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THE SITE

• Industrial 10 acre site
• Constructed in Early 1940’s

• Stored benzene from 1968 to 1993

• Stored other petroleum-based products
• Release identified in 1997 (4 to 30 yrs)

• Potential sources -

• Storage Tank T-1

• South Pump Station
• Others

• Historically Leased Property

• Current Second Party Operator
• Adjacent Property -

• Refinery - North/South/West

• Residential/City ROWs – East



SITE SUBSURFACE

• Vadose Zone - Silty Clay - 0 to 8 ft 
bgs

• Saturated Unit - Fine Sand - 8 to 32 ft 
bgs = 24 feet thick

• Potentiometric Surface - 4 ft bgs

• Confined to Semi-Confined Conditions
• Class 2 Groundwater Resources (TDS 

- <10K)
• Hydraulic Conductivity - 6.0 X 10-3

cm/sec

• Gradient - 0.0022 ft/ft - East/Northeast
• Groundwater Velocity - 0.179 ft/day -

65.3 ft/yr



SOIL IMPACT

• On-site Only - TRRP Surface Soil 
(0-5 ft), Subsurface Soil (5-8 ft)

• Two PCLE Zones - T-1 and South 
Pump Station

• COCs - benzene and toluene

• CPCL - GWGWing

• RAL/CPCL - 1.4 mg/Kg (benzene)
• Impact Area - South Pump Station 

- 2,600 ft2 or 481 cu yds

• Impact Area - T-1 - 33,000 ft2 or 
6,100 cu yds

• Combined Area - 0.8 Acres



GROUNDWATER IMPACT

• On-site and OFF-SITE
• COCs – benzene and toluene
• CPCL - GWGWing

• RAL/CPCL - 0.005 mg/L 
(benzene)

• Impact Area - 180,000 ft2 or 4 
acres

• One Pore Volume - 5,000,000 
gallons (*based on initial data)



GROUNDWATER CHEMISTRY

Parameter

• DO
• ORP
• NO2/NO3

• Fe Iron
• Sulfate
• Methane
• Alkalinity
• pH
• Temp/Cond

Condition

reduced
reduced

low
elevated
reduced
elevated
elevated

6 to 8
20oC/1.25 (avg)

Natural Attenuation

(-) aerobic or (+) anaerobic
occurring

inconclusive
occurring
occurring
occurring
occurring
conducive
conducive



NATURAL ATTENUATION

If so, then why plume migration off-site?
Aerobic degradation is occurring but has been 
overwhelmed by high COC concentrations. Aerobic 
bacteria are likely dormant.  Anaerobic conditions are 
present but occurring at a much slower rate.

Solution:
Aerobic degradation is better for benzene destruction, 
therefore ENHANCE with additional DO.



REMEDIAL CONSTRAINTS

Physical/Regulatory Constraints:
– Site Access/Infrastructure (surface/subsurface piping)
– Air Emissions Control Type and Location                 

(PI-7, existing flare, other)
– Groundwater Effluent Disposal Type and Location   

(re-injection, thermal evaporation, TPDES)
– Landowner and Operator Agreement (access, deed 

recordation, continued production activities)

Schedule Constraints:
– 30 day - Interim Measure Installation
– 180 day - RAP Submittal



RAP REMEDIAL ALTERNATIVES
TRRP RAP Remedial Options

• PROBLEMATIC AND/OR EXTENTED RESPONSE TIME (>1 yr)

Excavate Soil - do not own property, limited work space, damage to assets, operations shutdown, D018 land 
band, incineration ($5 million)

OR
Soil Vapor Extraction (SVE) - pilot test failed because of tight upper soil and thin vadose zone ($600K + 7 
yrs)

AND
Pump and Treat – Elevated equipment, Treat a lot of water, emissions control (oxidizer, carbon), water 
disposal (no city sewer, 24/7 trucking, Thermal Evaporation, TPDES or re-injection), permits maybe 1 year ($1 
million + 7 yrs)

• COMPATABLE AND QUICK RESPONSE TIME (2 months)

Gas Infusion - (GW and Soil) bubble curtain (interim measure) and source curtain with well treatment.  Install 
2 inch wells, down hole equipment and gas cylinders, 6 mo response, on-site control ($200K in 4 yrs).

AND
Chemical Oxidation – (in-situ injection, i.e. Cool-OxTM peroxygen solution to field delineate COC impact and 
initially break COC bonds with slow release to excite biomass. Total plume then hot spots or curtain ($800K 
plus $400K =    $1.2 million in 2 yrs).

AND
Plume Management Zone/Monitoring/Institutional Cont rol – enhanced biodegradation, semi-annual 
sampling of attenuation monitoring wells, restrictive covenant for land use and GW access ($100K in 3yrs).

• GOALS and OBJECTIVES – Uninterrupted production, limited/short term obstr uction, minimum O&M, 
limit off-site liability and expedite removal from lease obligations.



GAS INFUSION

iSOC Technology
• An innovative bioremediation technology
• Accelerates natural attenuation
• Will infuse any gas into a liquid
• Supersaturates the groundwater with low 

decay gases
• Improve bacterial growth and rapid 

biodegradation of target pollutants
• Use as curtain to stop off-site plume 

migration
• Easily moved to new injection point or new 

site
• Installs in a few hours
• Will work in a 2-inch (51mm) monitoring 

well or larger
• Very low cost O&M technology
• Has no moving parts and does not require 

electricity



SOURCE AREA DELINEATION



PUMP HOUSE DELINEATION



TANK T-1 SOURCE DELINEATION



OCW SOURCE DELINEATION



SOIL RESPONSE - PH
SRA-6 

Surface and Subsurface Soil Benzene Concentrations
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SOIL RESPONSE – T1
SRA-3

Surface and Subsurface Soil Benzene Concentrations

1

10

100

1,000

10,000

100,000

1,000,000

10,000,000

1 1/14 /0 7

0 1/ 03 /0 8

0 2/22 /0 8

0 4/12 /0 8

0 6/01 /0 8

07/21 /0 8

0 9/ 09 /08

1 0/29 /0 8

1 2/18 /0 8

0 2/06 /0 9

Time

�
g

/k
g

 B
en

ze
n

e

A Benzene B Benzene

PCL A - Surface Soil       110,000 � g/kg
PCL B - Subsurface Soil  140,000 � g/kg

SRA-3
Heterotrophic Plate Count

1

10

100

1,000

10,000

100,000

1,000,000

0 2/22 /08

0 4/ 12 /0 8

0 6/01 /0 8

0 7/21 /0 8

0 9/ 09 /0 8

1 0/29 /0 8

1 2/18 /0 8

0 2/ 06 /0 9

Time

cf
u

/g

A HPC B HPC



GROUNDWATER IMPACT



iSOC® ONLY–PRE INJECTION



POST INJECTION – 2 WKS



POST INJECTION – 3 MOS



POST INJECTION – 6 MOS



POST INJECTION – 9 MOS



POST INJECTION – 12 MOS



POST INJECTION – 18 MOS



FINAL OBJECTIVES
• Soil Impact - reduce concentrations 

limiting additional COCs to GW.
• GW Impact – stable or shrinking, extent 

on-site within PMZ.
• Natural Attenuation – enhanced with 

increased DO from iSOC® system and 
Cool-Ox™ solution.

• Documented Objectives 3 Yrs = NFA
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