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September 28, 2007

Mr. Steven Nightingale, P.E.
Manager, Permit Section
Bureau of Land
Illinois Environmental Protection Agency
1021 North Grand Avenue East
Springfield, Illinois 62794

Subject: West Fenceline P-93 Dissolved Phase Benzene Investigation
Shell Oil Products US/ConocoPhillips Company
WRB Refining LLC Wood River Refinery, Roxana, Illinois

Dear Mr. Nightingale:

INTRODUCTION AND OBJECTIVES

Shell Oil Products U.S. (SOPUS) with the cooperation of ConocoPhillips Company
(ConocoPhillips) conducted a subsurface investigation at and outside of the WRB Refining LLC
Wood River Refinery (WRR) in Roxana, Illinois.  WRB, formed January 1, 2007, is a 50/50
joint  venture  between  ConocoPhillips  (COP)  and  EnCana  US  Refineries  LLC.   The  facility  is
owned by WRB and operated by COP employees.  The subsurface investigation was conducted
to gather information in the area of monitoring well P-93.  Beginning in 2005, increased benzene
concentrations in groundwater have been observed in some of the P-93 monitoring wells (i.e., P-
93A and P-93B) located near the west fenceline  of the refinery North Property.

URS Corporation (URS), on behalf of SOPUS, performed a subsurface investigation in 2006 to
help gather information on the extent of benzene impacts.  The subsurface investigation focused
on the area between a historical release site and the west fenceline of the WRR.  The benzene
release occurred on January 30, 1986, from an underground pipeline located just northwest of the
Route 111 and Rand Avenue intersection (Figure 1).  At the time of the release, product at the
surface was recovered to the extent possible.  Shortly after the release, the line was abandoned in
place and relocated aboveground.  This report summarizes the results of this investigation.
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INVESTIGATION PROCEDURES

The field investigation was performed in accordance with the West Fenceline P-93 Dissolved
Phase Work Plan developed for this project.  In addition, URS standard operating procedures and
SOPUS’ and COP’s protocols were followed.  The field investigation was conducted during
multiple mobilizations between March 1st and April 12th, 2006.  A dynamic investigation
approach was used, in that various technologies were used to assess the extent of benzene
impacts, and the results of prior work focused the efforts of subsequent work.  The technologies
utilized were groundwater sampling of existing wells, Cone Penetrometer Testing
(CPT)/Membrane Interface Probe (MIP), and groundwater profiling,

Groundwater Sampling

Existing monitoring wells in the area of well P-93A (e.g., P-57, P-58, P-66, P-73, P-75, P-93A
and P-93B) were sampled to assess dissolved benzene concentrations in groundwater.
Monitoring well locations are shown on Figure 2.

Prior to sampling, product levels (if present), water levels and total depths were measured using
an electronic interface probe and recorded on groundwater sampling forms and in the site
logbook.  This information is summarized in Table 1.  Light non-aqueous phase liquid (LNAPL)
was observed in two monitoring wells, P-73 and P-75, at thicknesses of 1.48 and 1.04 feet,
respectively.  Based on historical gauging information, these wells typically contain NAPL
which appears characteristic of refined mixtures and not benzene.  A similar LNAPL thickness
was noted in monitoring well P-73 at the time of sampling, LNAPL was not observed in
monitoring well P-75 at the time of sampling.  Based on COP monitoring information,
groundwater flow in the area investigated is generally to the east towards pumping centers
located at the WRR.

Groundwater samples were collected with a submersible pump (i.e., Super Twister®) after a
minimum of three well volumes were removed.  Field measurements (e.g. pH, conductivity, and
temperature) were recorded on groundwater sampling sheets (Attachment A) and  are  also
included on Table  1.  The collected groundwater samples were analyzed for volatile organic
compounds (VOCs) via USEPA SW-846 Method 8260B.
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Each sample container was labeled with a sample identification number, site name, sampler’s
initials, date and time of sample collection, preservative, and the parameters to be analyzed.
Field personnel also recorded the sample description/location, required analysis, date and time of
sample collection, type and matrix of samples, number of sample containers, analysis
requested/comments, and sampler signature/date/time, with permanent ink on the Chain-of-
Custody (COC) form at the time of sampling.  COC forms are included in Attachment B.

Cone Penetrometer Testing/Membrane Interface Probe

Nine CPT/MIP probes, designated (P-93-01 through P-93-02 and P-93-04 through P-93-10),
were completed to gain information on the geology of the area and to gather information on the
extent of dissolved phase hydrocarbons in groundwater.  A probe was not able to be completed at
P-93-03 due to poor site conditions.  The CPT technology is used to gather information on the
geology, while the MIP is used to gather information on petroleum impacts.  The probes were
completed to depths ranging from approximately 43 to 71 feet (bgs) by Fugro Geosciences, Inc.
of Houston, Texas.  CPT/MIP locations can be viewed in Figure  3. CPT/MIP probes were
advanced through sand-filled boreholes which were previously cleared of potential subsurface
utilities using an air-knife.

CPT probes were completed by hydraulically pushing a cone, equipped with a pore pressure
transducer, through the soil at a consistent rate of 2 cm/sec.  The cone has a tip cross sectional
area of 15 cm2 and a friction sleeve area of 200 cm2.  Measurements were collected for resistance
to penetration, sleeve friction and pore pressure once per second during advancement of each
boring.  These measurements provided soil property data, which were converted to a
stratigraphic profile for each boring.  The results of the CPT probes are provided in Table 2 and
CPT Logs can be viewed in Attachment C.

The  MIP  probe  was  advanced  at  each  location  through  the  length  of  the  boring  using
conventional hydraulic pressure. The probe continuously collected conductivity, speed, and
temperature readings as the probe was advanced.  At one foot intervals the MIP probe was
stopped and heated to 80 to 125 degrees Celsius.  In turn, the residual hydrocarbons in the
material surrounding the probe were heated, causing them to partition through a permeable
membrane on the probe.  The VOCs entered a stream of carrier gas and were delivered to three
gas chromatograph (GC) detectors at the surface for processing.  The three detectors used were a
flame-ionization detector (FID), photoionization detector (PID), and electron capture detector
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(ECD).   The  FID  detector  was  used  preferentially  to  the  PID  and  ECD  as  it  provides  a  better
response to hydrocarbons.  The results of the MIP probes (in Volts) are provided in Table 2 and
MIP Logs are also included in Attachment C.

Upon  completion,  each  probe  hole  was  backfilled  with  high  solids  bentonite  grout  via  the
tremmie method and the surface was returned to its original condition.

Groundwater Profiling

Groundwater profiling was performed to obtain groundwater samples from various depths at six
locations (i.e., P-93-02, P-93-03, P-93-05, P-93-06, P-93-09 and P-93-11).  Groundwater profile
locations are shown in Figure  2. Locations and sample depths for groundwater profiling were
selected based on the results of the MIP work. Groundwater profiling was performed by Roberts
Environmental Drilling, Inc. of Millstadt, Illinois.  Groundwater profiling probes were advanced
through sand-filled boreholes which were previously cleared of potential subsurface utilities
using an air-knife.

Groundwater profiling was conducted using a four foot long, mill-slotted sampler advanced
using direct push techniques (e.g., Geoprobe®).   As  mentioned  above,  sampling  depths  were
chosen based on the results of the CPT/MIP work.  The first sample depth was chosen based on
where groundwater was first encountered.  This sample depth ranged from 40 to 52 feet bgs.
The second sample depth was primarily based on the highest MIP result below the water table, or
if the MIP did not extend deep enough into the water table, approximately 15 feet below the top
of the water table.  The second sample depth ranged from 58 to 66 feet bgs.

Once the sampler was advanced to the predetermined depth, the water level was measured using
an electronic interface probe and recorded on a groundwater sampling form.  Free-phase LNAPL
was not observed during groundwater profiling.  Dedicated polyethylene tubing equipped with a
ball and check valve system was placed down into the slotted portion of the sampler and set at
approximately  the  middle  of  the  screened  interval  (2  feet  from the  bottom of  the  screen).  The
tubing was then connected through a Waterra® pump to a flow-through cell.  Groundwater
samples were collected after a minimum of three tubing volumes were removed.  Field
measurements (e.g., pH, conductivity, and temperature) were measured and recorded on
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groundwater sampling sheets included in Attachment A.   The  collected  groundwater  samples
were analyzed for VOCs via USEPA SW-846 Method 8260B.

Samples were collected as described in the groundwater sampling section above.  COC forms are
included in Attachment B.  A new section of tubing measured to the appropriate length was
used at every sampling interval.  Upon completion of each groundwater profiling probe, each
borehole was filled with grout from the bottom up using the Geoprobe® rods as a tremmie pipe,
and the surface was returned to its original condition.

Quality Assurance/Quality Control Sampling and Data Validation

Quality assurance and quality control (QA/QC) samples were collected in accordance with the
work plan.  The QA/QC samples and their collection frequencies, with respect to the number of
investigative samples collected per environmental matrix, were as follows: equipment blanks –
10%; duplicates – 10% and matrix spike/matrix spike duplicates – 5%.  One trip blank was
included in each sample cooler.  Analytical samples were shipped for overnight delivery to
TestAmerica Analytical Testing Corporation in Nashville, Tennessee.

URS performed Level III and Level IV validation of the analytical data for quality and
completeness, per the work plan.  Data qualifiers were added, as appropriate, and are included on
the data tables and with the analytical reports.  Laboratory data packages are included in
Attachment D, along with associated data validation forms.

Decontamination and Investigation-Derived Waste

Sampling equipment was decontaminated by washing with Alconox® or equivalent detergent
wash and a distilled water rinse, prior to the collection of each analytical sample, between boring
locations and prior to leaving the site.  Field personnel wore disposable, chemical resistant
gloves anytime environmental media or equipment were handled, to reduce personal exposure to
potential  chemical  hazards.   Clean  gloves  were  also  worn  for  the  collection  of  groundwater
samples.

Equipment decontamination fluids and purged groundwater were collected and discharged to the
refinery wastewater treatment plant.  Expendables and general municipal trash were properly
managed by ConocoPhillips.
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INVESTIGATION RESULTS

Nine CPT/MIP probes were completed to gain information on the geology of the area and to
gather information on the extent of dissolved phase hydrocarbons in groundwater.  The results of
the CPT work indicated that approximately the upper 10 feet consists of fill, silts and/ or clays.
These materials are underlain by sands that extend to bedrock.  The results of the MIP
investigation were utilized to select sample locations and depths for conducting groundwater
profiling.

A total of 19 investigative groundwater samples and 3 duplicate samples were collected and
analyzed for VOCs.  Benzene results for groundwater samples collected from existing
monitoring wells and from the groundwater profile locations are presented in the tables below.

Benzene Results from Monitoring Well Sampling
Monitoring
Well

Sample ID Sample Date
Result    (mg/L) Qualifiers

P-57 P5703030601 3/3/2006 177

P-58 P5803020601 3/2/2006 409 (464, duplicate)
P-66 P6603020601 3/2/2006 <0.0116 U

P-73 P7303020601 3/2/2006 22.4

P-75 P7503030601 3/3/2006 2.78

P-93A P93A03030601 3/3/2006 506

P-93B P93B03030601 3/3/2006 370

U= non detect at indicated reporting limit.
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Benzene Results from Groundwater Profiling
Monitoring
Well

Sample ID Sample Date
Result    (mg/L) Qualifiers

P9302GWP43 4/5/2006 1,310
P-93-02

P9302GWP59 4/5/2006 264

P9303GWP40 4/6/2006 348
P-93-03

P9303GWP59 4/7/2006 3.65

P9305GWP45 4/7/2006 1,460
P-93-05

P9305GWP58 4/7/2006 52.2

P9306GWP50 4/7/2006 1,310
P-93-06

P9306GWP62.5 4/10/2006 827

P9309GWP52 4/11/2006 250
P-93-09

P9309GWP66 4/11/2006 295 (569, duplicate)

P9311GWP41 4/5/2006 1,060
P-93-11

P9311GWP59 4/6/2006
11.8 (13.1,
duplicate)

Note:  The two digit number at the end of the sample ID denotes the sample depth below ground
surface, e.g., P9302GWP43 denotes samples from location P93-02 from a depth of 43 feet.

The highest concentrations of benzene in groundwater were detected at groundwater profile
locations P-93-02 (1,310 mg/L), P-93-05 (1,460 mg/L), P-93-06 (1,310 mg/L) and P-93-11
(1,060 mg/L).  These four locations are located between the release site and the P-93 cluster
located on the WRR (Figure  2).  The highest concentrations of benzene were typically noted
from the sample collected at the top of the water table; lower concentrations (1 to 2 orders of
magnitude) were noted from the samples collected from approximately 12 to 19 feet below the
top of the water table.

Groundwater samples collected from monitoring wells located on the WRR have benzene
concentrations that range from 2.78 mg/L (P-75) to 506 mg/L (P-93A). Benzene concentrations
for the two wells that contained LNAPL during the investigation were 22.4 mg/L (P-73) and 2.78
mg/L (P-75).
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CONCLUSIONS AND RECOMMENDATIONS

The investigation was conducted in accordance with the work plan; implementation of the work
plan provided information on the distribution of benzene in groundwater for the area between the
release site and the west fenceline of the north property of the WRR.

The results of this investigation indicate the following conclusions:
The subsurface conditions in the study area consist of approximately 10 feet of fill,
overlying silty clay; the fill and silty clay is underlain by sand to the depths explored.
Groundwater occurs in the sand unit at depths of approximately 40 to 52 feet bgs.
Groundwater gauging information indicates flow towards the refinery’s pumping centers.
Benzene concentrations in groundwater are highest (e.g., 1,000-1,500 mg/L) between the
release site and the P-93 well cluster.  Benzene concentrations decrease by orders of
magnitude with depth below the water table.

We will be pleased to meet with you to discuss the results of this submittal, and will contact you
to schedule a meeting.

If you have any questions regarding this report or activities conducted, please do not hesitate to
contact Herb Hand with SOPUS at 713.241.1491 (herb.hand@shell.com)  or  Bob  Billman  at
314.743.4108 (bob_billman@urscorp.com).

Very truly yours,

Thomas J Adams Robert Billman
Project Manger Senior Project Manager

cc: Herb Hand, Shell Oil Products US
Kevin Dyer, Shell Oil Products US
Eric Petersen, ConocoPhillips Wood River Refinery

Attachments

mailto:herb.hand@shell.com
mailto:bob_billman@urscorp.com
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Depth to 
Product

Depth to 
Water Total Depth Specific 

Conductivity Temperature

(ft btoc) (ft btoc) (ft btoc) (mS/cm) (F)
P-57 P5703030601 3/3/2006 1550 -- 50.58 65.57 6.72 1218 55.76

P5803020601
P5803020602

P-66 P6603020601 3/2/2006 1040 -- 40.41 56.89 6.58 1260 63.50
P-73 P7303020601 3/2/2006 1420 47.90 49.38 68.17 6.71 1170 60.98
P-75 P7503030601 3/3/2006 1030 50.51 51.55 67.92 6.45 1220 61.70

P-93A P93A03030601 3/3/2006 1430 -- 51.50 71.09 6.61 1022 62.60
P-93B P93B03030601 3/3/2006 1545 -- 50.41 76.52 7.09 1161 57.92
P-93C -- -- -- -- 50.44 -- -- -- --
P-93D -- -- -- -- 50.34 -- -- -- --

NOTES:
1) P-93C and P-93D were not sampled and a total depth measurement could not be taken because dedicated pumps obstructed access.
2) The gauging data (depth to product/water) was collected prior to purging and collection of field parameters.
3) btoc = below top of casing
4) 02 at the end of a sample ID indicates a duplicate sample collected.

P-58

GROUNDWATER GAUGING AND FIELD PARAMETER RESULTS

pHSample TimeSample DateSample ID

TABLE 1

3/2/2006 1550 59.1834606.7848.62-- 64.77

Monitoring 
Well ID

West Fenceline P-93 Dissolved Phase Benzene Investigation
ConocoPhillips Wood River Refinery

Page 1 of 1
9/28/2007



Location Date 
Conducted

Stratum 
Encountered

Top of 
Stratum  
(ft bgs)

Bottom of 
Stratum   
(ft bgs)

End of 
Boring  
(ft bgs)

MIP 
Response 

Depth

MIP -      
Max PID 

Response 
(V)

MIP -       
Max FID 

Response 
(V)

MIP -       
Max ECD 
Response 

(V)
Surface/fill material 0.0 14.5

Main Sand 14.5 37 - 41.5 5.2 1.6 0.04
Surface/fill material 0.0 19.5

Main Sand 19.5 39.5 - 55.5 9.0 3.8 0.02
Surface/fill material 0.0 11.0

Main Sand 11.0 53 -- 1.6 0.045
Surface/fill material 0.0 12.5

Main Sand 12.5 43.5 - 45 0.1 0.025 --
Surface/fill material 0.0 12.0

Main Sand 12.0 39.5 - 43 0.28 0.08 --
Surface/fill material 0.0 14.0 7.5 - 20.5 -- 0.5 --  

Main Sand 14.0 48.5 - 54 3.6 1.6 0.04
Surface/fill material 0.0 11.0

Main Sand 11.0 48.5 - 53.5 2.7 0.9 --
Surface/fill material 0.0 13.5 31.5 - 33.5 0.06 0.35 0.02

Main Sand 13.5 50 - 75 3.4 2.0 --
Surface/fill material 0.0 14.0 13.5 - 11.75 -- 0.9 0.02

Main Sand 14.0 12.5 - 16 0.1 0.7 0.01
21 - 27.5 -- 0.6 --
36 - 44 0.15 0.4 0.02

NOTES:
1) P-93-07 through P-93-10 are located within the ConocoPhillips refinery and were air-knifed to a depth of 10 feet below the 
     ground surface and backfilled with sand prior to CPT/MIP activities being done, therefore, if the break between 
     strata is less than or close to the 10' bgs mark, it will be difficult to see on the CPT printouts.
     data, however, are unable to go as deep as the ROST activities.
2) P-93-03 could not be completed due to poor site conditions.
3) -- No Response Observed.
4) bgs = below ground surface
5) v = volts

57.004/1/2006

Table 2

P-93-05 4/1/2006 46.50

CPT/MIP Response Summary

P-93-01

P-93-02

3/31/2006 43.00

70.004/1/2006P-93-04

P-93-08 3/30/2006

P-93-06 4/2/2006 44.50

P-93-10 3/31/2006 46.00

P-93-07 3/31/2006 55.00

54.50

P-93-09 3/30/2006 71.00

West Fenceline P-93 Dissolved Phase Benzene Investigation
ConocoPhillips Wood River Refinery
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ATTACHMENTA Groundwater Sampling Data Sheet

P:\Environmental\21561979 SOPUS Route 111 Rand Ave Vicinity Investigation\B-21561665 SOPUS-COP West Fenceline (2006)\P-93 (dissolved benzene)\Revised report August 2007













































ATTACHMENTB Chain of Custody Forms
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ATTACHMENTC CPT and MIP Logs
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ATTACHMENTD Laboratory Analytical Data
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