0.0 0.1 19.6 28.2 3
VBH-11 05/22/97 1550 offscale 7.3 1.9 28.1 >10,000
VBH-12 05/23/97 900 offscale 4.6 3.7 28.3 >10,000
VBH-13 05/23/97 1045 40.0 0.7 14.6 28.3 70
VBH-14 05/28/97 1030 offscale 4.8 11.3 28.3 8@5ft
VBH-14 05/28/97 n/m n/m n/m n/m n/m 2@ 10ft
VBH-14 05/28/97 n/m n/m n/m n/m n/m 1.5 @ 151t
VBH-14 05/28/97 n/m n/m n/m n/m n/m 700 @ 20 ft
VBH-14 05/28/97 n/m n/m n/m n/m n/m 200 @ 25 ft
VBH-14 05/28/97 n/m n/m n/m n/m n/m 900 @ 30 ft
VBH-15 05/28/97 1218 0.0 0.3 17.5 28.3 20
VBH-16 05/28/97 1407 0.0 0.6 19.6 28.1 2
VBH-16 05/28/97 n/m n/m n/m n/m n/m 15@ 10 ft
VBH-17 05/28/97 1516 0.0 2.3 12.5 28.2 5
VBH-17 05/28/97 n/m n/m n/m n/m n/m 7 @8ft
VBH-18 05/28/97 1624 0.0 1.2 15.5 28.1 3|
VBH-18 05/28/97 n/m n/m n/m n/m n/m 3@6ft
VBH-19 05/29/97 855 0.0 3.4 15.0 28.4 2
VBH-19 05/29/97 n/m n/m n/m n/m n/m 25 @ 6 ft
VBH-20 05/29/97 956 62.6 1.6 12.2 28.4 >10,000
VBH-21 05/29/97 1128 0.1 1.0 9.9 28.3 200
VBH-21 05/29/97 n/m n/m n/m n/m n/m 650 @ 10 ft
VBH-22 05/29/97 1410 0.0 1.3 170 28.1 2
VBH-22 05/29/97 n/m n/m n/m n/m n/m 1@ 10 ft
VBH-23 05/29/97 1530 0.0 1.6 171 n/m 25
VBH-23 05/29/97 n/m n/m n/m n/m n/m 35 @ 15 ft
VBH-24 05/30/97 911 271 10.0 7.6 28.1 >10,000
VBH-25 05/30/97 1029 0.0 0.6 18.1 28.1 0
VBH-25 05/30/97 n/m n/m n/m n/m n/m 5@ 10 ft
VBH-26 05/30/97 n/m 0.0 0.0 19.0 28.0 0
VBH-26 05/30/97 n/m n/m n/m n/m n/m 5@ 10ft
VBH-27 05/30/97 1405 offscale 5.0 3.5 28.0 >10,000
VBH-28 05/30/97 1609 0.9 12 171 28.0 9
VBH-28 05/30/97 n/m n/m n/m n/m n/m 4000 @ 7.5 ft
VBH-29 07/16/97 1449 0.0 3.1 15.1 0380 H,O n/m
VBH-30 07/16/97 1624 0.0 3.2 15.2 0378 H,O n/m

n/m: not measured
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4.2 Sediments

During continuous coring we encountered redbeds (fine-grained clastic rocks) typical of the
Permian Choza Formation (appendix B). The strata are composed of poorly bedded clayey silts
and silty clays interbedded with lésser amounts of silty sand (0.5 to 1.5 ft thick) and greenish-gray
‘dolomitic mudstone in thin}(approximately 0.25- to 1.0-ft) beds. The dolomitic muds and silty
sands are cyclic and are therefore traceable across the site. Antiaxial fibrous gypsum occurs in
veins and as fracture ﬁllings that were probably deposited as secondary-precipitates and are not part
of the original stratigraphy (Gustavson and others, 1994).

Most of the intervals were fractured either by discrete, high-angle (45° to 60°) fractures or
fractures parallel to bedding planes or they consisted of zones of finely brecciated material. Most
breccias and fractures are uncemented matrix except for the sparse gypsum veins. Fractures are
-commonly slickensided.

One way of detecting hydrocarbons in sediments is by noting fluorescence under a black

ju—

ight. Generally the method is used to detect fluorescence in the actual sediments. Cores VCC-2

=]

nd VCC-4 showed no fluorescence at all, which implies absence of hydrocarbons. In two of the
Vinson cores (VCC-1 and VCC-3) we saw fluorescence on the plastic that was used to wrap the

core as well as in the core itself, indicating that much of the oil had adsorbed onto the plastic. For

@]

bre VCC-1, most of the fluorescence was on the plastic at depths of 16.6 to 19.7 and 20.45 to

[\S)

D.65 ft bgl and also along fractures at approximately 32.5 and 40 ft bgl. Much of the VCC-3 core

o

etween approximately 15 and 30 ft bgl fluoresces.

4.3 Ground Water

N

3.1 Ground-Water Movement

BEG found three water-bearing zones in the subsurface at the Vinson site: a shallow

-

approximately 18 to 20 ft bgl) zone that is contaminated with crude oil (zone I), an intermediate
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bne at approximately 28 to 35 ft bgl (zone II), and a deeper zone between approximately 50 to

N

(@)}

D ft bgl (zone III) that is the main source of drinking water in the area. Casirig in the Vinson well,
WW-2, is perforated from 38 to 58 ft bgi, and the annulus is only grouted from the surface to 15 ft
bgl (appendix C). Because of this well construction, ground water is being supplied from all three

W ater;bearing zones. Most water-supply wells in the vicinity of the Vinson site are screened across
all three zones or are open from the surface to total depth. As a result, specific data on ground-

'afer flow and quality in zOnes I'and II are limited. All of the 30 borings drilled during this study

g B

~

VBH-1 through VBH-30) penetrated zones I and II but did not extend into zone III. The boundary
between water-bearing zones I and IT was difficult to determine during borehole drilling.

BEG installed one ground-water monitoring well VWW-A in zone III and wells VWW-B

o=t

(=

Itrough VWW-E across zones I and II together. Our drilling procedures for VWW-A were
signed to minimize movement of contaminants from zones I and II to the deeper zone 111
Analysis of water-level changes during the hydrologic tests (fig. 4.5) and informatibn about
subsurface stratigraphy and hydrologic setting suggesf that thé deeper water-bearing zones at the
Vinson site are semiconfined. A confined or scnﬁconfined aquifer can be defined as a saturated

permeable zone in which water is under pressure so that a potentiometric surface is above the top

o

F the permeable aquifer or the base of the overlying confining layer. Addition to or loss of water
from storage in a confined or senﬁ_conﬁned aquifer occurs with a change in fluid pressure while

ppre space remains saturated. The amount of fluid-pressure or water-level change caused by

(=)

ddition to or loss of water from storage is controlled by compressibility of water and elasticity of

o=t

e aquifer material. The difference between a confined or semiconfined aquifer is largely
determined by the permeability of the overlying confining layer. A confined aquifer is defined as
being overlain by an impermeable confining layer that exchanges no water with the aquifer.‘
Because completely ifnpermeable layers rarely exist in nature, a true confined aquifer is rare. A

emiconfined aquifer, on the other hand, is overlain by a semipermeable confining layer in which

7]

horizontal flow of ground water is negligible but through which shallower water can exchange
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Figure 4.5. Water-level changes in monitoring wells during hydrologic testing.
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with deeper water in the aquif‘er. A semiconfined aquifer also is commonly called a leaky confined
aquifer. | | |

The August 1997 potentiometric surface of the aquifer composed of zones I and II (table 4.3)
is|inclined toward the east at a gradient of 0.002 to.0.005 (dimensionless) (fig. 4.6). Water levels
measured in wells VWW-A and WW-2 were not used in mapping the potentiometric contours |
because (1) VWW-A is screened in zone III and is isolated from zones I and II by surface casing,
(2) WW-2is producing ground water from zones I, II, and III, and (3) the water level in WW-2 is
depressed by the weight of a 13-ft-thick layer of crude oil (table 4.3). On the basis of the
potentiometric surface contours, we infer that ground Watér in zones I and II has the potential to
move to the east. | |

Leakage of water from low-permeability layers appears to affect the results of hydrologic tests
af the Vinson site, with drawdown less than that predicted by the Theis equatfon (fig. 4.7). It is
that effect that makes the semiconfined nature of the hydrologic setting at the test wells so apparent.
Transmissivity estimates made by type-curve matching for data from the VWW-A, VWW-B,
VIWW-D, and WW-3 wells ranged from 1 to 2,473 ft2/d (table 4.4). Transmissivity derived from
s;reciﬁc capacity (amount of discharge obtained per unit amount of drawdown) for these wells
ranged from 6 to 4,191 ft2/d. This latter approach, however, overestimates transmissivities
because of the delayed yield from leakage. The geometric mean transmissivity (60 ft2/d) calculated
fIWom the tests gt VWW-A, VWW-B, VWW-D, and WW-3 monitoring wells is the best estimate of
ayerage transmissivity at thé Vinson site.

BEG estimated specific discharge to be 0.01 ft/d and average linear velocity of ground-water

¢ be 0.07 ft/d, assuming a geometric mean transmis‘sivity of 60 ft2/d (hydraulic conductivity of

o+

ft/d), an average gradient of 0.0033, and porosity of 15 percent. Specific discharge, also known

8

s apparent velocity, is the volumetric flow rate per unit area and, for example, is what is measured

[

hen water is flowing from an open pipe. Average linear velocity (v), however, is calculated by

=

dkviding the specific discharge (q) by porosity of the aquifer material. Ground water moves along

(e}

ircuitous pathways as it passes through pore spaces around individual grains so the actual velocity
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Well

WW-2

VWW-B

=]

Surface
elevation
(ft amsl)

1778.33

1765.54

1767.00

1779.30

1769.83

1765.64

1766.73

1765.81

a: not applicable

Table 4.3. Water levels in the vicinity of the Vinson site.

Total
depth
(ft bgl)

54.61

31.52

60.00
62.24

61.95
35.80

36.00
35.13

34.22
33.80

33.45
32.80

31.99

Stickup

(ft)

0.85

1.72

2.70
1.65

1.95
1.65

2.52
1.85

2.95
2.10

2.50
1.61

Date
measured

03/11/97
05/23/97
05/30/97
07/18/97
08/19/97
03/11/97
05/30/97
07/19/97
08/18/97
03/11/97
08/19/97
07/17/97
08/01/97
08/18/97
07/18/97
08/01/97
08/18/97
07/18/97
08/01/97
08/18/97
07/19/97
08/01/97
08/18/97
07/18/97
08/01/97
08/18/97
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Depth to Thickness of
oil column

oil
(ft btoc)

16.34
16.93
12.52
17.19
22.63
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

(ft)

10.14
11.57
16.98
12.44
13.08
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

Depth to
water
(ft btoc)

26.48
28.50
29.50
29.63
35.71
6.52
6.21
8.53
9.43
8.54
9.58
21.48
n/a
26.19
11.79
n/a
13.88
9.15
na
10.32
10.21
n/a
11.58
8.53
n/a
9.29

Water-level
elevation
(ft amsil)

1751.00
1748.98
1747.98
1748.70
1741.77
1757.89
1758.2
1755.88
1754.98
1756.74
1755.70
1755.12
n/a
1751.46
1756.09
n/a
1754.30
1753.97
. nla
1753.47
1753.57
n/a
1753.05
1754.78
n/a
1754.91
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Figure 4.6. Potentiometric surface of ground water in zones I and II. Measurements from wells
VWW-A and WW-2 not used, as explained in text.
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igure 4.7. Curves used for estimating hydrologic properties of (a) zone III and (b, c, and d) zones
and II water-bearing units in Vinson site monitoring wells.



Table 4.4. Hydrologic properties estimated from tests at Vinson site wells.

Specific
Discharge Walton capacity T
Well Test period (ft3/d) r/B value (ft2/d) (ft2/d)
VWW-A Recovery 220 0.6t00.8 17.6 1to2
VWW-B Drawdown 780 0.6to 1.5 558 19 to 66
VWW-C Drawdown 629* n/d 1,078 n/d
VWW-D Drawdown 586 0.03 to 0.1 220 83to 124
VWW-E Drawdown 595 n/d 187 n/d
WW-3 Drawdown 781 0.0 4,327 2,473

Transmissivity determined from type-curve matching.
2Transmissivity determined from specific capacity assuming storativity of 0.001.
S3Transmissivity determined from specific capacity assuming storativity of 0.01.

Weighted average of multiple-rate discharge.
n/d: not determined
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T2
(ft2/d)
10
457
847
172

135

4,191

T3
(ft2/d)
6
342
622
126

97

3,318



of water molecules and dissolved constituents is greater than the average rate across a given -
distance.

The permeability ratio of oil and water-bearing media (K/Ky,) depends on the relative
saturation of each fluid phase, as well as the environmental conditions controlling fluid properties,
but we assume a K /Ky, value of 0.2 to 0.4. Using this range of K/Ky,, we estimate the average
lipear velocity of oil at the Vinson site to be approximately 0.013 to 0.026 ft/d. At this net velocity,
oil might travel 5 to 10 ft/yr or take 30 to 60 yr to travel 300 ft through the subsurface at the Vinson

site. These estimates do not take into account natural attenuation of the crude oil.

413.2 Ground-Water Quality

Analyses of major cations, anions, and seleéted organic constituents in ground Water define
the type of ground water and the extent of impacts present at the Vinson site. Ground-water
samples from the Vinson wells and regional water Wells have similar chemical compositions; both
show distinctly different compositions from nearby briné or brine-contaminated water wells. TPH,
BTEX, and PAH analyses of samples from Vinson wells show that although there are impacts to
ground water in the immediate vicinity of the crude-oil plume, they do not appear to extend to
dpwn-gradient wells. |

Results of the cation and anion analyses of Vinson ground-water samples show that most
“wells cohtain calcium-sulfate- or mixed-cation-sulfate-type ground water (table 4.5). Exceptions
-are duplicate samples taken from well VWW-C, which plot as magnesium-chloride-type ground
water (fig. 4.8). Results of ground—water samples reported for seven water wells located within
4/mi of the site (table 4.6) (Price, 1978) show that regional wells are also completed in calcium-

- sulfate- or mixed-cation-sulfate-type ground-water zones (fig. 4.8). Aquifer units represented by
the regional wells are the Choza Formation of the Permian Clear Fork Group (Pcfc) and
Quaternary-age Seymour Formation (Qs). We think that the Vinson wells are all completed in the

(hoza Formation water-bearing unit because
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Figure 4.8. Piper plot of ground-water samples from Vinson site (*) and regional water wells (+).
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(1) similarities in major ion chemistry between samples taken from site wells and analyses

reported for regional water wells that are completed in the Choza Formation,

(2) our interpretation of continuous cores collected onsite, and

(3) published geologic maps of the area (Barnes, 1974; Price, 1978).

Investigators from the RRC previously thought that if the source of crude oil had been nearby
plugged and abandoned oil wells, there would be evidence of brine contamination in ground water
at the Vinson site. It was later noted in an RRC memorandum (September 10, 1993, memorandum
from Joe Cress to Felix Dailey) that very little salt water was produced from either the Bennett “A”
No. 1 or No. 2 oil wells. For example, between 1965 and 1990 the two wells cumulatively
produced 111,375 bbl of crude oil and only 98 bbl of salt water. Even if a leaking oil well were the
source of currently observed impacts, the ground water might not show elevated chloride
concentrations.

Results of TPH analyses run on grab samples taken during borehole drilling indicate local
hydrocarbon impact to shallow (Zones I/II) ground water (table 4.1). A contour plot
(fig. 4.9) shows that measurable concentrations of TPH were detected only within the area where
crude oil and methane were found. TPH measurements in ground water ranged from 2 to 150 ppm
within the crude-oil plume. We used these results to screen water-quality conditions and predict
ground-water flow conditions in the shallow water-bearing zones before installing the site-
monitoring wells.

Results of BTEX analyses of samples taken from the five Zone I/II, down-gradient wells
(VWW-A through VWW-E) were all below the 1 pg/L detection limits (table 4.7) at the July 1997
sampling. BTEX analyses are generally used as a screening parameter to determine whether it is
necessary to sample for PAH’s. Because of the degraded nature of crude oil found at the Vinson
site and the likelihood that the BTEX constituents had been attenuated, we decided that it was
necessary nonetheless to sample ground water at the Vinson site for PAH’s. Results of the PAH
analyses are, however, inconsistent or equivocal. For example, analytical results of a sample taken

from VWW-E in August 1997 showed presence of some U.S. EPA method 8310 PAH’s
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Figure 4.9. Total petroleum hydrocarbons measured by GC in borehole ground-water samples in

May 1997. Analytical results also listed in table 4.1. Results in table 4.1 are reported in ppb but are
posted on this map in ppm.
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Table 4.7. BTEX analytical results of Vinson ground-water samples.

Total
BEG well Date depth Elevation Result U.S.EPA
number sampled (ft bgl) (ft above msl) Analyte (ug/L) method
VWW-A 717/97 62.2 Benzene <1 8020
Ethylbenzene <1 8020
m,p-Xylenes <1 8020
MTBE <10 8020
o-Xylene <1 8020
Toluene <1 8020
VWW-A 717/97 62.2 Benzene <1 8020
(dup.) Ethylbenzene <1 8020
m,p-Xylenes <1 8020
MTBE <10 8020
o-Xylene <1 8020
Toluene <1 8020
VWW-B 7/18/97 35.8 Benzene <1 8020
Ethylbenzene <1 8020
m,p-Xylenes <1 8020
MTBE <10 8020
o-Xylene <1 8020
Toluene <1 8020
VWW-C 7/18/97 35.1 Benzene <1 8020
Ethylbenzene <1 8020
m,p-Xylenes <1 8020
MTBE <10 8020
o-Xylene <1 8020
Toluene <1 8020
VWW-D 7/18/97 33.8 Benzene <1 8020
Ethylbenzene <1 8020
m,p-Xylenes <1 8020
MTBE <10 8020
o-Xylene <1 8020
Toluene <1 8020
VWW-E 717/97 32.8 Benzene <1 8020
Ethylbenzene <1 8020
m,p-Xylenes <1 8020
MTBE <10 8020
o-Xylene <1 8020
Toluene <1 8020
WW-3 7/18/97 31.5 Benzene <1 8020
Ethylbenzene <1 8020
m,p-Xylenes <1 8020
MTBE <10 8020
o-Xylene <1 8020
Toluene <1 8020
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(table 4.8). Anthracene, fluoranthene, phenanthrene, and pyrene concentrations were measured
between 1.9 and 6.9 pug/L in VWW-E.

PAH constituents anthracene, fluoranthene, phenanthrene, and pyrene ranged between
9.5 and 14 pg/L in a July 1997 sample from VWW-A. All PAH constituents are below detection
limits in the August 1997 sample from the same well. Results of duplicate samples collected in
August 1997 from the holding tank next to WW-2 are also inconsistent (table 4.8). PAH
constituents anthracene, fluoranthene, phenanthrene, and pyrene concentrations are reported
between 2.1 and 4.0 pg/L in one sample. All four of these constituents are below detection limits
in the duplicate sample taken from the same source on the same date. The PAH naphthalene
measured 9.1 pg/L in the duplicate sample, but it was not present in the other WW-2 sample.

A sample taken from the Vinson kitchen water tap on May 3, 1997, contained 0.61 pug/L of
the PAH naphthalene (table 4.9). Another PAH, fluorene, and selected volatile and semivolatile
organic compounds were also indicated in the same kitchen tap sample. The later results, however,
were reported as “J” values. In other words, although enough of a peak was present to tentatively
identify the compound, the calculated concentration was below the method quantitation limit. No
BTEX constituents were identified in the July 18, 1997, sample collected from the Vinson kitchen

water tap.

5.0 RISK EVALUATION

Our evaluation of risk associated with crude-oil-impacted ground water includes calculation of
carcinogenic and toxic risks associated with specific exposure pathways, as well as a general
recognition that crude-oil contamination of an underground source of drinking water is
unacceptable. Results of the RBCA risk model indicate that levels of carcinogenic and toxic risks
associated with modeled exposure pathways are acceptable, even with the conservative input
assumptions used (highest detected PAH concentrations and inclusion of undetected BTEX

constituents).
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Table 4.8. PAH (EPA Method 8310) analytical results of Vinson ground-water samples.

Well
Date
Unit

Analyte

U.S. EPA
Method

'Sample analyzed by DHL laboratory

1-methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k,j)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene

2Sample analyzed by ChemSolve
n/a = not analyzed

VWW-A'
717/97

(ng/L)

<2
<2
<2
11
<0.2
<0.02
<0.02
<0.02
<0.02
<0.2
<0.02
12
<1
<0.04
<2
9.5
14

8310

VWW-A2 VWW-B'

8/19/97

(ng/L)

n/a
<2
<2
<1
<0.2
<0.02
<0.02
<0.02
<0.02
<0.2
<0.02
<0.4
<1
<0.04
<2
<1
<0.4

8310

52

7/18/97

(ng/L)

<2
<2
<2
<1
<0.2
<0.02
<0.02
<0.02
<0.02
<0.2
<0.02
<0.4
<1
<0.04
<2
<1
<0.4

8310

VWW-E?
8/19/97

(ng/L)

n/a
<2
<2
=19
<0.2
<0.02
<0.02
<0.02
<0.02
<0.2
<0.02
2.3
<1
<0.04
<2
4.2
6.9

8310

WW-22
WWw-22 (dup.)
8/19/97 8/19/97
(ng/L) (ng/L)
n/a n/a
<2 <2
<2 <2
2.6 <1
<0.2 <0.2
<0.02 <0.02
<0.02 <0.02
<0.02 <0.02
<0.02 <0.02
<0.2 <0.2
<0.02 <0.02
3.5 <0.4
<1 <1
<0.04 <0.04
<2 9.1
21 <1
4 <0.4
8310 8310



Table 4.9. Organic analyte results of samples from Vinson kitchen tap.

BEG well Date Result U.S. EPA
number sampled Analyte (ug/L) method
KTAP-1 5/3/97 TPH <1,100 418.1
KTAP-1 5/3/97 Acenaphthene <0.17 8310
Acenaphthylene <0.85 8310
Anthracene <1.78 8310
Benzo[a]anthracene <0.08 8310
Benzo[b]fluoranthene <0.06 8310
Benzo[k]fluoranthene <0.06 8310
Benzolg,h,i]perylene <0.17 8310
Benzo[a]pyrene <0.08 8310
Chrysene <0.06 8310
Dibenzo[a,h]anthracene <0.29 8310
Fluoranthrene <0.14 8310
Fluorene 0.09J 8310
Indeno[1,2,3-cd]pyrene <1.12 8310
Naphthalene 0.61 8310
Phenanthrene <0.29 8310
Pyrene <0.19 8310
KTAP-1 5/3/97 Acetone <100 8260A
Benzene 14J 8260A
Bromobenzene <5 8260A
Brochloromethane <5 8260A
Bromodichloromethane <5 8260A
Bromoform <5 8260A
Bromomethane <5 8260A
2-Butanone (MEK) <100 8260A
n-Butylbenzene <5 8260A
sec-Butylbenzene <5 8260A
tert-Butylbenzene <5 8260A
Carbon Disulfide <100 8260A
Carbon tetrachloride <5 8260A
Chlorobenzene <5 8260A
Chloroethane 5 8260A
2-Chloroethylvinyl ether <20 8260A
Chloroform <5 8260A
Chloromethane <5 8260A
2-Chlorotoluene <5 8260A
4-Chlorotoluene <5 8260A
Dibromochloromethane <5 8260A
1,2-Dibromo-3-chloropropane <5 8260A
1,2-Dibromoethane <5 8260A
Dibromomethane <5 8260A
1,2-Dichlorobenzene <5 8260A
1,3-Dichlorobenzene <5 8260A
1,4-Dichlorobenzene <5 8260A
1,1-Dichloroethane <5 8260A
1,2-Dichloroethane <5 8260A
1,1-Dichloroethene <5 8260A
Dichlorodifluoromethane <5 8260A
cins-1,2-Dichloroethene <5 8260A
trans-1,2-Dichloroethene <5 8260A
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BEG well
number

KTAP-1
(cont.)

KTAP-2

KTAP-3

Date

sampled

5/22/97

7/18/97

Table 4.9. (cont.)

Analyte

1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
2-Hexanone
Hexachlorobutadiene
lodomethane
Isopropylbenzene
p-lsopropyltoluene

4-Methyl-2-pentanone (MIBK)

Methylene chloride
Naphthalene
n-Propylbenzene

Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl acetate

Vinyl chloride

Xylenes

TPH

1-methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k,j)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene
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Result
(ng/L)

<5
29
<5
<5
<5
<5
<5
<20
<5
<5
<5
<5
<50
<5
<5
<5
<5
b
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
1.9J
1.9J
<50
<5
48J

<1,000

<2
<2
<2
<1
<0.2
<0.02
<0.02
<0.02
<0.02
<0.2
<0.02
<0.4
<1
<0.04
<2
<1

<0.4

U.S. EPA
method

8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A
8260A

418.1

8310
8310
8310
8310
8310
8310
8310
8310
8310
8310
8310
8310
8310
8310
8310
8310
8310



BEG well
number

KTAP-3

Date
sampled

7/18/97

Table 4.9. (cont.)

Analyte

Benzene
Ethylbenzene
m,p-Xylenes
MTBE
o-Xylene
Toluene
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Result
(ng/L)

<1
<1
<1
<10
<1
<1

U.S. EPA
method

8020
8020
8020
8020
8020
8020



Although potential for migration of subsurface methane is identified as a site concern, it is not
a risk considered by the RBCA model. In this report we do not quantify health or public-safety
risks associated with elevated methane concentrations measured at depths of 8 to 12 ft below

ground surface (fig. 4.2).

5.1 Site Summary

Current land use at the Vinson site is residential and agricultural. Surrounding land use is
agricultural, along with some oil wells and accompanying tank batteries and pipelines. We expect
that future land use will remain residential and agricultural, with nearby oil production.

The oil-contaminated ground water and associated methane-rich substrate are the media of
concern at the Vinson site. Our site investigation did not reveal the presence of oil-field waste
materials, such as drilling muds or basic sediment. Because no surface-exposed contaminated soils
were noted at the site, direct surface-water runoff from the site is not of concern. However, the
potential exists for discharge of oil-contaminated ground water to the Bitter Creek tributary if the
crude oil is not removed. During the site investigation, no oily surface sheen was noted on the
stream. Addressing the subsurface oil contamination will alleviate concerns regarding the potential
for future surface-water contamination.

Crude oil overlies and is in contact with an underground source of drinking water at the
Vinson site. The TPH data show that there is some impact on water quality in the shallow water-
bearing zones (zones I and II) in association with the crude-oil and methane plumes. Zone III
ground water may have been affected by the crude-oil plume because of the presence of PAH
constituents in VWW-A and WW-2. Water well WW-2 provides a pathway for oil contamination
to move from the shallow subsurface into zone III.

There are two possible explanations for the apparent absence of BTEX in ground water found
to contain PAH’s. First, the subsurface crude oil has been degraded and has probably lost a

significant part of its BTEX and other light hydrocarbon fractions. Little ongoing solubilization of
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BTEX from the oil into the water would therefore be taking place. Second, BTEX that dissolved
into ground water has probably been attenuated. The heavier, PAH constituents would remain in
the oil and dissolve slowly into ground water.

Because of well construction, the annulus of the Vinson’s domestic water-supply well is open
to the oil-bearing strata. An oil column has accumulated in the well bore and can be pulled into the

house’s plumbing when water levels in the well fall below the pump intake.

5.2 Constituents of Concern

The constituents of concern (COC’s) that we input to the RBCA model include those organic
and inorganic compounds detected at any time in any analysis of samples from the Vinson site.
These include four PAH compounds: anthracene, fluoranthene, phenanthrene, and pyrene.
Representative COC concentrations (table 5.1) are required as input for the RBCA model. Physical
properties of these constituents are given in appendix D. In order to be conservative, we defined
the representative COC’s for PAH’s as the maximum concentration detected in any analysis.

We also included BTEX compounds in the RBCA model as a conservative measure for
protecting human health. Although BTEX compounds are known constituents in hydrocarbons,

they were not detected in ground water at the Vinson site. We used one-half the detection limit (for

example, 0.5 pg/L for benzene) for the BTEX representative COC concentrations.

5.3 Potential Receptors and Migration Pathways

Potential receptors are located within the immediate vicinity of the crude-oil plume (the Vinson
residence) and outside of the plume (referred to as offsite for purposes of the RBCA model). We
included the offsite receptor as a measure for evaluating impacts to a hypothetical water-supply
well relocated at a distance of 600 ft (180 m) (table 5.2) away from the plume. This distance

corresponds to the farthest point up gradient (northwest) of the oil plume that is still on the Vinson

property.
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Table 5.1. Representative concentrations for constituents of concern at Vinson site.

TNRCC RBCA SITE ASSESSMENT Plan B Input Screen 7

REPRESENTATIVE COC CONCENTRATIONS IN SOURCE MEDIA

(Complete the following table)

Representative COC Concentration

CONSTITUENT in Groundwater  in Soil (0 to15 ft BGS)
value (mg/L) note value (mg/kg) _ note

Anthracene 1.1E-2

Benzene 5.0E-4 [1/2DL

Ethylbenzene 5.0E-4 |1/2DL

Fluoranthene 1.2E-2

Phenanthrene 9.5E-3

Pyrene 1.4E-2

Toluene 5.0E-4 [1/2DL

Xylene (mixed isomers) 5.0E-4 |1/2 DL

Site Name: Vinson Completed By: Jeri Sullivan/Becky Smyth

Site Location: 0 Date: 2/25/1998

© Groundwater Services, Inc. (GSI), 1996. All Rights Reserved.
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Exposure pathways wé identified for use in the RBCA model include:
(1) ground-water ingestion, |
(2) ground-water dermal contact, and
(3) inhalation of volatiles from ground water during bafhing.
was necessary for us to use a limited Plan B assess’ment because we included dermal-contact and

[fsite ground-water-ingestion pathways. These pathways are detailed in table 5.2, along with

xposure parameters and target risks. We considered ingestion of soil and inhalation of

ydrocarbon vapors that could volatilize from soil (the construction-worker scenario) to be

complete exposure pathways because depth to contaminated soil is greater than 10 ft.

5.4 RBCA Plan B Assessment Assumptions

The RBCA Plan B process involves comparison of risk-based exposure limits (RBEL’s) with

(@) known onsite or (b) calculated offsite constituent concentrations at selected points of exposure.

arget concentrations are generated by the software in accordance with the TNRCC RBCA

guidance. Exposure points are located at some stated distance from the site for the various
applicable pathways. For ground water, onsite exposure was evaluated, and a hypothetical distance

tola replacement well was chosen as a potential offsite point of exposure. The onsite land use was

put as residential: The ground-water use category was classified as category I (beneficial use and

TDS <3,000 ug/L). Depth to ground water was input as 12:m (40 ft). This depth automatically

Ic

moves the ground-water dermal contact pathway from the model. This pathway most likely

prpduces a negligible contribution to the total risk when compared with ground-water inhalation

and ingestion pathway risks. Default soil and ground-water transport parameters were used. No

soil pathways were evaluated because surface soils are not impacted. Table 5.2 lists the

as

fo

sumptions and input parameters used in the RBCA modeling of the Vinson site.
Calculations are based on standard exposure factors, such as 3 h/d of ground-water exposure

- residents and standard intake values for‘ ground-water consumption (TNRCC, 1996a). These
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factors are listed in table 5.2 and appendix C. Target health risk values are also shown':in table 52
Individual values are for an individual exposure route, whereas cumulative values are for the
combined routes. The cumulative cancer risks and hazard ind/ices for various exposure pathways
should be summed when the same individual or subpopulation is subject to the exposure over the
same period of time (TNRCC, 1996a). Typically if cumulative values fall below the target values
for a site, the exposure limits may be assumed to be protective of human health. A cumulative
hazard index less than 1 or a cumulative carcinogenic risk less than 1 x 104 is acceptable and does
not neéessitate remediation or appropriate control measures, or both, according to the TNRCC
(1996a). However, if individual values simultaneously fall above the target values, then these

particular pathways may still be of concern and may still need to be addressed if it is concluded to /

be¢ necessary or appropriate.

5.5 Assessment Results

The decision on whether to remediate a site should be based on the reasonable maximum
exposure expected under current and fﬁture land-use situations‘(TN RCC, 1996). Wei used the
RBCA model, which considers constituents dissolved in ground water, to determine the
measurable maximum exposure. No cumulative COC risk levels were exceeded for on- or offsite
repeptors, according to our RBCA model results and the assumptions outlined in previous
sections. In addition, no individual carcinogenic or toxicity risk levels were exceeded. Risks were
nat exceeded for carcinogens (benzene) becau‘se of low input concentratiohs to the model. Risks
were not exceeded for toxihé (PAH’s) because only low levels Were measured in onsite ground
water and input to the model. Table 5.3 is a summary of the risk-calculation results. Printouts of

the individual pathway risk spreadsheets are given in appendix D.

61




0GZ-XNS-LEY-D ‘[elss

0’|l :UOISIBA
VOgHY Sexa| :81emyos

‘pantasey sIybIY IV "9661 ‘(ISD) Ou| ‘S8oIAIBS J8jempunoln ©

O 0+30°} €-32°¢ 0+30°} €-39°L O ¥-30°L 6-3€¥ 9-30°L 6-3€V ‘eUs-Ho

a 0+30°L =V 0+30°} ¢-35°9 O v-30°L L-3L°} 9-30°L -3} els-uo
(sAemyjed s|qesijddy woi4 sanjep wnwixey 19918S) AVMHLYJ 3HNSOdXI TVIILIHO

O 0+30°L €-3¢'¢c 0+30°} €-39°L O v-30°L 6-3€V 9-30°L 6-3€V ‘®Ns-Ho

O 0+30°} c-aL'8 0+30°} ¢-399 O v-30°L L-3L°} 9-30°} L2-3L°L els-uo
SAVMHLYd HNSOdX3 HILVMANNOHO

O 0+30°} -31'E 0+30°L ,-30°¢€ O ¥-30°1L ck-36°'L | v-30°L ck-36°1 ‘eys-uo
AVMHLYd 3HNSOdX3 HIV/1I0S G3INIEWOD

O 0+30°} 0+300 0+30°L 0+30°0 O ¥-30°L 0+300 | ¥-30°L 0+30°0 ‘es-uo
SAVMHLYd 3HNSOdX3 TI0S

O 0+30°L v-36v 0+30°L y-38v O ¥-30°1 8-3G°1 9-30°} 8-3G°1 ‘es-uo
SAVMHLYd JHNSOJdX3 HIV HOOAN!

O 0+30°L -39V 0+30°1 L-3SY O v-30°L ¢ik-366 | 9-30°L cl-35°6 ‘eus-40

O 0+30°} VA 1 0+30°L /-30°¢€ O ¥-30°L ¢l-36°L | ¥-30°L cl-36°L ‘eus-uo
SAVMHLYd 34NSOdX3 HIV HOOALNO
Hwi anjeA Hwir anjeA ysiy anjep ySiY anjep AVMHLVd
a|qeonddy |eloL a|qedyddy | wnwixepy webie) jelol 1ebiey wnwixepw IJHNSOdX3

¢Papaadx3 Xapuj plezeHy uanonp piezey ¢Papaadx3 | MSiY D0I dAneInwny )SIH D09 IenpiAlpu|
(shwn (shiwr
Ayoixoy ysiy
S$133443 JIXOL ININ3SvE NSIH JINIOONIOHVYD INIT3SVE

379V.L AHVIWWNS XMSIH INIT3SvE g NV1d

Ljo L

v aiqel indinQ g ueld

"9]IS UOSUIA 91} J0J ATewruuns Ysu ouljaseq g ue[d "¢€'S 2[qeL

8661/52/2 peie|dwo) sleq
yhwsg Axoeg/uealing usp :Ag pejejdwo)
INIJNSSIASSYV LIS vOgH DJHUNL - SYX3L 40 31VIS

0 :uone20 BlIS

UOSUIA :8WeN 8}S

62



6.0 REMEDIAL EVALUATION

The scope of work for this project included evaluation of feasible remediation alternatives and

r¢commendation of an appropriate approach for remediation of the Vinson site. Site-specific

conditions considered in evaluating remedial alternatives included mitigation of potential

environmental impacts and cost effectiveness of different methods.

St

In

As remedial actions, we recommend that the free-phase crude oil be removed from the
ibsurface through the use of product-only extraction devices placed in two fluid-extraction wells.

addition, we recommend that five soil-vapor-extraction wells be installed to reduce subsurface

methane levels and to encourage air infiltration into the subsurface. Naturally occurring
biodegradation should be encouraged through oxygen supplementation to the subsurface. Target

locations for the fluid-extraction wells and soil-vapor-extraction wells are shown on figure 6.1.

The basis for these recommendations is given in the following sections.

6.1 Source Identification

The first step in any remedial activity is to identify and address the contaminant source. The

RRC initially suspected the former Bennett “A” No. 2 well as a possible source of crude oil at the

Vinson site; but it was reentered and replugged in June 1992 without any evidence of oil in the well

bore or mud pit (table 2.2). Circumstantial evidence, however, continues to suggest that the

—_—

P

lpgged and abandoned well was somehow involved as the source of existing subsurface

crude oil:

(1) the crude oil surrounds the location of the former Bennett “A” No. 2 well,

(2) there is no evidence of migration of the oil to its present position from some source other
than the Bennett “A” No. 2 well, and

(3) the Bennett “A” No. 2 well is the only known oil-field activity within the footprint of the

oil plume.
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PROPOSED FLUID-

EXTRACTION WELLS
Xt Proposed oil-

extraction well

®  Proposed methane-
extraction well

A Monitoring well
A water well

- — — — Dirt road
N
L
)
P % //
WW-D / S
A : \
VWW-B P b \ 7 N
4
0 300 ft
L R
AWW'4 WW-3 . 0 90 m
QADb9339¢c

Figure 6.1. Location of recommended oil- and methane-extraction wells at the Vinson site. Number
of fluid-extraction wells will depend on design of the fluid-recovery period and radius of influence
to be determined from pilot-test data.
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An earlier RRC report on the Vinson site discusses crude-oil fingerprinting. RRC
investigators concluded that samples from WW-2 and a nearby pipeline do not exactly match but
could be from the same subsurface reservoir (February 5, 1992, memorandum to Joe Cress from
RRC Surface Mining and Reclamation Laboratory). Two chromatograms from oil-fingerprinting
analyses run by the RRC lab are reproduced in figure 6.2. The chromatograms differ in that the
sample from WW-2 (fig. 6.2a) is more degraded relative to the pipeline sample (fig. 6.2b). We
base this observation on the increase of heavier and the slight loss of lighter hydrocarbon
components shown by the chromatogram in figure 6.2a relative to the one in figure 6.2b. For
example, the peaks including and to the right of C18 are higher in figure 6.2a than in figure 6.2b.
Also, the shortest retention time peak in figure 6.2b is absent in figure 6.2a. The flatter base line in
figure 6.2a means that there is a lower overall concentration of hydrocarbon constituents in the
sample from WW-2 than in the pipeline sample.

Indications of a probable surface or near-surface source of hydrocarbon contamination include

(1) presence of hydrocarbon contamination in shallow sediments (<35 ft bgl),

(2) absence of crude oil at greater depths,

(3) concentration of the crude-oil plume near the former Bennett “A” No. 2 well with no

obvious subsurface source of crude oil found when the well was reentered.

BEG suspects that if a leak in an oil-gathering line, buried in the shallow subsurface, went
unnoticed for some period of time, then the oil would have infiltrated down to the lower
permeability layer upon which water-bearing zone I is perched and spread laterally. Alternatively,
oil from the well could have discharged onto the surface and seeped into the ground to contaminate
shallow ground water. The oil could have come from (1) a surface storage pit, (2) a storage tank
overflow or (3) a leak at the wellhead. The Bennett “A” No. 2 well was operational from October
1964 to November 1980. A review of aerial photographs and regional oil-field practices in the
early 1960’s shows that large bermed areas were used for surface drilling-mud pits.

A report of an oil-production test performed on the Bennett “A” No. 2 well in 1964 shows that

the well produced 87 bbl in 24 h; oil was flowing at the surface and did not have to be pumped. If
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oil leaked from a pipeline or spilled at the wellhead or from an oil-storage tank, as much as 87 bbl

~~

3,654 gal) could have been discharged daily onto the ground or into the shallow subsurface. The
spill or leak would have had to continue unabated for at least 1.5 to 6 d in order to accumulate the
amount of subsurface crude-oil contamination estimated at the Vinson site. If the oil source was a
prolonged spill some time when the Bennett “A” No. 2 well was active, then it follows that there is
no ongoing source of contamination. |

The source of the methane plume is most likely degradation of the crude oil. Crude-oil
degradation can occur by both inorganic and organic proces‘ses. Volatilization is an inorganic
process whereby components of a liquid phase are transformed to a gaseous phase according to
ptessure being exerted at the liquid—gas interface. At near-surface temperatures and pressures,
crude oil can exsolve methane and other light-end gasses.

Methane is also generated biogenically during microbial degradation of crude oil. Breakdown
off organic material is an oxygen-consuming process that results in the formation of a reducing
enivironment. Carbon dioxide is also generated during the degradation of organic material. The
reactions are catalyzed by microbes that occur naturally in the subsurface (Drever, 1988). Bncterial
oxidation and bacterial fermentation, two processes typical of microbial degradation of crude oil,
are represented by the following two generalized reactions:

Bacterial oxidation: CH,O0+0, — CO2+H,0

Bacterial fermentation: 2C +2H,0 —— CH, + CO,.

organic

6.2 Remediation Options

The issues of concern at the Vinson site include the crude-oil contamination of ground water
an( the elevated methane levels in the subsurface. Available technologies exist to address these
concerns. Methods for addressing contaminant sources and types of remedial activities may fall
into one of three categories: extraction, destruction, or immobﬂization. Extraction techniques

remove the contamination from its location. Once extracted, the contaminated media may be
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managed onsite or offsite. Disposal, treatment or destruction processes may be used to remediate
the contaminated media. Common extraction and remediation techniques include wells for fluid-
phase contaminant removal and excavation and removal of contaminated solids.

Destruction techniques are used to degrade the contamination to an acceptable level and
include technologies such as bioremediation, soil flushing with fluid removal, and vacuum
extraction and treatment systems. Immobilization techniques seek to reduce the potential threat by
containing or isolating or fixing contamination. These techniques include containment systems
such as capping, stabilization and/or solidification, grout curtains, and slurry or cutoff walls.

There are common technologies appropriate for implementation at the Vinson site; other
technologies are inappropriate. In general, immobilization techniques, such as slurry walls and
cutoff walls, are less favorable options for the Vinson site. Whereas these immobilization systems
restrict contaminant migration, they do not address the existing contaminant itself. Other
immobilization systems such as stabilization and solidification are used to address contaminants in
semisolids or sludges but are inefficient in addressing free-product contamination.

The current site use and associated risks require that the contaminant itself be addressed.
Because extraction or destruction techniques or both are required to address the contaminant itself,
immobilization techniques are not recommended for the RRC Vinson site. Individual
immobilization techniques were therefore not evaluated as remedial alternatives.

The remedial options considered for the Vinson site include

(1) no action,

(2) free product extraction,

(3) ground-water extraction,

(4) gas venting,

(5) gas extraction,

(6) bioremediation, and

(7) enhanced bioremediation.
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.2.1 No Action

The no-action alternative means taking no action to remediate the site and leaving it in its

present condition with natural processes controlling contaminant fate and rate of remediation.
Natural biodegradation, volatilization, and solubilization would over time (>10 yr) reduce the
ctude-oil plume and ground-water contamination. Under a no-action alternative, the existing oil-

contaminated ground water and elevated methane levels would remain and the potential for

environmental impact would continue.

The no-action alternative is not appropriate for the Vinson site because of the risks presented

by usage and potential consumption of the oil-contaminated ground water, the potential explosive

risks due to the elevated methane levels in the subsurface, and the risk of spreading ground-water

C

ontamination. Furthermore, State regulatory requirements for protection of ground water (Texas

Wiater Code, Title 2, Subtitle D, Chapter 26, Sections 26.003, 26.131, and 26.401) state that

ground water shall not be degraded. Conditions present at the Vinson site—(1) free product is

P

resent in the subsurface and must be removed and (2) TPH concentrations exceed 5 pg/L, violate

this rule.

.2.2 Extraction Techniques

A conventional method of addressing subsurface fluid contamination is an extraction system

utilizing vertical wells, horizontal wells, French (trench) drains, or a combination of these

methods. Once extracted, the fluid is used, treated, or disposed of. Offsite use, treatment, or

disposal requires the additional costs of transportation. Onsite fluid treatment or disposal requires

discharge permits for effluent; an onsite treatment process may be required prior to discharge.
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Free-Product-Extraction System

In a free-product-extraction system, crude oil would be extracted from the subsurface with
minimal ground-water extraction. In ground-water-extraction systems, a large volume of ground
water is removed from the subsurface and requires subsequent management by treatment or
disposal. The costs of subsequent ground-water management are usually high. Product-only
removal systems are an accepted technology.

Extraction of the oil alone may be accomplished through at least two different methods. One
method is to target well locations and depths to extract mostly oil and minimal amounts of ground
water. Using this method, wells would be placed at locations where the oil layer is distinct and
wells would be screened only across those depths where oil would be encountered
(17 to 20 ft bgl). Locating and designing wells require a high level of certainty as to hydrogeologic
characterization and some stability in the depth and thickness of the oil layer. The design must
allow for fluctuations in water level while still minimizing ground-water production. Furthermore,
we believe that the oil layer is influencing the hydrogeologic behavior of water, depressing the
water level in certain locations. As the oil layer is removed, it is anticipated that the hydrogeologic
behavior of the water will be altered. Wells screened to particular depths on the basis of the
depressed water-level behavior may then become less effective in oil removal.

Another method, which allows some flexibility, is considered more appropriate for the RRC
Vinson site. In this method, wells would be screened across the entire fluid interface in the target
zone (ground-water zones I and II) and only the oil fluid would be pumped from the wells. Using
this method, the wells would be constructed as typical ground-water-extraction wells but
specialized pumps would be installed. Different pump or skimmer mechanisms may be used to
extract the oil fluids. Skimmer or floater pumps have inlets placed near the top of the pumps to
generally restrict inflow into the pumps to floating free-phase contaminants. Monitoring of this
system is required because, as the thickness of floating contaminant decreases during the

remediation, the possibility of inflow of ground water into the inlet increases and adjustments in
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the intake level may be necessary. Whereas skimmer or floater pumps primarily extract free
product, a limited amount of ground water will be removed and would require subsequent
separation, as well as treatment and/or disposal. Several well-pump manufacturers offer types of
skimmer or floater pumps. A model with a phase-level sensor is preferred.

A more innovative type of pump is an in-well separator. This type of pump intakes both free
product and water, separates the product out and pumps the product to the surface, returning the
water to the well bore. This pump offers the advantage of only extracting product, removing the
need for a subsequent separation step. The disadvantage is that in-well separators are available
from a limited number of suppliers and, often, some implementation hurdles are encountered in the
use of new technology. In addition, small belt skimmers are available that are designed for well
applications. Similar to belt skimmers used in surface tanks and ponds, these small belt skimmers
pass a continuous belt in the well bore, attracting oil to the belt, and elevate the oil to the surface
where it is scraped from the belt and collected. Belt skimmers remove a minimal amount of ground

water.

Ground-Water-Extraction System

Another type of fluid-extraction system is a ground-water-extraction system. These systems
are a conventional method of addressing ground-water contamination and may use vertical wells,
horizontal wells, French (trench) drains, or a combination of these methods to accomplish fluid
removal. Once extracted, the contaminated ground water is treated or disposed of. The advantage
to this type of system is that ground-water contamination is addressed. The disadvantage is that
large volumes of ground water are generally extracted and require subsequent management.
Because of large fluid volumes, significant transportation costs may be incurred with offsite
treatment or disposal. Onsite fluid treatment or disposal requires discharge permits for effluent, and

generally onsite treatment processes are required prior to discharge.
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Design of a ground-water-extraction system requires consideration of the depth of the ground
ater and ground water flow rate, as well as the influence of the extraction system on the ground-
ater flow regime.

The use of vertical wells to extract ground water is a well-established and conventional
chnology that provides considerable flexibility as to well depth, well spacing, and extraction rate
J.S. EPA, August 1991). It is important to tafget locations of the pumping wells on the basis of
yntaminant diétribution and the presence of permeable units; both of these may be heterogeneous
ross the contaminated area. A major disadvantage to a VerfiCal well system is the cost of tﬁe
imerous vertical wells that may be required to intercept the horizontal extent of a contaminant
ume. A second disadvantage is that a long period of time may be required for ground-water
mping.

A more innovative technology in recent site-remediation practices is the use of horizontal

wells for contaminant recovery. In horizontally dispersed contaminant plumes, horizontal wells

fer an advantage in that the wells may be placéd within and extend along the plume, allowing

greater recovery with fewer wells. Horizontal wells are also useful in situations where surface

- acgess directly above the contaminant plume is restricted, precluding the use of vertical wells. The

ne

ho

ed for relatively specialized equipment and installation, higher cost, and the need for sufficient

surface access and offset to achieve horizontal drilling at the desired depth are all disadvantages to

rizontal drilling (U.S. EPA, August 1991).

- French drains are commonly used to intercept and collect shallow ground water by excavating

- a‘trench, installing a perforated pipe in the bottom of the trench, and backfilling the trench with

permeable material. The trench may be gravity drained or pumped (U.S‘. EPA, August 1991). The

greater surface area provided by a French drain often allows more rapid recovery of contaminated

grqund water. A large volume of soil is excavated during the installation of the French drains,

how}vever, that may require treatment or disposal if contaminated. A French drain system may also

resplt in a large volume of coproduced ground water that will need to be disposed of.
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Extraction, treatment, and disposal of oil-contaminated ground water are technically feasible
options for the Vinson site. The technology is well established and has been shown to be effective
in mitigating adverse environmental impacts by removing the contaminated media. Contaminated
ground-water-extraction systems, however, are very costly to install and operate. The additional
costs in treating or disposing of large quantities of extracted ground water are frequently the major
cost factor when considering ground-water-extraction systems.

Oil-field waters may be disposed of by surface discharge or by injection. Surface discharge of
oil-field waters requires a discharge permit (RRC Rule 3.75); a national pollutant discharge
elimination system (NPDES) permit is currently also required (Brookshire, 1996). RRC Rule
3.75(b)(3) prohibits the introduction of any pollutant other than sewage into a publicly owned
treatment works (POTW). Under Rule 3.75, a pollutant is defined as “any waste or other
substance or material, including salt water, other mineralized water, sludge, drilling fluids, and oil,
that is associated with any operation subject to regulation by the RRC under the Texas Natural
Resources Code § 91.101 or § 141.012.” Therefore, discharge to a POTW of oil-contaminated

ground water from the Vinson site is not considered a viable option.

Gas-Venting System

The presence of elevated levels of subsurface methane at the RRC Vinson site dictates the
need for remedial activities to address the methane. A passive gas-venting system may be used to
reduce subsurface methane level by discharge of soil gas. Disadvantages of a passive gas-venting
system are lack of drive for venting, the required relatively close spacing of the vents, and slow
progress in reaching closure criteria. Passive drive is rarely sufficient to decrease subsurface gas
concentrations in a timely manner, particularly when an air-treatment apparatus is used.

Environmental regulations may restrict venting of hydrocarbon pollutants into the atmosphere.
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as-Extraction System

Soil-gas or soil-vapor extraction systems (SVE’s) are a technology frequently used for in situ
mediation of fuel hydrocarbon spills from leaking petroleum storage tank sites. In soil-gas-
traction systems, clean air is drawn through a zone of contaminated soil; contaminants desorb
bm the soil and are removed in the exhausted air. Continued flushing with clean air can
rnificantly reduce methane concentration in soil (U.S. EPA, August 1991).

A basic soil-gas-extraction system consists of extraction well(s) and extraction trench(es), or
th, in conjunction with an air blower and/or vacuum pump. Treatment of discharge air, to

parate moisture and remove contaminants, may be required. Soil-gas-extraction systems are

flexible and can be adapted to changed site conditions or modified on the basis of additional site
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lormation. The future effectiveness of a basic system can be enhanced by monitoring and
ntrolling the gas-extraction rates, supplementing the system with air-injection wells, providing
impermeable cover, or conditioning the injection air (U.S. EPA, August 1991). If multiple soil-

s-extraction wells are used, they may be pumped separately by individual pumps or through

ping connected to a single pump (U.S. EPA, August 1991).

Soil-gas extraction is most successful when highly volatile compounds are present in high-

permeability and high-porosity soils. In particular, the air-phase permeability across the

un

saturated zone impacts the performance of soil-vapor extraction and air-sparging systems

(Widdowson, 1995). For soils with high permeability and porosity, vacuum extraction is an

attractive remediation technique. The process can be implemented in situ with minimal disturbance

to surface operations. Therefore, there is limited handling of contaminated materials, and

contaminant concentration (and thereby volatile mobility) is reduced. The process introduces only

air

into the soil and requires only residual controls with respect to the air discharge (U.S. EPA,

August 1991).

Designing a sdil—gas—extraction system generally requires that a pilot system be installed and

operated so that input data can be obtained for assessment of the zone of capture, well spacing,
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flpw rates, chemical concentrations, and discharge-air quality (Sterrett, 1992). Based on these

data, a standard exemption from air permitting for new construction for water and soil remediation

may likely be claimed (30 TAC 106.533).

6..3 Destruction Techniques

General destruction techniques include methods such as incineration, chemical treatment,
vitrification, and contaminant degradation. In situ bioremediation is an attractive destruction

technique for the Vinson site.

Bipremediation

Bioremediation is a destruction technology that is applied to various contaminated media
through different techniques. It involves the use of biological (microbial) activity to destroy most
organic wastes through biochemical degradation and is known to be effective technology for
destruction of petroleum-compound contamination (Cookson, 1995). For biodegradation of
petroleum compounds to occur, temperature, pH, and salinity must be appropriate, degrading
microorganisms must be present, target constituents must be accessible, and oxygen (for aerobic
degradation) and inorganic nutrients must be available.

Bioremediation may be in situ or ex situ. Generally, if site conditions permit, in situ
bigremediation is preferred over ex situ bioremediation. In situ treatment has the advantage of
involving neither the cost nor the contaminant-exposure risks associated with removing the
contaminated media. Disadvantages of in situ treatment are the difficulties of manipulating the
enyironment to being conducive to bioremediation and monitoring the extent and effectiveness of
the bioremediation. The disadvantages to ex situ bioremediation include the significant additional
marerial—handling costs and the increase of site disturbance, with possible additional exposure

risks.
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Bioremediation of contaminated soil requires a favorable environment for biological activity

and may include tasks such as tilling to increase oxygen, adding moisture, adding nutrients such as
potassium, or providing supplemental microbes. Bioremediation of surface water frequently
includes the addition of supplemental microbes and aeration to increase oxygen content.
Bjoremediation of ground water may include practices such as air or oxygen injection (air
sparging) and hydrogen peroxide or magnesium peroxide supplementation. Biodegradation rate is
dependent upon presence of appropriate microorganisms, adequate concentration of essential
nytrients, availability and concentration patterns of the compound to be degraded, and contaminant
effects on microbial population activity (U.S. EPA, April 1991). The use of bioremediation as a

destruction technique requires an analysis of the contaminants present as well as an additional

inyestigation of site conditions.

O

- With respect to in situ application of bioremediation, naturally occurring bioremediation is

(@)

casionally sufficient to degrade contamination. In some situations, however, environmental

copditions such as the lack of oxygen, unsuitable moisture content or presence of toxic

coptaminants limit the effectiveness of natural bioremediation (U.S. EPA, August 1991).

S

timulation of existing bioremediation and acceleration of the biodegradation rate through

supplemental oxygen supply is frequently used.

Enhanced Bioremediation Using Oxygen Supplementation

Often oxygen is the limiting factor in in situ bioremediation, and supplemental oxygen may be

required to maintain a desirable bioremediation rate. In situ injection of air is an economic means to.

supply oxygen. Air-sparging techniques are used to inject supplemental oxygen into the ground

water in the saturated zone, whereas bioventing techniques are used to encourage biodegradation of

volatile organic compounds in the unsaturated zone. Both air sparging and bioventing are attractive

in gitu technologies for use at the Vinson site.
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6.3 Remediation Recommendations

Remedial actions are recommended to remove the free-phase crude oil, decrease the level of
lethane in the soil zone, and obtain monitoring data needed to document site closure. The
commended remedial actions and methods take into account site data, results of the risk

sessment, land use, available technology, and economic factors. The remediation

comméndations are

(1) remove free-phase oil,

(2) reduce methane level,

(3)  encourage natural biodegradation, and

(4) - monitor effectiveness of remedial actions for site closure.

.B.1 Remove Free-Phase Qil

Free-phase oil floating on ground water provides a continuing source of ground-water

ntamination and a source of methane and other volatile gases contaminating the soil zone. Site

remediation should include extraction and removal of recoverable free-phase crude oil. We

is
ex

na

estimated that the volume of crude oil at the Vinson site is 125 to 500 bbl (5,250 to 21,000 gal). It

reasonable to expect that one-third to one-half of this volume can be readily recovered by simple
raction technology. The remainder is expected to become increasingly immobile as the result of

ural biodegradation, which can be artificially enhanced (see section 6.3.3). Recovered product

is expected to have a refinable value that might be used to offset the cost of remediation.

rat

Commercially available product-only pufnps and in-well belt skimmer pumps specify flow

es from 60 gallons per day (60 gpd) to 250 gpd. Considering the maximum crude-oil volume

estimate and probable lower pumping rates, time for extraction of the free product at the Vinson

sit¢ ranges to as much as 1 yr if one extraction well is used. Expected duration of the oil-recovery

operation could be shortened with additional wells. Because of site heterogeneity and the areal

77




extent of the crude-oil plume, we recommend two free-product-extraction wells. These shallow
wells should extend to 35 ft bgl to allow for fluctuations in water level.

Owing to the methane concentrations at the site, extraction pumps or skimmer motors should
be explosion-proof. Explosion-proof equipment and techniques should be used during well

installation because of the subsurface methane concentrations present at the site.

6.3.2 Reduce Methane Level

Because the methane level was measured within the explosive range (5 to 15 percent) in the
subsurface during the site investigation and because remediation of the oil plume will generate
more methane in the short term, steps should be taken to reduce the methane level. Removal of the
crude-oil free product will remove most of the source of methane generation. In the near term,
however, volatilization and natural biodegradation will continue to generate methane as the crude-
oil residuals are degraded.

BEG recommends soil-vapor-extraction wells as opposed to a strictly passive venting system.
The passive vapor drive in the subsurface soils at the Vinson site may be insufficient to lower the
methane levels. Soil-vapor-extraction wells will also serve to create a gas-pressure flux in the
subsurface by encouraging movement of air into the subsurface where oxygen is needed for
biodegradation supplementation. We expect that a standard exemption from air permitting may be
claimed for this remediation system. The exemption requires that total emission of petroleum
hydrocarbons does not exceed 1.0 Ib/hr. If abatement equipment is required to satisfy this
criterion, burning of the discharge vapors or routing the vapors through a carbon absorption
system may be required (30 TAC 106.533). Five soil-vapor-extraction wells (fig. 6.1), each with
an assumed radius of influence of 100 ft, are recommended to remediate the area with elevated
methane. Pilot testing will indicate the actual radius of influence, so fewer or more soil-vapor-

extraction wells might be used.
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63.3 Encourage Natural Biodegradation

The elevated methane, decreased oxygen, and elevated carbon dioxide levels measured in the

subsurface surrounding the oil-impacted area are evidence that volatilization and natural
biodegradation of ‘the oil-contamination is ongoing. Even after recoverable free product is

- ramoved, immobile crude-oil residuals are anticipated in the subsurface soils, as well as possible
residual TPH in the ground water. These rcsiduals can be addressed through in situ
biodegradation. Generally oxygen is a limiting factor in bioremediation, and the low oxygen levels

encountered during'the site investigation indicate that natural biodegradation at the Vinson site is

l#njted by oxygen supply. The rate and extent of the natural biodegradation should be encouraged

by supplementing oxygen supply to the subsurface.

The proposed soil—vapor-extraction wells (see section 6.3.2) allow for future flexibility with

respect to bioremediation. If necessary, once free-product removal has been completed, the fluid-

u

bi
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extraction wells could be converted into air-sparging wells or air-injection wells into the

nsaturated zone for bioventing. This flexibility provides a further means to accelerate

—

premediation of the crude-oil residuals through direct air or oxygen injection.

.3.4 Monitor Effectiveness of Remedial Actions for Site Closure

The success of the remediation system in removing crude oil from the subsurface needs to be

manitored throughout the operation to ensure that cleanup is achieved in the most cost-effective

mdnner possible. Monitoring would most likely be required on a daily basis during the first week

fl

of pperation, on a weekly basis during the first month of operation, and on a monthly basis

thereafter. Monitoring should consist of adjusting discharge rates of extraction systems, measuring |

ujd levels in wells, and monitoring gas concentrations. Using two extraction wells, we estimate

the| time for free-product removal to be at least 6 months. The monitoring results will be evaluated

to determine whether additional wells are ﬁeeded to accelerate the rate of crude-oil and methane

extraction.
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7.0 CONCLUSIONS

Crude-oil impact at the Vinson site is contained within an area of approximately 76,000 ft2
surrounded by a methane halo that covers an additional 66,000 ft2. Indications are that crude oil
likely was introduced to the shallow subsurface by a transport pipeline leak or surface spill near the
Bennett “A” No. 2 well. We have ruled out potential sources such as plume migration from a
distant leaking pipeline (for example, crude-oil pipeline along C.R. 436) or oil storage-tank
battery. Replugging of the Bennett “A” No. 2 well in June 1992 with no show of oil makes it
unlikely that there is currently crude oil leaking from this well. Although we do not have specific
data to rule out natural seepage from a deep-seated fault, we also consider that unlikely because
crude-oil discharge is restricted to the topographically high area instead of occurring along the
creek and no evidence of soil staining was found beneath the oil plume.

The likely source of weathered crude oil at the Vinson site was a surface spill or a near-
surface transport-line leak. This may have occurred during production testing or operation.
Reasons supporting this conclusion include:

(1) The presence of hydrocarbons in shallow sediments in cores VCC-1 and VCC-3. The oil
was concentrated in silty sand layers approximately 17.7 to 18.0 and 18.4 to 19.0 ft bgl
in cores VCC-1 and VCC-3, respectively, and was found in small quantities along
fractures in both cores as deep as approximately 35 ft bgl. There was no evidence of
hydrocarbons in the deeper sediments obtained during coring.

(2) Free-phase crude oil was found floating on shallow ground water (approximately
10 ft bgl) in borings completed to depths of approximately 35 ft bgl but was absent in
well VWW-A, which was completed in the deepest water-bearing zone (zone III).

(3) There is no trace of lateral migration of the oil plume from an offsite source to its present
position.

Down gradient from the crude-oil plume neither TPH nor BTEX was detected in samples

from monitoring wells completed in zones I and II. Analytical results from one down-gradient well
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show presence of some PAH constituents: Ground water in the deeper, zone IIT (50 to 60 ft bgl)
water-bearing zone shows possible contamination by PAH’s; however, analytical results are
inconclusive. |

BEG suspects'that some natural attenuation of the hydrocarbon contamination has occurred
via microbi:il degradation in the subsurface at the Vinson site. This observation is supported by the
presence of decreased oxygen and increased carbon dioxide levels in the unsaturated zone.

We recommend that the free-product crude oil be recovered with two shallow product-only
extraction wells. We also recommend that five soil-vapor-extraction wells be installed fo reduce the
subsurface methane levels and increase subsurface oxygen at the Vinson site.

- Once remedial >ac'tions have been undertaken, the site should be monitored to ensure the
performancé of the remedial systems and to confirm that there is no ongoing source of crude oil.
These monitoring data are also needed to document total emission of petroleum hydrocarbons for

an| application for a standard air permitting exemption.
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Appendix A

Vinson Site Laboratory Reports and Chain of Custody Documents

DHL Analytical - May 1997
Vinson kitchen tap sample (KTAP-1)

Transglobal Environmental Geochemistry (TEG)- May 1997
Vinson site soil vapor survey, soil, and water samples (including KTAP-2) from
on-site mobil laboratory.

ChemSOLVE - July 1997
Organic (BTEX and PAH) analyses of ground water and KTAP-3.

Railroad Commission (RRC) - July 1997
Cation and anion analyses of ground water

RRC - July 1997
TPH analyses of soils

ChemSOLVE - August 1997
Cation, anion, and organic (PAH) analyses of ground water

RRC - August 1997
Cation and anion analyses of ground water



DHL Analytical - May 1997
Vinson kitchen tap sample (KTAP-1)



ANALYTICAL

TRPH ANALYTICAL RESULTS . - |

Client: Bureau of Ecdhomic Geology

WéEer samples analyzed on 5/6/97
I

_ Client Project Number: N/A
“Location: Vinson Site Kitchen Tap

DHL Project Number: 9705010

Analyst. DW
EPA Methods 3510B/418.1 Separatory Funnel Extraction / Total Petroleum Hydrocarbons
SAMPLE ID TRPH '
ppm (mg/L)
Method Blank ND
KTAP-1 ND
PQL - 1.1 mg/L

ccv  Measured | Recovery (%)
Conc: (ppm) : |
#1230 PPM 227 99
#2 230 PPM 229 100

. Laboratory Control Sample (LCS) - Percent Reébvery

LCS Measured Recovery (%)
Conc. (ppm)
LCS 2.3 PPM - 2.3 100

Continuing Calibrétion Verification (CCV) - Percent Recovery .

NOTE:

Data Revnew/

9705010/ TRPH

,O"

SAMPLE ID Unspiked Spiked Recovered % Recovery
Conc. (ppm) | Conc. (ppm) | Conc. (ppm)
BATCH MS ND 23 22.1 96
BATCH MSD ND 23 22.0 96
) RPD = 0.45

ND - Not Detected, at listed Practical Quantitation Limit (PQL)

Matrix Spike (MS) & Matrix Spike Duplicate (MSD) - Percent Recovery and Relative Percént Difference (RPD) -

Page 1 of 1
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IDHL

CLIENT. Bureau of Economic Geology -

AN ALY trérFrA“rl’vELY IDENTIFIED COMPOUND (TIC) REPORT

DHL PROJECT #: 9705010

CLIENT PROJECT # N/A
LOCATION: Vinson Site Kitchen Tap

TIC‘ID

. KTAP-1

pr (uglt)

Methyl cyclopentane

16

Dibromofluoromethane

24

Cyclohexane

19

Methyl Cyclohexane

20 ’

NOTES:

These compounds are present in the sample, but they are not target analytes of EPA method 8260.

Estimated concentration are for reference only

%%4@:

Data Revne\y

05010 / 8260

Page 1 of 1
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ANALYTI L

ILE ORGANICS ANALYSIS DATA SHEET
DHL PROJECT #: 9705010
CLIENT: Bureau of Economic Geology
o CLIENT PROJECT #: N/A
LOCATION: Vinson Site Kitchen Tap

Voap5010 / 8260

EXTRACTION METHOD: 5030A SAMPLE DATE: 5/3/97
ANALYTICAL METHOD: 8260A ISAMPLE REC'D: 5/5/197
MATRIX: WATER “|SAMPLE CONDITION: GOOD
REPORT GENERATED BY: |FL EXTRACTION DATE: 517/97
ANALYST: FL EXTRACT. HOLD TIME (D 0
QA REVIEW: TC '|ANALYSIS DATE: 57197
BATCH NUMBER: 8260970507-BT1 HOLDING TIME (DAYS): - 4

TARGET COMPOUNDID | EQL Method Blank|  KTAP-1 ~ Trip Blank

ppb (ug/L) | ppb (ug/L) | ppb (ug/l) | ppb (ug/l)

Acetone 100 ND ND ND
Benzene 5 ND 14J ND
Bromobenzene 5 ND ND - ND
Brochloromethane 5 ND ND ND
Bromodichloromethane 5 ND ND ND
Bromoform 5 ND ND ND
Bromomethane 5 ND ND ND
2-Butanone (MEK) 100 ND ND ND
n-Butylbenzene 5 ND ND ND
sec-Butylbenzene 5 ND ND ND
tert-Butylbenzene 5 ND ND ND
Carbon Disulfide 100 ND ND ND
Carbon tetrachloride 5 ND ND ND
Chlorobenzene 5 ND ND ND
Chloroethane 5 ND ND ND
2-Chloroethylvinyl ether 20 ND ND ND
Chloroform 5 ND - ND ND
Chloromethane 5 ND \ ND ND
2-Chlorotoluene 5 ND ~ ND ND
4-Chlorotoluene 5 ND ND ND .
Dibromochloromethane 5 ND ND ND
1,2-Dibromo-3-chloropropane 5 ND ND ND
1,2-Dibromoethane 5 ND ND ND
Dibromomethane 5 ND ND ND
1,2-Dichlorobenzene 5 ND ND ND
1,3-Dichlorobenzene 5 ND ND ND
1,4-Dichlorobenzene 5 ND ND ND
1,1-Dichloroethane 5 ND ND ND
1,2-Dichloroethane 5 ND ND ND
1,1-Dichloroethene 5 ND ND ND

Page 1 of 3
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hilE CONTINUED - PAGE 2 | |
ANALYJICE MERHO| 8260 ANALYSIS DATE: 57197 |
A TQREEE @MP?U&DADL EQL Method Blank|.- KTAP-1 Trip Blank
- ppb (ug/L) | ppb (ug/L) ppb (ug/L) ppb (ug/L)

Dichlorodifluoromethane 5 ND ND ND
cins-1,2-Dichloroethene 5 ND ND ND
trans-1,2-Dichloroethene 5 ND ND ND
1,2-Dichloropropane 5 ND : ND ND
1,3-Dichloropropane 5 ND ND ND
2,2-Dichloropropane 5 ND ND ND
1,1-Dichloropropene 5 ND ND ND
cis-1,3-Dichloropropene 5 ND ND ND
trans-1,3-Dichloropropene 5 ND ND ND
Ethylbenzene ' 5. ND . ND: ND
2-Hexanone 20 ND ND ND
Hexachlorobutadiene 5 ND ND ND
lodomethane . 5 ND ND ND
Isopropylbenzene 5 ND ND ND
p-isopropyltoluene 5 ND ‘ ND ND
4-Methyl-2-pentanone (MIBK) 50 ND -~ ND - ND
Methylene chloride 5 ND ND ND
Naphthalene 5 ND ND ND
n-Propylbenzene 5 ND ND ND
Styrene 5 ND ND ND
1,1,1,2-Tetrachloroethane 5 ND ND ND
1,1,2,2-Tetrachloroethane 5 ND : ND ND

“|Tetrachloroethene 5 ND ND ND
Toluene 5 ND ND . ND
1,2,3-Trichlorobenzene 5 ND ND ND
1.2,4-Trichlorobenzene 5 ND ND ND
1,1,1-Trichloroethane 5 ND ND ND
1,1,2-Trichloroethane ) 5 ND ND ND
Trichloroethene 5 ND ND ND
Trichlorofiuoromethane 5 ND ND ‘ND
1,2,3-Trichloropropane 5 ND ND ND
1,2,4-Trimethylbenzene 5 ND 1.9J ND
1,3,5-Trimethylbenzene 5 ND 1.9J ND
Vinyl acetate 50 ND ND .ND
Vinyl chloride 5 ND ND ND
Xylenes 5 ND 48J ND - |

SURROGATE CONC. (ug/L)] RECOVER | RECOVER RECOVERY
Dibromofluoromethane 50 104 108 107
1,2-Dichloroethane-d4 50 81 87 84
Toluene-d8 50 95 97 95
Bromofluorobenzene 50 102 104 102
NOTES:
ND : Not Detected at listed Estimated Quantitation Limit (EQL)
J - detected below EQL but above Method Detection Limit (MDL)
voacborIRAREVIEW 7 UZ\ Page 2 of 3
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ANALYTICA LQUALITY ASSURANCE REPORT

DHL PROJECT #: 9705010

CLIENT PROJECT #: N/A
ANALYSIS DATE: 5/7/97

CLIENT: Bureau of Economic Geology

RELATIVE RESPONSE FACTOR (RRF) OF SPCC

[ TARGET COMPOUND CCV #1 CCV #2 Min. RRF |

Chloromethane 0.626 0.612 0.300

1,1-Dichloroethane 1.002 1.006 0.300

Chlorobenzene 1.325 1.301 0.300

Bromoform 0.248 0.242 0.100

1,1,2,2-Tetrachloroethane 0.807 0.779 0.300

PERCENT DIFFERENCE OF RRF FOR CCC

TARGET COMPOUND CCv# CCV #2 Max. % D

Vinyl chloride 15.7 17.7 20

1,1-Dichloroethene 6.3 &l 20

Chloroform 2.5 44 20

1,2-Dichloropropane 3.9 5.7 20

Toluene 10.1 11.8 20

Ethylbenzene 1.3 1.5 20

% RECOVERY AND RPD FOR 50 ppb MATRIX SPIKE
SAMPLE ID 1,1-55E Benzene TCE Toluene Chlorobenz.
KTAP-1 MS 91 111 110 113 99
KTAP-1 MSD 88 108 108 112 97

%RPD = 3.35 2.74 1.83 0.89 2.04

NOTES:

SPCC - System Performance Check Compound

CCC - Calibration Check Compound

CCV - Continuing Calibration Verification

< — o~ ,

’//'%' - /% //{;Z/M—F
Data Review / %—_

Voa05010 / 8260

Page 3 of 3
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FIDHL

ANALYTICAL

PAH ANALYSIS DATA SHEET
DHL PROJECT #: 9705010
CLIENT: Bureau of Economic Geology
CLIENT PROJECT #: N/A
LOCATION: Vinson Site Kitchen Tap
EXTRACTION METHOD: 35108 SAMPLE DATE: , 5/3/97
ANALYTICAL METHOD: 8310 : SAMPLE REC'D: 5/5/97
|MATRIX:  WATER SAMPLE CONDITION: GOOD
REPORTED BY: FL EXTRACTION DATE: 5/8/97
ANALYST: FL EXTRACT. HOLD TIME (DAYS): 5
QA|REVIEW: LB ANALYSIS DATE: 5/8/97
BA[TCH NUMBER: PA970508-BT1 HOLDING TIME (DAYS): 5
TARGET COMPOUND PQL Method Blank KTAP-1
ppb (ug/L) ppb (ug/L) ppb (ug/L) ‘
Acenaphthene 0.17 ND ND
Acenaphthylene 0.85 ND ND
Anthracene 1.78 ND ‘ ND
Benzo[a]anthracene 0.08 ND ND
Benzo[b]fluoranthene 0.06 ND ND
Benzolk]fluoranthene 0.06 ND ND
Benzolg,h,i]perylene 0.17 ND ND
Bemzo[a]pyrene 0.08 ND ND
Chrysene - 0.06 ND ND
Dibenzo[a,h]anthracene 0.29 ND " ND
Flupranthrene 0.14 ND . ND
-|Fluprene 0.26 ND 0.09J
“[indeno[1,2,3-cd]pyrene 1.12 ND ND
Naphthalene 0.53 ND 0.61
Phenanthrene 0.29 ND ND
Pyrene 0.19 ND ND
SURROGATE Conc. (mg/L) | % Recovery % Recovery
2-Fluorobiphenyl 200 79 84
NQOTE: : ’

ND; Not Detected at listed Practical Quantitation Limit (PQL)
J: Estimated value, concentration detected below PQL but above Method Detection Limit (MDL)

(ot £

Data Review

Pah05010 / PAH Page 1 0of 3

2300 Double Creek Drive * Round Rock, TX 78664 ® Phone (512) 388-8222 e Fax (512) 388-8229
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amtmatl A N ALYTICAL
" ~ QUALITY A

Pah050

DHL

SSURANCE REPORT
PAH ANALYSIS

DHL PROJECT #: 9705010
CLIENT: Bureau of Economic Geology
CLIENT PROJECT # N/A

CONTINUING CALIB,‘RATION VERIFICATION (CCV) - % Recovery

Analysis Date: 5/8/97

TARGET COMPOUND CCV#1 CCV#2
Acenaphthene 104 102
Acenaphthylene 89 87
Anthracene 108 108
Benzo[a]anthracene - 102 101
Benzo[b]fluoranthene 106 110
Benzo[k]fluoranthene 100 99
Benzo[g,h,ijperylene 96 99
Benzo[a]pyrene 112 109
Chrysene 103 101
Dibenzo[a,h]anthracene 104 97
Fluoranthrene 101 99
Fluorene 110 109
Indeno[1,2,3-cd]pyrene 105 -106
Naphthalene 101 99
Phenanthrene 105 103
Pyrene 85 83
Data Review

10/ PAH

Page 2 of 3

2300 Double Creek Dri\(e ¢ Round Rock, TX 78664 » Phone (512) 388-8222 o Fax (512) 388-8229




DHL.

ANALYTICAL .

- QUALITY ASSURANCE REPORT
PAH ANALYSIS '
DHL PROJECT #: 9705010
-~ CLIENT: Bureau of Economic Geology
CLIENT PROJECT # N/A
Analysis Date: 5/8/97
% RECOVERY AND RELATIVE PERCENT DIFFERENCE (RPD) OF
LABORATORY CONTROL SAMPLE / DUPLICATE (LCS/LCSD)
TARGET COMPOUND LCS LCSD RPD= /
Benzo[a]pyrene 108 120 10.5
Chrysene . 107 : 118 9.8
Phenanthrene 91 96 5.3
Pyrene , ‘ -~ 89 96 7.6
Data Review
Pah05310 / PAH ‘ : ’ ' Page3of3 -
2300 Double Creek Drive . ® Round Rock, TX 78664 ¢ Phone (512) 388-8222  Fax (512) 388-8229
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Transglobal Environmental Geochemistry (TEG)- May 1997
Vinson site soil vapor survey, soil, and water samples (including KTAP-2) from
on-site mobil laboratory.



o Wansglo

b,

June 10, 1997

Ms. Rebecca Smyth

Bureau of Economic Geology (BEG)
University Station Box X

Austin, TX 78713-8924

RE:-SOIL VAPOR SURVEY, SOIL AND WATER SAMPLES - VINSON PROPERTY -
1147 CO RD 436, MERKEL, TX - PROJECT #RRC VINSON

TEG-Texas project #T72-970520

Ms. Smyth:
Please find enclosed the data report for the soil vapor survey, soil and water samples

conducted at the Vinson Property site in Merkel, TX for the BEG. All samples were
analyzed in TEG-Texas’ mobile environmental laboratory for the following: -

® 27 soil vapor samples for Total Petroleum Hydrocarbons, C1-C6 carbon
' range (EPA Method 8015). :

® 45 soil samples for Total Recoverable Petroleum Hydrocarbons (EPA
Method 418.1) ‘

®m 26 water samples for Total Recoverable Petroleum Hydrocarbons (EPA
Method 418.1). ' ‘

You will also find enclosed appropriate QA/QC data, Chain of Custody Records and .
copies of the chromatograms for the above mentioned project.

TEG-Texas appreciates the opportunity to work with The Bureau of Economic Geology
on this project. If youthave any questions regarding these data or need further
information, please do not hesitate to call (210)420-3516. -

Sipcerely,

lie A._‘Pieap;::r FW

General Manager

Transglobal Environmental Geochemistry » Texas
Route 2 Box 54P e Marion, TX 781 24

Telephone: 210-420-3516 * Fax: 210-420-3603

Mobile Telephone: 210-602-4002 ¢ Pager: 800-710-6181
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BEG ‘
, : " PROJECT # RRC VINSON
1147 CO RD 436 MERKEL, TX
: v
TEG Project #T2-970520

TPH (DOHS EPA Method 8015 C1-C6) ANALYSES OF VAPORS

) DATE - DEPTH = Methane = Ethane . Propane Butane = Pentane Hexane TPH(8015)

SAMPLE
NUMBER ‘ ANALYZED. (FT) (ppmv) (pgmv) (ppmv)  (ppmv) - (ppmv)  (ppmv) (ppmv)
METHQD BLANK 5/20/97 '— ND ND ND  ND ~ ND  ND  ND .
VBH-2 : 5/20/97 - 10 4 ND ~ ND ND ND ND ND
METHOD BLANK 5121197 1 — ND ND  ND ND ND ND ~ND
VBH-3 5/21/97 C 10 ND ND ND ND ND ND  ND
VBH-4 5/21/97 . 10' - 40000 13 ND 1 2 ND ND
METHODBLANK 521187  —  ND ‘ND ND ND ND ~ ND ND
~ VBH-5 5/21/97 10 33000 ND 155 1800 . 2100 640 13400
METHQD BLANK 5121197 — _ ND ND ND ND ND ND  ND
VBH-6 5/21/97 10' 3 ND  ND ND ND ~ ND ND
METHOD BLANK si2297  — ND ND ND-  ND . ND- ND ND
VBH-7 |- | 5/22/97 10" 44 ND ND ND ~ ND . ND ND
VBH-8 5122197 10" 51000 = 6 40 157 74 212 500
v ‘ . : '
METHOD BLANK 5/22/97" e 8 ND. ND ND ND ND ND
VBH-9 5/22/97 4 - 419  ND  ND 5 4 ND 16
\ : . .
METHOD BLANK 5/22/97 - 4 "ND  ND ND  'ND  ND ND
VBH-10 \ 5/22/97 . 2 21 ND ND ND ND ND  ND
METHOD BLANK 5/22/97 T ND  ND ° ND ND  ND ND ND
VBH-1{ 5/22/97 . 10' . 980000  ND 125 2200 3300 1300 . 15000
METHOD BLANK - 523197 - 2 ND ND ND ND. ND. ND’
VBH-12 - ' 5/23/97 . 10" . 700000 . 430 2300 3700 2000 500 . 10000
METHOD BLANK ~  5/23/97 — 19 ND ND ND ND ND ~  ND
VBH1B 5/23/97 8 37000 40 400 600 300 60 730
METHOD BLANK 5/28/97 AR 3 ND ND  ND ND  ND ND.
'VBH-14 5/28/97 10 73000 440 520 1700 1500 650 . 8600
METHOD BLANK 5/28/97 = 2 ND ND ND ND  ND ND
. VBH-1 5(28/97 8 2 ND ND ND . ND ND  ND
VBH-1 - 5/28/97 10 9 ND ND ND ND . ND “ND
VBH-17 , 5/28/97 8 8 ND ‘ND ND°  ND - ND- ND
VBH-18 5/28/97 &' " ND ND ~ND ND  ND ND - ND
METHOD BLANK ' 5/20/97 — -2 ND ND ND °ND ND  ND
VBH-19 , 5/29/97 ) 19 ND " "ND ND ND ND - ND
VBH-20 ' .5/20/7 10" . 93000 48 640 1130 375 21 - 1800
METHOD BLANK 5/29/97 — 2 ~ND ND ND - ND ND ND
VBH-21 ' 5/20/97 10 600 ND ND ND ND ND 'ND
METHOD BLANK ~ ~  5/29/97 — 7 ND ND ND ND ND .ND
VBH-22 , 5/29/97 ©10 20 . ND “ND ND ND ND ~  ND
 METHOD BLANK 5/29/97 — 5 ND - ND . ND  ND  ND
VBH-23 o, 5Re/7T - 10087 ND ND ND ND ND




BEG
PROJECT # RRC VINSON
1147 CO RD 436 MERKEL,TX
TEG Project #T2-970520

TPH (DOHS EPA Method 8015 C1-C6) ANALYSES OF VAPORS

SAMPLE DATE DEPTH Methane Ethane Propane Butane Pentane Hexane TPH(8015)
NUMBER ANALYZED (FT) (ppmv)  (ppmv)  (ppmv) (ppmv)  (ppmv)  (ppmv) (ppmv)
METHOD BLANK 5/30/97 - ND ND ND ND ND ND - ND
VBH-24 5/30/97 10" 46000 4 35 93 287 440 1300
METHOD BLANK 5/30/97 - 18 ND ND ND ND ND ND
VBH-25 5/30/97 10' 4 ND ND ND ND ND ND
VBH-26 5/30/97 10' 3 ND ND ND ND ND ND
VBH-27 5/30/97 12' 830000 33 790 7200 7000 1900 18300
METHOD BLANK 5/30/197 —_ ND ND ND ND ND ND ND
VBH-28 5/30/97 7" 8000 8 . 82 144 36 5 100
* DETECTION LIMITS 1 1 1 1 1 1 10

"ND" INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE ENVIRONMENTAL LABORATORY
ANALYSES PERFORMED BY: RICHARD RODRIGUEZ
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BEG
PROJECT # RRC VINSON
1147 CO RD 436 MERKEL,TX

QA/QC Data Reporf for soil vapors for EPA methods 8015 (C1-C6)

DATE: 5/20/97

TIME: 15:42 : :
COMPONENT CONCENTRATION RESULTS RECOVERY
- PPMV PPMV %
TPH(Hexane) 100 105 105%
Methane(C1) 1100 1182 107%
Ethane(C2) 1070 1159 108%
Propane(C3) 1050 1131 108%
Butane(C4) 1060 1152 109%
Pentane(C5) 1100 1199 109%
Hexane(C6) 1030 1118 109%
DATE: 5/20/97
TIME: 18:43
COMPONENT CONCENTRATION RESULTS RECOVERY
PPMV PPMV %
TPH(Hexane) 100 98 98%
Methane(C1) 1100 1079 98%
Ethane(C2) .1070 1044 98%
Propane(C3) 1050 1024 98%
Butane(C4) 1060 1021 96%
Pentane(C5) 1100 1043 95%
Hexane(C6) 1030 925 90%

% RECOVERY - PERCENT RECOVERY OF ANALTYTE(S) FROM STANDARD
ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE ENVIRONMENTAL LAB

ANALYSES PERFORMED BY : Richard Rodriguez

N
)
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BEG
PROJECT # RRC VINSON
1147 CO RD 436 MERKEL,TX

QA/QC Data Report for soil vapors for EPA methods 8015 (C1-C6)

DATE: 5/21/97 /

TIME: 7:46
COMPONENT CONCENTRATION RESULTS RECOVERY
PPMV PPMV %
TPH(Hexane) 100 . 105 105%
Methane(C1) - 1100 1122 102%
Ethane(C2) 1070 1094 102%
Propane(C3) - 1050 : 1063 101%
Butane(C4) 1060 1059 100%
Pentane(C5) 1100 e 1030 . 94%
Hexane(C6) 1030 884 86%
DATE: 5/21/97
TIME: 11:51 B
COMPONENT CONCENTRATION * RESULTS RECOVERY
PPMV PPMV %
TPH(Hexane) 100 106 106% .
Methane(C1) 1100 - 1219 i 111%
Ethane(C2) 1070 1085 101%
Propane(C3) 1050 1074 102%
Butane(C4) 1060 1091 . 103%
Pentane(C5) 1100 1123 102%
Hexane(C6) 1030 1007 98%
!
DATE:5/2v97
TIME:15:50/16:43 - ~
COMPONENT CONCENTRATION RESULTS . RECOVERY
PPMV PPMV %
TPH(Hexane) 100 97 97%
Methane(C1) . 1100 1129 " 103%
Ethane(C2) 1070 1085 g 101%
Propane(C3) 1050 1062 101%
Butane(C4) . 1060 1072 ' 101%
Pentane(C5) 1100 1101 100%
Hexane(C6) 1030 989 96%

% RECOVERY - PERCENT RECOVERY OF ANALTYTE(S) FROM STANDARD
ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE ENVIRONMENTAL LAB o
ANALYSES PERFORMED BY : Richard Rodriguez ' 4
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BEG

PROJECT # RRC VINSON
1147 CO RD 436 MERKEL,TX

QA/QC Data Report for soil vépérs for EPA methods 8015 (C1-C6)

DATE: 5/22/97

TIME: 7:44/8:20

COMPONENT CONCENTRATION RESULTS RECOVERY -
PPMV PPMV %

TPH(Hexane) 100 95 95%

Methane(C1) 1100 1094 "99%

Ethane(C2) 1070 1067 100% : B

Propane(C3) 1050 1043 99%

Butane(C4) 1060 1040 98%

Pentane(C5) 1100 1023 - 93%

Hexane(C6) 1030 866 84%

DATE: 5/22/97

TIME: 13:07

COMPONENT CONCENTRATION RESULTS RECOVERY
PPMV PPMV %

TPH(Hexane) 100 90 90%

Methane(C1) 1100 1110 101%

Ethane(C2) 1070 1071 100%

Propane(C3) 1050 1038 99%

Butane(C4) 1060 1038 98%

" Pentane(C5) 1100 1048 95%
.Hexane(C6) 1030 914 89%
DATE:5/22/97
TIME:16:58
COMPONENT CONCENTRATION RESULTS - - RECOVERY

PPMV PPMV % '

TPH(Hexane) 100 92 92%
Methane(C1) 1100 948 86%
Ethane(C2) 1070 934 87% -
Propane(C3) 1050 973 93%
Butane(C4) 1060 ‘967 ' - 91%
Pentane(C5) 1100 1123 102%
Hexane(C6) 1030 981 95%

% RECOVERY - PERCENT RECOVERY OF ANALTYTE(S) FROM STANDARD
ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE ENVIRONMENTAL LAB - e,
ANALYSES PERFORMED BY : Richard Rodriguez ' )
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BEG
PROJECT # RRC VINSON
: 1147 CO RD 436 MERKEL, TX

-QA/QC Data Report for soil vapors for EPA methods 8015 (C1-C6)

DATE: 5/23/97
TIME: 7:31/7:36

COMPONENT CONCENTRATION RESULTS RECOVERY
PPMV . PPMV %
TPH(Hexane) 100 _ 87 87%
Methane(C1) 1100 . : 1125 ' 102%
Ethane(C2) 1070 1104 103%
Propane(C3) 1050 1079 ' 103%
Butane(C4) 1060 1095 103%
Pentane(C5) 1100 1135 103%
Hexane(C6) 1030 1047 102%
DATE:5/23/97 3
TIME:11:16 / 11:39
COMPONENT CONCENTRATION RESULTS RECOVERY
PPMV PPMV %
TPH(Hexane) 100 89 89%
Methane(C1) ~ 1100 - 1085 * 99%
Ethane(C2) 1070 1065 100%
Propane(C3) 1050 1055 | 100%
Butane(C4) 1060 1070 . 101%
Pentane(C5) 1100 1120 102%
Hexane(C6) 1030 1019 99%

% RECOVERY - PERCENT RECOVERY OF ANALTYTE(S) FROM STANDARD
ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE ENVIRONMENTAL LAB
ANALYSES PERFORMED BY : Richard Rodriguez '

v,
’
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 BEG
PROJECT # RRC VINSON
1147 CO RD 436 MERKEL, TX

'

QA/QC Data Report for soil vapors for EPA methods 8015 (C1-C6)

DATE: 5/28/97
TIME: 7:35/8:26

COMPONENT CONCENTRATION : RESULTS - RECOVERY

PPMV PPMV %
TPH(Hexane) 1030 1049 102%
Methane(C1) 1100 = 1123 S 102%
Ethane(C2) 1070 1081 : 101%
Propane(C3) 1050 . 1066 ) 102%
Butane(C4) 1060 . 1030 97%
Pentane(C5) ‘ 1100 - 1004~ 91%
Hexane(C6) 1030 893 87%
DATE:5/28/97
- TIME: 12:41 ' 4
. COMPONENT . CONCENTRATION RESULTS RECOVERY

' PPMV . ‘ PPMV % .
TPH(Hexane) 1030 ] ‘ 1102 107%
Methane(C1) 1100 S 1131 ‘ 103%
Ethane(C2). . 1070 , 1093 : 102%
Propane(C3) 1050 1072 102%
Butane(C4) 1060 ‘ . 1086 102%
Pentane(C5) 1100 : 1116 S, 101% -
Hexane(C6) 1030" A 1035 . 100%

DATE:5/28/97

TIME: 16:00 . o . :
'COMPONENT = CONCENTRATION RESULTS ' RECOVERY
PPMV PPMV %
TPH(Hexane) 1030 : . 1064 . 103%
Méthane(C1) 1100 1120 , - 102% -~
Ethane(C2) 1070 1110 104%
Propane(C3) 1050 S 1099 105%
Butane(C4) 1060 - 1117 105%
Pentane(C5) 1100 1155 105%
Hexane(C6) 1030 1059 103%

% RECOVERY - PERCENT RECOVERY OF ANALTYTE(S) FROM STANDARD /-
ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE ENVIRONMENTAL LAB s,
ANALYSES PERFORMED BY : Richard Rodriguez 4 i T

e



BEG
PROJECT # RRC VINSON
1147 CO RD 436 MERKEL,TX

QA/QC Data Report for soil vapors for EPA methods 8015 (C1-C6)

DATE: 5/29/97 . \
TIME: 7:30 Ll
COMPONENT CONCENTRATION RESULTS RECOVERY
PPMV PPMV " %
TPH(Hexane) 1030 1071 104%
Methane(C1) 1100 A 1126 , 102%
Ethane(C2) 1070 1114 104%
Propane(C3) 1050 ~ 1100 : 105%
Butane(C4) 1060 . 1101 104%
Pentane(C5) .. 1100 . 1118 102%
Hexane(C6) 1030 . 996 © 97%
DATE:5/29/97 -
TIME:12:11
COMPONENT CONCENTRATION RESULTS RECOVERY
PPMV - PPMV %
TPH(Hexane) 1030 1015 99%
Methane(C1) 1100 - 1052 96% -
Ethane(C2) . 1070 1054 99%
Propane(C3) 1050 1042 ' 99% -
Butane(C4) 1060- 1057 © 100%
Pentane(C5) 1100 ) 1110 101%
Hexane(C6) 1030 1048 102%

DATE:5/29/97

TIME:15:57
COMPONENT CONCENTRATION RESULTS " RECOVERY
PPMV PPMV 0 :

TPH(Hexane) . 1030 : 1038 101%
Methane(C1) . 1100 1127 . 102%
Ethane(C2) 1070 1113 104%
Propane(C3) 1050 1095 104%
Butane(C4) 1060 1110 105%
Pentane(C5) 1100 1148 104%
Hexane(C6) 1030 ' : 1062, 103%

% RECOVERY - PERCENT RECOVERY OF ANALTYTE(S) FROM STANDARD
ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE ENVIRONMENTAL LAB
ANALYSES PERFORMED BY : Richard Rodriguez
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BEG
 PROJECT # RRC VINSON
1147 CO RD 436 MERKEL, TX

}

QA/QC Data Report for soil vapors for EPA methods 8015 (C1-C6)

/

DATE: 5/30/97
TIME: 7:48/8:14

COMPONENT CONCENTRATION RESULTS - . RECOVERY
‘ - PPMV PPMV T %
TPH(Hexane) - 1030 . 1065 103%
Methane(C1). 1100 : 1081 98%
Ethane(C2) -.1070 ’ ” 1062 c ; 99%
. Propane(C3) 1050 1050 ' 100%
‘Butane(C4) -~ . 1060 o - 1064 : " 100%
Pentane(C5) 1100 . 1114 S 101%
Hexane(C6) 1030 - 1022 - 99%
DATE:5/30/97
TIME:12:51 . 5 :
COMPONENT CONCENTRATION RESULTS . RECOVERY
Vo _ PPMV ‘ “PPMV - %
TPH(Hexane) - 1030 . 1032 . 100%
Methane(C1) - 1100 - 1105 100%
Ethane(C2) ‘ 1070 o 1076 ‘ 101%
Propane(C3) 1050 o : 1048 100%
Butane(C4) : 1060 - ~ 1061 100%
Pentane(C5) . 1100 1112 101%
‘Hexane(C6) 1030 1025 - 100%

DATE:5/30/97

- TIME:16:38 ,

COMPONENT  CONCENTRATION RESULTS RECOVERY
- PPMV PPMV _ %

TPH(Hexane) . 1030 : 1080 105%
Methane(C1) 1100 1120 102%
Ethane(C2) 1070 1086 - 101%
Propane(C3) 1050 ‘ 1066 - 102%

" Butane(C4) 1060 . 1086 : 102%
Pentane(C5) 1100 1124 ' 102%
Hexane(C6) _ 1030 - 1057 103%

" % RECOVERY - PERCENT RECOVERY OF ANALTYTE(S) FROM STANDARD |
ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE ENVIRONMENTAL LAB
ANALYSES PERFORMED BY : Richard Rodriguez




BEG
PROJECT # RRC VINSON .
1147 CORD 436 MERKEL,TX

TEG Project #T2-970520

| TRPH (EPA Method 418.1) ANALYSES OF SOILS

SAMPLE . DATE - DEPTH " TRPH

NUMBER _ _ ANALYZED FT (mg/kg)
METHOD BLANK =~ 5/21/97 R : ND
VBH-2 . 5/21/97 30 . ND
'VBH-3 5/21/97 - . 35 . + ND
VBH-4 IR - 5/21/97 3% . ND
VBH-5 . s 38! 43
METHOD BLANK " . 5122197 — ' ! ND
VBH-8 s 5/22/97 20' SR ND
VBH-8 e . 5/22/97 3 ND
VBH-9 5/22/97 : 5 : ND
VBH-9 S -5/22/97 - . - 10 ‘ ND -
VBH-9 < 5/22/97 25' A ND .
VBH-10 - 5/22/197 . 100 ND
VBH-10 ' 5/22/97 20 : - ND .
VBH-11 ‘ 5122197 R |4 140
VBH-11 - 5/22/97 35' ; 700
METHOD BLANK - 5/23097 - “ND -
VBH-12- ‘ . 5/2397 20 ‘ 52
VBH-12 . - - Bf23197 38 200

" VBH-13 o 5/23/97 . , 20' ' ND -

. VBH-13 -  5/23/97 36 ND
METHOD BLANK - 5/28/97 : A - ND
VBH-14 . . 5/28/97 20" ~ ND
VBH-14 5/28/97 .35’ . o107

~ VBH-15 o 5/28/97 10 _ ND
VBH-15 . 5/28/97 25 _ ND )
VBH-16 . - - 5/28/97 ! 10 ND :
VBH-16 5/28/97 28 o - ND ‘
VBH-17 . 5/28/97 - 10" ND
VBH-17 - 5/28/97 ‘ 25' ND
VBH-18 - 5/28/97 10 ND .

VBH-18 " 5/28/97 : 28 ) ND




BEG
PROJECT # RRC VINSON
1147 CO RD 436 MERKEL,TX

TEG Project #72-970520 | [ R ot

~ TRPH (EPA Method 418.1) ANALYSES OF SOILS

SAMPLE  DATE DEPTH TRPH

NUMBER . _ _ANALYZED FT (mgrkg)
METHOD BLANK 5/29/97 " _ . ND ]
VBH-19 : , 5/29/97 - .10 L . 'ND
VBH-19 ‘ 520197 25' " ND
VBH-20 N 52997 ' 10', ND
VBH-20 ’ - 5/29/97 ' 25 - ND
VBH-21 . 520097 _ 10' ND
VBH-21 5/29/97 25 ND
TVBH-22 T 5/29/97 10 ND
VBH-22 : 5/29/97 . 25' 2 ND
VBH-23 , . 519/97 10' ~ ND
VBH-23 - 5129/97 25' 5 ND
METHOD BLANK 5/30/197 —_ ND
~VBH-24 , . 5/30/97 : 200 ND
VBH-24 . b5/309T 3 " 'ND
VBH-25 ‘ 530097 - 20' ~ ND
VBH-26 Lo 5/3097 . 20' ND
VBH-27 : 530097 20 ‘ ND
' VBH-27 , ) © 5/30/97 3 Lo i 200
VBH-28 * ‘ 5/30/97 10 ND
VBH-28 5/30/97 25' ND
DETECTION LIMITS (mg/kg,ppm) ‘ 10

"ND". INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

b
ANALYSES PERFORMED ON-SITE.IN TEG-TEXAS' MOBILE ENVIRONMENTAL LABORATORY -
- ANALYSES PERFORMED BY: RICHARD RODRIGUEZ

R




, BEG:
PROJECT # RRC VINSON
1147 CO RD 436 MERKEL,TX

TEG Project #T2-970520

TRPH (EPA Method 418.1) ANALYSES OF WATER

B

SAMPLE . DATE TPH

NUMBER ~__ANALYZED (ug/L)

METHOD BLANK . .5l21197 . _ ND

VBH-4 . ‘ . 5/21/97 . ND

VBH-5 5/21/97 50000

VBH-6 . 5/21/97 ‘ND

METHOD BLANK - - - 522197 : ND

KTAP-2 : 5/22/97 ND

VBH-8 =~ 5/22/97 ND

VBH-9 5/22/97 ' ~ND

VBH-10 S 5/22/97° ND

VBH-11 : ' 5/22/97 150000
'METHOD BLANK . 523197 ND )
" VBH-12 o 5/23/97 22000

VBH-13 5/23/97 : 2000

METHOD BLANK 5/28/97 i " ND

VBH-14 : S 5/28/97 12600

_VBH-15 ' 5/28/97 . ND q
VBH-16 R 5/28/97 ND

VBH-17 - '5/28/97 ND

VBH-18 5/28/97 ~~ ND

vce-2 , 5/28/97 ~ 'ND

METHOD BLANK . _Sl29/97 ND - . <
VBH-19 - 5/29127 : ND :
VBH-20 o 5/29/97 © 1500

VBH-21 . 5/29/97 - ND

VBH-22 ‘ 5/29/97 ND

VBH-23 - 5129/97 ~ND

METHOD BLANK 5/30/97 : ND

VBH-24 , 5/30/97 14300

VBH-25 ©5/30/97 - “'ND

VBH-26 5/30/97 ND -
VBH-27 . 5/30/97 28600

VBH-28 . 5/30/97 ND
DETECTION LIMITS (ug/L,ppb) 1000 i

"ND" INDICATES NOT DETECTED AT LISTED DETECTION LIMITS

ANALYSES PERFORMED ON-SITE IN TEG-TEXAS' MOBILE LAB
ANALYSES PERFORMED BY: RICHARD RODRIGUEZ
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