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Navajo Refining Company Results of the EM34 Terrain Conductivity Investigations

1.0 Introduction

Gravel zones within silt and clay deposits east of and immediately adjacent to the Navajo
Refinery have been observed to serve as preferential pathways for fluid and contaminant
migration. These gravel zones are related to alluvial fan deposits from the Sacramento
Mountains to the west, and their distribution beneath the surficial clayey silt and silty clay soils
has not been mapped. The depth at which gravels may be encountered is dependent on location
within the study area. Gravels have been found at depths from 10 to greater than 40 feet, but the
most likely depths in the study area are from 15 to 25 feet. In some areas immediately east of the
refinery, no shallow gravels have been observed. When found, gravel thickness’ may range from
less than 1 foot up to 7 feet. Some deposits may be up to 300 feet wide.

A typical gravel cross-section is shown in Figure 1. These zones have been identified in soil
borings during environmental investigations at the refinery, but their distribution and orientation
have not been determined. The gravel zones have no surface manifestation and therefore
identification and mapping of these features would provide useful information for future
environmental work, including placement of monitor wells and remedial activities.

To assist in location and delineation of the gravel zones, a short-duration pilot study was
performed in May 1996 in a field east of the refinery using the electromagnetic induction (EM)
method to map the gravel zones within the clays. This was followed by more extensive EM
surveys in July and August 1996, and May and June 1997. Partial confirmatory drilling to verify
and assist in interpretation of the EM survey results and prepare the interpretive map was
performed in October 1996 and May 1997. Completion of the confirmatory drilling has been
delayed due to current crop cultivation in the fields where the drilling is to occur. It is expected
that drilling will be completed in the fall of 1997 with an additional 10 to 12 boreholes followed
by modification of the interpretive map as necessary.

This report provides a explanation of the geophysical methods considered and selected, a
description of the field data collection and data reduction, and the interpretive methods utilized to
analyze and map the EM survey data. The material presented in this report does not include the
lithologic logs for the confirmatory drilling, nor the logs of other boreholes drilled and monitor
wells installed in the area. That information is provided in a companion volume of data for the
groundwater investigation entitled ‘“Borehole Lithologic Data, Subsurface Hydrocarbon
Investigation, Navajo Refinery, Artesia, New Mexico, 1991 - 1997.”
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2.0 Electromagnetic Induction (EM) Methods

2.1 Description of the Methods

A number of geophysical methods were considered for mapping of subsurface features in the
vicinity of the refinery (Table 1). Based upon an evaluation of the geologic setting at Navajo
Refinery, and the objectives of the study, it was determined that the electromagnetic induction
(EM) method would provide the best approach. This is because EM methods detect vertical and
lateral variations in conductivity of subsurface materials, and gravels are typically resistive
relative to clays. In addition, EM surveys are relatively inexpensive, non-intrusive, and allow
rapid data acquisition.

A wire loop through which a current flows may be viewed as a dipole, as it produces a magnetic
field similar to a field produced by a bar magnet. When the coil is in a horizontal position (i.e.
parallel to the ground), the dipole derived from the induced magnetic field is in a vertical
position. Similarly, a vertical coil produces a horizontal dipole. A constant current in a wire
loop will create a constant magnetic field. By Faraday’s Law, an alternating magnetic field will
induce electromotive force in a conductive material, and create an electric current. This process,
known as electromagnetic induction, is the fundamental principle by which terrain conductivity
meters operate.

The value measured by the terrain conductivity meters is termed “apparent” conductivity because
of heterogeneity and anisotropy of subsurface materials. This value is a composite of a range of
true conductivity values for the subsurface materials in the range of detection by the instrument.
Electromagnetic methods are most useful for detecting lateral and vertical variations in electrical
conductivity of the subsurface.

A Geonics Model EM34-3 terrain conductivity meter was used for the study. The pilot study
also utilized a Geonics Model EM31-D meter. Both instruments consist of a transmitting coil, a
receiving coil, a battery and a control unit with phase sensing circuits that display conductivity in
millisiemens per meter (mS/M). An alternating primary magnetic field is produced at the
transmitting coil by an alternating electric current. The primary magnetic field creates an
electromotive force that creates secondary electrical current loops in the subsurface. The
receiving coil measures the electromotive force generated by the primary magnetic field from the
transmitting coil and the secondary magnetic fields generated in the subsurface.

The depth of investigation for EM instruments depends upon coil spacing and orientation. In
general, the depth of investigation increases with increased intercoil spacing, and vertical dipole
orientation provides a greater depth of investigation than horizontal dipole orientation. The
EM34-3 instrument has coils that can be spaced 10, 20, and 40 meters apart in both vertical and
horizontal dipole orientation. The EM31-D instrument has coils contained in a boom at a fixed
distance of 3.7 meters apart. Both vertical and horizontal dipole measurements can be taken with

EMS report.doc 3 September 30, 1997




Results of the EM34 Terrain Conductivity Investigations

Navajo Refining Company

*AJIATISISAT
uy sodueyd (Surryord)
‘punoi13 oY) pue eIate] pue (s3urpunos) ‘Sfeudlew
SOPOIS U2M)aq o1dnoo ‘wonisinboe feoruaa depyy soumd yuea ySnony uonededord
pood sarmbar ‘oouarapayur eiep pider AjpAne[al | 191empunoid 2ATISISaX AJTuapt | Jo Juswiamsesws pue agreyd
rermmo o) sjqndaosng | ‘orerado 0y Ases ‘sarsuadxsug ‘suozuoy onjdeidnens depy 2L1199[9 UE JO UONIBIIUID) Anansisay 0a
“Jojempunols
“urens) paeiodoa SALL ydny Amuapr
Aniaeay 10 y3nos ur serado *£31ATIONPU0D Ul SUONELIRA PUE ‘S[105 JO ANANONPUOD *p1ay oo9e Arewud
0] JNOYIP ‘ddUdIINUY 1eoruaA dews o} posn oq ued eSO Ay Ul $9FIRYD poueA-own € YIm A§10us
TesEw o3 oiqndaosng | “vesado o) £ses ‘oarsuadxau] Teoraa pue ey deyy | onoudewonsops Jo uonanpug wswnnsuy ¢ WA
“191empunold SqlL ysry pue
*0URIIAUY "[E19W STI0133J-UOU SPI3(] ‘[erous paunq Ajniuapl ‘s[ios "PI2Y o293 Arewsurd
fermd 03 siqndsosns ‘uonismboe eiep pides JO Al1Anosnpuod [eouIde paueA-2wN € M A310ud
“pdap uonednsoaut poynury | ‘arerado o) Ases ‘aarsuadxaug ut sa3reyo ferare] depy | onsuSeuwronasrd Jo vononpuy wLwnnsul 1€ NG
*saoeds ploA pue
*JAISUJUL ‘SaIdNNS S2IMORIJ ‘SHMEJ ‘SIS
30qe] darsuadxs ‘(§ 07>) 51501003 pue Aydes3nens 91807028 dews ‘suozuoy *SIOBHIIIY ANOOJIA 18
$19812) MOJ[BYS 10J 2ANIS[2U] JO  UONDIS-SS01,, SOPIAOIY srydexdnens Amuop] |  A815ud oTWISISS JO UONIPNY uonNdIYIY STWISIG
"SJUSUIUOIIAUD
MOJTRYS UL AN "UIOU0O
‘s1ae] Jo sxakey 0} yidap pue *S[oUUBYD PUB SMO] pdap sremores
USPPIY Pue ‘SUOISIAAUY ‘sau0z |  saNIo0]aA uonededosd aaem | 3O0IPOQ 31E00] PUE ‘SUOZLIOY 0] SIABM OTWISISS PIIORIJII
Ppullq WOy SI0L3 0} 13fQng arurstas sapraoad £psaliq oydeidnens Anuap] | Jo L)150[3A panseaws 9 a5 UOTIORIJIY STWISIAS
"0UAIIUL ‘uonIsmboe "saninn
remmymo 0 9jqndaosns ‘fejour eyep pides £jaape|ar punoidispun pue $159/qo *p1ay onasufeut s yues
SNOLIQJ-UOY 1OIIP 10U s90 | ‘a1erado 01 £sea DArsuadxsu] sno1J9j ‘pounq AJuap] 31} UT SUOTIBLIBA SIINSEIN sonaude
"s3lqo
poung 9)e20] pue SUOZUOY
"SBaJe paIrmno ut aansoyd | onjdesdnens depy “sreusjew
‘a1erado 0} Juswnnsuy ‘saqyyoxd snonurnuod soepnsqns Jo soruadoad
xo1dur09 ‘s[108 sAnONpUCO ‘voneraidrayur yidop eSS Ul SUOTIELIBA *£313u3 onouewronsop (ado)
Ul UONENUINE 319A3G | 19911p ‘vonismboe erep prdey [E9T9A pue JeIdze| duys( Jo sasqnd Jo uonooysy Jepey Sunensusd punoin
SNOILV.LINIT SHOVINVAQY SNOLLVOI'TddV NOLLVY3dO JOHLIA TYDJISAHdO3D
40 ITJIONId

SNOLLVOILLSIANI TYINTFWNOYIANT YOA SCOHLIN TVOISAHJOID ADVAUNS T 3qeL

September 30, 1997

EMS report.doc
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the EM31-D instrument by changing the orientation of the boom (i.e. changing the loop from the
normal vertical position perpendicular to the ground, to a horizontal position parallel to the
ground). Table 2 lists the total investigation depth and depth of major response for the EM31-D
and EM34-3 instruments at all possible intercoil spacings and orientations.

Based upon the depth of interest (approximately 20 feet), the pilot study collected EM data using
both instruments with the EM34-3 instrument having 10 and 20 meter intercoil spacing in both
directions, and in the horizontal dipole orientation at the 40 meter intercoil spacing. After
evaluation of pilot study data, the main survey was conducted entirely using the EM34-3 at the
10 meter horizontal and vertical intercoil spacing except for the portion of the study in the Chase
pecan orchard. Because some deeper gravel beds were detected during drilling of KWB-11A and
-11B and installation of Bolton Road recovery trenches, both 10 and 20 meter intercoil spacings
were utilized in the orchard.

Table 2. Depths of Total Investigation and Major Response
for Terrain Conductivity Instruments

Instrument Coil Separation Dipole Maximum Major Response

(Geonics Ltd.) Distance Orientation | Investigation Depth Depth

EM31-D 3.7 meters horizontal 9 feet shallow
3.7 meters vertical 18 feet 5 feet

EM34-3 10 meters horizontal 25 feet shallow

10 meters vertical 50 feet 13 feet

20 meters horizontal 50 feet shallow

20 meters vertical 100 feet 26 feet

40 meters horizontal 100 feet shallow

40 meters vertical 200 feet 52 feet

2.2 Method limitations

Typical terrain conductivity values for saturated clays and saturated sand/gravels are about
100 mS/M and 3 mS/M, respectively. Based upon the contrast in conductivity and the thickness
of the zone of interest relative to the overlying layers, it appears that the EM method identified
gravel zones at this location. However, some of the limitations of the method need to be noted to
properly interpret and understand the results presented in the following sections.

e All EM methods are sensitive to interference in the form of metal objects, especially
powerlines and underground pipelines. The location of the study in an area of cultivated
fields and orchards with minimum metal objects to cause interference provided an almost
optimum setting for use of the EM geophysical technique. However, even in this area, a
minimum distance of 100 feet from overhead powerlines, and 50 feet from metal fences
and concrete objects reinforced with metal rebar was maintained.
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The EM method identifies contrasts in conductivity, such as the typical contrast between
gravels and clay. However, if gravels are predominantly in a clay matrix (as commonly
occurs at the Navajo site), the conductivity contrast is somewhat less pronounced. At this
site the difference in values of clay and gravel for the vertical dipole rarely exceeded
20 mS/M while the difference for the horizontal dipole seldom exceeded 40 mS/M.

The conductivity of saturated geologic materials is strongly dependent upon pore fluid
composition. Waters with a high total dissolved solids (TDS) within the gravel zones
will elevate the apparent conductivity readings, and also may reduce the conductivity
contrast. However, where waters in the clays have higher TDS than waters within the
gravel zones, the conductivity will be enhanced. The water in the discontinuous
near-surface gravel zones at the site ranges from 2,000 to 6,000 mg/L which is quite
elevated above concentrations generally found in deeper transmissive formations at the
site (700 - 3,000 mg/L TDS). The TDS concentrations in the gravels, although elevated,
are still considerably less than concentrations typically found in interstitial soil solutions.
The presence of non-aqueous phase hydrocarbons (free product) in pores will also change
apparent conductivity readings. A relatively high volume of product in gravels will
enhance the conductivity contrast with surrounding materials, while -elevated
concentrations in the clay matrix will decrease the conductivity contrast. For optimum
interpretation, it is hoped that most free product remains in the more transmissive
materials while the clays have been largely unimpacted with free product.

Relatively thin gravel zones may not have been resolved by the EM method, particularly
as their depth beneath the clays increases. However, as noted above, the presence of free
product in these thin lenses, may have actually enhanced their detection.

Notwithstanding these limitations, the method generally has succeeded in defining major
channels as determined by the confirmatory drilling performed to date. However, several key
areas remain to be evaluated by the drilling, and final interpretation of the data must await
completion of the planned drilling.
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3.0 Data Collection

The two-person field team collected data from a total of 78 transects in the farm properties
immediately adjacent to the eastern fence line of the refinery. Data were also collected from
three additional transects in the pecan orchard east of Bolton Road. Both horizontal dipole and
vertical dipole data were collected at 5 meter intervals along the length of each transect using the
Geonics EM34-3 terrain conductivity instrument. At this interval, horizontal dipole readings
measure the apparent conductivity of materials from the ground surface to depths of
approximately 25 feet, while the vertical dipole readings measure apparent conductivity of
materials from approximately 13 to 50 feet below ground surface. The data for each transect
were recorded electronically on a digital Omnidata Polycorder DL720 with Dat31 software. The
Polycorder data were downloaded, graphed, and preliminarily interpreted at the end of each
working day to assure correct operation of the equipment and to identify areas for data collection
for the following day.

EM34 instrument readings are affected by strong electrical currents and metal objects; in general,
readings were not collected within 100 feet of overhead power lines and 50 feet of barbed wire
fences and rebar-reinforced concrete. Transects 1 through 34 were collected in July, 1996;
transects 35 through 49 were collected in August, 1996; and transects 50 through 78 were
collected in late May and early June 1997. The location of each transect was hand-surveyed
(with accuracy of +/- one foot) using a 300-foot fiberglass measuring tape with the locations
were plotted onto existing maps of the Navajo Refinery and surrounding properties. It should be
noted that when plotting the transect locations, it was determined that the existing maps were
inaccurate and could not be used to plot the transects. As a result, the transects were re-mapped
on separate graph paper.
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4.0 Data Reduction

4.1 Field Data Reduction

Upon completion of each day's data collection activities, the raw horizontal and vertical dipole
data from each transect were downloaded from the Polycorder and entered onto a computer
spreadsheet. The vertical and horizontal measurements were then plotted onto X-Y graphs for
preliminary field interpretation. All raw Polycorder data, spreadsheet data, and graphed data
were saved onto computer discs for later in-office processing.

4.2 Office Data Reduction

Following field data collection, the data were further processed in the office in preparation for
final interpretation. The initial data analyzed were the vertical dipole measurements. The
absolute value of the vertical dipole measurements were mapped and were found to produce
indications of underground linear features. Because the conductivity values varied significantly
between each of the various farm fields that were surveyed, it was necessary to look at relative
differences in conductivity values along and between transects (rather than looking solely at the
absolute conductivity values). During the interpretation process, the data from all of the transects
were graphed at the same scale to allow for a consistent interpretation of the results. As a result,
the final graphs generated for interpretation used a consistent linear scale (1 inch = approx. 60
meters) and a consistent scale of apparent conductivities (1 inch = approx. 22 millisiemens per
meter [mS/m]). Because of the low signal to noise ratio of the vertical data in some areas, some
vertical data were reprocessed using a smoothing program (with a smoothing factor of five data
points around a center point) to aid in the interpretation of trends in the data. The smoothed data
were then graphed on the same scale as the raw data. All graphs used in production of the
interim map are presented in the report Appendix.
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5.0 Data Mapping and Interpretation

5.1 Horizontal Dipole Data (Near-Surface Measurements)

When the graphs of the horizontal data were laid out side-by-side, significant conductivity
variations in the data were identified. Areas of significant lows, minor lows, and significant
highs in the conductivity readings were marked on each transect, and these areas were plotted on
a scale map of the site (Draft map-Horizontal Dipole Data [Shallow]). Based upon the trends
identified on the graphs, and on the data plotted on the base map, boundary lines were added to
define the extent of the low and high conductivity areas. Although a southwest to northeast trend
was seen in some mapped data, apparent conductivity variations were generally quite dramatic
within and among transects.

Based upon the specifications for the EM34 instrument and the clayey silt to silty clay lithology
known to be present near the surface at the site, it was estimated that the shallow measurements
provided information on an envelope of materials from the surface to approximately 25 feet
below ground surface with the greatest response at the ground surface. Because many areas of
the study site were actively undergoing cultivation and/or irrigation immediately prior to or
during the time of the measurements, it was determined that the large variation in shallow
conductivity may be due to irrigation effects near the surface and are not representative of
subsurface lithology. This was confirmed by the many past and current borings that show mostly
undifferentiated clayey silt and silty clay from the surface to about 15 feet. Because the observed
wide variation in conductivity does not correlate well with the shallow subsurface data, a final
version of the horizontal dipole data (shallow) map was not prepared for this report.

5.2 Vertical Dipole Data (Deep Measurements)

As with the horizontal dipole data, the relative variability of vertical conductivity readings along
transects and between adjacent transects was used to identify gravel-rich zones. This approach
was used because the variation in vertical conductivity readings from field-to-field precluded
interpretations from comparing "absolute" conductivity readings. Areas of significant lows,
minor lows, and significant highs in the vertical conductivity readings were marked on each
transect, and these areas were plotted on a scale map of the site (Draft map-Vertical Dipole Data
[Deep] Map). Based upon the trends identified on the graphs, and on the data plotted on the base
map, boundary-lines were added to define the extent of the low and high conductivity areas. A
distinct southwest-northeast trend was seen in the deep data in some locations, and the
interpreted data showed three general "ethology-types" (major channels [gravel-rich], minor
channels [sand/gravel rich], lessor channels, and clay-rich areas). The boundaries of the clay-rich
areas and the channel areas should not be construed as sharp boundaries, but rather they indicate
gradational changes in lithologies perpendicular to the directional trends. Also, boundaries tend
to be less defined due to the natural "averaging" of conductivities resulting from measuring the
conductivity of a larger, deeper volume of materials.
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Another approach used to map variations in the vertical conductivity measurements was to map
the occurrence of three or more consecutive data points that fall below a given vertical
conductivity. These locations were assigned a color and plotted on a draft map. The color
contrasts provided an immediate visual picture of areas of low, medium and high conductivity.
For example, Figure 2 shows the use of color to outline a possible channel. Areas with three or

more points less than 40 mS/m are blue, those with three or more points less than 45 mS/m are
green, and so on.

Still a third approach was to plot the transects in an Excel spreadsheet chart and use the chart tool
to produce a three-dimension view of the channels. After truncating high data peaks, the
“valleys” correspond to areas of low conductivity and can be interpreted as permeable channels.
This creative method for showing conductivity data clearly shows areas that have been confirmed
to have coarse grained deposits, especially the area east of Bolton Road. However, in other
areas, a low signal to noise ratio causes numerous relatively ragged “shallow” valleys that are not
as easily interpreted. The area immediately west of Bolton Road is one such area where the
actual lithology is unknown below about 15 to 20 feet and awaits confirmatory drilling to
complete interpretation.
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6.0 Summary of Results

The mapped results for the vertical dipole (deep) data are shown in Plate 1. These results were
compared to known lithologies from boreholes logged (to depths of 20 feet or greater) during
current and previous drilling and sampling programs. The comparisons of the EM34 vertical
dipole data and the borehole logs generally showed good correlation.

Interpretation of the vertical dipole measurements found areas of significant conductivity lows in
the relatively deep subsurface, all of which trended from the southwest to the northeast. These
major conductivity lows were interpreted to be major channels, rich in sands and gravels, and
potentially significant conduits for contaminant transport.

A major area of very low conductivity (Channel 1) was found along most of transect line 45 and
trending to the northeast. However, the feature does not appear to extend much to the east of the
northern end of transect 41. This conductivity low is believed to be the major channel closest to
the refinery. It is possible that the channel, on the northern end of lines 43-45, may have
significant free-phase hydrocarbons in the subsurface together with sand and gravel rich
sediments. One borehole (96-24) was drilled in the area and detected a thick gravel zone, but
auger refusal and lost core samples did not provide complete information. Further drilling in this
area and to the east would help to confirm the exact nature of this conductivity low.

A second major conductivity low (Channel 2) was found starting at the southern end of line 40
and continuing to the northeast where it appears to leave the mapped area at the northern end of
line 35 and continues across the dirt farm road to the vicinity of Transect 57. Although
confirmatory drilling verifying gravels has been completed along and west of the road, no
drilling has been performed in the fields east of the road. Drilling completed along the road
shows 7 to 8 feet of hydrocarbon-containing gravels from 16 to 24 feet. The coarse material at
this location provides an excellent site for hydrocarbon recovery.

Possibly the longest channel (Channel 3) was found starting at the southern end of line 16 and
trending to the northeast where it was also present at the northern ends of lines 5 and 6. This
channel is also believed to continue from line 16 to the southwest under the boneyard area and
toward the refinery (because of the metal in the boneyard, further conductivity measurements
could not be taken in that area to confirm this interpretation). Because the conductivity
measurements within the boundaries of the interpreted channel were generally low, it is possible
that the conductivity low may correlate to a sand and gravel enriched area containing
hydrocarbons throughout. Indeed, free-phase petroleum hydrocarbons were detected in this
channel northeast to the vicinity of transect 1.

A fourth major channel (Channel 4) also was detected in the area east of Bolton Road in the
pecan grove. Plate 1 shows areas of very low conductivity in the area as far east as the two
KWB-11 wells. In the area 250 feet east of Bolton Road and 300 feet north of Highway 82 a
boring (97-04) detected a sand/gravel rich area at a depth from 18 to 28 feet that contained free-
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phase hydrocarbon. Further east, confirmatory drilling and the KWB-11B logs show gravel
zones from 32-43 in a boring 250 feet north of the KWB-11 wells, and a deeper zone to 48 feet in
the monitor well. These several relatively thick and vertically dispersed zones of coarse material
produced the deep conductivity low seen in the EM data. The lack of shallow channels further
east near the KWB-11 wells likely acts to retard shallow hydrocarbon movement. This
predominance of coarse grained material would allow installation of one or more recovery wells
in the orchard without unduly disturbing the existing trees as a trench would do.

In general, given the available subsurface lithologic data, there was a correlation in many areas
between the vertical dipole measurements and the subsurface information. Although many
shallow borings were advanced in 1991 and 1992, their purpose was the delineation of the
hydrocarbon extent. Therefore, there are areas where no meaningful subsurface information
exists beneath the first sign of saturation (approximately 15 to 20 feet below the surface). In
these areas deeper drilling is necessary to more completely correlate and interpret the EM
conductivity data with the actual lithologic measurements.
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7.0 Conclusions and Recommendations

The EM-34 surveys successfully identified four subsurface channels that could serve as major
conduits for lost product from the refinery. The channels were identified by mapping trends of
low electrical conductivity that indicate areas of sand and gravel enrichment. Areas of
significantly low electrical conductivity, potentially resulting from hydrocarbons in the
subsurface, were also identified. The interpreted EM34 data compared favorably with lithologic
data collected from previously drilled boreholes; however, additional confirmatory borings using
split-spoon or coring sampling methods are recommended.

The following eleven additional boring locations are recommended to confirm the presence of
gravels and sands in areas interpreted as major channels, to confirm the presence of fine-grained
silt and clay materials, and to further evaluate the hypothesis that hydrocarbons in the subsurface
could be influencing the conductivity readings along some channels. However, depending on the
results of these proposed borings, it may be necessary to drill at several other boring locations to
provide satisfactory subsurface lithologic coverage.

Table 3. Proposed Additional Confirmatory Borehole Locations

Proposed Confirmatory Borehole Locations

Anticipated Lithologies

Transect 24, 250 and 650 feet south of
southernmost power line

Thin sand and gravelly zones. Possible floating
product.

Transect 33, 700 feet south of open concrete
irrigation culvert

Sand and gravel zones. Possible northeast
extension of Channel 1.

Transect 40, 150 feet south of open concrete
irrigation culvert

Sand and gravel zones. Possible eastward
extension of Channel 1.

Transect 43, 350 feet south of fire training center

Sand and gravel zones. Possible eastward
extension of Channel 1.

Transect 45, 150 feet south of refinery security
fence

Additional coring to confirm and complete the
partial information from boring OS 96-24

Transect 60, 300 feet south of farm road

Sand and gravel zones.

Transect 66, 700 feet north of Highway 82 fence

Sand and gravel zones. Possible eastward
extension of Channel 2.

Transect 71, 700 feet north of Highway 82 fence

Sand and gravel zones. Possible floating product.

Transect 77, 125 and 625 feet south of
Highway 82 fence

Sand and gravel zones. Possible floating product.

Based upon the successful correlation of the EM34 data with existing borehole data, the EM34
surveys are capable of identifying potential conduits in undeveloped areas of the refinery.
Findings from this investigation will reduce costs by decreasing the number of exploratory
boreholes needed and optimizing the placement of hydrocarbon recovery operations. However,
some additional drilling always should be performed in the immediate vicinity of any proposed
recovery operation to more precisely delineate subsurface lithology and hydrocarbon extent prior
to detailed remediation system design and installation.
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