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Terry L. Grayson
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Risk Management & Remediation
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INTRODUCTION

On behalf of ConoccoPhillips, Delta has prepared this work plan for 76 Service
Station No. 4186 located at 7850 Amador Valley Boulevard, Livermore, California
(Figure 1). The proposed pilot test includes the application of a magnesium
sulfate solution to existing monitoring well {(U-11), and thereby evaluate the
effectiveness of this remediation alternative at the site. Approval to use the
existing well U-11 was provided in verbal communication with Mr. Wickham on
2/18/10.

SITE BACKGROUND AND PREVIOUS ASSESSMENT

The site is an active 76 service station, located on the southwest corner of First
Street and N Street (Figure 1). Two 10,000 gallon gasoline underground storage
tanks (USTs), four dispenser islands, and a station building are present at the
site (Figure 2). The site is located in a generally commercial area.

June 1996: During dispenser piping replacement activities, six soil samples were
collected beneath the dispensers and product piping. Total petroleum
hydrocarbons as gasoline (TPHg) and benzene, toluene, ethylbenzene, and total
xylenes (BTEX) were below the laboratory's indicated reporting limits in alt of the
samples.

September 1997: A soil gas survey was conducted at the site. Six soil gas
probes were advanced and samples were collected at 3 and 15 feet below
ground surface (bgs) in the vicinity of the USTs, dispenser islands, and product
lines. TPHg was reported in the samples at concentrations ranging from 41 to
4,500 parts per billion (ppb), benzene was reported at concentrations up to 110
ppb, and methyl tert butyi ether (MTBE) was reported at concentrations up to
8,000 ppb. The highest concentrations were reported in the area of the USTs.

June 1998: Three groundwater monitoring wells (U-1 through U-3) were
installed at the site to a depth of 34 feet bgs. TPHag, benzene, and MTBE were
below laboratory reporting limits in soil samples collected from the well borings.
The approximate well locations are shown in Figure 2.

May_2000: A site conceptual model (SCM) was completed for the site. The
groundwater flow velocity was calculated to estimate plume travel time to the
nearest down-gradient receptor. Groundwater velocity was calculated to be 46
feet per year. It was concluded that hydrocarbon impact to groundwater
appears to fluctuate with the rise and fall of the groundwater surface beneath
the site.

February 2001: Two additional monitoring wells (U-4 and (U-5) were installed.
The monitoring wells were installed to depths of 45 feet bgs (U-4) and 47 feet

bgs-(U-5):—FPHg;-BTEX;-and-MTBE-were-below-laberatery-reporting-limits-in-soil
samples collected from the well boring. TPHg and benzene were below
iaboratory reporting limits in the initial groundwater samples collected from wells
U-4 and U-5; however, MTBE was reported at concentrations of 38.2 and 55.4
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micrograms per liter (ug/L) respectively. The approximate well locations are
shown in Figure 2.

December 2001: Two additional monitoring wells (U-6 and U-7) and eight ozone
injection sparge wells (SP-1 through SP-4, SP-5/55, SP-6S, SP-7S, and SP-8/8S)
were installed at the site. The monitoring wells were installed to 45 feet bgs.
The sparge points in wells SP-1 through SP-4 were installed to a depth of 45 feet
bgs. The sparge points in wells SP-6S and SP-7S were installed to a shallower
depth of 25 feet bgs. The remaining two sparge wells each contained dual-
nested sparge points installed to 25 feet bgs (SP-5S and SP-8S) and 45 feet bgs
(SP-5 and SP-8). An ozone microsparge system was then installed and began
operation in December 2001. The system injected ozone into the 10 sparge
points. Approximate locations are shown in Figure 2.

April 2006: Seven borings (B-1 through B-7) were advanced at the site. Three
boreholes were advanced at each location. The initial borehole was advanced to
record a Cone Penetrometer Test (CPT) log of subsurface lithology. The second
borehole was advanced for the purpose of collecting soil samples for observation
and laboratory analysis, and to collect discrete groundwater samples at depths of
approximately 38 feet to 44 feet bgs. The third borehole was advanced to collect
discrete groundwater samples at approximately 57 to 65 feet bgs. Three general
stratigraphic zones were identified: an upper zone from 36 to 43 feet bgs, a
middle clay zone from 43 to 55 feet bgs, and a lower zone from 55 to the
maximum depth of 65.5 feet bgs explored. Soil samples from various depths
were submitted for laboratory analysis. TPHg was reported in five upper zone,
six clay zone, and three lower zone soil samples at concentrations of 700
milligrams per kilogram (mg/kg). MTBE was reported in three upper zone, three
clay zone, and two lower zone samples at concentrations up to 0.29 mg/kg.
Benzene was reported in three clay zone soil samples at concentrations up to 1.3
mg/kg. TPHg was reported in all of the 14 groundwater samples coliected at
concentrations up to 26,000 ug/L.. Benzene was reported in five upper zone, and
six lower zone groundwater samples at concentration up to 510 ug/L. MTBE was
reported in four upper zone and six lower zone groundwater samples at
concentrations up to 1,100 ug/L.

March 2007: Two additional on-site borings (B-8 and B-9)} and one off-site
boring (B-10)} were advanced using a CPT rig. The borings were advanced to
further evaluate the vertical extent of impacted groundwater to the base of the
lowermost sand and gravel unit, to evaluate groundwater quality in the
lowermost sand and gravel unit down-gradient of the site, and to evaluate the
presence of a clay layer underlying the lowermost coarse-grained soils which
may represent a regional aquitard. Four soil samples were collected for
laboratory analysis from off-site boring B-10. MTBE was reported in two of the
samples at concentrations up to 0.016 mg/kg; TPHg and benzene were below
laboratory reporting limits in all of the soil samples collected for analysis. TPHg
(200 ug/L), benzene (0.94 ug/L), and MTBE (7.1 ug/L) were reported in the
groundwater.samples.collected. at.-79.t0.-83. feet .bgs. from.boring..B-8,... TRPHg,

BTEX, and fuel oxygenates were below laboratory reporting limits in the
groundwater samples collected at 78 to 88 feet bgs from boring B-9. A low
concentration of MTBE (0.73 ug/L) was reported in groundwater samples
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collected at 66 to 70 feet bgs from boring B-10, and a low concentration of
toluene (1.4 ug/L) was reported in the groundwater sample collected between 83
to 87 feet bgs from boring B-10. Based on the results of the investigation, soil
and groundwater in the area of off-site boring B-10 did not appear to be
significantly impacted, groundwater within the lowermost sand and gravel unit in
the area of boring B-8 was slightly impacted, and groundwater within the
lowermost sand and gravel unit in the area of B-9 was not impacted.

March 2007: Oxygen injection testing was performed in the sparge wells to
evaluate radius of influence and to evaluate the effectiveness of the existing
system. As described in our Additional Subsurface Assessment Report, dated
April 26, 2007, the testing suggested a ROI of between 10 to 15 feet around the
wells on average, but perhaps greater in some area. This system has been
inactive for the past year due to concerns about the injection of ozone causing
oxidation of trivalent chromium [Cr (III}] into hexavalent chromium [Cr (VI}].

September and October of 2008: Delta installed eight more groundwater
monitoring wells, Wells U-8 through U-11 were deemed Middie Zone Monitoring
Wells, and installed to depths ranging from 45 to 50 feet bgs. The middle zone
wells were constructed as 2 inch diameter wells with 10 foot screen intervals.
Wells U-12 through U-15 were deemed Lower Zone Monitoring Wells, and
installed to depths ranging from 71.5 to 75 feet bgs. The lower zone wells
were constructed as 4 inch diameter wells with 10 foot screened intervals, and
with 12 inch diameter steel conductor casing from surface to between 52 to 57
feet bgs.

Quarterly monitoring of the site wells has been performed since July 1998.
Historically, the groundwater flow direction has varied from north to southwest.
The depth to groundwater has varied from 21.62 to 46.31 feet bgs.

SUBSURFACE CONDITIONS

The site is underlain by sand and gravel to a depth of approximately 20 feet bgs.
This is underlain by a clay layer from approximately 20 to 35 feet bgs with a
sandy layer from approximately 35 to 45 feet bgs. There is another clay layer
from approximately 40 feet bgs to a maximum explored depth of 50 feet bgs.

PROPSED BIODEGRADATION ENHANCEMENT TEST

Delta has recently been awarded a patent for the application of sulfate with
respect to accelerating the cleanup of soil and groundwater. With microbes
and dissolved iron (ferric iron) present, the introduction of magnesium
sulfate solution (MgS0,) into hydrocarbon-impacted groundwater, yields the
following reaction:

Petroleum  Hydrocarbon + MgSO, + Dissolved 1Iron = Iron

Sulfide+H,0+MgC0O;+C0;

Delta proposes to conduct a pilot test on the southeastern portion of the
service station property just south of the UST pit. This pilot test will involve
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the introduction of suifate compounds into groundwater monitoring well U-11
in order to replenish the electron acceptors in the southern vicinity of the
site. The proposed application well (U-11) was chosen for is central location
in the plume, and also its close proximity to ozone sparge points $P-8, SP-2
and SP-5, and monitoring wells U-8 and U-10,. The ozone sparge points in
addition to other nearby “U” named monitoring wells will be used to
determine the radius of influence. Current monitoring well and injection well
locations are included on Figure 2.

During the course of the pilot test, Delta will monitor and analyze the above-
listed compound application well (U-11), as well as surrounding sparge points
SP-8, SP-2 and SP-5, and monitoring wells U-8 and U-10, for petroleum
hydrocarbon constituents and magnesium sulfate compounds. Delta will then
evaluate the analytical results in order to assess if electron acceptors in the
groundwater at the southeast portion of the site have been sufficiently
replenished to stimulate enhanced biodegradation of petroleum
hydrocarbons.

Sulfate in the Hydrocarbon Biodegradation Process

Recent case studies show that, in anaerobic conditions, microbes utilize
sulfate as a terminal electron acceptor in the process of hydrocarbon
biodegradation in groundwater. Although other terminal-electron accepting
processes (TEAPs) may occur simultaneously during hydrocarbon degradation
(with the utilization of nitrates/nitrate, manganese, iron, and oxygen), data
suggests that sulfate reduction may be the most important TEAP in the active
reduction of hydrocarbons (Dale R. Van Stempvoort, James Armstrong, and
Bernhard Mayer, 2007).

Anaerobic sulfate reduction within dissolved BTEX plumes can be observed in
sulfate trends. Where depleted concentrations of sulfate (<10 mg/L) are
present within the plume core; where slightly depleted sulfate concentrations
exist on the plume fringe; and where more abundant sulfate levels
(consistent with background concentrations) are present in uncontaminated
areas just beyond the plume edge, anaerobic sulfate reduction is occeurring.
(Lyle Bruce, Jim Cuthbertson, Arati Kolhatkar, J. Scott Ziegler, and Brent
Graves, 2007).

In a 2001 study conducted by Dale R. Van Stempvoort, et al., periodic
replenishment of sulfate, resulting from the infiltration of snowmelt (carrying
dissolved sulfate from soils) through the vadose zone and into the aquifer,
played a key role in the biodegradation of petroleum hydrocarbons.

Two cases studies are provided as Appendix B.
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Site Specific Sulfate Conditions

Groundwater monitoring and sampling results from the fourth quarter 2009
indicate that the core of the petroleum hydrocarbon plume is located central
to the site, in vicinity of the dispenser islands, with maximum concentrations
of Benzene and MTBE located slightly south; primarily in the vicinity of the
current UST pit. Fourth quarter 2009 laboratory analyses indicate that
there is a favorable correlation between sulfate concentrations and
contaminant concentrations (except at U-10) in the intermediate zone.

In addition, chromium VI concentrations are ND in the intermediate zone
wells which are targeted for sulfate enhancement. The maximum TPHg
concentration reported in groundwater is 8,800 parts per billion (ppb)
reported in on site well U-9 (just south of First Street).

Historical groundwater analytical data from monitoring and sampling events is
included as Appendix C.

MAGNESTUM SUFATE APPLICATION PILOT TEST FIELD ACTIVITIES
Pre-Field Activities

Before commencing field activities Delta will prepare a Health and Safety Pian
(HASP) in accordance with state and federal requirements for use during on-site
assessment activities. In addition, all appropriate permits will be obtained
through the Zone 7 Water Agency prior to scheduling the field work,

Field Activities

Delta proposes to introduce a pre-mixed solution of Epsom salt and tap water
into well U-11. This well and the surrounding area comprise a target source
area approximately 120 feet wide by 120 feet long by 8 feet thick. Based on
a review of the logs from previous borings at the site, a gravelly clayey
sand/sandy clayey gravel layer extends to approximately from 35 to 40 feet
bgs. Well U-11 is screened from35-45 feet bgs.

In consideration of on site conditions (including constituent concentrations,
known soil types, and lithology) the desired target level for sulfate
concentrations will be approximately 200 mg/L to 300 mg/L. To achieve this
desired level an initial application of 100 gallons of 29% magnesium
sulfate/tap water solution (approximately 300 pounds of Epsom salts) into
wel U-11 is proposed. The grade of magnesium sulfate to be used is sufficiently
pure (99.82%), so as not to introduce unwanted substances into the
groundwater,

Prior to the introduction of magnesium sulfate sofution into U-11, Delta will
measure depth to water and electrical conductivity and collect (background)
grab groundwater samples from the sulfate application well as well as sparge
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points SP-8, SP-2 and SP-5, and monitoring wells U-8 and U-10.  These
samples will be analyzed for total sulfate by EPA Method 300.0, total
magnesium by EPA Method 6010B, TPHg and TPHd by EPA Method 8015M
and BTEX and MTBE by EPA Method 8260B.

During the course of application, Delta will continue to monitor for various
biodegradation parameters and electron acceptors including specific
conductivity, dissolved oxygen (DQ), oxygen reducing potential (ORP), pH,
and temperature in sparge points SP-8, SP-2 and SP-5, and monitoring wells
U-8 and U-10.

The total volume of solution will be introduced using a Grunfos®-type pump
to control flow rate into U-11 at an approximate one gallon per minute rate.
Should significant increases in groundwater elevation and/or conductivity be
observed in sparge points SP-8, SP-2 and SP-5, and monitoring wells U-8
and U-10, the MgS04 solution application rate will be reduced.

To monitor the dispersion of the magnesium sulfate solution and to assess
sulfate levels in groundwater, depth to water and electrical conductivity will
be measured during application in sparge points SP-8, SP-2 and SP-5, and
monitoring wells U-8 and U-10 at thirty minute intervals for a period of two
hours. After a period of two hours, Delta field staff will make the
determination in the field to decrease or maintain the sampling intervals until
the completion of application activities.

Following the introduction of the sulfate solution, a second sample collection
will occur from sparge points SP-8, SP-2 and SP-5, and monitoring wells U-8
and U-10, which will be analyzed for total magnesium and total sulfate.

Following the addition of magnesium sulfate solution as part of the proposed
pilot test, ferrous iron, total magnesium and total sulfate will be added to the
on-going quarterly/semi-annual monitoring and sampling analytical suite for
sparge points sparge points SP-8, SP-2 and SP-5, and monitoring wells U-8
and U-10,. Sulfate concentrations in U-4 will be used for background
comparison, while observed concentrations in U-10 will be used to evaluate
the down-gradient effect of the introduction of sulfate compounds.

Proposed Schedule of Initial Pilot Test Activities:
e Week 1: Introduction of magnesium sulfate compounds to

replenish electron acceptors into monitoring well U-11.

+« Week 2: Sample collection and laboratory analysis of groundwater
from sparge points SP-8, SP-2 and SP-5, and monitoring wells U-8
and U-10, for magnesium sulfate compounds introduced during

week 1 (total sulfate by EPA Method 300.0 and total magnesium by
EPA Method 6010B). Well U-4 will be used to evaluate the potential
down-gradient influence of the magnesium sulfate application.
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« Week 3: (Time allowed for laboratory analysis).

« Week 4: Application of additional magnesium sulfate
concentrations if sulfate levels in well U-11 from initial application
are below the target concentration of between 200 mg/L and 300
mg/L. Amounts added will be calculated using concentrations
observed from initial sulfate application. If samples collected
during week 2 indicate sulfate concentrations are within target
range, additional samples will be coliected from sparge points
sparge points SP-8, SP-2 and SP-5, and monitoring wells U-8 and
U-10 for total sulfate by EPA Method 300.0, total magnesium by
EPA Method 6010B, TPHg and TPHd by EPA Method 8015M, and
BTEX and MTBE by EPA Method 82608B.

e« Week 5: If additional magnesium sulfate compounds are
introduced during week 4, collect samples from sparge points
sparge points SP-8, SP-2 and SP-5, and monitoring wells U-8 and
U-10 for total sulfate by EPA Method 300.0, total magnesium by
EPA Method 6010B, TPHg and TPHd by EPA Method 8015M, and
BTEX and MTBE by EPA Method 8260B. If no additional magnesium
sulfate compounds are introduced during week 4, no activities are
proposed for week 5.

e Week 6: (Time allowed for laboratory analysis).

« Week 7: Application of additional magnesium sulfate if sulfate
levels in well U-11 from initial application or any subsequent
application are below the target concentration of between 200 mg/L
and 300 mg/L based on samples collected during week 4 or week
5. If samples collected during week 4 or week 5 indicate sulfate
concentrations are within target range, additional samples will be
collected from sparge points sparge points SP-8, SP-2 and SP-5,
and monitoring wells U-8 and U-10 for total suifate by EPA Method
300.0, total magnesium by EPA Method 60108, TPHg and TPHd by
EPA Method 8015M, and BTEX and MTBE by EPA Method 8260B.

e Week 8: If additional magnesium sulfate compounds are
introduced during week 7, collect samples from sparge points
sparge points SP-8, SP-2 and SP-5, and monitoring wells U-8 and
U-10 for total suifate by EPA Method 300.0, total magnesium by
EPA Method 6010B, TPHg and TPHd by EPA Method 8015M, and
BTEX and MTBE by EPA Method 8260B. If no additional magnesium
sulfate compounds are introduced during week 7, no activities are
proposed for week 8.

+ Week 9: Sample collection and laboratory analysis of groundwater
from monitoring sparge points sparge points SP-8, SP-2 and SP-5,

and.monitoring.wells U-8.and U-10_for_total sulfate by EPA Method

300.0, total magnesium and Chrome VI by EPA Method 6010B,
TPHg and TPHd by EPA Method 8015M, and BTEX and MTBE by EPA
Method 8260B,
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NOTE:

» If sulfate concentrations in well U-11 remain below the desired
range of 200 mg/L to 300 mg/L, additional applications of
magnesium suifate compounds may be required. If this additional
application is needed, remaining activities may be deferred until the
required additional applications are performed and confirmation
testing performed.

o« After week 9 activities and receipt of analytical testing results,
Delta proposes to prepare and submit a report summarizing the
sulfate application activities and the initial effect on groundwater
chemistry at the site.

DISPOSAL OF WASTEWATER

Wastewater generated during field activities will be placed into properly
labeled 55-gallon Department of Transportation (DOT)-approved steel drum
and stored on the service station site. Composite samples of the wastewater
will be collected and submitted to a California-certified laboratory where they
will be analyzed for TPHg, BTEX, and MTBE by EPA Test Method 8260B.

REPORTING

Foltowing completion of the field work and receipt of analytical results, a site
investigation report will be prepared and submitted within 60 days. The report
will present the details of the boring activities, including copies of boring permits,
and details of disposal activities and copies of disposal documents. Required
electronic submittals will be uploaded to the State GeoTracker database.

LIMITATONS

The recommendations contained in this report represent Delta's professional
opinions based upon the currently available information and are arrived at in
accordance with currently acceptable professional standards. This report is
based upon a specific scope of work requested by the client. The Contract
between Delta and its client outlines the scope of work, and only those tasks
specifically authorized by that contract or outlined in this report were
performed. This report is intended only for the use of Delta's Client and
anyone else specifically listed on this report. Delta will not and cannot be
liable for unauthorized reliance by any other third party. Other than as
contained in this paragraph, Delta makes no express or implied warranty as
to the contents of this report.

o ok ok ok ok
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Figures
Figure 1 - Site Location Map
Figure 2 - Site Plan with Historical Sampling, Well and Sparge Locations

Appendices
Appendix A — ACHCSA Letter, December 15, 2009
Appendix B ~ Magnesium Sulfate Case Studies
Appendix C- Historical Groundwater Monitoring and Sampling Anatytical
Resuits
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ALAMEDA COUNTY
HEALTH CARE SERVICES

AGENCY
ALEX BRISCOE, Acting Director

ENVIRONMENTAL HEALTH SERVICES
ENVIRONMENTAL PROTECTION

1131 Harbor Bay Parkway, Suite 250
Alameda, CA 94502-6577

(510) 567-6700

FAX (510) 337-9335

December 15, 2009

Terry Grayson (Sent via E-mail to: Terry.L.Grayson@contractor.conocophillips.com)
ConocoPhillips

76 Broadway
Sacramento, CA 95818

Thomas and Celine Vadakkekunnel
4481 Peacock Court
Dublin, CA 94568

Subject: Fuel Leak Case No. RO0000436 and Geotracker Global ID T0600101777, Unocal #4186, 1771
First Street, Livermore, CA 94550

Dear Mr. Grayson and Mr. and Ms. Vadakkekunnel:

Alameda County Environmental Health (ACEH) staff has reviewed the fuel leak case file for the above-
referenced site including the recently submitted document entitled, “Quarterly Summary Report — Second
Quarter 2009," dated July 21, 2009. The Quarterly Report presents the results from groundwater
sampling conducted in June 2009 and includes summaries of the remediation status and characterization
status. The Quarterly Report indicates that installation of additional ozone injection wells as well as
upgrade of the existing ozone injection system is on hold pending the results of quarterly groundwater
monitoring. This same has conclusion has been included in the past three quarterly groundwater
monitoring reports. In previous correspondence dated December 12, 2008 regarding this issue, ACEH
requested that a Work Plan for Ozone System Sparging Upgrade be submitted no later than May 11,
2009. A Work Plan for Ozone System Sparging has not been submitted to date.

We request that the evaluation of the ozone sparging system upgrade be completed and the Work Plan
for Ozone System Sparging be submitted no later than February 24, 2010. For ease of reference, we
have repeated the technical comments in our December 12, 2008 correspondence below. We request
that you address the following technical comments, perform the proposed work, and send us the technical
reports requested below.

TECHNICAL COMMENTS

1. Ozone Sparging System. Following review of groundwater monitoring data from new and existing
wells during the First Quarter 2009, we request that you submit plans for improvement and upgrade
of the ozone sparging system. The plans must include abandonment of sparge wells as previously
proposed and installation of additional or replacement of existing sparge wells. In addition, we
request that you review historical groundwater monitoring data, system operation data, and results
from the oxygen injection testing conducted in 2007 and incorporate these results as necessary in the
Work Plan for Ozone Sparging System Upgrade requested below.



Terry Grayson

Thomas and Celine Vadakkekunnei
RO0O000436

December 15, 2009

Page 2

2.  Remediation of TBA. In the Work Plan for Ozone Sparging System Upgrade requested below,
please include a discussion of the effectiveness of proposed improvements to the ozone sparging
system on remediation of TBA. A review of historical groundwater monitoring data indicates that
although some decreases in concentrations have been observed for TPHg, BTEX, and MTBE during
the operation of the ozone sparging system, TBA concentrations have remained elevated. Please
evaluate recalcitrance of the TBA to ozone sparging and discuss whether the proposed improved
sparing system will be effective in treating dissolved TBA.

3. Well Construction Details and Cross Sections. The Work Plan for Ozone Sparging System
Upgrade must include a table of well construction details for all new and existing wells that fists the
depth, diameter, fiiter pack and screen intervals, and date of installation. We also request that you
include one downgradient and one cross gradient cross section in the Work Plan for Ozone Sparging
System Upgrade. Please update cross section A-A’' which was previously presented in the
*Additional Subsurface Assessment and Oxygen Injection Test Report,” dated April 26, 2007 for use
as the cross gradient cross section. Please construct & downgradient cross section similar to A-A’
that extends approximately through SP-8, U-3, U-8, and U-4. Proposed sparge wells are to be
included on the cross sections.

4. Remediation Status. The most recent groundwater monitoring report for the site entitled, "Quariferty
Summary Report — Third Quarter 2008 and Sensitive Recepior Survey,” dated October 20, 2008
discusses shutdown of the ozone sparging system in the Second Quarter 2007 to evaluate whether
dissolved phase concentrations would rebound. 1t is not clear whether this evaluation of rebound
occurred. Please include this evaluation in the Work Plan for Ozone Sparging System Upgrade
requested below. The Remediation Status section of future groundwater monitoring reports must be
clearer about current operational status of the system. More specifically, the Remediation Status
section must state whether the system is currently active, the dates of operation, and reascns for the
system being not active.

TECHNICAL REPORT REQUEST

Please submit technical reports to Alameda County Environmental Health (Aftention: Jerry Wickham),
according to the following schedule:

« February 10, 2010 - Semi-Annual Monitoring Report ~ Fourth Quarter 2009 {To include
summary report, remedial performance summary, and quarterly monitoring report in one
document

« February 24, 2010 - Work Plan for Ozone Sparging System Upgrade

These reports are being requested pursuant to California Health and Safety Code Section 25296.10. 23
CCR Sections 2652 through 2654, and 2721 through 2728 outline the responsibilities of a responsible
party in response to an unauthorized release from a petroleurn UST system, and require your compliance
with this request.




Terry Grayson

Thomas and Celine Vadakkekunnet
RO0000436

December 15, 2009
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ELECTRONIC SUBMITTAL OF REPORTS

ACEH's Environmentat Cleanup Oversight Programs {LOP and SLIC) require submission of reports in
electronic form. The electronic copy replaces paper copies and is expected to be used for all public
information requests, regulatory review, and compliance/enforcement activities.  Instructions for
submission of electronic documents to the Alameda County Environmental Cleanup Oversight Program
FTE site are provided on the attached “Electronic Report Upload Instructions.” Submission of reporis to
the Alameda County FTP site is an addition to existing requirements for electronic submittal of information
to the State Water Resources Control Board (SWRCB} Geotracker website. In September 2004, the
SWRCB adopted regulations that require electronic submittai of information for ail groundwater cleanup
programs. For several years, responsible parties for cleanup of leaks from underground storage tanks
(USTs) have been required to submit groundwater analytical data, surveyed locations of monitoring wells,
and pther data to the Geotracker database over the Internet. Beginning July 1, 2008, these same
reporting requirements were added to Spills, Leaks, Investigations, and Cleanup (SLIC) sites. Beginning
July 1, 2005, electronic submittal of a complete copy of all reports for all sites is required in Geotracker (in
PDF format). Please visit the SWRCB website for more information on these requirements
(hitp:/iwww. swrch . ca.gov/ust/cleanup/electronic reporting).

PERJURY STATEMENT

All work plans, technical reports, or technical documents submitted to ACEH must be accompanied by a
cover letter from the responsible party that states, at a minimum, the following: "I declare, under penalty
of perjury, that the information and/or recommendations contained in the attached document or report is
true and correct to the best of my knowledge.” This letter must be signed by an officer or iegally authorized
representative of your company. Please include a cover letter satisfying these requirements with ali future
reports and fechnical documents submitted for this fuel leak case.

PROFESSICONAL CERTIFICATION & CONCLUSIONS/RECOMMENDATIONS

The California Business and Professions Code (Sections 6735, 6835, and 7835.1) requires that work
plans and fechnical or implementation reports containing geoclogic or engineering evaiuations and/or
jutdgments be performed under the direction of an appropriately registered or certified professional. For
your submittal to be considered a valid technical report, you are to present site specific data, data
interpretations, and recommendations prepared by an appropriately licensed professional and include the
professional registration stamp, signature, and statement of professional certification. Please ensure all
that all technical reports submitted for this fuel leak case mest this requirement.

UNDERGROUND STORAGE TANK CLEANUP FUND

Please note that delays in investigation, later reports, or enforcement actions may result in your becoming
ineligible to receive grant money from the state's Underground Storage Tank Cleanup Fund {Senate Bill
2004) to reimburse you for the cost of cleanup.

|
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GENCY OVERSIGHT

If it appears as though significant delays are occurring or reports are not submitted as requested, we will
consider referring your case to the Regional Board or other appropriate agency, including the County
District Attorney, for possible enforcement actions. California Health and Safety Code, Section 25299.76
authorizes enforcement including administrative action or monetary penaities of up to $10,000 per day for
each day of violation.

if you have any questions, please call me at 510-567-6791 or send me an electronic mail message at
jerry wickham@acgov.org.

Sincerely,
. Digitally signed by Jerry Wickham
- b \,‘ . L\ '\ ON: cn=derry Wickham, o, 0w,
I.'\‘{f‘":““"_\_ s pdei g email=jerry.wickham@acgov.org, ¢=US
= L Date: 2009.12.15 16:49:17 -08'00'

Jerry Wickham, California PG 3766, CEG 1177, and CHG 297
Senior Hazardous Materials Specialist

Enclosure: ACEH Electronic Report Upload (ftp) Instructions

cc: Danielle Stefani, Livermore Pleasanton Fire Department, 3560 Nevada St, Pleasanton, CA 94566
(Sent via E-mail {o: dstefani@ipfire.org)

Cheryl Dizon (QIC 8021), Zone 7 Water Agency, 100 North Canyons Pkwy, Livermore, CA 94551
(Sent via E-mail to: cdizon@zone7water.com)

James Barnard, Delta Environmental, 11050 White Rock Road, Suite 110, Rancho Cordova, CA
95670 (Sent via E-mail to. JBarnard@deltaenv.com)

Donna Drogos, ACEH (Sent via E-mail to: donna.drogos@acgov.org)
Jerry Wickham, ACEH

Geotracker, File



ISSUE DATE: July 5, 2005

Alameda County Environmental Cleanup
Overs|ght Programs REVISION DATE: March 27, 2009

(LOP and SLIC) PREVIOUS REVISIONS: December 16, 2005,
October 31, 2005

SECTION: Miscellaneous Administrative Topics & Procedures | SUBJECT: Electronic Report Upload (ftp) Instructions

The Alameda County Environmental Cleanup Oversight Programs (LOP and SLIC) require submission of all reports in
electronic form to the county’s ftp site. Paper copies of reports will no longer be accepted. The electronic copy replaces
the paper copy and will be used for all public information requests, regulatory review, and compliance/enforcement
activities.

REQUIREMENTS

= Entire report including cover letter must be submitted to the ftp site as a single portable document format (PDF)
with no password protection. (Please do not submit reports as attachments to electronic mail.)

» |t is preferable that reports be converted to PDF format from their original format, (e.g., Microsoft Word) rather
than scanned.

= Signature pages and perjury statements must be included and have either original or electronic signature.

= Do not password protect the document. Once indexed and inserted into the correct electronic case file, the
document will be secured in compliance with the County's current security standards and a password.
Documents with password protection will not be accepted.

= Each page in the PDF document should be rotated in the direction that will make it easiest to read on a computer
monitor.

* Reports must be named and saved using the following naming convention:

RO#_Report Name_Year-Month-Date (e.g., RO#5555_WorkPlan_2005-06-14)

Additional Recommendations
= A separate copy of the tables in the document should be submitted by e-mail to your Caseworker in Excel format.

These are for use by assigned Caseworker only.
Submission Instructions

1) Obtain User Name and Password:
a) Contact the Alameda County Environmental Health Department to obtain a User Name and Password to
upload files to the ftp site.
i) Send an e-mail to dehloptoxic@acgov.org
Or
i) Send a fax on company letterhead to (510) 337-9335, to the attention of My Le Huynh.
b) In the subject line of your request, be sure to include “ftp PASSWORD REQUEST” and in the body of your
request, include the Contact Information, Site Addresses, and the Case Numbers (RO# available in
Geotracker) you will be posting for.

2) Upload Files to the ftp Site
a) Using Internet Explorer (IE4+), go to ftp://alcoftp1.acgov.org
(i) Note: Netscape and Firefox browsers will not open the FTP site.
b) Click on File, then on Login As.
c) Enter your User Name and Password. (Note: Both are Case Sensitive.)
d) Open “My Computer” on your computer and navigate to the file(s) you wish to upload to the ftp site.
e) With both “My Computer” and the ftp site open in separate windows, drag and drop the file(s) from “My
Computer” to the ftp window.

3) Send E-mail Notifications to the Environmental Cleanup Oversight Programs

a) Send email to dehloptoxic@acgov.org notify us that you have placed a report on our ftp site.

b) Copy your Caseworker on the e-mail. Your Caseworker's e-mail address is the entire first name then a period
and entire last name @acgov.org. (e.g., firsthname.lasthname@acgov.org)

c) The subject line of the e-mail must start with the RO# followed by Report Upload. (e.g., Subject: RO1234
Report Upload) If site is a new case without an RO# use the street address instead.

d) If your document meets the above requirements and you follow the submission instructions, you will receive a
notification by email indicating that your document was successfully uploaded to the ftp site.
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- Apaerobic Degradation of Benzene was Enhanced through Sulfate Addition
Substantially Increasing the HC Degradation Rate at a Central Indiana Site.
Lyle Bruce, Jim Cuthbertson, Arati Kolhatkar, J. Scott Ziegler, and Brent Graves

At this Central Indiana site, dissolved BTEX levels were relatively high fifteen years
after the service station closed. Despite the facts that the UST source area had been over
‘excavated at the time the facility closed and a pump-and treat system had operated for a
period of time, concentrations were still too high to qualify for MNA. In 2004, dissolved
benzene levels near the source area hovered at 1000 ppb. The dissolved plume was
neither growing nor shrinking. If the source arca could be addressed, the plume should
- shrink. Excavation was not an option because the site had already been redeveloped.
Inorganic analyses showed that dissolved sulfate was present naturally in the aquifer
outside the hiydrocarbon plume with a mean concentration of 78 mg/l. In the dissolved
‘phase BTEX plume area, however, sulfate concentrations were substantially reduced to
concentrations less than 10 mg/l. Additionally, a shadow of reduced sulfate
concentration extended downgradient of the plume area. This was a very strong indicator
that the hyydrocarbon plume had gone anaerobic and was undergoing suifate reducing
conditions. In 2004, high concentration sulfate solutions were added to the source area
through an infiltration trench three times over a five month period. Within 841 days from
the last application, dissolved benzene concentrations had decreased an order of
magnitude and the site met criteria for MNA. Wells in the source area progressed from
stable benzene concentrations (no apparent trend).to attenuation rates between -0.0022 to
-0.0064 per day (half lives between 315 and 108 days). This site demonstrates that if a
plume is already underpoing natural sulfate reduction, the addition of concentrated sulfate
solution 1o the source area will increase the attenuation rate. Ethylbenzene did not
decrease in concentration in some wells that had substantial benzene declines. This is
. evidence of selective degradation by the microorganisms and that dilution was not a
facior in the atienuation rates.

Lyle G. Bruce, Ph.D,, is a senjor hydrogeologist with BP's Remediation Managenient
group located in Warrenville, Iliinols.

J 1m Cuthbertson is a senior engineer with Delta Consultants located in Novi, Michigan.

Arali Kolhatkar, M.S. Chem Eng., is an Environmental Engineer with BP's Rémediation
Management group located in Houston, Texas. '

J. Scolt Ziegler is an Environmental Business Manager with BP's Remediation
Management group located in Warrenville, I{linois.

Brent A. Graves, LPG, is a Senior Project Manager in the Pefroleum Practice of Hull &
_ Associates, Inc, located in Indianapolis, Indiana.




INTRODUCTION

Petreleum contamination was discovered at this site on the south side of Indianapolis,
Indiana, one year before it closed in 1990. It had been a service station for 26 years. The

“ response to the contamination was to take out the underground storage tanks and over-
excavate the tank basin to remove contaminated soil.

Dissolved phase contamination persisted. Therefore, a pump and treat system with air
strippers was installed in 1996. It was deactivated a year later because poor groundwaler
recharge cansed the system to run inefficiently. The system had treated approximately
124,000 gallons of groundwater, or about one pore volume from the contaminated area.

It was thought that the contamination would attenuvate naturally. But 15 years after
discovery (as of 2004), the plume was stable but not shrinking, and hydrocarbon
concentrations were more or less constant, Concentrations were too high for closure
‘using monitored natural atienvation (MNA).

The limiting facior for site closure was the benzene concentration which hovered near
1000 ppb in the heart of the plume just downgradient of the former tank basin. Based on
the location of highest dissolved phase hydrocarbon contamination, a backward “L.”
shaped smear zone source area appeared 1o extend roughly north-south and east west
from the-west side of the former tank basin.

The stable plume indicated that attenyation was occurring, but that a source was adding
comamination at about the same rate as it was degrading, The remediation tcam decided
to try to increase the rate of hydrocarbon degradation and thereby lower concentrations
and shrink the plome. This could be done by adding oxygen releasing compounds {(ORC}
1o the plume and source area. However, recent experience indicated that adding ORC
would be costly and would probably require adding much meore oxygen than simple
calcufations specified.

Additionally, there were geochemical indications that the p]umc was deprading

" anacrobically. Tor oxygen to work it would require changmg the natural system that had
developed, which wonld take time and probably require even more ORC treatment
material.

Based on recent experience, and a solid body of published research (Anderson and
Lovely, 2000; Chapelte, 2001; Cunningham, et al., 2001; Kolhatkar, ct al., 2000;
Wiedemeir, et al., 1999; and Wilson, et al., 2002) the team decided to try to enhance the
natural processes already at work on the site. The chosen solution was 1o add
concentraled Epsom salt solution (hydrated magnesium suifate) to the source area and
plume. This method uvtilized a nontoxic household chemical to provide a needed electron
acceptor for preexisting sulfate- rcdnom[,-bﬁclem {SRB) to flourish and increase their rate
of hydrocarbon degradatlon :




GEQLOGY AND HYDROGEOLOGY

The location is in the Central Lowlands physiographic province. The geology beneath
the site consists of unconsolidated glacial drift deposits, The prirsary water bearing
formation s sand and clayey sand with an average hydraulic conductivity of about one
foot per day. The excavation at the former UST basin was backfilled with gravel which
has a much higher hydraulic conductivity than the sand. Only the base of the gravel

intersects the water table. The sandy zone is overlain by silt and silty clay to the surface.

The contact between sand and silty clay.plunges toward the north-northwest and
intersects the water table in the northwest quarter of the site. Figure 1 is a base map of

the site. Figures 2 and 3 are geologic cross sections from west to east and north to south
respectively,
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Figure 5 shows contowrs of the benzene concentrations in May, 2004 before any sulfate
addition. The contaminant source zone was projected to lie beneath the area of highest
dissolved benzene concentration. It coincides with the downgradient side of the former
tank basin and where product lines ran from the USTs to dispensers (aka “the gas
pumps™). :

lication
reition Trend

Sy s s -

% e W Y

Contour Interval 100.ppb

Figure 5: Benzene concentration map at the Indianapolis site as of May, 2004, and a
graph showing a benzene concentration over time on the upgradient side of the source
zone. The source area is projected to be a backward “L” shaped smear zone located on
the west side of the former tank basin. '

EVIDENCE OF ANAEROBIC DEGRADATION

Lateral changes in the concentration of some inorganic ions in groundwater across a
hydrocarbon plume may provide indicators that microbial degradation is occurring and
whether it is aerobic or anaerobic (Chapelle, 2001).

For example, if oxygen is abundant in background-groundwater and it is essentially
depleted in the dissolved phase plume area, then we can assume that acrobic degradation
has oceurred. Similarly, if sulfate is present in the background and depleted in the plume
area, we can assume that sulfite reduction has occurred, which is anaerobic. Both




systems may be active, but in different zones or areas of the plume. In most cases where
groundwater is contaminated with petroleum hydrocarbons, oxygen is consumed on the
upgradient side of the contaminant source area. The plume then undergoes anacrobic
degradation in a hierarchy of successive zones depending on the availability of electron
acceptors. Table 1 shows this hierarchy.

TEAP Zone Processes ar_ld Parameters

Electron Reaction Metabolic Utilization Thermodynamic
Acceptor Bypreduct Factor for Reaction
BTEX Preference

Oxygen Aerobig CO, .14 Most Preferred
Nitrate Anaerobic N,, CO, 49 W
Fe Il (solid) | Anaerobic Fe IT* 21.8% N
Sulfate Anaerobic H,8 4.7 N

CO, Anaerobic Methane* 78% Least Preferred

. Table 1: Hierarcly of terminal electron acceptor process (TEAP) zones and their
associated processes and parameters. Utilization faciors indicate how many grams of an
electron acceptor are required to degrade one gram of BTEX (those with an asterisk use
the metabolile rather than the electron acceptor). They are from Wiedemeier, et al., 1999,

The typical distribution of these TEAP zones in a petrolenim contaminated aquiferis
shown in Figure 6. The refative size or area of a given process is usually dependent on
the availability of a given terminal clectron acceptor. Oxygen is usnally only available in
near surface groundwater in concentrations up to 7 or 8 mg/l. Nitrate is seldom available
in quantity, and iron I (ferric iron) is nearly insoluble in water and is taken up by iron
reducing bacteria from bio-available ron in soil minerals. In the iron reduction process,
iron III is reduced to soluble iron IT (ferrous iron) which is the primary causc for
increased dissolved iron in the contaminated zone. This iron stays in solution until it
either mineralizes with available sulfide from the sulfate reducing zone, or precipitates

when redox

itions change in the aquifer downgradient of the plume.

Tigure 6: Typical profile of TEAP zones al a”p'étroleuiil cont

conlaminant source area.

aminated aquifer with a
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Sulfate is a very common and abundant natural groundwater fon. Sulfate concentrations
average 25 to 100 mg/l in many areas of the United States, and it is not uncommon to
have concentrations in the several hundred mg/l range. Because of this natural
abundance, sulfate reduction is @ major process in natural attenuation of hydrocarbon
contamination,

. At the Indianapolis site, in addition to BTEX compounds, nitrate and sulfate were

analyzed in groundwater from background and plume observation wells. There was little

or no nitrate in the background or the plume, and therefore no contrast to compare.

Background sulfate concentrations, iowever, were as high as 155 mg/l and averaged 78
" mg/l. Sulfate depleted rapidly 1o less than 10 mg/l as proundwater migrated through the
contaminant souree area. There is also a shadow of low sulfate concentration
immediately downgradient of the plume. Figure 7 shows the distribution of sulfate in
grovndwater in the area of interest before any treatments were applied. :

The inverse relationship between the presence of BTEX contamination and the depletion
of natural sulfate in the plume area is direct evidence that hydrocarbon degradation
through sulfate reduction is occurring at the site. Tigure 8 is a graph of sulfate versus

. benzene concentration across the plume before any sulfate treatment.
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Figure 7 Sulfate distribution at the Indianapolis site prior to any freatment to enhance
degradation, '
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Figure 8: Benzene versus sulfate concentration across the plume prior to any sulfate
addition.

TREATMENT STRATEGY

The remediation team decided to enhance the preexisting sulfate reduction process by
providing sulfate as an electron acceptor to the part of the plume where it was most
needed - the smear zone source area. Sulfate requirements were éstimated based on the
stoichiometric mass of sulfate required to biodegrade the mass in the source zone.

We determined the most effective means to address the source area at this site was with
an “L” shaped trench through the most contaminated region. The trench was about 160
feet north-south by 80 feet east-west (Figure 1) with eight sump-access-points evenly
spaced along the length. Depth to groundwater was about eight feet, so the {rench was
installed to a depth of 10 feet and backfitled with coarse gravel.

Concentration, Mass, and Volume

Nete that because the plume is stable, we have already demonstrated that the amount of
dissolved phase contamination being contributed by the source is being degraded by and
in balance with the available natural electron acceptors. Because the contaminant
concentrations in the plume were still too high, we needed 1o reduce the source. To
estimate the mass of sulfate required, we estimated the mass of contaminants in the
souree area to be addressed:

‘There is considerable uncertainty involved in estimating the mass of dissolvable
contaminants in the source zore. Nevertheless, in order to estimate treatment volumes an
estimate of the source must be made. Fortunately, there was no frce phase contamination
to deal with. :

Gallagher (1995) proposcd tha( the source arca be divided into three zones: 1) the vadose
zone, 2) the smear zone which is the residual in the area of groundwater fluctuation and
3) the dissolved phase in the phreatic zone, We considered the vadose zone to be alrcady




in balance. The phreatic zone source was addressed by over excavation when the USTs
were removed. Therefore we fooused on the smear zone.

In most cases, detailed soil analyses are not available to caloulate contaminant mass
accurately. Gallagher suggested that the contarninant mass in the smear zone can be
estimated using a map of dissolved phase concentration, the average contaminant

* concentration in the soil of the smear zone, and the smear zone thickness. Tle used the
following cquations:

M=p*V

Where:p = s0i) den'sity in kg/f (approximately 65 kg/ft”)
And V = calculated volume as given below

V= (Tx * Cx * Ax)

Where: Tx = thickness of smear zone in fect
Cx = Average contaminant concentration in smear zone soil
(mg/kg) :
Ax = Area of smear zone (using the area within a designated
contaminant contour)*

*Ax may be estimated by conlouring the dissolved phase contamination and measuring ‘ }
the area inside a selected contour. Gallagher suggested using the 3000 ppb total BTEX
contour, - :

The following table shows the estimate for the Indianapolis site.

Tx 10 i ‘ Tnput

Cx , 200 melke , Input

Ax 4,000 i’ Input

v 8,000,000 mg/lea-13 caloulated
p 65 ke/fe , given

Mass 520,000,000 mg ' calculated

Table 2: Estimated mass of BTEX contamination inihe scurce zone

The calculated mass of the source was about 520 kilograms, or almost 1150 pounds
~(equivalent to about 175 gallons of gasoling). Based on a uiilization factor of 4.7 prams
of sulfate to one gram of benzene, it was estimated that 2,444 kilograms (5,388 pounds) ;
of sulfate would be needed. Based on experience, demand is usnally somewhat higher |
becanse of the presence of other organic chemicals or contaminants. Therefore a safety

factor is frequently applied which ranges approximately between 2 and 4 times the

estimated amount, At this site we vsed 1.75 1o minimize initial sulfate mass.

In addition to being a household chemical, Epsom salts solution is also sprayed on fields
as an agricultural soil amendment. The standard agricultural concentration is 3 pounds




per gallon which yields a sulfate sclution of approximately 140,000 mg/l. Because this is
readily available, we decided to base the volume of solution to be applied using this -
conceniration.

- TREATMENTS

Sulfate solution was applied to the trench through the application sumps according to the
_schedule shown in Figure 9. There were three major applications on June 3, July 27 and
October 26, 2004 and cne minor application December 15, 2005. Total volume applied
from all treatments was 6,781 gallons (30,800 liters), which provided 4,312 kilograms
(9,500 pounds) of sulfate which was a safety factor of 1.75 over the calculated volume,

Sulfate Applications

- Bulfate applied in L+
shapeid trench ™

/3104 1850 gallons
74271041860 gallons
10/26/04.2500 gallons
10126108
CW-3 50-gallons
OWL2224 ga!!ans
» 12!‘151’(}5
AWAT 250 galfons
Ap-G260galfons
= Al concentrations were

appmxlmately 140,000
Ql’{ 804

A e

Figure 9; Schedule of sulfate applications

- RESULTS

Within 841 days from ihe last application, dissolved benzene concentrations had
decreased an order of magnitude and the site met ¢riteria for MNA, Wells downgradient
of the application french progressed from stable benzene concentrations (no apparent
downward trend) to attenuation rates between -0.0022 to -0.0064 per day (half lives
between 315 and 108 days). The plume visibly shrank (Figaves 10 and 11). A
contaminated contro) well upgradient of the trench showed no decreasing tlcnd in
benzene concentration.
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Figure 11: Benzene concentrations 532 days and 841 days after October 4 application.
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Figure 12: Wate_r table maps before, and one day after the first application

Decreased concentrations were not due to dilution, The applied volumes were
insignificant (maximum 2500 gallons in an application) comparcd 1o the plume pore
volume of approximately 124,000 gallons. Figure 12 shows groundwater contour maps
from before, and one day after the initial treatment. There js no appreciable change.

Based on grounclwatex' flow calculations, the applied volume of sulfate resuited in a
dilution of less than 4 to 8% per month and [ess than 2% per year during the application
period. This was within the analytical variability.

Additionally, benzene and toluene concentrations declined at a substantially greater rate
than xylenes or ethylbenzene. In fact ethylbenzene hardly declined at all, indicating a
preferred sequence of degradation. If ditution were significant the concentrations would
have decreased proportionately. - - : o

Figures 13 and 14 are example BTEX graphs. Well OW-10R is seven feet from the
trench and within the sulfate treatment zone. Benzene and toluenc degraded before
ethylbenzene and xylenes. : : '

Well OW-22 is 28 feet upgradient of the trench and was used as a control well, This well
did have one 21 pallon sulfate treatment, but overall it was not in the treatment zone, and
did not show decreases in concentrations of benzene, cthylbenzene or xylenes.
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Figure 13: BTEX graphs from well OW-10R from March 2004 to January 2007. The

well is seven feet from the application trench, Arrows indicate dates of sulfate .

application to the trench. Concentrations are in ppb. Note decreases in benzene and ’
toluene.
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Regulators asked if a significant volume of dissolved oxygen, inadvertentiy added with
the treatment {uid, would have affected degradation. The answer is no. Assuming the
treatment water carried dissolved oxygen at a concentration of approximately 8 mg/l, and
there were no sinks other than BYEX, with the utilization factor for oxygen equal to 3,14
grams of oxygen per gram of BTEX, the amount of introduced oxygen would have

degraded less than 80 grams of BTEX versus an estimated 520,000 grams degraded by
sulfate addition. _

Another concern was the concentration of sulfate at the compliance point which should
meet the secondary MCL of 250 mg/l sulfate. Figure 15isa eontour map of sulfate
concentration 841 days afier the last application. It appears that nearly ihe entire amount

of added sulfate was consumed. The calculated rate of sulfate consumption was -0.01 per

“day yielding a half life for sulfate in the plume of approximately 69 days.

Sulfate Map 1/25/07

» 841 days after last
application
* Sulfatewas consumed
in'the area of the
hydrocarbon piume
— Rateiof consumption
equals -0.01 per day
(helf life of 89 days)

Figure 15: Sulfate concentration 841 days after sulfate applications -- there was still
reduced sulfate concentration in the plume arca with no appreciable increase
downgradient.

CONCLUSION

The addition of sulfate enhanced the natural anaerobic process, inereasing the rate of
sulfate reduction and hydrocarbon degradation. Within 841 days of the last sulfate
treatment, the plume had shrunk and benzene concentrations were within regulatory
levels to apply for MNA closure.




This site demonstrates that if a plume has already entered the sulfate reduction phase, the
addition of sulfate to the source area will stimulate the existing processes and increase the
hydrocarbon biodegradation rate.

Sampling results also suggest that, through proper planning, the sulfate concentrations in
the aquifer can be controlled during the application process in order 16 prevent sulfate -
concentrations above the secondary drinking water standard from leaving the site location
if receptors downgradient are a concern. Finally, suifate enhanced biodegradation

“appears to be a viable alternative remediation approach for developed properties that are
sensitive to disruptions associated with more invasive remedial actions such as
excavation or large pump and treat systerns,
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Seasonal Recharge and Replenishment of
Sulfate Associated with Biodegradation of a -
Hydrocarbon Plume

by Dale R. Van Stempvoort, James Armstrong, ond Bernhord Mayer

Al_)stract

‘The downward (lux of sulfate in 4 weathered clayey aguitard 10 a hydrocarbon plume in ground water was investigated
at a gas well site in Alberta, Canada. The dissoved hydrocarbon plume includes monoaromatic BTEX compounds and ex-
tends less than 20 m downgradient from a ratural gas condensate source in silt- and clay-rich deposits. The vadose zone al
‘the site has high concentrations of water soluble sulfate, which is apparently derived from pyrite oxidation, Seasonal infiltra-
tion of snowmelt water, most notably during the “wet™ spring of 2003 and also in 2004, was {ocused in an excavation and re-
charged the water table, This recharge replenished the contaminated zone with sulfate that was flushed downward from the
vadose zone. Recharge in 2003 resulted in opisodic increases in snlfate concentrations in the ground water condensate plume
of up 10 1000 mg/L. After episodic increases in sulfate concentrations within the core of the contaminant plume associated
with recharge, concentrations then decreased to less than 1 mg/L, accompanicd by isotopic enrichment of the residual sulfate

~in 3. The menitering data provide steong field evidence that bacterial sulfate reduction is a dominant terminal electron-
aceepting process in the natural atienuation of the hydrocarbon phame in the ground water. This result suggests that

engineered infiltration and replenishment of sulfate o petrolewm hydrocarbon plumes in ground water might eshance

" biodégradation of these plumes.

‘Introduction

The microbial degradation of dissolved petroleum
hydrocarbons i ground water is often dominated by
anaerobic processes. The realization of the importance

~ of anacrobic biodegradation processes (Loviey 1097;-

Wiedemeier et al. 1999) has displaced an earlier view that
petrofeum hydrocarbons are secalcitrant in the absence of
oxygen, Under anacrobic conditions in grovnd water, meth-
anogenesis and/or the reduction of sulfate, nitrate, iron, or
‘eangancse may be important terminal electron-agcepting
processes (TEADs) linked to the degradation of hydro-
carbons such as the monoaromatic “BTEX” componnds
{benzene, toluene, ethylbenzene, and xylenes). In ground
water, sulfate is typically more abundant thar more energy-
favored electron acceptors such as oxygen or niirate. As
a resnlt, bacterial (dissimilatory) sulfate reduction is ofien
'a dominant TEAFP in the natural atenpation (ntvinsic bio-
‘remediation) of hydrocarbons in ground water (e.g., Chap-
elle et al. 1996; Schinilt et al. 1996; Davis et al, 1999; Gieg

& 2007 Crown Copyright,
Journai compilation @ 2007 National Ground Water Association,

et al, 1999; Wicdemejer ¢t al. 1999). Recent pilot-scale
field tests have demonstrated that the biodegradation of hy-
drocarbons in ground water can be enhanced by adding sul-
fate (Reinhard ct al 1997; Andesson and Lovley 2000;
Cunningharm ¢t al- 2001; Sublette et al. 2006). _
Little is known about the potential for natural down-
ward migration of suifate and other dissolved electron ac-
ceptors from the vadose zone 10 the saturated zone during
seasonal infiltration. Recently, Seholl et al. (2006) reported
the downward transport of sulfate to a shatlow alluvial
aquifer in Oklahoma during seasonal recharpe, which ap-
peared to causc enhanced Vacledal swifate reduction in
a fandll leachate plume. At sites comaminated by petro-
feum hydrocarbons, such a vertical fransport process could
potentially ncrease the rate of biodegradation of bydro-
carbong in the corc zones of the contaminant plumes by
providing an ongoing replenishment of the required elec-
tron acceptors. This process might be particulatly effective
at sites where soluble sulfate concentrations are high in the
vadose zone due 1o weathering of sulfur-containing miner-
als. Such is the case in the Western Canada Sedimentary
Basin of the Capadian Prairies (Van Stempvoort ¢t al.
1994), where sulfale concentrations in shallow gromnd
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water are often higher than 1000 mg/L (Hendry et al. 1986;
Fennell and Bentley 1998), largely due to oxidative weath-

- ering of pyrite in tills in the vadose zone (Van Stempvoort
et al. 1994). This is an important area of oil and gas produc-
tion, where numerons unintended releases of hydrocarbons
0 ground water have occurred. This study has foHowing
two objectives;

» To investigate hydravlic and chemical evidence for sea-
sonal recharge and replenishment of sulfate from the va-
dose zone to the water table at 2 hydrocarbon-contaminated
oil and gas site in the Prairie region of western Canada.

» 1o investigate evidence for the role of bacterial sulfate
reduction as an electron acceptor in a hydrocarbon p}ume
in ground water at the study site,

Study Site

The stady site (Figure 1; Van Stempvoort et al. 2002,
2007y is a small area of farmland in southern Alberta,
Canada, that is leased for natural gas production. There
bas been a gas well on the site since 1972, On request
by the well owner, the site location is not included in this
article.

“The landscape at the site is hummocky glaciated ter-
“rain. Test holes indicate that the surficial glacial/periglacial
deposits are dominated by silt and elay (Van Stempvoost
et al. 2007; Figure 2) to a depth of 17 m (base of testing).
Cretaceous and Tertiary bedrock in this arca, which con-
sists of sandstone, siltstone, shale, and rinor coal, is gener-
ally encomntered within 30 m below ground surface,

Between the carly 1970s and the mid-1990s, natural
gas condensate was occastonally discharged to an unlined,
carthen pit at the study site (Figure 1), In 1997, this pit
was replaced by a tank, and approximately 250 m® of con-
taminated soil was excavated from beneath the pit arca.
Menitoring wells installed in 1999 delincated a plume of
hydrocatbons in the ground water near the waler table
south of the pit excavation. This plume iy derived from
natural gas condensate that had been discharged ta the pit.
Condensate in the form of light nonagueous phase liquid
(L.NAPL) has been detected at the water table in two moni-
toring wells, well 2 and well 13, near the south margin of
the excavated pit {Figure 1). Based on borehole and moni-
toring well data, the overail spatial extent of LNAPL in the
subsurface is estimated 10 be approximately 100 ro 200 m>
An aralysis of the LNAPL indicated that the hydrocarhons
are predominately in the range C4 to Cjp (85% as mole
fraction), with the remainder abmost exclusively in the
ranges Cqy 10 Cs (79%) and C;p.10 Cyq {79%). Given the over-
al} fine texture and low permeability of this glacial sedi-
‘ment aquitard, the localized accurmulation of LNAPL
cannot be efficiently recovered by pumping {cf. Sale 2003):
intermittent bailing of product has had limited ssceess.
Therefore, the potential for bioremediation of the plume is
of particular rclevance. The temperature of grownd water at
the study site is between 5°C and 6°C, with little seasonal
variation (Man Sterapvoort et al, 2007). The unsaturated

zone of the site has high water soluble sulfate coneen- -

trations (Figure 2).

Methods of Investigation

Prior to this study, a consultant firm had installed 14
wells at the site for ground water monitoring (Figure I;
Tabie 1). Two new wells were installed in 2002 FEgure 1;
Table 1} for this study, one of which was used for an experi-
mental injection of sulfate as reported by Van Stempvoort
et al. (2007). Water levels and apparent thickness of
LNAFL (two wells) were measured in the menitoring wells
using a manuat water level meter and interface probe.
Compact transducer-datalogger systems (Level.oggers,
Solinst Canada LAd., Ontadio, Canada) were placed in two

- monitoring wells {well 3 and well 15) to record water levels

al 1-h imtervals over a 9-month peried in 2004, and ba-
romelric pressure was also recorded (Barologger, Solinst).
Dedicated Teflon™ bailers or Waterta inertial pumps
were used o sample ground water from all wells, typically
within 0.5 to 1 m below the water table, Purging was
excluded because of low permeability of the sediment.
Ground water samples were collected in polyethylene
bottles {inorganics), amber glass, or stoppered glass vials
(hydrocarbons), These were then stored in coolers on ice
and transported to laboratories as soon as possible (fypically
on the same or the next day) for analyses. Sarples for dis-
solved iron and manganese analyses were ficld filtered (0.45
pum) and preserved with nitric acid. Samples for hydrocar-
bon analyses were preserved in the field by adding cither
sulfurde acid or NaHSO,. The majority of the analyses
{major ions, alkalinity, iron, manganese, benzene, toluene,
ethylbenzene, xylenes, total Cy to Cyo hydrocatbons, total
extractable Ciy to Cgo hydrocarbons) were conducted by
Maxxam Analytics (Calgary, Alberta, Canads) using stan-
dard methods. A suite of sumples collecled in June 2004
was analyzed for both inorganic species and hydrocarbons

.at the National Water Research Institute in Burlington,

Ontario, Canada.

Field measnremens of dissolved oxygen, pH, and con-
ductivity of the ground water were conducted using portable
probes, In June 2002, samples of pround water were collected
using airtight samplers and analyzed for methane using the
iethods described by Van Stempvoort et al. (20053,

On three occasions (June and Seplember 2002 and
March 2004), samples for analyses of the suifur isotope
ratios of dissolved sulfate were collecled in botiles that con-
tained cadminm acerate solution to precipitate and stabilize
dissolved solfide. The June 2002 samples were collected by
dedicated bailers, whereas subsequent samples were col-
Jected with dedicated Watera pumps and filtered in-line dur-
ing collection, prier to precipitation of sulfide as cadmium
sulfide (CdS). In the labomtory, after refiltering to remove
CdS, the samples were passed through cation exchange col-
wnns Lo remove disselved fron, and suifate in the remaining
solution was precipitated as BaSO, with BaCl,. Sulfur iso-
tope ratios of the BaSO, were deteemined on SO, generated
by thermal decomposition in an elemental analyzer, conpled

- 10 an isolops ratic mass spectrometer. Results are reported in

the usnal delta (8) notation in parts per thousand (%,).

Analyses of short-chain faty acids in ground water
were conducted by jon chromatography lo obtain addi-
tional evidence for biodegradation of hydrocarbons.
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Figare 1. Plan of the study site showing locations of tiie gas wellhead, the fluid dispesal pit, the current exeavated pit, and the
extent of dissolved condensate in ground water, Also shown are monitor wells 1 to 16 and the inferred piezometric smcface of the
ground water near the water table (June 5, 2002). Moniterlng well 16 is referred to as D-XW by Van Stempvosrt et al. (2007).

Sediment samples were obtained from the weathered been collected in separate boreholes at depths of 4.6 m

vadose zone above the plume (Figure 1) using a hollow- below ground smeface: The sulfate was extracted using the
slem auger rig equipped with a split spoon sampler. Water following procedures. Fifly prams of soil was added to
soluble sulfate was extracted from three samples that had 125 mL of Milli-Q water and shaken for 2 h. The following
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Figore 2. Profile of grain size distribution, lithologies, and selfur components eoncentrations {per dry weight} in samples of the
aguitard sedinents at the study site (borcbole location indicated in Figure 1), as described by Van Stempvoort et al. {(in prepara-
tion). Nondetectable concentrations are plotted as 0.1 pg/g. Highest solfate concentrations are in the nosaturated zone, which
extends dewnward to approximatety 9 m below gromnd surface.
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-Table 1
Selected Monitor Well Construction Specifications
Monitoring Year Ground Elevation Stick-Ub Bepth Intexrval of Well Screen Depth Interval of Sand
Well No. Constructed  (m above sea level) PVC Fipe (m) {below ground) (m) Pack (elow ground) (m)
H 1999 833.668 0.25 3.1-12.0 2.40-12.19
2 1999 833.809 029 1.5~33.8 1.20-15.51
3 1999 833.769 0351 3.1-12.0 2.60-12.19
3 1999 833.769 0.351 3.1-12.0 2.60-12.19
4 1999 833.916 0.564 31-120 2,70-12.23
5 1999 833.791 0.559 6.1-12.0 5.60-12.24
6 1999 833.67 0.18 6.1-15.0 4.30-13.27
17 1999 833.902 (.248 4.5-13.6 4.30-13.73
8 1999 833.738 8172 6.1-15.0 5.50-14.29
9 1959 833.613 0.257 6.1-15.0 4.30--1293
10 1999 833.762 025 T.6~13.6 1.00-13.45
11 1999 833.816 . 0.17 6.1-18.1 520-15.58
12 1599 833.749 0.3 6.1-18.} 15.20-15.11
13 ' 1999 833.819 : 0.81 6.1-18.1 5.20-13.77
14 1959 833.635 0.215 9.2-15.0 8.30-11.76
15 ' 2002 833.67 ' 05 8.5-11.6 8.50-11.6
16" 2002 833.853 03 10.1-11.0 £.40-11.04
Note. FYC = polyviny) chioride.
*Referred 10 15 D11 by Van Sternpvoori et o, (2007).

day, the decant water was filtered {¢.45 m), heated, and
acidiffed to pH 4 1o xemove dissolved CO,. The Sissolved
sulfate was then precipitated as BaSO, by adding BaCl,,
and analyzed for 53485013“3, as described previovsly. The
concentration of water soluble sulfate was determined by
. lon chromatography.

-Results and Discussion

Evidence for Rapid Infiftration and Recharge of Spring
Snowmelt/Runoff
A large amount (estimated 200 ) of spring runoft/

snowmelt water accumulated temporarily in the excavalion
i the spring 2003, nearly filling the excavation (personal

communication with site manager). Monitoring indicated

sharp rises in water levels {by 0.79 to 1.31 m) in monitor-
- ing wells iu the vicinity of the excavation between Septem-
ber 2002 and October 2003 (wells 1, Z, 3, and 12), whereas
other wells upgradient (well 43 and downgradient (well 7)
had only smail rises (0.08 and 0.23 m, respectively) in
- water levels (Figure 3). This indicates that infiltration of
the meltwater that had pooled in the cxcavation was associ-
ated with an excavalion- or depression-focused recharge
cvent.

Taken collectively, the hydrologic information for 2000
to 2003 indicates that in wet springs such as 2003, this
excavation can recetve a large guantity of runofl from
adjacent upland areay due (o melting of snow and precipi-
tatfon events, coupled with the presence of a relatively
impermcable frost layer in the soii (Hayashi e al. 2003)

and that this seasonal ponding resalts jn depression-

focused recharge.

Given the sparse observations on seagonal recharge in
2003, more detailed information was oblained in 2004,

-Pooled snowmelt water was observed in the excavation in

March and June 2004 (Figure 4). The volune of meltwater
observed in the excavation in 2004 is cstimated 10 have
been approximately 50 m®. A recharge event associated
with this pooling and infiltration of snownelf and spring
runoff was maonitored using water level dasa by Solinst
LeveLoggers (Figure 5), in addition to periodic manval
meagurements. There was a seasonal 20 em increase in the
water level at well 3 in April through Tune 2004, apparently
In response (o spring snowrmelt and infiltration, Note the
lack of a similar response in the water Jevel at well 15,
which is farther away from the excavation (Figure 1).
Figure 3 indicates that the seasonal increase in the water
level at well 3 associated with recharge in 2004 (~0.2 m)
wils not nearly as pronounced as in 2003 (~1 sy, or more
given that water levels were not measuced during the sum-
mer 2003), apparetiy related 10 differences in amounts of
spring precipitation (data not shown) andfor spowmelt.
Nevertheless, the more detailed data collected in 2004 by
LeveLoggers do constrain the rate’ of infiltration through
the clayey aquitard below the excavation to the water table,
associated with the observed recharge. The seasonal re-
charge of the ground water in 2004 was Jargest in April and
May (Figure 5), estimated to have ocourred approximately
60 = 30 d after spring snowmeltfrunoff and the associated
infiliration period. These water level data indicate an esti-
mated vertical flow rate of water from the excavation
through the unsaturated zone to the water table of 6 % 2 ra
(vertical distance {rom bottom of excavation to water table)
in 60 4 30 d, or approximately 0.04 to 0.3 m/d. This find-
ing is consistent wilh reporss of other researchers, who
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Figure 3. Top: Manually measvred changes in water levels,
Bottom: Changes in sulfate concentrations in same wells over
time,

found rapid downward Tow through fracture “macropores”
in clayey sediments (Hinsby er al. 1996; Helmke et al.
2005). Moreover, the 2003 to 2004 water level data indi-
cate that water table mounding decayed stowly, likely duc
to fow permeability of the clay- and silt-rich sediments
(consistent with unpublished slug st data).

Evidence for Episodic Replenishiment of Sulfate

Associated with the large water wble rise near ihe
excavated pit belween September 2002 and Geiober 2003,
the sulfute concentration in ground water sanipled from
wells inside the contaminant plume near the excavation
increased by 600 to 1000 mg/L (wells 2 and 12 Figure 3).
Inother wells in the vicinity of the excavation, there were
also large incieases in sulfate concentrations {wells 3 and

'14) or smaller but significant increases of suilate (wells |1,

i1, and 13: Figure 3). Farther away from the excavation,

Figure 4. Photograph taken on March 22, 2004, showing
snowmelt water pooled in the excavation at the site. Monitor-
ing well 3 is in the wpper left between fhe excavation and the
{ence.
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Figure 5. Water levels monitored in wells by LeveLoggers in

2004,

changes in sulfate concentrations were small or negligible
{wells 4 and 7: Figure 3). Overall, the 2002 1o 2003 trends
indicate that the large seasonal recharge “event” in 2003
preduced large Increases in the suifate concentrations in
the mounded ground water sampled near the excavation.
Given the evidence for concurrent water table rise and
increasing sulfate concentrasions in ground water near the
water table, the sulfate is inferred to have been flushed
down to the saturated zone [rom the weathered vadose
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zone, where it is abundant (Figure 2: 350 to 3808 pg water
soluble sulfate per gram dry sediment). T appears that the
infilirating water mobilized the sulfate as it moved down-
ward lhrough the vadose zone.

In contrast to the older wells (wells 1 to 14), which
have long screens that cross the water table, one of the
new wells that were installed near the excavation, well 16
(Figure 1), has a relatively short screen {Table 1), which
was installed approximately  to 2 m below the water table.
The sulfate concentration in well 16 increased sHightly
from February to October 2003 (45.9 to 59.6 ragfL). This
indicates thal seasomal increases in sulfate concentations
Ain 2003 occurred mainly near the water table and not at
depths 1to 2 m below the water table.

Evidence for Bioattenuation of Hydrocarbons in
Ground Water

Water samples from five of the monitoring wells at the
site (wells 2, 12, 13, 14, and 16) have had slevated concen-

trations of hydrocarbons, mainly dissolved monoaromatic” ,
species (BTEX) (Figure 5; Table 2). ‘The hydrosarbon-

impacted wells are located within 3 to 10 m and down-
gradient of the excavation (Figure 1). Over 5 years of mon-
itoring {1999 to 2004}, the total BTEX concentrations have
fluctuated up and down in the two wells nearest the core of
the hydrocarbon plume (wells 2 and 16). The concen-
rations have been relatively constant in well 12 and
increased significantly over the past few years in wells 13
and 14 (Figure 6). We suspeet that the fluctuations in tota)
BTEX concenirations may be largely related to seasonal
recharge events, particularly in 2003, which may have
caused some episodic dilution of ground water near the
water table by mixing with the infiltrated seepage water
from the vadose zone. Localized movement of LNAPL
phase may also have occurred in response to water table
fluctvations (e.g., Steffy ef al. 1998) and may have affected
the dissolved phase hydrocarbon concentrations,

Based on the monitcring data for 1999 o 2004, there
are several lines of evidence that the plume of dissolved
" monoaromatic hydrocarhons (BTEX) is undergoing natoral
.altepuation, which are as folows:
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Tigure 6, Trewds in total BTEX concentrations in the hydro-
carbon plume from 1999 through 2004,
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1. The hydrocarbon plume is associated with a chlofde
plume that is apparently derived from produced water/
brive that was. also dispesed of in the unlined pit. Afong
an approximated 4 m ground water flow Jine from moni-
toring well 2 in the core of the hydrocarbon plume (with
LNAPL present) to weli 12 (Figore 1), concentrations of
chloride in ground water were nearly identical in both
wells, whereas total concentrations of C3 to C,p hydro-
carbons were nearly an order of magritude lower in well
12. Av other wells near the fringe of the hydrocarbon
plure (wells I, 3, 11, and 14), chloride was elevated
above backgronnd concentrations, whereas hydrocarbons
were  generally nomdelectable (Table 2). These ob-

- servations indicate that.the Iateral transport of BTEX has
been retarded relative to chloride.

2. The relative dissolved concentrations of benzene, tolu-

ene, and xylenes were similar in samples taken from the
core’ of the plume in wells 2 and 16 and from well 13,
where LNAPL is also present as a separate phase (Fig-
ure 7). In contrast, benzene was the dominant mono-
aromatic compound downgradient al wells 12 and 14

+ (Figuze 7), while the concentrations of toluene, ctlyl-
benzene, and xylenes were much lower or non-
detectable. Simple one-dimensional (1D) modeling
(Appendix} indicated that the inferred differences in
attennation of these dissolved aromatic hydrocarbons
during transport from the core to the fringe of the plume
(e.g., from vicinity of well 2 toward well 12) canmot be
explained by sorption. Similar to other studies {e.g., Da-
vis et al, 1999; Cunningham et al. 2001), this pattern in-
dicates preferential biodegradation of the alkyl-
benzenes and benzene recalcirance.

3. In gronnd water samples collected in June 2004, short-

chain fatty acids (formate, acetate, propionate, butyrate)
were found within the dissolved hydrocarbon plume in
wells 2, 12, and 16 but not in sarnples collected from
wells 1, 11, and 13 near the edge of the plume (Table 3).
These appear to be key indirect indicators of hydrocarbon
biodegradation, which possibly involves degradation by
fermentative bacteria (Meckenstock 1999)..

4. Elevated alkalinity concentrations are another indircet

but key indicator that biodegradation of hydrocarbons js
accvrring in the ground water at the site. Alkalinity con-

centrations in ground water inside the hydrocarbon-con-

taminant plumne (810 to 4797 mg/L. as bicarbonate in
wells 2, 12, and 16) were higher than those near the
edge of the hydrocarbon plume (346 to 616 mg/L in
wells 1, 3, 11, 13, and 14), which in torn were higher
-than concentrations at wells more than 5 m from the
margin of the plume (199 o 310 mg/L). The elevated
levels of alkalinity in the contaminant plume are in-
ferzed 10 be mainly due to the generation of dissolved
inorganic carbon (DIC) (mainly bicarbonate) as a by-

product of reactions associated with the biodegradation

of hydrocarbons. However, organic acids (cf. point 3)
may also contibule to the clevated alkalinity in the
plume (Rounds and Wilde 2001}, )

3. Near the edge of the hydrocasbon plume, at monitoring

wells 1, 3, and 11 Bgure 1), elevated levels of both
chloride and alkalinity have consistently appeared from




Table 2 ‘
Selected Chemical Analyses of Samples in Milligrams per Liter Based on Samples Collected on June 5 to 7, 2002,
Except for Ficld Analyses of Dissolved O, (June 14, 2002)

Well No, 1 2 3 4 6 K 11 i2 13 14 16
pH 7.42 6.59 7.18 7.4 7.82 7.45 749 707 7.28 . 743 6.17
Ca 83 2200 282 364 245 58 696 G44 653 536 2350
Mg 212 578 74.7 S0.7 56.2 7.6 149 12% 142 135 781
K 25 18.8 21 9.2 8.5 6.6 14 i3.8 198 13.8 35.9
Na 370 637 522 49.8 47.3 443 68.1 157 184 155 644
Cl 861 2060 101 393 134 5 114 430 83.3 80 2170

1 80~ 1760 27 535 132 440 159 11190 267 1176 HX60 93.1
NO;™ + NO;™ <(L003 0.069 0016 599 112 0.031 176 0.029 0.925 2.9 0.007
Alkalinity as HCO3™ 1240 100 702 617 321 542 ab7 1770 1290 1190 6580
Oy 6.5 NA 0.8 42 40 2.5 6.3 3.6 0.5 10 04
Fe 209 445 0.9 0,22 0.15 0.17 0.04 155 0.09 003 351
Mn 0.039 392 271 0021  O0H2° 0528 0.047 4,55 3.46 0205 166
Methane NA NA 0.004 <0.002 0.002 <0.002 <«0.002 3.0 0.02 <0.002 NA
Benzene <0.0004 671 <0.0004 «0.0004 <0.0004 <0.0004 <0.0004 3.93 <0.0004 <0.0004 6.53
Toluene <0.0004 571 «<0Q.0004 <0.0004 <0.0004 <0.0004 <0.0004 <0.04 <0.0004 <0.0004 0.54
Ethythenzene <0004 0.76 <0.0004 <0.0004 <0.0004 <0.0004 <0.0004 <0.04 <(.0004  <0B.0004 4.86
Kykencs <(.0012 455 <0.0032 <0.0012 <0.0012 <0.0012 <0.0012 <0.13 <0.0012  <0.0012 3.24
Cy-Cip Wydrocarbons <01 W4 <01 <01 <01 <01 <D 4 08 <01 15.6
Cy1—Cp hydrocarbons <2 38 <05 <0.5 <07 0.5 <0.5 <0.5 <0.5 <0.5 <0.5

2001 to 2003, whereas BTEX have not been detected
{Table 2). These data suggest that in the zone immedi-
ately peripheral 10 the dissolved hydrocarben plume,
dissolved BTEX were absent because they had been
depraded to bicarbonate and/or organie acids (and possi-
bly with other intermediate metabolites) along the
ground water flowpath. Perhaps, the bénzene recal-
citrance cbserved between weils 2 and 12 (point 2 ‘men-
tioned previously) was due to the presence of
other preferred substrates (alkyl-benzenes) rather than
an Inability of resident microorganisms to degrade ben-
zene (cf. Edwards and Grbic-Galic 1992).

6. As disenssed by Van Sternpvoort ef al. (2002), the §'°C
values of DIC in the ground waler at the site were gener-
ally mort negative with increasing alkalinity concen-
teations due 1o conversion of C-depleted hydvocarbons
10 DIC. In contrast, highest alkalinity concentritions in or

© near the core of the condensate plume (wells 2, 12, and
16) were observed coincident with DIC enriched in °C,
sugzesting that methanogenesis was important in the
plume core (Van Stempvoort et al. 2002),

7. Analyses of sulfate, nilrite plus nitrate, oxygen, iron,
marganese, and methane in ground water (Table 2) pro-
vided strong cvidence that various TEAPs occur in the
plume, likely Iinked to hydrocibon degradation.. OF
particalar relevance 1o this swdy, the hydrocarhan
plume generally had lower concentrations of sulfate
compared to the swrounding ground water (sce sube
sequent section). :

Though the fecus of this asticle is on bacterial sul-
fate reduction related to biodegradation of 2 dissolved
hydrocarbon plume in the saturated zene, it Is Jikely that
biedegradalion processes are also important in the vadoss
zone, where LNAPL phase is present,

Evidence for Bacterial Sulfste Reduction as 2 Key TEAP in
the Plume

In addition (o sulfate reduction by microorganisms, somp-
tion, dilution, and uptake by plant roots could potentially
result in lower dissolved sulfaie concentrations in ground
water. However, sorprion, dilution, and root uplake are not
likety the cause of the 2003 to 2004 decline in sulfate con-
centrations observed in the wells within the condensate
plume (Figure 3) at the stndy site for thé following reasons:

» Disselved sulfate is an anion, and thus, under near-
neutral pH soil/ground water conditions such as observed
at the study site {Table 2), sulfate sorption is typically
negligible (e.g., Guadalix and Pardo 1991).

= Dilution due to inpur of additional water would be ex-
pected o be associated with a water level rise rather than

B~
71 B Benzene £ Toluene
.  Ethylbenzene B Xylones-lotal

myil
Dot B3

monitoring weli #

Figure 7. Concentrations of BTEX within the dissolved con-
densate plame in ground water. Note the deminance of ben-
zene in wells 12 und 14 (see text for disenssion).
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Table 3
Analyses of Short-Chain Falty Acids in Ground
Water Sampled on June 15, 2004

Well Acetate Propiomate Formate Iso-butyrate n-Butyrate
No. (mgLy {(mgl)  (mpft) (/L) {mg/L)

1 <002 <002 <0.02 <0.02 <002

2 3917° 39 768 - 4474 2529
I <002 <002 <002 <000 <0.02

12 891 18.] <0.005 9.27 572
13 <001 <00 <001 0.0 <0,01

16 10951 54.8 158 55.5 1908

the concurrent declines in both water levels and sulfate
coacentrations that were observed (Figure 3).

Plant root uptake of sulfate is unlikely to be an important
process at 8 m below ground at the study site, Though
alfalfa roots have been reported to depths of 610 7 m in
Montana (U.5. Department of Agricoltwre 1983), typi-

- cally plant roots extend 2 m or less below ground surface

in agricultural soils (Ley et al. 19943,
Typically, sulfate concentrations were Jowest in the dis-

solved hydrocarlbon plime (wells 2, 12, and 16: Figme 8),
whereas sulfate levels tended 1o be highest in other nearby
wells (wells 1, 11, 13, and 14), south and west of the excava-
tion (cf. Figures 1, 3, and 8). Of all TBAP indicators mea-
sured (Table 2: SO,7, NO,~ + NO3™, Oy, Fe, Mn, and
methane), sulfate concentrations had the largest spatial con-~

C

p

entration gadients from plume gdge to plume -core {up to
1500 mg/L) and the largest temporal changes within the
lumne (Figure 3). Based on relative concentrations of three

allernative electron acceplurs in the ground water, sulfate,

1

itrate, and oxygen (Table 2), the microbial wtilization of

sulfate reduction as a THAP could remove more than 100

ti
‘0

mes rnore dissolved condensate from the ground water than
tilization of either of the other two alternative and more

Table 4
Relative Potential for Sulfate, Nitrate, and Oxygen as’
Electron Acceptors in Ground Water at the Site for
the Biodegradation of Hydroearbong

Note. This simplified calcniation is based on averspe concenirations of electon

Average
Concentraiion - Potential for
in Gromnd Water Degradation of

Electron {cf. Table 2) Hydrocarbons
Acceptor mg/LL mmolfL (mmol/L, a8 benzene)
Sulfae G666 6.9 18
Nitrate? 4 0.06 0.009
Oxypen : 2 013 0.017

sccepiens in grownd water in June 2002 (Tabile 2} and docs ot tike Mto ronsid-
ceation replenishinent of electron aceeptors duting seasonal recharge.

'Based on the followity steichiochometry for consumption of elecioon aceeptors
in the bodepnrdation of 1 nunol of benzene: 3.75 mmol ol sulfite, 6 mmo) of
itrate, or 7.5 snmo) of oxygen (Wiedemeier ct al. 1998,

2Assuming nitcte plus nitrate {Toable 2) = niwate,

Aunes &7, 2002
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Figure 8. Plots of sulfate concentrations vs. 8% S itate for
wells located outside, inside, and along the edge, with respect
to the hydrocarbon phome, The three graphs are for different
dates, Well numbers ave plotted next to the symbols.

energy-favorable electron acceptors (Table 4). This catcula-
tion suggests that bacterial (dissimilatory} sulfate reduction
may be the domijnant THAP agsociated with the bio-
degradation of hydrocabons in the ground water at tlis site.
As jndicated in Figures 3 and 8 (of. Figure 1), the spa-
Ual and temporal trends of dissolved sulfate concentrations
in the monitoring wells at the site ae complex. These trends
appear 10 be conttelied by interactive hydrelogical and bio-
geochemical processes in the vicinity of the excavation:

o Enhanced infilteation and recharge in the vicinity of
the excavatlon flushes sulfate down to the water table,
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resulting in a zone of high concentrations of sulfate that

persists in some monitoring wells near the excavation

year-round (e.g., well 1),

* In the zone of hydrocarbon comamination near the exca-
vation (e.g., well 2), bacterial sulfate redoction resulig
periodically in a decrease in sulfate concentrations to
tevels less than 10 mg/L (Figure 3).

« These low concentrations in the core of the plume peri-
odically rebound due to episodic influx of suifate with
recharge water from the vadose zone (Figure 3).

Of special nete is the precipitous decrease of sulfate cone
centrations noted in samples collected near the water 1able
in monitoring well 2 fiom December 1999 {1570 mg/L) to
September 2001 (30,3 mg/L) and June 2002 (2.7 mg/L).
This trend shows that svifate was rapidly depleted in the
plume core. Assuming that the ground water in the vicinity
of this well behaved according to closed system conditions
-during the monitoring period, which is censidered to be
4 conscrvative assemption (i.e., there was no additional
nput of sulfate), the well 2 data indicate an overall hacte
sal sulfate reduction rate of approximately 1540 mg/L
over 21 months (1999 to 2001), equivalent to 2.4 mg/L/d,
T 3s likely that the rate of sulfate reduction at well 2
became diffusion limited once the sulfate was depleted to
low Yevels (Figure 3) (Nielsen 1987).

A more recent trend ar monitoring well 12, near the
edge of the hydrocarbon plume, also provides an indica-
_tion of the rate of bacterial sulfate reduction. Over a peried
of 106 d, from June 8 to September 20, 2002, the sulfate
concentration at well 12 decreased from 267 to 0.3 mg/L.
This was an average decline of 2.5 mg/i/d,

. As a simplified, conservative approach, the decline in
sulfate concentrations in grownd water at monitoring wells

- 2,12, 13, and 14 following the 2003 recharge event (from
October 2003t January 2004) was modeled as closed 5YS5-
tem behavior (Le., no additional sulfate input). Based on
this assomption, average in sitn sulfate reduction rates of
2.7 t0 8.1 mg/LAJ were estimated (Table 5).

Van Stempvoort et al. (2007) reported a sulfate injec-
ton test in the suramer 2002 at monitoring weil 16 (which
_they denoted as D-IW). This test provided additional infor-
matios on the occurence and rate of microbial sulfae

. Table 5
Inferred Average in sito Sulfate Reduction Rates at
Moenitoring Wells Impacted by Gas Condensate,
Assuming Closed System Behavior

Well No. 2 12 13 14

A. Sulfate concentration, 9715 611 1540 1300
October 8, 2003 (mg/.) :

B. SuMate concentration, 211 589 1030 1050
January 10, 2009 (mp/L)

C. Decrease over 94 764 552 5100 250
4 (A and BY (ng/l)

D>. Inferred aversge sulfate g1 59 54 27

reduction rate (CA43 fnp/L/Ad)

reduction within the hydrocarbon plume at the study site.
Using a bromide tracer, Van Stempvoort et al, (2007) could
account for mixing with adjacent ground water, and they
calenlated an overall zero-onder sulfate reduction rate of 4
to 6 mg/L/d. However, they found isotopic evidence that
the ground water behaved as an open system with respect
to sulfate, suggesting that the actual rate of sulfate reduc-

tion was higher than their estimate, which should thus be

viewed as conservative.

The aforementioned conservative estimates for differ-

ent locations and time periods and for different initizl sul-
fate concentrations resulted in similac overall declines in
sulfate concentrations of 5 % 3 mg/L/d. This consistency
allows us to have confidence in inferring a conservative
overall zero-order sulfate reduction rate in the hydrocarbon
plume at the study site of 5 = 3 mg/L/d during periods
whea sulfate is not limiting. This inferred sulfate reduction
rate falls in the middle of the overall range of the rates of
microbially mediated sulfate reduction reported for gromnd
water and for marine sediment porewalers (MeGuire et al.
2002; Van Stempvoort et al, 2007).

Stable isotope Evidence for Sulfate Sources and Bacterial
Sulfate Reduction :

Three extracts of water soluble sulfate from sediment
samples collected in the vadose zone above the condensate
phime had the following 8'S valies: --10.8%,, -9.1%.,
and —8.5),. Van Stempvoort et al. (1994) reported that
pyrite in a till in southern: Alberta had 88 values ranging
from —11.5%, to ~-8.8%,. This indicates that water soluble
sulfate sampled at the site is apparently derived from oxi-
dation of pyrite present in the surficial placial/periglacial
deposits above the water table.

Suifate in grownd water outside the contaminant plume,
and along the edge of the plume, bad similar $%*S values
in 2002 10 2004, ranging from —9.6%, to —5.5%, (average
—~7.6%,) and —10).4%, 10 —5.7%,, (average —8.0%,), respec-
tively (Pigure 8). The similarity of these ground water
*Sguiae values to those of the water soluble suifate in
the vadose zone (aforementioned) suggests that the
ground water sulfate is also largely derived from pyrite
oxidation, presumably in the vadose zone, followed by
mobilization to the saturated zone during seasonal recharge
events,

In contrast, the suifate within the plume of condensate-
contaminated ground water, which typically had the lowest
concentrations (Figere 8), was found to be enriched in 'S,
with the majority of the 3"S,p values ranging from
1.2%,; to 11.1%, (Figure 8). This *S-enrichment of sulfate
in the plume is clear cvidence for dissimilatory sulfate
reduction by microorganisms, a process that tends (o enrich
residual selfate in 'S (e, Chambers and Trudinger

1979). There was a notble shift in the 378 pare values of

sulfate in the plume from June 2002 (—~9.0%, 10 —4.4%) to
September 2002 (1.3%, and 3.2%,) and March 2004 (2.4%,
to 11.1%,) (Figure 8).

The temporal flactuations in 58,0, values in the
phume can be explained as the resull of a combination of
w0 processes; ) '
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L. Bpisodic recharge angd replenishinent of sulfate from the
. vadose zone, with 8*S values of —9.7 - 1.2%,. The
“-high concentrations of spifate in the vicinity of the
excivation (above 1000 mg/L), including those from
along the cdge of the plume (Figures 3 and 8), are in-
ferred 10 derive from the dowmward migration of
recharge water with high sulfate concentrations from
the weathered zone to the water table associated with

. excavation-focused in{iliration and recharge.

2. Bacterial (dissimilatory) sulfate reduction by micro-
organisms, associated with bicdegradation of the con-
densate plume, lowered the sulfate concentrations in the
plume while enriching the residual sulfate in 343, result-
ing in more positive 3 sulfate values,

Based on the aforementioned stable isotope evidence,
it appears that the process of bacterial sulfate reduction oc-
curs in the hydrocarbon plume af the study site in a ground
water system that is periodically open with respect to sul-
fate. This finding i3 supported by the interpretation of re-
suits from a sulfate injection test at the site as repogted by
Van Stempvoort et al. (2007,

Implications

The excavation at the site has Apparently played an
vnintended yole in enhancing sulfate replenishment and
subsequently bacterial sulfate reduction in the core of the
contaminant plume, The excavation raps snowmelt water
and ronoff, which infiltrates through the wnsaturated zone,

where it obtains suifale derived from pyrite oxidation and
then recharges the water table, forming a ground water
mound beneath the excavation. Perhaps, it would be feasi-
ble to exploit this relatively bermeable vertical pathway of
water flow to enhance bioremediation of ground water at
* this and similar sites. For example, imigation (with ground
vrater if feasible) or nse of an infiltration gallery counld per-
baps be used to flush sulfate downward o the hydrocarbon
phime at the water table and subsequently enhance bacte-
rial sulfate reduction,

In this study, there was clearly sulficient available
water soluble sulfate (350 10 3800 1g/g dry sediment) in
the vadose zone (5 to 6 m thick beneath the excavation)
for infiltration to provide a significant repienishment of
this electron aceeptor 1o the satusated zone. By extension,
these resvlts suggest that hydrocarbon biodegradation
conld be ephanced in zones with depleted electron accept-
ors, simply by using appropriate backiill material in an
infiliration gallery, )

The evidence that bacterial sulfate reduction is an
important TEAP in the hydrogarbon plume does not imply
that sulfate-reducing bacteria {SRB) are directly attacking
the hydrocarbons. Though a number of reseprchers have
observed degradation of petrolenm hydrocarbons by SRB
(Spormann and Widdel 2000: Van Hamme ot al, 2003),
other SRB that are present in hydrocarbon plumes appear
to be members of complex syntrophic consortia, with fer.
mentative  bacteria, for example (Meckenstock 1999;
Franzmanm et al, 2002), in which the SRB may consume
Hp or intermediate metabolites, inchuding short-chain faity

“acids (Franzmann el al. 2002; Kleikemper et al. 2002).

Conclusions

Mounding of ground water beneath the excavation at
the study site indicates depression-focused infiltration and
recharge.

Evidence for natural attenuation, incheding intrinsic
bioremediation, of the hydrocarhor plume includes (1)
attenvation of hydrocarbons relative to ¢hloride; (2) recal-
citrance of benzene relative to alkyl-benzenes; (3) clovated
alkalinity in the hydrocarbon plume; (4) presence of short-

_ chain farty acids in the plome; and (5) dissolved incrganic

TEAP indicators, incloding sulfate, iron, manganese,
oxygen, nitrate/nitrite, and methane.

Sulfate appears w be a dominant TEAP iy the plume
based on spatial and temporal suifate concentration frends.
8*8 values indicate that sulfate is derived from pyrite oxi-
dation and that the svlfate is subject to dissimilatory sulfate
reduction by bacteria in ground water contaminated by
cendensate hydrocarbons.

Conservative estimates for the rates of bacterial sulfate
reduction in the hydrocarbon plume were obtained for pe-
riods immediately following recharge, which had resulted
m maximom concentrations of sulfate, exceeding 500 nig/L,
The inferred rates, 2 1o 8 mg/l, ave mid-range for bacte-
ral sulfate yeduction in ground water reported elsewhere
and aze shinilar to the rate based on & sulfate injection test
at the same sile, as reported in a brevious article (Van
Stempvoor et al. 2007).

Together with the evidence for “excavation-focnsed
recharge of sulfate-rich water, the observed spalial patterns
of sulfate in the ground water indicate that (1) replenish-
ment of sulfate from the vadose zone and (2) bacterial sul-

Tfate reduction arc key complementary processes within the

core of the contaminated phnne at this site. Hence, engi-
neering techniques 10 replenish snlfate in petroleum hydro-
carbon plumes in ground water may be viable approaches
to enhance in situ bioremediation.
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Appendix

Modeling Indicates Limited Role of Sorpticn in Natuea)
Attenuation of BTEX

The role that sorption may be playing in the anenua-
tion of the various BTEX. contaminants along the flowpath
from monitoring wells 2/16 toward welis 12/13 (Figure 1)
was assessed using a 1D contaminant transport model
{Groundwater Contaminant 1D Model 1.01: Danjel Gal
lagher, Virginia Tech., 1998). For this modeling, assump-
tions were hydrophobic sorption 10 the organic carbon
(OC) Iraction of the sediment, based on measured OC con-
tent from the saturated zone of an uncontaminated profile
(0.004 as dry weight fraction at well 15), K, values rang-
ing from 55 Lkg OC for bepzene to 407 Likg OC for
ri-xylene, a ground water flow rate of 1 m/ycar, a 5 m
flowpath, a steady-state nonaqueous phase liquid sovrce of
dissolved BTEX at wells 2716, no biodegradation, and
negligible dispersion. The medeling indicated that sorption

- of hydrocarbons to sediment along the 5 m flowpath would

have very little effect on the dissolved concentrations of
benzene. Benzene concentrations at monitoring wells 12
and 13 would be reduced by approximately 5% by sorption
after 2 years, an eflect that would not be deteciable, given
analytical uncertainty. Even for the most hydrophobic com-
pound, m-xylene, sorption would reduce the concentrations
observed at monitoring wells 12 and 13 by only approxi- -
mately 20% after 2 years and by only approximately 8%
after 10 years.
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Table 2

76 Station 4186

HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009

Date TOC Depth to LPH Ground- Change in Comments
Sampled Elevation  Water  Thickness  water  Elevation TPH-G TPH-G Ethvi- Total MTBE MTBE
Elevation 8015 (GOMS) Benzene Tolwene benzene  Xylones  (8021B)  (3260B)
{feet) (feel} (feety (feety (feet) (pe/h {ug/ly {ug/ly {pg/h {ug/h {ng/l) {ng/ly (pe/h
U-1 {Screen Interval in feet: 14.0-34.0)

398 47827 2328 G.00 434.99 - ND -- ND ND ND ND ND -
10798 47837 1643 0.00 451.84 313 ND - ND ND ND ND ND -
13799 47827 3042 G.00 447.85 -3.99 ND - ND ND ND I.1 7.3 -
314/99 47827 24.21 (.00 454.06 6.2 ND - ND ND ND ND 160 --
999 47827 2710 .06 43117 -2.89 ND - ND ND ND ND 92 -
1712/99 47827 29.40 0.00 448.87 -2.30 ND -~ ND ND ND ND 37 -
124500 47827 27.90 0.00 450.37 1.30 ND - ND ND ND ND 28 -
L1000 47827 26.16 0.00 132,11 1.74 ND - ND 0.930 ND ND ND -
TATO0 47827 28.04 .00 45023 -1.88 ND - ND ND ND ND 160 -
10:2/66 47827 28.41 0.00 449.86  -0.37 ND -- ND ND ND NI} 120 -
17801 478.27 28.68 0.00 44959 -0.27 ND - ND ND ND ND 103 -
473701 478.27 25.74 (.00 433.53 294 ND - ND ND ND ND 35.1 -
TG 478.27 30.67 G.00 44760 -4.53 ND - ND ND ND ND ND -
108701 478.2 3343 0.00 44514 246 ND<3 - ND=<0.50 ND<G50 ND<0.30 ND<0.50 ND<5.0 -
173:02 478.27 2767 0.00 430.60 546 160 - ND<0.50 0.3 ND<0.30 0.69 3l -
475:02 178.27 29.40 0.00 44887  -1.73 ND<30 - ND<0.5 ND<0.50 ND<0.30 ND<0.50 60 -
202 178.27 3117 0.00 44710 -1.77 - HOG  ND<0.30 1.7 0.73 130 - 35
10:1/02 478.27 33.00 0.00 44327 -1.83 - 120 ND<0.50 ND<(.30 ND<0.30 8.8 - 28
1273002 4782 2203 0.00 436.24 1097 - ND<I0 ND<0.30 ND<0.50 ND<0.30 1.2 - 90
3203 478.2 24,13 0.00 454.14 =2.16 — ND<3G ND<0.50 ND<G.30 ND<0.30 ND<i0 . 30

TGS 478.27 2335 0.00 432.92 -1.22 e ND<30  ND<G.50 WND<G.30 ND<0.30 ND<ip - ND<2.0

H0/3/05 478.2 27.24 0.00 451.03 -1.8% - ND<30  ND<G30 ND<OQ30 ND<0.30 ND<19 - ND<2.0

Page 1 of 14

2y

@

‘¢



Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTFICAL RESULTS
July 1998 Through December 2009
76 Station 4186

Dale TOC Depth to LPH Ground- Change in Comments
Sampied Elevation  Water  Thickness  water  Elevation TPH-G TPH-G Ethyl- Total MTBE MTBE
Elevation 8013 {(GC/MS)  Benzene  Toluene  benzene  Xylenes (80211} {8260B)
{feet) (feet) (feety  (feet) {feet) (ng/h) (g {ug/h {ngh (ug/h (ne/l) {ng/h (ng/h
U-1  continued

178404 47827 22.67 6.00 435.60 457 - 54 NDP<0.30 ND<0.30 ND<0.30 ND<1.0 -- 3.5

H13/04 0 47827 2333 G.00 432,94 266 - ND<30 WD<0.530 ND<0.30 NWND<0.50 WD<1.0 - ND<0.50

TAE04 47827 26.47 G.00 431.86G -i.14 - ND<50  WD<0.50 ND<0.30 WND<0.30 ND<L.0 - ND<0.30

12:804 47827 3117 ¢.00 447106 -4.70 - ND<30 WND<0.30 ND<(.30 ND<0.30 NWD<I1.0 - ND<0.50

32305 47827 22.47 (.00 455.80 §.70 - ND<50  ND<0.30 ND<0.50 ND<0.30 ND<10 - ND<0.50

6:28/03 478.27 2337 .06 432.90 -2.90 - ND<30  ND<0.30 ND<0.30 ND<0.30 ND<I.0 - ND<0.50

9/23/03 478.27 2013 G.60 449,12 =378 - ND<30 ND<0.30 ND<0.30 ND<0.30 ND<I.0 - ND<0.50
12730:05 47827 23.69 G.06 454.58 5.46 - ND<30 ND<0.30¢ ND<0.50 ND<0,30 ND<1.¢ - ND<0.50

32406 47827 2234 (.66 43375 1.15 -- ND<30  ND<0.3¢ ND<0.30 ND<0.30 ND<1.0 - 1.6

6726/06 47827 24.99 0.0 453328 243 -- ND<30 ND<0.3¢ ND<0.30 ND<0.3¢ ND<1.0 - ND<0.50

9726/06 478.27 30.19 (.06 448,08  -3.20 - ND<30 ND<Q.30 ND<0.30 ND<0.5¢6 ND<(.50 - ND<0.50
TR2106 47827 28.27 G.00 430,00 1.92 - ND<30 ND<0.5¢ ND<0.30 ND<0.5¢ ND=<(.50 - NT><0.50

226407 47827 26.92 0.00 451.33 1.35 - ND<30  ND<G.356 ND<0.30 ND<0.3¢ ND<Q.30 - ND<0.50

6/27/07  478.27 5078 0.60 337,49 386 e ND<30  ND<0.56 ND<(Q.30 ND<0.5¢6 ND<G.50 - ND=<0.30

9307 47827 3307 0.60 44510  -2.39 - - - - - - - - Not enough water to sample
1220007 47827 - - - - - - - - - - -- - Dry well
3708 47827 31.20 G.6G 447.07 - - ND<30  ND<0Q.30 ND<0Q.30 ND<0.30 ND<I.0 - ND=0.50

6:12/08 47827 - - - - - - - - - - - - Dry well
9/3708 178.27 - - = - - - - - - - - - Dry
T2/3/08 48029 - - - - - - - - - - - - Dry
2/18/09  480.29 - - - - - - - - - - - - Dry
611709 4380.29 - - . . - - - - - - - - Dry
12/9/09  480.29 - - - - - - - - - - - - Dry
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009
76 Station 4186

Daie ToC Depth to LPH Ground- Change in
Sampled Elevation  Water  Thickness  water  Elevation TPH-G TPH-G Ethvl- Total MTRE MTBE

Elevation

Comments

8013 (GC/MS)  Benzene  Toluene  benzene  Xylenes  (8021B)  (8260B)
(et (feet) (fzet) {feet) {feey) (g {ugily (ugh (1g/1) (rg/h {ug/) (ug/h {ug/)

-2 (Screen Interval in feet: 13.0-34.0)
71398 477.44 23.52 .00 45392 -- 1200 - 130 12 62 180 1100 -
10/7/98  477.44 2351 0.00 43213 =179 ND - ND ND ND ND 160 -
1/15/99 47744 30.22 4.00 44732 -4.9] ND - ND ND ND ND 280 -
4/14/99 477.44 2438 (.00 452.94 372 ND - ND ND ND ND 460 -
796G 7744 28.54 .00 448.90 -4.04 ND L ND ND ND ND 220 -
10/12/99 477 44 3048 0.04 44696  -1.94 ND -- ND ND ND ND 160 -
2400 47744 24.52 .00 452.92 3.96 ND -- ND ND ND ND 130 -
4710700 477.44 23.68 0.00 43376 0.84 ND - ND ND ND ND 177 -
FAT00 477,44 28.33 0.00 44909 -4.67 ND - ND ND ND ND 62.7 -
10:2/00 477.44 28.72 0.00 448.72 -(.37 ND - ND ND ND ND 52 -
17801 477,44 2911 0.00 448.33 -0.39 ND -- ND ND ND ND 373 -
473101 $7T A 2593 0.00 451,49 3.16 ND -- ND ND ND ND 30.2 --
TN 477,44 2901 0.00 44843 -3.06 ND - ND ND NI ND 16 -
HO/8 47744 394 .00 446.50 -1.93 ND=30 - ND<G.50 WD<0.3G ND<(.30 ND<0.50 82 -
1302 7744 27355 0.04 450,11 3.61 260 - 77 11 1.7 I3 42 -
4302 47744 36.02 8.00 347 42 -2.69 ND<30 e ND<0.50 ND<0.50 ND<(G.50 ND<G.50 25 -
7:2:02 77.44 3123 0.00 446.21 -1.21 = ND<30 ND<G.30 ND<0.30 ND<0.50 ND<1.0 - ND<0.30
7 H02 477.44 32.00 (.00 44544 -0.77 - ND<30  WD<G.30 0.62 ND<Q.3¢ ND<1.0 - ND=<2.0
F230:02 47744 232 .00 433,12 9.08 -- NI<30  ND<030 ND<0.30 ND<0.30 ND<1.0 -- ND<2.0
372403 477 .44 2592 G.60 43152 =360 -- ND<S0  ND<0.50 ND<0.50 ND<0.30 ND<1.0 - ND<2.0
A3 47744 24.99 (.00 432,45 0.93 - ND<30  ND<0.30 ND<0.50 ND<0.30 ND<1.0 - ND<2.0
303 47744 2331 ¢.00 43213 -0.32 - ND<30 ND<0.50 ND<3.50 WND<0.50 ND<I1.0 -- ND<2.0
1/8/404 47744 21.94 0.00 433.30 3.37 - ND<33 ND<0.30 ND<0.30 0.51 ND<1.0 -- ND<2.0
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Table2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009
76 Station 4186

Date TOC  Depthto LPH Ground- Change in Comments
Sampled Elevation  Water  Thickness “\\:atcr Elevation  yprg TPH-G Ethyl- Total MTRE MTRE
Aevanon 8013 (GC/MS}  Benzene  Toluene  benzene  Xylenes  (8021B)  (8260B)
{feet} {feet) {feet) {feet) (feet) {ng/l} (ng/h) {ug/l) {ug/h (ng/l) (ng/h (ug/l) (ug/l
U-2  continued

41504 47744 2320 0.00 43224 -3.26 - ND<30  ND<0.50 ND<0.30 ND<(.50 ND<1.0 - ND<(.50

71504 7744 24,43 0.00 452,99 73 - ND<3(}  ND<0.50 ND<0.3¢ ND<0.30 ND<1.0 - ND=0.30

12/8/04 477,44 29.89 0.00 447,53 -3.44 - ND<30  ND=050 ND<0.30 ND=<0.30 ND<I1.) - ND<0.50

3723703 477.44 22.00 .00 453544 7.89 - ND<3G  ND<0.50 ND<0.30 ND<0.50 il - ND=0.30

6728703 7744 2330 8.40 452,44 330 - ND<I(G ND<0.50 ND<(.36 ND<0.30 ND<L® - ND<0.50

92305 7744 28.23% 0.00 44919 2265 - ND<30 ND<0.50 ND<G.30 ND<0.39 ND<LO - ND<0.50

12/30/G3 7744 2433 0.00 45311 3.92 - ND<30 ND<0.50 ND<G.50 ND<0.38 ND<LO - ND<0.50

3724406 7744 3234 0.00 433.10 1.99 - ND<30  ND=0.50 ND<0.30 ND<0.5¢ WND<1.0 - ND<0.30

6:26/06 47744 2313 0.00 43429  -(.81 - ND<30  ND<0.50 ND<0.50 ND<0.30 ND<1.0 - ND<0.30

926/06 47744 3852 0.00 44892 .3.37 -- ND<30 ND<0.30 ND<0.30 ND<0.50 ND<(.30 - ND<0.30
P1214006 0 47744 2583 0.00 451.39 2.67 - ND<30  ND<Q.50 ND<0.50 ND<0.30 WND<{(.50 - ND<0.30

3264Y7 0 47744 2562 0.00 451.82 0.23 - ND<30 ND<0.50 ND<0.50 ND<0.30 ND<0.30 - ND<0.30

G2TAT 47744 2837 0.00 449,07 =275 - ND<30  ND<0.50 ND<0.50 ND<0.50 WND=<0.30 - ND=<0.50

9:23407 47744 31.40 0.00 446,04 -3.03 - ND<30 ND<Q.50 ND<0.50 ND<0,50 ND=<0.50 - ND<0.50
122007 47744 - - - - - - - - - - - - Dry well
08 4774 3043 0.00 446.99 - - ND<30  ND=<0.530 ND<0.50 ND<).50 ND<i.0 - ND<0.30

6/12/08  477.44 - - - -- - . - - -- -- - - Dry well
§/3:08 774 - - . - - - - - - - - - Dry
1243108 479.43 - - - - - - - - - - - - Dry
21809 479.43 - - - - - - - - - - - - Dry
GFIHGG 47943 - - - - - - - - - - - - Dry
12/9/069  479.43 - - - - - - - - - - - - Dry

U-3 (Screen Interval in feet: 14.0-34.0) .
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009
76 Station 4186

Date TOC Depth o LPH Ground- Change in
Sampled Dknvation  Water  Thickness  water  Elevation  ypiLg TPH-G
Elevation

Comments
Ethyl- Total MTBE MTBE
8013 (GC/MS)  Benzene Toluene  benzene  Xvlemes  (§021B)  (8260B)

{feet} {feet) {feet]  (feet) (feet) {ng/ (ng/h) {ng/l {ng/N (ng/D) (ng/h (zg/) (ng/hy
U-3 continued
1398 47846 23.82 GO0 454.64 -- 70000 - 3100 5500 2700 16000 7500 -
HYT9% 47846 25.64 0.0 45282  -1.82 34000 - 3000 1100 3100 14000 6100 -
115199 47846 30.92 G.00 44734 =328 41000 - 3100 ND 1800 3800 15000 -
414/99 47846 24.48 G.O0 45398  6.44 33000 - 86 250 2200 7800 39000 -
T19/99 47846 28.46 G.00 430,00  -398 48000 - 3900 25060 3600 14000 12000 16000
101299 47846 3039 GO0 448.07 193 35000 - 4200 ND 2300 1500 22000 2300
12400 47846 23.43 GO0 433.03 6.96 13000 - 260 ND 770 3200 S3000 42000
L1000 47846 2331 000 45315 012 33200 - 1070 241 2820 8850 35600 40900
TG 47846 2753 GO0 450,93 472 29000 - 3370 523 3180 5660 22500 21000
HI2A00 47846 2819 GO0 45027 -0.66 11000 - 2100 31 2000 780 25000 28000
BRO1 47846 29.83 GO0 44861 -1.66 33600 - 3060 427 3040 4190 24700 30900
H301 0 47846 2498 G.O0 45348 487 3390 - 660 10.8 304 356 15200 19300
72:01 47846 31.33 GO0 M7 637 13000 - 1200 38 1300 939 25606 26000
H/8/01 47846 32.69 GO0 44577 <134 6100 - 500 ND<10 370 130 23600 22000
1302 47846 2373 0.00 43473 896 9900 - 700 130 24 1000 14000 12000
4302 47744 2827 000 44917 -3.56 9800 - 1100 130 220 1500 16000 30000
242 47846 29.71 0.00 24875  -0.42 - NDE23000 ND<230  ND<230  ND<230 ND<S00 12000 12009
10/1402 57846 3118 000 44728 -1.47 - ND<IS000 ND<230 ND<230  ND<236  ND<300 12000 12000
12730/02 47846 2182 0.00 45684  9.56 - 23000 330 170 870 4900 18000 18000
3203 47846 230} 0.00 43335 -1.49 - 19000 230 ND<5) 330 1500 15000 15000
T3 47846 2489 9.00 43357 -1.78 - 19000 120 ND<i00 180 830 22000 22000
W03 47846 20.39 0.00 45187  -1.70 - 29900 170 ND<50 259 730 - 16000
1804 47846 21,92 0.00 45634 4.67 - 17000 250 ND<IGO 770 1500 - 9700
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009
76 Station 418¢

Date TOC Depth o LPH Ground- Change in
Sampled  Elevation  Water  Thickness  water  Elevation TPH-G TPH-G Ethvi-
Elevation )

Camments
Total MTBE MTBE

8615 {GOMS)  Benzene  Toluene  benzene  Xylenes  {8021B)  (8260B)
{feet) {toet) {feet) {feet) {feet) (ng/h (ng/h {ng/l) (ngh {ug/l} (ng/h {ng/hy (ng/h

-3 continued

+13/04 47846 23.39 0.00 43487  -1.67 - 4606 ND<25  ND=<2$ 36 100 - 3700

TS0 47846 24.80 0.00 43366  -1.21 - 2760 ND<25  ND<23  ND<25  ND<50 - 3400

128404 47846 2913 000 44933 .433 - 12060 ND<3¢  ND<30 250 140 - 13060

323403 4746 2l6d 0.00 45682 7.49 - 21060 94 ND<30 630 1200 - $200

62805 47846 24.57 000 435389  -2.93 - 6600 24 0.64 150 70 - 4700

92305 47846 27.64 000 43082 -3.07 - 6000 31 ND<23 130 ND<50 - 8960
12/30/05  478.46  23.96 0.00 43430  3.68 - 390 ND<.350 ND<(.30 ND<0.30 ND<I.0 - 849

324406 47846 2232 0.00 43394 .44 - 2700 28 ND<3.0 37 120 - £90

6:26/06 47846 23.89 0.00 43437 137 - 2000 31 0.77 84 45 - 360

9/26/06 47846 28.08 0.00 43038 419 - 1200 20 ND<2.3 5.2 2.3 - 170
112106 47846 27.23 0.00 45123 083 - 1500 2 ND<5.9 58 ND<3.0 - 180

326407 47846 2327 000 43319 195 - 3900 63 0.61 30 160 - 93

627407 47846  27.51 000 43095 224 - 1400 29 ND<D.50 56 2.3 - 170

G237 47846 3170 0.00 44676 -4.19 - 1600 16 0.61 2.7 3.7 - 88
12720407 47846 - - - - - - - - - - - - Dry well
31708 47846 28.84 000 449.62 - - 1400 17 ND<1.0 2.3 ND<2.0 - 150

6112408 47846 31.23 0.00 44723 239 - 70 4.1 ND<I.0 ND<LO ND<2.0 -- 27

9308 478.46 - - - - - - - - - - - - Dry
2308 480,48 - - - s - - . - - - - - Dry
TIRNY 48048 - - w s . - - - - = - - Dry
61109 480.48 - - s o . - - - - - - - Dry
12/9/05 48048 3173 000 448.73 - - 100 42 ND<0.30 2.1 2.9 - 62

-4 {Screen Interval in feet: 35.0-45.0)
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2609
76 Station 4186

Date TOC Depth io LPH Ground- Change in Comments
Sampled Elevation  Water  Thickness  water  Elevation TPH-G TPH-G Ethvi- Total MTRE MTRE
Elevation §

8013 (GC/MS)y  Benzene  Toluene  benzenc  Xylemes (80218} (8260B)
{feet) {fecy) {feen) {feet) (feetl) fug/hy (ngh (ng/ly (ng/h (pg/h (ng/h (ug/l) {ng/ly

U-4  continued

43701 476.93 31.63 G.6G 345.30 -- ND - ND ND ND ND 37.8 38.2
T 476.93 37.96 G.06 438.97 -0.33 ND - ND ND ND ND ND 5.3
18401 47693 $424 G.00 432.6%  -6.28 -- -- - e . - - - Not enough water to sample
1/3/02 47693 36.13 G.60 440,78 8.09 100 - ND<0Q.30 ND<0.30 ND<0.3¢ ND<0G.30 10 8.3
47502 476.93 37.64 .06 439.29 -1.49 ND<30 - 0.30 ND<0.30 ND<0.30 ND<G.30 4.1 —u
7202 476,93 36.83 G.60 440.G8 0.79 - &7 ND<0.30 WND<0.30 ND<0.3¢ ND<I.0 - 12
1071702 476.93 38.534 G.06 4538.39 -1.69 i ND<30  ND<0.3¢ ND<0.50 ND=<0.30 ND<I1.¢ - 9.8
23071020 47693 32.64 G.60 444,29 5.90 - ND<30  ND<0.30 ND<0.30 ND<0.3¢ ND<I.¢ - 23
37245 476.93 31.40 G.60 443.53 1.24 - ND<30 ND<0.30 ND<0.30 ND<0.30 ND<LG - 4.1
741403 476.93 33.60 0.60 443.33 -2.20 - ND<30 ND<0.30 ND<0.30 ND<0.30 ND<I.0 - 2.1
1073703 47695 37.63 G.0C 436.30 -4.03 - ND<3)  ND<030 ND<0.30 ND<0.30 WND<1.G - 9.1
17804 476.93 29.23 (.00 447.70 8.40 - ND<30 0.35 ND<0.30 1.6 3.7 - 2.5
1304 47692 29.80 (.00 44713 -0.57 - ND<30 ND<0.30 ND<0.30 ND<0.30 ND<I.0 -- 5.2
T34 47695 33.02 (.00 441.88 -5.25 - ND=<30 ND<0.30 ND<0.30 ND<0.530 ND<i.0 - 5.1
12:8/04 47693 3510 0.00 441.835 -0.03 - ND<3)  ND<0.30 ND<0.30 ND<0.30 ND<1.0 - 3.0
3237405 47695 25,38 0.00 451,53 9.72 - ND<30 ND<0.30 ND<0.3¢ 13 1.2 -- .63
G28710F 47693 18.67 0.00 44826 -3.29 - 34) ND<0.30 0.3 ND<0.30  ND<LO - 0.23)
476.93 32.23 0.00 444,68 -3.38 - ND<30 ND<0.30 ND<0.50 ND<0.30 ND<1.0 - il
476.93 3102 0.00 44591 1.23 - ND<30  ND<0.50 ND<G.30 ND<0.30 ND<ig - 17
476.93 2651 0.00 450.42 4.31 - ND<3G  ND=<0.50 ND<0.56 ND<(0.30 4.4 - 21
470.93 27.98 0.00 448.95 -1.47 - 03 ND<(0,50 ND<0.30 0.56 ND<1.0 . 11
476.93 3372 0.00 443,24 -3.74 - ND<30  ND<G.30 ND<0.30 ND<0.30 ND<G.50 - 13
476.95 353.45 G.60 443.50 0.29 - ND<50  ND<0Q.350 ND<0.30 ND<0.30 ND<0.3G - ND<0.50
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009
76 Station 4186

Date TOC Deptirto LPH Ground- Change in Comments
Sampled Elevation  Water  Thickness E]\;'iziiron Elevation  1pi.g TPH-G Ethyl- Total MTRE MTBE
’ 8015 (GCMS)  Benzenc  Toluene  benzene  Xylenes  (8021B)  (8260B)
{feet) (feer) (feety  (feet) (feet) (ne/h {ne/l) {ug/h (ug/h) {ng/h {ug/) {ne/ly (ne/h
U-4  continued
326407 47093 30.32 0.00 446.41 2.91 - ND<30  ND<0.530 ND<0.50 ND<0.30 ND<0.50 -- ND=0.50
6/27/07 47693 38.20 0.00 43873 -7.68 - ND<30 ND<0.30 ND=0.50 ND<0.30 ND<0.30 - 0.78
G/23/07 47693 - -- -- - -- - - - - - - -- Car parked over well
12220007 476.93 - - - - - - - - - - - - Dry well
3708 47693 34.18 (.60 442.75 - - 71 ND<0.30 ND<@.30 ND<0.3¢ ND<I.0 - 4.9
6/12/08 47693 36.56 6.00 437.43 =3.32 - 71 ND<0.3G ND<0.50 ND<0.5¢6 ND<I.¢ - 7.3
9/3/08 476.93 - - - - - - - - = -- - - Dry
12/3/08  478.93 - -- -- - - - - - - -- -- = Dry
HIBI0Y 47893 - - - - - - - - - - - - Dry
671109 478.93 - - - - - - - - -- w - - Dry
12/%/69 47893 40.98 0.00 437.97 - - ND<30  ND<0350 ND<0.30 ND<0.30¢ ND<1.0 - 33
-5 {Screen Interval in fect: 37.0-47.0)
4/3/01 476.51 3173 0.00 344,76 - NI - ND 0.728 ND 0.993 34.8 354
72/01 476.31 38.08 0.00 43783 -6.93 ND -- ND ND ND ND 88 24
10/8/01 476.51 46.31 0.00 430,20 -7.63 ND<50 - ND<0.50 WND<0.30 ND<(.5¢ ND<G.50 37 54
143702 476.31 36.53 0.00 439,96 9.76 ND<30 - ND<0.50 0.39 ND<0,50¢ 0.91 51 53
4/5/02 476.31 37.83 0.00 438,68 -1.28  ND<3I0 - ND<0.56 ND<0.30 ND<Q.56 ND<(.50 37 -
77202 476.51 36.92 0.00 439.59 0.91 -- ND=<30 ND<G.5¢ ND<030 ND<0.36 NWD<I1.0 - 43
/02 476.51 - - - - - - - - - - - -- Truck parked over well
12730/02  476.51 - - - - - - - - - - - - Car parked over well
3243 476.51 31.33 .00 444.96 - - ND<30 ND<030 ND<0.30 WND<0.30 ND<i0 - 18
T3 476,51 33.83 0.00 442.68 -2.28 - 73 ND<0.30 ND<0.3¢ ND<0.30 WND<I1.0 - 46
1073703 476.51 37.72 0.00 438.79¢  -3.89 - 58 ND<0.30 ND<0.50 ND<0.30 ND<1.0 = 44

i
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009
76 Station 4186

Date TOC Depth to LPH Ground- Change in Commenls
Sampled Elevation  Water  Thickness \\-'atc_r Elevation  TpH.G TPH-G Ethyl- Total MTRE MTBE
Bievation 8015 (GC/MS) Benzene  Toluene  benzene  Nylenmes  (8021By  (8260B)
{feet) (teet) (feety  (feet) {feet) (peh) {ng/l) (ne/hy {ug/h) {ng/h (eg/l) {ng/l} (ne/h)
-3 continued

1/8704  476.5F 2921 0.00 44730 8.5 - ND<3§  ND<0.50 ND<0.50 1.l 2.7 - 17

341304 476.51 30.05 0.00 446.46 -0.84 - 57 ND<0.530 ND<0.30 ND<0.50 ND<1.0 - 37

T304 47651 3513 0.00 441.36 ~5.10 - 60 ND<.50 ND<0.30 ND<0.30 ND<1.0 - 27

12:8/04  476.51 3333 0.00 441.18 -0.18 - 62 ND<0.30 ND<0.30 ND<0.50 ND<1.0 - 39

3723705 47651 2543 0.00 451.06 9.88 - ND<30 ND<0.30 ND<0.30 0.51 ND<1.0 - 4.3

6:28/05  476.31 28.90 0.00 447.61  -3.43 - 73 ND<0.50 ND<0.50 WND=0.50 ND<LO - 40

9/23/03  476.51 33.01 0.00 44350 4.1t - ND<30 ND<0.50 ND<0.530 ND<0.30 ND<LO = 33
12/30/05 47631 30.96 0.00 44535 2.03 - ND<50 ND<0.30 ND<0.50 ND<0.30 ND<LO - 72

3724706 47651 2242 0.00 434.09 8.54 - 2400 13 ND<50 48 58 - 34

6:26/06  476.51 2931 0.00 44720 -6.89 - 72 ND<0.30 ND<0.50 ND<0.30 WND<LO - 82

926/00 47651 34.35 .00 442.16 -5.04 - ND<30  ND<0.30 ND<0.50 ND<0.30 ND<0.30 - 51
11721706 47651 3243 0.00 444.08 1.92 - ND<30 ND<0.30 ND<8.50 ND<(.30 ND<0.30 - 25

326407 476.51 31.20 0.00 445.31 1.23 - ND<33  ND<Q.30 ND<0.50 ND<0.30 ND<0.30 - 29

62707 470.51 38.02 0.00 437.89 -7.42 - ND<30  ND<0.50 ND<0.50 ND<0.50 ND<0,30 -- 30

923407 476.51 - -- - - - . - . - - - - Car parked over well
12720407 476.51 - - . - - - - - - - - - Dry well
308 476510 34.28 0.60 44223 - - ND<I0 ND<0.50 ND<G.50 ND<0.50 ND<1LO - 23

6/12/68  476.51 39.90 .00 43661 -5.62 - 33 ND<(.30 ND<0.50 ND<0.30 ND<I.0 -- 28

9308 4763 - - - - - - - - - - - - Dry
12/3/08 47832 - - - - - - - - - - - . Dry
21809 478.32 - - - - - - - - - - = - Dry
611709 47852 - - - - - - - - - - - - Dry
12/9/09 478.32 41.33 0.00 437.17 - - 83 ND<0.50 ND<0.30 ND<(L30 ND<I.0 - 43

4186
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Table 2
HISTORIC FLUIPD LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009
76 Station 4186

Date TGO Depth to LPH Ground- Change in Coraments
Sampled Elevation  Water  Thickness Fl\\:a.ic{' Elevation  Tpp.g TPH-G Ethyl- Total MTBE MTRE
wievation 8015 (GC/MS) Benzene  Toluene  benzene  Xylenes  (8021B)  (8260B)
(feet) (feet) {feet) (feet) {feet) {ng/h {ugf} (ng/h (zg/D (ng/h {ng/l) (ng/h {ug/
U-6 (Sereen Interval in feet: 35-45)
173402 478.38 33.99 0.00 444.39 -- 3000 - 36 ND<23 260 450 ND<250 ND<1)
4/3/02 478.38 30.18 0.00 44220 -2.19 1300 - i6 ND<3.0 34 ND<3O ND<zZ3 -
T2 478.38 36.33 0.00 442035 -0.15 - 1100 1.4 ND<0.30 16 ND<i.0 - 0.94
107802 47838 3770 0.00 440.68 -1.37 - 2000 54 ND<0.50 62 ND<1.0 - 2.6
1230702 478.38 31.63 0.00 446.75 6.G7 - {30 ND<0.50 ND<Q.50 23 ND<t.0 -- ND<2.0
3203 478.38 5149 0.00 446.89 G.14 - 130 ND<0.50 ND<G.50 1.8 1.7 - 82
TIHG3 478.38 32.88 0.00 44330 -1.39 - 166 1.8 ND<(.50 0.4 8.7 - 36
10345 478.38 36.34 0.00 441.84 -3.66 - ND<10000 140 ND<100 940 560 - ND<400
17804 47838 30.45 0.00 447.93 6.09 - 3500 29 32 90 89 - 27
$1304 37838 29.48 0.00 448.90 0.97 -- 2400 19 ND<2.5 91 33 - i6
T304 47838 34.30 0.00 444,08 -4.82 -~ 8500 130 5.7 970 360 - 24
12/8/04  478.38 34.80 0.00 443,38 -0.50 - 2700 16 ND=2.5 28 ND<5.0 -- i
3723405 47838 25.08 0.00 433.30 9.72 - 960 27 ND<0.50 2.6 4.8 - 2.5
6i28/405 47838 2875 0.00 449.63 -3.67 - 12000 120 4.9 930 T80 - 21
9/23/05  478.38 32.38 0.00 446.00 -3.63 - 3200 78 ND<23 340 230 -- 34
12/30/05  478.38 3045 0.00 44793 1.93 - 2400 i5 0.67 99 12 s 3.3
372400 478.38 2394 0.00 452,44 4.49 - 4300 52 ND<3.0 440 160 - 11
6/26/06 478.38 28.07 0.00 450,31 -2.13 - 5300 39 WND<35.0 320 300 . ND<5.0
9/26/66  478.38 33.31 0.00 445.07 -5.24 e 7400 78 ND<3.0 490 160 - 6.4
/21766 47858 3165 €.00 446.73 1.66 - 1300 3.5 ND<0.30 37 2.4 - i4
3726/07 47838 2923 0.00 449.13 2.40 - 480 ND<0.3¢ ND<0.30 ND<0.3¢6 ND<0.50 - 0.30
6/27/07  478.58 35.0% G.G0 443.26 -3.84 - 180 1.2 ND<9).50 1.3 ND<0.30 - (.80
9/23/07 47838 - - - - - - - - - - - - Dy well
4186 Page 10 of 14
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009
76 Station 4186

Date TOC  Depthto LPH Ground- Change in Comments
Sampled Elevation  Water  Thickness ;;g‘;f:::(m Elevation  1pyg TPH-G Ethyl- Total MTRE MTBE
‘ 8015 (GC/MS)  Benzene  Toluene  benzene  XKylenes  (8021B)  (8260B)
(fect) {feet) (feet) {feet) (feet) {ug/h) (ng/ {ng) {ug/h {ug/ly (ug/) (ugh {ugfh)
U-6 continued

122007 478.38 -- = - - -- - - - - - - -- Dry well
317/08 478.38 33.82 6.00 44456 - - 380 1.5 ND<0.50 32 ND<].0 -- ND<0.50

6/12/08 47838 38.16 G.00 446.22 -4.34 - 2100 11 0.79 27 23 - 11

9/3/08 47838 - - - -- - - - - e - - - Dry
127308 48040 - - - - - - -- - - - - - Dry
218709 48040 - - - - - - - - - - - - Dry
6711709 480.40 - - - - - - - e - - - - Dry
12/9/09  480.40 - - - - - - - - - - - - Dry

U-7 {Screen Interval in feet: 35-45)

173402 478.74 32.43 (.00 446.31 - 3100 s 93 ND<10 33 75 140 130

4/5/02 478.74 34.06 ¢.00 444.08 -1.63 630 -~ 22 (.33 2.6 ND<G.50 45 --

72402 47874 35.28 G.6C 44346 -1.22 - 1100 21 ND<0.50 6.9 ND<1.0 - 60

1071702 478.74 37.7G G.06 441,04 -2.42 -- 1760 11 ND=<0.50 31 ND=<1.0 - 23
12730002 478.74 31.93 G.00 446.81 5.77 - 4600 41 3.3 32 i3 - 34

5725 47874 31.81 6.00 446.93 0.12 - 3000 17 27 14 3.1 - 42

FV03 47874 3347 0.00 44327 -1.66 = 2300 1 0.53 5.0 L3 we 33

10/3/0% 478.74 35.84 .00 44290  -2.37 - 6300 30 ND<5.0 41 ND<1{ - 33

1/8/04 47874 30.35 0.00 448.39 5.49 - 1600 4.0 ND<1.0 4.2 8.7 -- 36

41304 47874 29.03 0.00 44971 1.32 - 3606 22 1.3 64 40 - 57

7504 47874 3352 000 44522 -4.49 - 4700 i5 1.2 59 57 - 50

12/8/04 47874 3468 000 44406 -1.16 - 3800 26 1.9 53 27 - 52

3723105 47874 24.49 0.00 45425  10.19 - 5600 18 13 42 14 - 39

6/28/05 47874 28.83 0.00 449.91 -4.34 - 5400 16 1.1 35 HY) - 45
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009

76 Station 4186

Date TOC Depth to LPH Ground- Change in Commenis
Sampled Elevation  Water  Thickness water  Elevation TPH-G TPH-G Ethyl- Total MTRBE MTBE
Elevation 8015 (GC/MS)  Benzene  Toluene  benzenc Xylenes  (8021B) (82608}
(fect) {feet) (feet)  (feet) (feet) (ng/ {ug/h) (ngfl) (ng/l) (ng/h) {ug/l) (ugfl) {ug/l)
U-7  continued :
F2305 47874 3233 0.00 44639 -3.52 - 2400 13 1.3 31 6.9 - 46
12/30/05 47874 30,18 6.00 448.56 2.47 - 2300 11 1.1 28 4.3 - 33
32E06 47874 25.06 0.00 433.68 512 -- ND<30  ND<0.50 WD<0.30 ND<G.30 ND<1.0 - 32
6726006 478.74 28.39 0.00 45044 324 - 2500 il 1.1 43 15 -~ 35
920/06 47874 33.47 0.00 44527 537 - 2300 7.8 0.84 17 21 - 61
1121706 47874 31.66 0.00 447.G:8 i.81 - 3000 15 i 26 22 - 69
3726/07 47874 2682 0.00 448.92 1.84 - 2200 1.2 ND=<0.5¢ ND<0.30 ND<0.50 - 76
62767 478.74 36.59 .00 442,15 -6.77 - 390 5.8 ND<0.30 33 0.94 - 100
9723407 47874 44.03 0.00 43469 -7.46 - - - - - -- - - Not enough water to sample
12720007 47874 - - - - - - - - - - - -- Dry well
31708 47874 33.83 G.0¢ 444.91 -- - 1200 1.9 ND<0.30 032 ND<1.0 -~ 27
6/12/68 47874 38.30 8.00 440,18 -4.73 - 1200 1.9 ND=<0.50 1.1 ND<14 - 40
9/3:68 47874 - -- - - - - - - - - - - Dry
12/3/08  480.78 - - - - - - - - - - - - Dry
218409 480.78 - - - - - - - - - = - - Dry
6/11/09 48078 38.80 G.66 441.98 -- -- TG0 24 0.80 32 ND<I1.0 - 8.2
12909 480.7% 37.08 0.00 443.70 172 - 1200 28 0.72 5.3 1.3 - 8.1
-8 (Screen Enterval in feet: 35-45)
12308 480.43 - - - - - - - - - - - - Dry
271809 48043 - - - - - - - - - -- -- - Dry
6/1109 48043 - - - - - - - - - - - - Dry
12/9/09 48043 38.22 0.00 442.21 - - 7200 42 ND<2.5 30 230 - ND<2.5
-9 {Screen Interval in feet: 33-43)
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2009 '
76 Station 4186

Date TOC Pepth to LPH

Ground- Change in Comments
Sampied [Elevation  Water  Thickness FI\E\:?::’OH Elevation  TplLg  TPH-G Ethyl- Total MTRE MTBE
il 8015 (GC/MS) Benzene  Toluene  benzene  Xvlemes  (8021B) (R260B)
(feet) (feet) (feet) (feet) (feet) (ng/t) (2g/l) (pa/h) {ng/l) {(ug/h (pg/l) (ng/h) {ng/D
U-9  continued
1273008 479.39 - - s - - - - - - - - - Dry
21809 47939 - - - - - - - - - - - - Dry
6/11/09  479.39 - - - - - - - - - - - - Dry
12/6/69 47939 20.70 0.00 438.69 - - 8800 51 ND=<Q.30 300 74 - 23
10 (Sereen Interval in feet: 37-47)
12308 480.51 - - - - - - - - - - - - Dry
2718/09  J430.51 - - - - - - - - - - - - Dry
611709 480.51 44.30 0.00 436.21 - - 1400 13 1.1 12 12 - 88
12/9/09  480.5% 41.45 0.00 439.06 2.85 - 4300 280 71 186 900 - 320
-1t {Screen Interval in fect: 35-45)
12/3/08 48034 = - - - - - - - - - - - Dry
21809 48034 - - - - - - - - . - - - - Dry
6/11/09  480.34 43.18 G.6G 437.16 - - 1200 0.93 ND<0.30 ND<0.30 ND<1.0 - 1500
12/6/09 43034 39.62 0.00 440.72 3.36 - 1300 ND<2.3  ND<23 WND<25 ND<¢ - 2100
L-12 (Screen Interval in feet: 63-73)
127308 480.73 30.08 0.00 430.67 - - ND<30  ND<@3¢ ND<0.30 ND<0.30¢ ND<I.¢ - ND<0.50
21809 48073 46.10 0.00 434.65 398 - ND<30  ND<Q.5¢ ND<0.30 ND=<0.3¢ ND<I.0 - ND=<0.30
6/11/09  480.73 45.83 0.00 434.90 0.23 - ND<30 WND<030 ND<0Q.30 ND<0.3¢ ND<1.¢ - ND<0.50
12/9/09  480.73 40,74 0.00 440.01 311 - ND<30  WND<0.50 ND<(Q.30 ND<0.36 ND<I1.¢ - ND<0.50
{-13 {Screen Interval in feet: 62-72)
12/5/08 48031 30.74 0.00 429.57 - - ND<30 ND<0.56 ND<0.30 ND<0.5¢0 WND<I1.¢ - 0.85
2/18/09  480.31 45.87 0.00 434.44 4.87 - ND<30 ND<0.50 ND<0.30 ND<0.30 NbD<1.0 - 0.87

4188
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Table 2
HISTORIC FLUID LEVELS AND SELECTED ANALYTICAL RESULTS
July 1998 Through December 2069
76 Station 4186

Date TOC  Depthio LPH Ground- Change in Comments
Sampled Elevation  Water  Thickness  water Elevation TPH-G TPH-G Ethyl- Total MTBE MTRE
Elevation 8615 (GCMS) Benzene  Toluene benzene  Xylenes  {8021B)  (82608)
feey (e (e ey (eet)  (we/h (g (e (e el el e (el
U-13  continued
6/11709  480.31 46.60 (.00 433.71 -0.73 - ND<30 ND<0.50 ND<0.30 WND<0.30 ND<I.¢ - 0.81
12/9/09  480.31 41.28 0.06G 439.03 3.32 - ND<30 ND<0.30 1.1 ND<0.50 ND<I].0 -- ND<{).56
14 (Screen Interval in feet: 65-75)
12/3/08 479.38 49,99 0.00 42948 - - ND<30  ND<0.58 ND<0,50 ND<0.5) ND<i.0 - 1.4
2718409 479.38 46.63 Q.00 432,73 3.25 - ND<30  ND<0.50 ND<Q.50 ND<0.50 ND<].0 = ND<0.30
G 11709 47938 43,73 0.00 433.63 0.90 - ND<50  ND<0.50 ND<0.30 ND<0.50 ND<i.Q - ND<0.50
1279709 47938 J6.60 G006 138.78 313 - ND<30 ND<0.30 ND<0.50 ND<0.3¢ ND<I.0 - ND<0.50
U-15 {Screen Interval in feet: 61-71)
12/5/68  479.99 49.58 0.00 430.41 - - ND<3G  ND<0.30 ND<Q.30 ND<0.30 ND<1.0 - ND<0.30
2809 479.99 45.58 0.00 434 .41 4.060 - ND<30 ND<0.30 ND<(.50 ND<0.50 ND<i.0 - 12
G109 479.99 4543 0.00 434.34 0.13 - ND<350  ND<0.30 ND<0.50 ND<0.50 ND<].0 - 1.6
12/9/09 47999 40.38 0.00 439.61 5.07 - ND<30  ND<0.30 ND<0.50 ND<0.50 ND<].0 - ND<0.56
4186
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Table 2 a

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Date Ethylene-
Sampted Ethano! dibromide 1.2-DCA Antimony Antimony Arsenic Arsenic Barium
TBA {8260R) (EDB) (EDC) DIPE ETBE TAME (total) {dissoived) {total} (dissolved) (total)
(ng/h) {ng/l) (ng) ag/l) (rg/h (ng/l (ng/) {ng/l) (ug/l) {ug/ly g/l (ug/l)
{1
10/2/00 ND - - - - - - - - - - -
71703 - ND300000 - " - - . - - - - -
10303 - ND<S00 - - - - - - - - - -
148704 - ND<300 - - - - - - - . - -
41564 - ND<30 - - - - - - - i - -
715404 - ND<30 - - - - - - - - - -
12/8/04 - ND<30 - - - - - - - - - -
- ND<30 - - » - - - - - - e
- XD=1000 - - - - - - - - - -
- NP0 - - - - — - - - - -
12/30/6G3 - ND<250 - . - - - - - - . -
3124706 - ND<250 - - - - - - - - - -
6726106 . ND<250 - - - - - - - - - -
9/26/06 - ND<230 - - -- - -~ -~ - - - -
2106 ND<10 ND<230 ND<0.56 ND<0.56 ND<0.50 ND<0.50 ND=0.50 - - - - -
3/26/07 N0 ND<230) ND<6 59 ND<D 50 ND<0.50 ND+<0.50 ND-<0.50 - - - . -
6:27/07 ND<10 ND<250 ND0.50 ND<,50 ND<0.50 ND=<0.50 ND<0.30 - - - - -
3/17/08 ND<1( ND<230 ND<0.50 ND<D 50 ND<0.50 NDD 50 ND-D 50 — - - - -
-2
/2700 ND - - - - - - - - - - -
7103 - ND<S00800 - - - - - - - - - -
10/3/03 -- ND<300 - - - - - - - - - -
1i8i04 - ND<300 - - - - - - - - - -
4/15/04 - ND<30 - - - - - - - - - -
7715104 - ND<50 - - - - - - - - . -
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Table 2 a

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

4986

Page 2 of §

Date Ethylene-
Sampled Ethanol dibronyide 1.2-DCA Antimany Antimony Arsenic Arscnic Barium
TBA (826083 {EDB) (EDC) DIPE ETBE TAME {total) (dissolved) (total} {dissolved) (total}
(gl (ug/D) (gD {ng/h) (ng) (ng/ (ng) (ag/l) (ng/l) (gD (ng/i) (g/l)
U-2  continued
12/8/04 - ND<50 - - - - - - - - -~ -
3723403 - 730 - - - - - - - - - -
6/28/G3 - N0 - - - - - - - - - -
9/23/03 - NI<1080 - - - - - - - - - -
12/30/05 - ND<250 - - - - - - - e - -
3424106 - ND<250 - - - - - - - - - -
6126106 - ND<250 - - - - - - - - - -
9/26/06 - ND<250 - - - - - - - - - -
2106 ND<1) ND<23) ND<0.50 ND<0.56 NE<0.50 ND<0.50 ND<0.50 - - - - -
32647 ND<10 ND<IS0 ND<0 .50 ND<D .30 ND0.50 ND-0.50 ND-0.50 - - - - -
ND<10 ND<250 ND<050 NI¥<0.50 NI<0 50 ND<l 50 NI6 50 - - - - -
65 ND<250 ND<0.50 ND<l) 30 NDB<0.50 ND< 50 ND<0 50 - - - - -
ND<ID ND<2350 ND<0.50 ND<0.5¢ ND<0 50 ND< 50 ND<D 50 ND<100 - 58 - 2000
-3
13:2:00 63000 - - - - - = - - - - -
17801 49300 ND ND ND ND ND ND e -- -- - -
43401 22200 ND ND ND ND ND ND . - - - -
7201 27000 ND ND ND ND ND ND - - - - -
10/8:01 33000 ND<H0000000  ND<290 ND<290 ND<290 ND<290 ND<290 - - - - -
173702 17009 ND<30600000 ND<100 ND<i00 ND<{00 ND<i00 ND<100 - -- - = -
45102 66000 ND<S000000 ND<IQG  ND<I00  ND<100 ND<100 ND<100 - - - - -
7202 47000 NDSU000008  ND<250 ND<230 ND<500 ND<250 ND<250 - - - - -
10/1/02 NDH0G0  ND<2I0000600  ND<1000 ND<1006 ND<i006 ND<1908 ND1006 - - - - -
1273002 23000 ND<100000800  ND<4(0 ND<400 ND<400 ND<400 ND<400 - - - - -
312/03 23000 ND<I000000  ND<200 ND<200 ND<200 ND<200 ND<200 . - - - -
=)




Table 2 a

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Date Ethylenc-

Sampied Ethano! dibromids 1.2-DCA Antimony Antimony Arsenic Arsenic Barium

TBA {82608} {EDR) {EDO DIPE ETBE TAME (total) {dissolved) (total) {dissolved) (total)

(ug’) (ng/h (egdl) g/l {ug/i) {ug/) {ug/h (ng/h) gl (ng/h) (ng/l (ng/h

U-3  continued

7105 32000 NDEH0M0IC  ND<40G ND<400¢ ND<400 ND<400 ND<400 -- - -~ -- -
HUKH 39000 ND<E00bE ND=<204 ND<200 ND<2.0 ND<200 ND<200 -- - - - -
1/8/04 NDe2p0s ND00005 ND<400 ND<400 ND<400 ND<400 ND<400 -- - - - -
4/13:04 18000 ND2308 ND<0.3 ND<G.3 ND<L.G ND<(.5 ND<0.3 - = - = -
ARG 13000 ND<2300 ND<23 ND<23 ND<30 ND<23 ND<23 - - -- - -
12804 34000 ND5006 ND<30 NDP<30 ND<1006 ND<30 ND<30 - - - - -
035 - ND=3606 - - . - - - - - - -
62803 - ND<I066 - - - - - - - - - -
G/23/05 - ND<5660 - - - - - - - - - -
12/30:/03 2000 ND<230 NP6 .50 ND< 30 ND<0.30 ND=.50 0.58 -~ -- -- - -
3/24/06 - NDa2500 - - - - - - - - - -
6/26/06 18066 ND<250 XD 56 ND<0.50 ND<0.50 ND<0.50 ND<0.50 - - - - -
92606 - ND<1269 - - - - - - - - - -
112106 33000 ND<2300 ND<3.0 ND<5.0 ND=3.0 ND<3.0 ND<3.0 - - - - -
3126507 13000 ND<250 ND<0.50 6.95 ND<§ 30 NIY<E 50 ND<0 30 " e - - -
20000 ND<250 ND=0.50 0.79 ND=<) 50 ND<0.50 ND<0.50 - — - - -
19060 ND<250 ND<l.56 ND<0.58 ND<0 50 ND<0.30 ND<i.58 - - - - -

13000 ND<300 ND<Lo ND<1.0 ND<1.9 ND<10 NDP<i.0 ND=<160 ND<100 95 ND<30 1700

6:12/08 21000 ND<300 ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<100 - 210 - 2800
12,909 8800 ND<z30 ND<0.30 ND<6.50 ND=030 ND= 50 ND=0 50 - - - - .

U4
475301 ND ND ND ND ND ND ND -- - - - -
7201 ND ND ND ND NU ND ND - - - - -
13402 ND<20 ND=S00600 ND<1.0 ND<1.0 ND<1.0 ND<1.0 ND<1.0 - -- - - --
T3 - ND-<500000 - - - - - - - - - -
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Table? a

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Dale Ethylene-
Sampled Ethanot dibromide 1.2-DCA Antimony Antimony Arsenic Arsenic Barium
TBA {82601 (EDB) (EDC)Y DIPE ETBE TAME {(lotal) {dissolved) (total) (dissolved) (total)
(ugh {ngdly (ngh) e/l (ug/l) (rg/h) {ng/l) (ug/h e/l (ng/h {ng/l) (ng/l)
U-4  continued
10:3403 - ND<300 - - - - - - - - . -
1804 - ND<500 - - - - " - - - - -
415704 " ND<50 - . -- - - - - - - -
1A - ND<30 - - - - - . - - - »
12/8:04 e ND<50 - - - - - - - - - .
323105 . ND<50 - - - - - - » - - -
62803 " KD<1000 - - - - - - - " - -
0/23/03 " ND<I000 - - - - - - - - - -
12/30:/03 . ND<23) -- - — - - - - - - -
324706 - ND<230 - - - . - - " - - -
626106 - ND<250 - - - - - - — - - -
9/2606 - ND<230 - - - - - . - - - -
11521706 ND<10 ND<230 ND<0.50 ND<G 50 ND<G 50 ND<0 50 ND<0.30 - - - - -
3426507 ND<10 ND<250 NI ND<O 50 ND<0 50 ND<0.50 ND<0 30 - - - - -
62707 ND<10 ND<250 NI 50 ND<D 30 ND<0.30 ND<0.50 ND<0 30 - - - - -
3708 ND<lo ND=230 D650 ND<0.50 N 50 ND<0.50 ND=0.50 ND<100 ND<100 ND<30 ND=<50 2000
61208 ND<10 ND<230) ND<0.50 ND<0.50 ND<0.50 ND<D).30 ND<t 50 ND<100 ND<100 ND<30 ND<50 2500
12/949 ND<10 ND<250 XD<0 30 ND=0.50 ND<0 50 ND<0.50 ND<0.50 ND<100 ND<100 ND<50 ND<50 2200
-3
4301 ND ND ND ND ND ND ND - - - - -
72001 ND ND ND ND ND ND ND - - - - -
10/8/01 ND<I00 NO<1000006 ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0 - - -- - -
1302 ND<20 NDEER0M0 ND<1.0 ND<1.0 ND<I1.G ND<I1.G ND<1.G - - -- - --
7/1/03 - ND<300 -— - -- - - B - - - -
H3/03 -- ND=<300 - - -- - - - - - - e
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Table2 a
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186
Date Ethylene-
Sampled Ethanol dibrontide 1.2-DDCA Antimony Antimony Arsenic Arsenic Barium
TBA (8260B) {EDB} (EDC) DIPE ETBE TAME (total} (dissolved} (total) {dissoived) {total)
tug/l (ng/h) {ug/l) (rg/h) {ug/h {ug/l) fue/h) (ng/l) (ng/h (re/h) (rg/D (ne/h

U-3  continued
1/8/04 - ND<I00 - - - - - - - -

4715704 - ND<S0 - - - " - -
- ND<30 - - - - - - - - .

- ND<50 . . . - - - - - - -
- NII<30 - - - - - - . - - -
- ND=1e6 . - - - - - - - - -
- ND= 1009 - - - - - - - - - -
- ND2308 - - - - - - - - - -
- ND<250 - - - - - - - - - -
9/26/06 - ND<230 -- - - - - -- - - - -
1121706 ND<1D ND<259 ND<0.50 ND=050 ND<0 50 NDI<0.50 ND<0.50 - - - i -
372607 ND<10 ND<254 ND<6.50 ND<0.50 ND<0 50 ND<0.50 ND<0,50 - - - - -
62707 ND<10 NI3<230 ND<(.50 ND<050 ND<0.50 ND<0 50 ND<0 50 - - - - -

3/17/08 ND<10 ND=230 N30 ND<h.50 N 50 ND<030 ND<0.50 ND<I00 ND<IG6 ND<30 ND<30 1300
61208 ND<I0 ND<230 NDEL5G ND<.50 ND<B.50 ND<G.50 ND<0.50 ND<100 ND<1G6G ND<30 ND<50 830
12/6/09 ND<10 ND<230 ND0. 5 N 50 ND< 50 NI 50 ND< 30 ND<160 ND<100 ND<30 ND<30 1300

1/3/02 ND<200 ND-<S00060G ND<i9 ND<1) ND<I9 ND<1Q ND<I0 -- -- -- - -

7103 - NDIO0GEG _— - _— -— - — — - — —
10/3/03 - ND<HH000 — _— — — - . — - — —
/804 - ND<EG — — - -— — - -— - - -—
441504 - ND<250 w - - - - - - - - -
7715104 - ND<25 - - - - ~ - ~ - - -
12/8/64 - ND=250 - - - - - - - - - -
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Table 2 a

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Page 6 of 8

Date Ethylene~
Sampled Ethanol dibromide 1.2-DCA Antimony Antimony Arsenic Arsenic Barium
TBA {8260B) (EDB) (EDC) DIPE ETBE TAME (total) (dissolved) {total} (dissolved) (total)
g (gl (ug/iy (ugh) (ng/h {ug/l) (gD (ug/h) (1g/) (ng/h) tng/h) {ug/l)
U-6 continued
3/23/03 - ND<50 - - - - - - - - - -
62805 - ND<1E00 - - - - - - - - - -
923403 - N<50050 - - - - - - - - - -
12730403 -- ND<230 - - - - - - - - " -
3724106 - NE<2 5 - - . - - - - - - .
G26:06 - NI>22500 e - - — - - - - — —
92606 - ND=2506 - - - — - . - — - -
F121706 ND<I0 ND<230 NDh).368 ND<0 36 ND<0.50 ND<0.30 ND<0.50 - - - - -
3/26/07 ND<1) ND<230 ND<0.50 ND<0.50 ND<0.30 ND<0 .56 ND<0.50 -- - - - -
&2707 ND<i0 ND<230 ND=0 56 ND<0.30 ND=0.5¢8 ND<0,50 ND<f).50 - - - - -
31708 ND=<id ND<250 ND<.36 ND<0.50 ND=0.58 ND=0.59 ND-0.50 ND<100 ND<100 ND<30 ND<30 320
61248 ND<ig ND<2350 ND=05) ND<(.50 ND<0.56 ND<0.58 ND<0.50 ND<100 ND<100 ND<30 ND<350 a10
30 NDFI0000 ND=i.0 ND<1.0 ND<1LO ND<i.0 ND<1.0 - - - - --
- NDHE00000 - - - - - - - - - -
- ND<5000 - - - - - - - - - -
- ND<1000 - - - - - - - - - -
- ND<100 - - - - - - - - - -
T4 - ND<10 - -- -- -~ - -- -- = - -~
12/8/04 - ND<109 - - u -- - -- - - - --
323705 - ND<I04 - - - - - - - - - -
62803 - D00 - - - - - - - - - -
8/23/05 - ND<1080 - - - - - - - - - -
1230403 - ND<230 - - - - - - - - - -
3724706 - ND<230 -- - - - - - - - - -




Table 2 a

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Date Eilhvlene-
Sampied Ethano} dibromide 1.2-DCA Antimony Antimony Arsenic Arsenic Barium
TBA (82608} {EDB) {EDC) DIPE ETBE TAME (toah) {dissolved) {total) {dissolved) (total)
(ng/h teg'h {ugfh) (2g/h {ug/h (ug/ly {ugh tug/l) ug/hy (gl (rg/l) kgl
U-7  continued

626706 - ND<258 - - - - - - - - - -

9:26/06 w ND<239 - - - - - - - - - -

117217066 ND<16 ND<230 ND=(.30 ND=0.50 NI 56 ND=0.30 ND=) 50 -~ - - - —

3726407 ND<i ND=230 ND<l 30 ND<0.50 ND<D.50 ND<D 5p NDe0.50 " - - - -

6:3707 14 ND<230 ND<0.50 ND<6 50 ND<8.30 N30 ND<@ 50 - - - - -

31708 ND=10 ND<230 ND<0.56 ND<0.50 ND=<6.50 ND<0.50 D=0 50 ND<100 ND<100 ND<30 ND<30 670

6/12/08 ND<1 ND<23 ND<0.58 ND<0.56 ND<0.30 ND<050 ND<0.50 ND<100 ND<100 ND<30 ND<50 320

6117409 ND=<10 ND<25¢ ND<0.30 ND=<0.30 ND=0.50 ND<D .50 ND<0.50 ND<0G ND<100 ND<30 ND<50 380

12/9/09 ND<ID ND<250 ND<0.50 ND<6 30 ND<0.50 ND<D,50 ND<0.50 ND<100 ND<160 ND<30 ND<50 390
U-8

12/9/09 ND<3 NDE1260 ND<2.5 ND<2.3 ND<2.35 ND<2.3 ND<2.5 ND=<100 ND<100 ND<30 ND=<30 6350
-9

12/0:09 ND<10 WND<230 ND<0,50 N0 56 ND=0.50 ND<B 50 ND-<(.50 ND=<100 ND<100 ND<30G ND<30 96
L-16

61109 a8 ND<250 ND<0.50 ND=0 50 ND=<l 56 ND<0.58 ND=0 .58 - ND<100 - ND<50 -

126409 1100 ND<250 ND0.50 ND<0.50 ND<0.30 ND<B.50) ND<g.30 ND<100 ND<1(¢ ND<30 ND<50 150
U-H

611700 6800 ND<250 ND<0.50 18 ND<0 50 ND<0 50 ND<0.50 - - - - -

12/9/409 H0H0 ND=i200 ND<2.3 ND<2.3 ND=<2.3 ND<2.5 ND<2.5 ND<100 ND<100 ND<30 ND<5G 170
E-12

1275708 ND<10 ND<Z50 ND=0.50 ND<g 50 N30 ND<0.30 ND0.50 ND<160 ND<IG0 ND<30 ND<50 330

2/18/09 ND=<10 ND<250 XD 50 ND<@ 50 ND<@.30 ND<6.50 ND=0 50 ND<100 ND<100 ND<3G ND<30 370

6/1 109 is ND<I0 ND<0.3¢ ND<0 50 ND<{.50 ND<{.50 ND<(.50 ND<108 ND<19§ ND<30 ND<30 400

12/9/09 ND<ip ND<250 ND<0.50 ND-<0.50 ND<0.5¢ ND<@.50 ND<0.5¢ ND<100 ND<100 ND<30 ND<30 360
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Table2 a
ADBITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date Ethviene-
Sampled Ethanol dibromide 1.2-DCA Anlimony Antimony Arsenic Arsenic Barium
TBA (8260RB) (ED®) (EDC) DIPE ETBE TAME (lotaly (disselved) {lotal) (dissolved) (total)
(ngh {ug/1) g/ tug/h (rg/h {ug/h) (ng/h) (ug/l) (ng/H (ng/l) tng/l) (g
U-13
12/3/08 NI><i ND<230 ND<0.30 ND<0.50 ND<0.30 ND<n 30 ND=0 30 ND<100 ND<100 ND<50 ND<50 i40
2718409 ND<10 ND<250 ND< 50 ND<6.50 ND=.50 ND=050 ND=8.50 ND<100 ND<1060 ND<30 ND<30 120
6:11/09 ND<1G ND<23¢ ND<0.50 ND<0.50 ND<.30 ND=0.50 ND<0.50 ND<100 ND<100 ND<30 ND<30 129
12/9/09 ND<if ND=<2350 ND<0.5) ND<0.59 ND<0.59 ND<0.50 ND=<0.50 ND<100 ND<100 ND<30 ND<50 15
U4
12/3/08 ND<10 ND=<2350 ND<0.56 ND<0.39 ND0.50 ND<0,50 ND<0.50 ND<I00 ND<100 ND<50 ND<30 340
1809 ND< () ND<230 RD<0.50 RD<0.50 ND<0.50 ND<R.30 ND<(.50 ND<100 ND<100 ND<50 ND<39) 350
$/11409 ND<I0 ND<230 NE<0.30 NDp.50 ND<5,30 ND<6.30 NiX<0.50 ND<109 ND<100 ND<50 ND<50 340
137909 ND<i0 ND<230 ND<.36 ND=0 58 ND<0.50 ND<0 50 ND<0.50 ND=<i00 ND<100 ND<3(0 ND<50 310
E-13
127308 NP ND<230 ND<.50 N3G 50 ND=.50 NDw0.50 N30 ND<109 ND<100 ND<36 ND<30 320
271809 Ni<io ND=230 ND<0.38 ND=0.30 ND<9 50 ND<.50 ND<0.50 ND<I00 ND<100 ND<59 ND<30 140
611709 ND<i0 ND<230 ND<0.30 ND<0.50 N0 50 ND<0 50 ND< 50 ND<100 ND<100 ND=30 ND<50 32
12/5/09 ND<10 ND<250 N30 ND<R.50 N6 50 ND<0.50 ND=0.50 ND<100 ND<100 ND<30 ND<50 96
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Table2 b

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Date
Sampled Barium Bervliium Bervliium Cadmium Cadmium Chromium Chromiam Chremium Cobalt Cobalt Copper
(dissoived) {totah) {dissolved) (total) (dissolved) Calcium Vi {total} (dissolved) (total) {dissolved) (dissolved)
{ugh {pg/t) (g {ug/h {mg/1} (mg/D) (ne) {ug/D) (ne/l) (ng/D) (peg/) {ug/i)

E-1

31708 ~ - - - -- - ND<2.0 - - - - -
-2

31708 -- ND<19 -- ND<10 - -- ND<2.0 540 -- 130 -- --
-3

371708 419 ND=<10 ND<i0 ND<10 ND=0.01 39 ND<2.0 450 ND<10 140 ND<30 ND<10

6/12/08 - ND<IQ - ND<10 -- -- e 980 - 350 - --
-4

X IR 470 ND<10 ND<i0 ND=<10 ND<0.01 68 ND=<2.0 41 ND<10 140 ND<30 ND<1)

6/12/08 32 ND<10 ND<10 ND<1¢ ND<10 24 ND<2.0 610 ND<10 180 ND<30 ND<10

12909 500 ND<ig ND<10 ND<10 ND<1G 62 ND=<2.0 610 ND<10 290 ND<50 ND<10
U5

317G 390 ND<I1G ND<10 ND<10 ND=0.04 67 ND<2.0 ito - ND<350 ND<50 ND<1(

612708 370 ND<19 ND<10 ND<10 ND<10 66 ND<2.0 86 ND<10 ND<39 ND<30 ND<10

127909 410 ND<10 ND<10 ND<10 ND<10 62 ND=2.0 180 ND<10 30 ND<350 ND<10
U6

3717408 330 ND<10 ND=<10 ND<10 ND<0.01 73 ND<2.0 34 ND<#0 ND=<56 ND<30 ND<19

61248 600 ND<1g ND<I¢ ND<1¢ ND=<10 69 ND=<2.0 ND=<10 ND=<10 ND<50 ND<350 ND<10
-7 J 5

31708 36 ND<10 ND<if ND<10 ND<0.01 68 ND<2.0 28 ND<IC ND<30 ND<30 ND<IG

6/12:08 190 ND<10 ND<1) ND<10 ND<i{ 60 ND=2.0 10 ND<10 ND<350 ND=30 ND<10

6/11/09 340 ND<10 ND<ID ND<10 ND<0.04 31 ND=2.¢ ND<i{ ND<10 ND<50 ND<30 ND<1{

12/9/99 280 ND<1{ ND<10 ND<10 ND<10 37 ND<2.0 27 ND<10 ND<50 ND<30 ND<i0
U-§
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Table2 b
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date
Sampled Barium Berviium Beryilium Cadminmn Cadmium Chromium Chromium Chromium Cobalt Cobalt Copper
{dissohved) (total} (dissoived) (total) (dissolved) Calcium VI (total) {dissoived) {lotal) (dissolved) (dissoived)
{ngh {ue/l) {ug/h (ne/l) fmgfl) (mg/ly (ng/l} {ug/h {ugfl} {nug/h (rgfl) (ng/ly
U-§  continued

12/9/09 200 ND<10 ND<10 ND<I6 ND<10 53 ND<2.0 ND<I0 ND<10 78 ND<39 ND<10
U9

12/9/G9 64 ND<IG ND<10 ND<19 ND<10 69 ND<2.0 18 ND<10 ND<50 ND<30 ND<10
-10

611409 50 - ND<if - ND<0.0) 40 ND<2.9 - ND<19 - ND=30 ND<19

124969 39 ND<10 ND<1D ND<10 ND<10 47 ND<2.0 34 ND<10 ND<30 ND<50 ND<10
P-11

12/9:09 89 ND<10 ND<ig ND<10 ND<14 61 ND=<2.0 31 ND<1{ ND<30 ND<350 ND<19
{-12

127378 330 ND<H) ND<1¢ ND<1G ND<IG 51 2.7 11 ND<1G ND<30 ND<50 ND<1G

271809 330 ND<I¢ ND<if ND<1i0 ND<10 30 27 ND<10 ND<19 ND<30 ND<30 ND<10

[EREI 320 ND<IG ND<10 ND<10 ND<0.01 47 ND<2.0 21 ND<§0 N[<30 ND<30 ND<I0

12/9/09 330 ND=<H) ND<I¢ ND<IG ND<I0 47 2.3 ND<I0 ND<10 ND=<50 ND=<50 ND<10
-3 ) .

127308 P10 ND<1¢ ND<i0 ND<10 ND<10 24 83 93 86 ND=<30 ND<30 ND<10

2718909 98 ND<1{ ND<IQ ND<1¢ ND<10 22 8§ 88 88 ND<50) ND<50 ND<10

611709 HO ND<10 ND<10 ND<10 ND<6 8] 24 82 84 78 ND<50 ND<50 ND<10

12/9/09 10 ND<I0 ND<ip ND< ND<10 39 67 74 76 ND=<350 ND<350 ND<10
=14 ) )

123708 220 ND<14 ND<IO0 ND<10 ND<I0 47 3.0 ND<I) ND<19 ND<30 ND<350 ND<10

241809 320 ND<i0 ND=<10 ND=<10 ND=IG 46 34 ND=10 ND=<10 ND<30 ND<30 ND<10

61109 0 ND<10 ND<1o ND<1g ND=0.01 45 29 16 ND<10 ND<30 ND<30 ND<10

12/9:6% 270 ND<1G ND<10 ND<i0 ND<i0 42 2.9 ND<1 ND<14 ND<30 ND<30 ND<19
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Table2 I
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date
Sampled Barium Bervilium Beryllium Cadmium Cadmium Chromium Chromium Chromium Cobalt Cobalt Copper
{dissolved) (total) {dissolved) (total) (dissoived) Calcium Vi {total) {dissolved) {total) (dissolved) {dissclved)
{ug/h {ugl) {ugfl} {ug/h (mg/) (mg/h) (pe/h (gD (peh (ng/h) {ng/h {ng/h

U-15

12/3/08 300 ND<10¢ ND=10 ND<i0 ND<10 47 37 ND<1f ND<If ND<30 ND<30 ND<19

218/09 91 ND<IC ND<10 ND<10 ND<10 i4 10 il ND<1( ND<30 ND<30 ND< )

611709 30 ND<10 ND<I0 ND<I¢ N0 4.6 9.0 12 ND<10 ND<30 ND<30 ND<1Q

12/9/09 64 ND<i0 ND<10 ND<10 ND<10 13 17 20 17 ND<30 ND<30 ND<10
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Table 2 ¢

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Date Molyb- Molyb-
Sampled Copper Lead Lead Magnesium Manganese Mercury Mercury denum denum Nickel Nickei
(total) {dissohved) (total} (dissolved) (dissolved) (total} (dissolved) (total} (dissolved) (total) (dissolved) Potassium
{ng'h (mg/ {ngfl) {mg/l) {ng/h (pefl) ingh) (pg/) {ug/) (pg/l) (ngh) (mg/1)

-2

317408 330 - 71 - -- 1.7 - ND<50 - 15600 - -
E-3

31708 240 ND=<30 (%] G4 2600 0.84 ND<U 20 ND=<30 ND<30 1200 ND<10 [.6

6:12/08 390 - 160 - - 2.4 - 81 - 2800 - "
U-4

31708 250 N3G ND<30 83 2000 ND<0.28 ND<l .28 ND<30 ND<30 1300 ND<I(} 2.3

612708 360 ND<30 33 7.7 720 2.5 ND=0.20 ND<30 ND<30 2100 ND<10 ND<1.0

129409 300 ND<50 59 91 ND<I0 ND<0 20 ND0.20 ND<50 ND<50 2000 ND<10 2.7
-3 .

1708 72 ND<30 ND<30 89 76 0.35 ND<0.20 ND<30 ND<30 360 ND<10 24

6/12/G8 33 ND<30 ND<50 i3 36 0.26 ND<0.20 ND<30 ND<30 296 ND<10 1.9

12/9:09 110 ND<30 ND<30 79 1000 ND<Q.2¢ ND<0.28 ND=50 ND=<50 340 ND=<10 2.4
-6

3ATA8 i7 ND<39 ND=<50 120 4300 ND<0.20 ND0.20 ND<30 ND=<50 9t ND<10 1.0

6/12/08 ND=10 N30 ND<30 110 3800 0.60 ND<G.20 ND<350 ND<30 47 ND<i0 i3
U-7

31708 16 ND<30 ND<30 110 2360 ND<6.20 ND<0.20 ND=50 ND<30 79 ND<10 24

6/12/08 ND<1¢ ND<30 N30 92 2400 ND<620 N<0.20 ND<50 ND<30 3R ND<10 2.4

61109 ND<10 ND<P03 ND<50 59 1100 ND<D 20 ND<0.20 ND<50 ND<50 25 ND<10 2.6

12:9:09 14 ND<30 ND<30 64 1800 ND<0.20 ND<0.20 ND<30 ND<50 74 ND<i0 2.1
- '

12/9/09 130 ND<30 ND<50 9l 4000 ND<0.20 ND<0.20 ND<30 ND=<350 690 ND<10 2.8
19
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Table 2 ¢
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Daie Molyb- Malyb-
Sampled Copper Lead Lead Magnesivm  Manganese Mercury Mercury denum denum Nickel Nickel
(toal) (dissoived) {total} (dissolved) (dissolved) (total} (dissolved) (total} (dissolved) (total) (dissolved) Polassium
gl {mg) (ng/h {mg/D) e/l (ug/ ing/) {ug/l) (ng/l) g/l (ngd) (mg/h)
U-%  continued

12/6/09 I3 ND<30 ND<30 120 3800 NDeg20 ND-0.20 ND<30 ND<30 35 ND<I0 853
U.1@

61109 -- Niyeg.03 - 27 780 - ND=0.20 - ND<30 - ND<10 30

12/9709 17 ND<30 ND<50 116 1400 ND<0.20 ND<0.20 ND<S06 ND<50 110 ND<I1( 29
U-f1

127909 22 NID<30 ND<30 110 2500 ND<0.30 ND<D.20 ND<30 ND<30 83 ND<IG 4.3
t-12

12/3/08 12 ND<50 ND<30 73 ND<1g ND+9.20 NE=0.20 ND<30 ND=350 24 ND<10 2.6

21809 ND=1D ND<5( ND<30 71 ND<i0 ND<0.20 ND=0.20 ND=350 ND<30 12 ND<I0 23

61109 ND<!D ND g5 ND<50 70 ND<10 ND<0.20 ND<0.29 ND<30 ND<30 a2 ND<10 2.2

12/9:09 ND<10 ND<3g ND<30 70 26 ND=h20 ND<§ 20 ND<50 ND<30 10 ND<10 2.7
U-13

1273/08 21 ND<30 ND=30 33 ND<10 ND<0 20 ND<0 20 ND<39 ND<30 ND<190 ND<10 8.3

2/18/09 ND<}g ND<30 ND<30 32 ND<10 ND<0.28 ND=0.20 ND<30 ND=30 ND=<i0 ND<10 14

6:11:09 ND<10 D008 ND=<50 33 12 ND<0.20 ND<g.20 ND<50 ND<30 ND<1( ND=i0 13

£2/5/09 ND<1f ND<30 NI<30 43 ND<10 ND<6.20 ND.20 ND<50 ND<350 NBD<10 ND<10 83
U-14

12/3408 26 ND<50 ND<30 67 ND<I0 ND<0.26 ND0.26 ND<30 ND<30 15 ND=<1( 2.6

218409 ND<10 ND=<50 ND<30 66 ND<16 ND=0.20 ND<0.20 ND<30 ND<30 ND<10 ND<19 253

61109 ND<10¢ WD o5 ND<30 G4 17 ND<020 ND=8 26 ND<30 ND<30 40 ND<I0 2.3

12909 ND<10 ND<350 ND<30 53 27 ND<0.20 ND=020 ND<50 ND<50 10 ND<10 3.1
U-15 . .

12/3/08 12 ND<50 ND<30 69 ND<10 ND<0.20 ND<0.20 ND<30 ND<30 ND<19 ND<10 3.7

2/18409 ND=19 ND<30 ND<30 62 ND<10 ND<0.28 ND<0.20 ND<30 ND<3( ND<I0 ND<10 39
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Table2 ¢

ADDITIONAL HISTORIC ANALYTICAL RESULTS

70 Station 4186
Daie Maolyb- Maolyb-
Sampled Copper Lead Lead Magnesium - Manganese Mercury Mereury denum denum Nickel Nickel
{iofal) (dissoived) {total) (dissolved) {dissolved) {total) (dissolved) {totah) (dissolved) (total) (dissoived) Potassium
(ugly {meg/h) (ngh {mg/1) {ug'hy (pg/h (gD (ng/h) {pg/l) (ng/h {ng/h) {mg/D)
U-15  continued
671109 ND<10 NDE0LS ND<30 62 ND<1g ND<f 20 ND=0.20 ND=<30 ND=<30 ND<IG ND<10 36
12/9/09 NDp<1) ND<S0 ND<30 70 ND<10 ND<0.20 ND=0.29 ND<30 ND<30 11 Np<10 41




Table 2 d

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Date
Sampled Selenium Selenium Stlver Silver Thallium Thaliium Vanadium Vanadium Zine Zinc
(total) {dissohed) {total} (dissolved) Sodium (total} (dissolved) (totaly (dissolved} (dissolved) (total) Chloride
tugl) (ug {ng/h {ug/h {mg/l} (ug/h {ngd) (zg/l) {ue/h {pg/h) (ng/fy {mg/h

-2

31708 ND<I00 - ND<ig - - ND<100 - 240 - - 590 -
-3

3708 ND<100 ND<100 ND=10 ND<19 41 ND<100 ND<IG0 196 ND<10G ND<10 360 14

671208 ND<I06G -- ND<i0 - - ND<100 - 410 - - 970 -
-4

3/17/08 ND<I00 ND<100 ND<10 ND<1D 33 ND<IG0 ND<I60 196G ND<I0 ND<10 340 37

6712708 ND=<180 ND<100 ND<i0 ND<10 9.0 ND<0 ND<i0n 268 ND<1{ ND<1G 420 38

12/9/09 ND<i00 ND=<10 ND<10 ND<1G 33 ND<10¢ ND<100 230 ND<10 ND=<ig 400 33
1.5

371708 ND<HMH ND<106G ND<10 ND<10 49 ND<i00 ND<100 69 ND<i(9 ND<10 120 3z

6/12408 ND<i00 ND<144 ND<I0 ND<1¢ 26 ND<10¢ ND<10¢ 44 ND<10 ND<I0 87 31

12/9/09 ND=100 ND<100 ND<10 ND<10 32 ND=<100 ND<169 93 ND<10 ND<1G 180 43
-6

31708 ND<100 ND<1{0 ND<10 ND<106 90 ND=<10G ND=<106 13 ND<10 ND<10 7% 160

6/12/08 ND<I(0 ND=<100 ND<1D ND<10 76 ND<IG0 ND<1¢0 ND<16 ND<10 11 ND=<30 196
-7

3417708 N0 ND<100 ND=<10 ND<10 68 ND<100 ND=<100 12 ND<10 ND=<i0 51 91

6:12/08 ND<I00 ND<100 ND<1) ND<10 39 ND<100 ND<100 ND<1G ND<IG 11 ND=<30 120

6T EDY ND<IOG ND<100 ND<ip ND<i0 62 ND<108 NI3<100 ND<10 ND=<10 26 ND<30 Y

12:9:09 ND<H0 ND<100 ND<10 ND<10 64 ND<i00 ND<100 13 ND<i) ND<I0 ND<30 110
[--8 ¥ -

£2/9/09 ND=I160 ND<100 ND<10 ND<10 58 ND<100 ND<I1060 96 ND<0 ND<10 180 39
-9
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Table 2 d
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date
Sampled Selenium Sclenium Silver Silver Thallium Thallium Vanadium Vanadium Zing Zine
{lotaly (dissolved) {total) {dissotved) Sodium {otal) {dissoived) (1otal) {dissolved) (dissolved) (total) Chloride
(gl ugh) ing/h ] (mg/) {ugdly (pg/h) (ng/hy (pg/h) (ug/ly {ng/l) (rag/h)
U-9  continued

12/9/G9 ND<100 NID<106 ND<10 ND<1) sS4 ND<100 ND<100 ND<10 ND<10 ND<10 35 10
E-T0

61109 - ND<100 - ND<1 170 -- ND<199 - ND<19 24 -- 116

129709 ND<149 ND<160 ND<i0 ND<I0 138 ND<i00 ND<190 16 ND<10 ND<10 ND<30 47
E-11

12/5:09 ND<100 ND<H00 ND<10 ND<19 67 ND<1060 ND=<100 19 ND<I0 ND=<10 ND<30 70
-12

12/3/08 ND<100 ND=100 ND<10 ND<10 49 ND<100 ND=<100 ND<10 ND<19 26 ND<50 85

21809 ND<I00 ND=<100 ND<I0 ND=<10 48 ND<IG0 ND<I100 ND<IG ND<1G 13 ND<30 86

6711709 ND<160 ND<100 ND<id ND<14 30 ND<108 ND<100 ND<10 ND=<10 30 ND<30 91

12/9/09 ND<109 ND<IG0 ND<I0 ND<10 31 ND<i00 ND<i00 ND<I10 ND<iQ ND<10 ND<50 83
-13

12/3/08 ND=<1G0 ND<100 ND<1n ND<10 34 ND<100 ND<100 ND<IG ND<10 ND<10 ND<30 95

2718409 ND<109 ND=<100 ND<id ND<10 (& ND<100 ND<109 ND<1{) ND<19 ND<1¢ ND<30 96

61109 ND<H9 ND=<100 ND<10 ND<19 66 ND<100 ND<100 ND<10 ND<10 29 ND<30 100

12949 ND<i00 ND<10 ND<I0 ND<10 1o ND<100 ND<10 ND<10 ND<19 ND<i0 ND=<30 82
U-14

1273708 ND<109 ND<160 ND<ig ND<10 48 ND=<104 ND<100 ND<W ND<19 43 69 33

218409 ND=<HD ND<100 ND<I0 ND=<10 47 ND<i00 ND<100 ND<10 ND<1i0 24 53 84

6711709 ND<100 ND<139) ND<10 ND<10 47 ND<100 ND<100 ND<10 ND<19 34 ND<350 86

12909 ND<100 ND<100 ND<10 ND<I0 41 ND<10G ND<100 ND<10 ND<10 21 64 66
U-i3 X

12/3:08 NR<100 ND<100 ND<19 ND<1{ 48 ND<104 ND<100 ND<10 ND<10 36 54 87

2718/09 ND<H0 ND<10G ND<10 ND<10 78 ND=<100 ND<i00 ND<i ND=<1( ND<10 ND<30 85
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Table 2 d
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date
Sampled Selenium Selenium Silver Silver Thallizm Thallium Vanadium Vanadium Zmc Zine
{1otaly (dissolved) (total) {dissoived) Sodium (1otal) {dissoived) {total) {dissoived) (dissolved) (total) Chloride
(ugfh) (ngl) {ug/) {rg/ly {mg/l) gl (ng) g/l (ug/h) {ug/h (gl (mg/l)
U-13  continued
611709 ND<i00 ND<109 ND<1 ND<I¢ 76 ND<100 ND<100 ND<10 ND<I0 24 ND<50 92
12/6/09 ND<100 ND<i00 ND<10 ND<10 80 ND<100 ND<IG0 ND<1¢ ND<I1¢ ND<10 32 85
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Table2 ¢
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date Nitrogen

Post-purge Pre-purge
Sampled

as Field Con- Field Field Dissolved Dissolved Pre-purge Post-purge
Fluoride Nitrate Sulfate TDS ductivity pH Temp. Oxygen Oxygen ORP ORP
{mg/h {mg/l) {mg/l} (mg/1) (uS/emy (pH unit} (deg. C} {mg/1) {mg/D (mV} (mV)

-1

12/30/02 - - - - - 0.60 n - 93
- - - - - - - 0.30 - - 90
P03 - - - - - - - 0.60 - - HO
HY/3/03 - - - - - - - 3.79 - - 329
LB/04 - - - - - - - 12.36 - - 184

1504 - - - - - - " 10.56 -

3/2/03

~
5"3 L2
e
'
H
1
i
1

1
'
'
'

i

- - 6.62 - - 251
- 2.66 - -~ 68

- 312 - - ag1
8.84 - - 153
2.26 - - 187
7.74 - - 159
4.02 3.88 036 016
7.03 3.50 008 007
4.24 4.60 203 200
1372106 - -- - - -- -- -- 424 4.56 1.97 2.00
372607 - - - - n - . 6.58 6.98 107 102
6:27407 -- - an - - - - 4.98 4.85 20 34

3/17:08 - . - - - - - 3.12 2.43 i51 153
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104142 -- -- - - -- - - 1.40 - - -
1273042 -- -- - -- -- -- - 280 - - 120

572463 - - - - - - - 150.00 - - 120
FG3 . - - - - - - 1.20 — - 110
(

1073703 - - - - - - - 561 - - 321
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Table 2 e
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186
Date Nitrogen Post-purge
Sampled as Field Con- Field Field Dissolved
Fluoride Nitrate Sulfate ™S ductivity pH Temp. Oxygen
{mg/h) (mg/ (mg/h (mg/h) (uSicm) (pH unit) (deg. C3 {mg/h)

Pre-purge
Dissolved
Oxvgen

{mg/h

Pre-purge
ORP
{mV)

Post-purge
ORT
(V)

U-2  continued
1RO - - - --

415/04 - - - - - - 11.39
73004 -- - - - - - - 7.46
12:8/04 - -- - - - 3.5

3/23/03 - - - - - - - 457
6/28/03 - - - - - - - 2.08
9237953 - - - - . - - 5.47
1273003 - - - - - - - 8.33

3723106 - - - - - - " 4.80
6/26/06 - - - - - - - £.20
3726/06 - - - - - - 370
11721406 - - - - - - - 3.70
3/36:07 - - - - - -
62707 -- -- - -- " " " 3.87
923107 - - - - -
317/08 - - - 600 - - - 3.31
612708 - - - - - . - "

4/15/04 - - - - - - - 311

2488 Page 2of 8
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Tabie2 e

ADDITIONAL HISTORIC ANALYTICAL RESULTS

76 Station 4186

Date Nitrogen Post-purge Pre-purge
Sampled as Field Con- Field Field Disselved Dissolved Pre-purge Postpurge
Fluoride Nitrate Sulfate TDS ductivity pH Temp. Oxygen Oxygen ORP ORP
(mg/h (mg/h) {(mg/} (masl) (nSfem) (pH unit) (deg. Cy (mg/h) {mg/l) {mV) (mV}
U-3  continued
7715104 - - - - - - - 1.90 - - 53
20804 - - - -- - - -- 1.30 - - -81
3723403 - . - - - - 0.52 - - -087
6/28/03 - - -- - - - - 1.47 -- - -151
92502 -- - - - - - - 1.40 - - -80
12730403 - - -- - - - - 145 - - 068
372406 - - - - - - - 1.53 0.79 003 999
4726/06 - -- - - - -- - 2.19 3.56 013 917
9:26/06 - - - - . - - 1.06 110 -72 -95
[RERANES - - - - - - - 1.04 110 -83 -96
372607 - - - - . ” - 7.08 5.99 78 68
6:27/07 - - -- - - - - 4.89 4.79 =79 -82
9/23/07 - - - - - - - - - 114 88
3708 (073 Np=iad ND<1.0 336 - - -- 2.88 196 -5 =33
612408 - - - - - - - g1t 1.30 -17 -50
12/9/09 - - - - 78 6.95 16.7 - - - -
U4
10/1/02 - - - - - - - 1.00 - - 83
12/30/02 - - - - - - - 0.40 - - 126
32405 - - - -- -- - - 3,70 -- - 120
7103 - - - - - - - .60 - - 130
10:3/03 - - - - - - . 2.06 . - 3.05
178/D4 -- - - - - - - 11.90 - - 76
415704 - - - - - - - 3.30 - - 116
7715/04 - - - - - - - 2.50 - - 32
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Fable2 ¢
ADPITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4185

Date Nitrogen Post-purge Pre-purge
Sampled as Field Con- Field Field Dissolved Dissolved Pre-purge Post-purge
Fiuoride Nitrate Sulfate TDS ductivity pH Temp. Oxygen Oxygen ORP ORP
{mgly (mg/h) {mgfl) (meg/h) (uS/em} (pH unit} (deg. C} (mg/l) {mg/1) {mV) (mV)

U4 continued
12/8/04 - - - - - - . 2.09 - - 47
37253403 - - - - - - - 0.04 - - 021
6/18/03 - - -- - - -- - 2.24 - - 120
9:23°0% -- = - - . - -~ 3.01 - - 176
12/30:03 - - - - - - - 1.96 - - 175
3724:06 - - - - - - - 117 1.48 015 014
6:26:06 - - - - - - - 2.55 1.33 031 034
5/26:06 - - . - - -- - 1.38 1.23 -34 -1
11721/06 - -- - - - - -- 1.38 1.13 60 -10
372607 - -- - - - - - 709 7.28 14 25
627407 - - - - - - - 2.82 2.62 82 73
3717408 (.12 0.61 29 340 = - -- 2,47 2.71 i5
61208 (.14 ND<h a4 3G 610 - = - 1.26 4.00 H
120949 0.096 0.39 37 390 927 7.35 15.5 1.82 - - -84

§203 - - - - - - - (.60 - - 120
05 - - -- - - - - (.90 - - 143
10/3:03 - - - - - - - 2,31 - - 3.13
17804 - o - - - - - 1127 - - 104

41304 - - - ~ - - - 3135 - - 65
7/15/04 - - - - - - - 7.47 - - 66
127804 - - - - " - - 167 - - 102
3563 - - - - - - - 0.75 - w 151
6/28705 -- - - - - - - 2.29 - - 103
9/23/05 - - -- -- - = - 2.03 - - 172
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Table2 e
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date Nitrogen Past-purge Pre~purge
Sampled as Fieid Con- Field Field Dissolved Dissotved Pre-purge Post-purge
Fluoride Nitrate Sulfate TDS ductivity pH Temp, Oxvegen Oxvgen ORP ORP
(mg/h) {mghy {mg/h {mg/l} {2S/em) (pH unit) {deg. O) {mg/1) {(mg/l} {mV) (mV)
U-3  continued
i2/38/03 -- - - - - - - 1.39 - - 171
324706 - - - - - - - 0.97 0.97 011 013
626706 - - - - - - - 7.18 7.23 091 084
92606 - - - - - - - .19 0.80 44 44
11721706 - - - - - - - 1.12 0.79 41 47
372607 - - - - - - - 3.20 3.60 31 52
6:27:07 - - - - - - - 2.01 1.67 66 58
3708 0.086 3.8 31 530 - - - 291 1.98 151 156
6/12/08 0.070 1.8 26 350 -~ -- - 1.89 1.22 172 171
12/9/09 .17 ND<d 30 530 792 7.40 18.2 1.12 - - -101
-6
1071702 - . - - - - - 0.90 e - -
12430742 - - - - - - - 6.20 - - 88
3245 - - - - - - - .99 - - 143
77103 - - - - - - -- 0.70 - - £20
10/303 - - - - - - - 2.26 - - 12
8/ - - - - - - - 11.95 - - -37
o - - - - - - 3.47 - - - 20
- - - - - - - 325 - - - 43
- - -~ - -- - - 0.94 - - -91
3723403 - -- - - - - - 0.35 - - -077
628403 - - - - - - - 0.86 - - -129
92303 - - - - - - - 1.97 - - 82
12/30/03 - -- - - - - - 1.01 - - -66
372466 - - - - - - - 0.79 1.25 011 009
4485 Page 5 of 8
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Table2 e
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Daie Nitrogen Post-purge Pre-purge
Sampled as Field Con~ Field Field Dissolved Dissolved Pre-purge Post-purge
Fluoride Nitrate Sulfaie DS ductivity pH Temp. Oxygen Oxygen ORP ORP
{mg/1) {mg/1} {mg/l) {(mg/l} (uS/cm) {pH unit) (deg. C) {mg/) (mg/) {mV) {(mV)

£186 Page Gof§

U-6  continued

5726:06 - - - - - - - 1.23 5.48 013 027
26/G6 . - - - - - - 6.97 7.035 -67 -69
1172106 - - - - - - - (.83 1.05 -03 «69
3726707 -- - - - - - - 6.40 6.20 i5 9
62707 -- - . - - - - 351 3.20 -64 ~54
317708 0.066 ND=lad 51 8560 - - - 1.19 .87 101 26
612:0G8 0.11 0.43 27 360 - - - 110 2,08 20 26

107102 - - - - - - - 1.80 - - - 60
230:02 - - - - - - - 0.10 -

32403 - - - - - - - 0.40 - - 103
T35 - - - - - - - 0.30 - - 93
10:3/03 - - - - - - - 2.9] 23
1/8704 - - - . - - - 11.85 - - -51
4/15/04 - - - - - - - 4,68 - 1
S04 - - - - - . - 2353 - - -2
1278:04 - - - - - - - 1.20 - - -§8
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6/28/03 - - - - - - - [.32 - - -160
§:2343 - - - - - - - 2.25 - - 108
12/30705 - - - - - - - 1.12 - - 105
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6:26/06 - - - - - - -- 1.46 1.27 023 032
9/26/06 - - - - -- - - 0.78 102 -47 -63
THZHGo - -- - - - - - 0.38 0.98 -43 -39




Table 2 e
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date Nitrogen Post-purge Pre-purge
Sampied as Field Con- Field Field Dissolved Dissolved Pre-purge Post-purge
Fluoride Nitrate Sulfate DS ductivity pH Temp. Oxygen Oxygen ORP ORP
{mg/Dh (mg/l} {mg/h (mgfh) (1Sicm) (pH unit) (deg. C3 {mg/) {mg/l) (mV} (mV}
U-7  continued
326/67 - = - - - - - 5.85 6.00 14 &
627407 - - - - - - - 2.98 2.66 -90 102
3417408 6.077 N34 7.0 640 - - - 3.06 2.86 137 120
6/12/08 0.15 {9 13 700 - - - 0.98 2.27 9 -11
#1109 ND<.050 ND<i 44 30 490 - - - - - - -
12/9:09 0.12 NDeg.44 13 310 772 7.27 17.0G 0.94 - - 23
-8
12:9:09 0.19 N84 4.1 630 972 7.87 16.6 206 - - -78
U=y
12:9:69 (.30 WD ND<1.0 8640 1203 6.94 13.5 1.29 - - -10
U-10
6/1109 0.49 ND<0 44 190 970 - - - - - - -
12/6:09 0.33 ND-<0.44 76 880 1009 7.04 179 0.94 - - -77
L-F1
1279:09 0.26 NDd 49 790 896 7.47 17.3 139 ~ - 91
U-12
12/3/08 (.14 28 39 630 - - - 2.85 271 00 26
218709 6.686 29 61 610 1007 7.82 18.2 2.74 2.65 145 121
61109 0.13 29 61 610 - - - - - - -
12509 0.20 26 57 350 813 7.73 i7.1 2.51 - - 62
U-13 )
12/3/08 0.16 26 65 610 - - - 170 221 62 58
2/18/09 0.20 26 69 510 1022 7.73 18.0 1.49 1.52 171 110
6/11/09 014 23 71 350 = - - - - - -
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Table 2 e
ADDITIONAL HISTORIC ANALYTICAL RESULTS
76 Station 4186

Date Nitregen Post-purge Pre-purge
Sampled as Fieid Con- Field Field Dissolved Dissolved Pre-purge Post-purge
Fluoride Nitrate Sulfate TDS ductivity pi Temp. Oxygen Oxygen ORP ORP
(mg/h {mg/h) {mg/l {mg/h) {nSicm) {pH unif) (deg. C) {mg/l {mg/l) {mV) {mV)
U-13  continued
12/9:09 .18 22 39 GO0 826 7.61 16.6 1.63 - - -52
U-14
12/3/08 0.14 23 33 660 - - - 2.63 296 91 39
218709 G.13 23 37 360 9350.4 7.70 13.4 223 253 1006 113
611709 (.11 25 36 600 - - - - - - -
12/9/09 (.084 26 14 460 TG 7.90 17.9 1.66 - - -22
U-13
1273408 0.3 21 32 670 - -~ -- 2.21 2.535 108 P18
21809 0.12 23 34 570 962.4 7.66 174 1.98 1.95 169 104
611409 612 22 35 560 - - - - - - -
12/9/09 G.17 18 32 360 831 7.85 15.1 1.98 - - -84
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