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EXECUT IVE  SUMMARY  

S&A Environmental Consultants, LLC and SCS Engineers have been contracted by the U.S. 

Army Corps of Engineers, Louisville District to develop Remedial Action Plans for three areas 

of concern (AOCs) at the former Lockbourne Air Force Base in Columbus, Ohio.  This RAP 

addresses AOC 3, which was used as a fueling and defueling station during the 1950s.  

Underground storage tanks at the AOC have been removed, but some piping, free product, and 

residual soil and groundwater contamination with petroleum hydrocarbons remain within the 

AOC.  The objectives of this remedial action plan are to remediate free product, soil, and 

groundwater at AOC 3 to the Ohio State Fire Marshall’s Bureau of Underground Storage Tank 

Regulations <0.01 foot recovery action level for free product and Soil Class 1 Non-Residential 

Action Levels for soil and groundwater.  

As part of the remedial technologies evaluation in 2012, eight remedial technologies were 

evaluated in the Remedial Technologies Evaluation Report, Petroleum Contamination of Soil 

and Groundwater at Former Underground Storage Tank Farms, Lockbourne Air Force Base, 

Columbus, Ohio, prepared October 9, 2012. The technologies were selected for their potential 

effectiveness in addressing free product and included natural source zone depletion, excavation, 

in situ soil mixing, multi-phase extraction, multi-phase extraction with heating, in situ chemical 

oxidation, surfactant enhanced free light nonaqueous phase liquid removal, and electrical 

resistance heating.   

Soil excavation with off-site disposal was selected as the remedial action for AOC 3 on the basis 

of combined effectiveness, implementability, and cost.  Excavation is a proven technology that 

will permanently remove free product and soil contaminated in concentrations above the action 

levels from the site in less than one year.  Disposal of the soil at a licensed disposal facility will 

provide containment or treatment and will minimize potential exposure to the contaminants.  

Excavation and transport are readily implementable using conventional construction equipment 

and other resources, and several licensed disposal facilities are located within 60 miles of the 

site.  Removal of water and free product and on-site treatment and discharge to the sanitary 

sewer are also conventional and readily implemented technologies. Costs are lower or similar to 

costs for other comparably effective alternatives. 

On the basis of the historical site data and the Tier 2 Evaluation, free product above the action 

level and concentrations of contaminants of concern in soil and groundwater above the 

applicable action levels are limited to the free product area (78,400 square feet).  The depth and 

thickness of the contaminated zone will likely vary over this area, but is assumed to be at most 

from 12 to 18 feet below the ground surface.  The quantity of contaminated soil within this area 

is estimated to be 17,500 cubic yards or 26,250 tons.  An additional 35,000 cubic yards of clean 

overburden will be excavated and stockpiled on site for use as backfill.  

The overall scope of the proposed remedial action includes work planning, mobilization, 

excavation and stockpiling of clean overburden, dewatering and on-site treatment and discharge 

of dewatering fluids, off-site recycling or treatment/disposal of separated light non-aqueous 

phase liquid, excavation of contaminated soil, off-site transportation of contaminated soil, 

disposal of contaminated soil at a licensed disposal facility, confirmation sampling, backfilling, 
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site restoration, and demobilization.  Work planning will include addressing in detail identified 

additional data needs, physical and legal access requirements, design, permitting and regulatory 

requirements, relocation of utilities, and sampling and monitoring requirements.   

A groundwater monitoring plan that includes installation of additional monitoring wells and four 

quarters of groundwater monitoring is included to demonstrate that the free product has been 

removed and that concentrations of the contaminants of concern in the groundwater remain 

below action levels in the free product area after the free product has been excavated.  
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1 .0  INTRODUCT ION  

S&A Environmental Consultants, LLC (S&A) and SCS Engineers (SCS) have been contracted 

by the U.S. Army Corps of Engineers (USACE), Louisville District (CELRL) to develop 

Remedial Action Plans (RAPs) for three areas of concern (AOCs) at the former Lockbourne Air 

Force Base (LAFB) in Columbus, Ohio.  This RAP addresses AOC 3, which was used as a 

fueling and defueling station during the 1950s.  Underground storage tanks (USTs) at the AOC 

have been removed, but some free product, piping, and residual soil and groundwater 

contamination with petroleum hydrocarbons remain within the AOC.  This plan has been 

prepared as specified in the CELRL Performance Work Statement (PWS) dated August 17, 2012 

(Ref.1) and in accordance with Ohio State Fire Marshall’s Bureau of Underground Storage Tank 

Regulations (BUSTR, Ref. 2).  

1 . 1  F OR M ER  L OC K B O U R N E  A I R  F OR C E  B A S E  S I T E  
D ES C R I P T I ON  A N D  H I S T OR Y  

The former LAFB is located in Franklin County, Ohio, south of the City of Columbus in the 

central portion of the state (Figure 1).  It began operation as the Lockbourne Army-Airfield in 

1942 on approximately 1,574 acres.  The base was used to train glider pilots during World War 

II.  In the early 1950s, the base was redesigned for use by jet bombers and eventually renamed 

LAFB.  By 1974 it had expanded to 4,400 acres and the name was changed to Rickenbacker Air 

Force Base (RAFB).  RAFB was closed in 1980 and the land divided.  Approximately half the 

property was licensed to the Ohio Air National Guard, and the remaining property was sold to 

the Rickenbacker Port Authority [now Columbus Regional Airport Authority (CRAA)] and 

private developers between 1980 and 1984.  In 1994 the remaining base was closed, and the 

property owned by CRAA became known as the Rickenbacker International Airport (Ref. 3). 

AOC 3 (Figure 2) served as a fueling and defueling operations for the larger planes used after the 

base was redesigned in the early 1950s.  It provided 400,000 gallons of underground fuel storage, 

as well as lesser storage capacity for defueling.  Contamination with petroleum hydrocarbons 

from jet fuel was documented during the UST removal activities at AOC 3, and multiple 

investigations have been performed to evaluate the extent of free product and petroleum 

hydrocarbons in soil and groundwater (Ref. 3).  According to the Monitored Natural Attenuation 

(MNA) Assessment (Ref.4), the free product consists of weathered light non-aqueous phase 

(LNAPL) jet fuel that has already been naturally depleted of much of the more mobile and 

readily degradable volatile organic compound (VOC) fraction.    

A BUSTR RAP (Ref. 5) was previously prepared for AOC 3 but was not approved because it did 

not address contaminated soil.  In addition, since that document was prepared, additional studies 

have been performed.  These include a Well Injection Depth Extraction (WIDE) Study (Ref. 6), 

the MNA Assessment (Ref. 4), and most recently a Remedial Technologies Evaluation (RTE, 

Ref. 7).  The RTE evaluated eight technologies intended to address free product and associated 

contaminated soil and groundwater. The technologies included natural source zone depletion 

(NSZD), excavation, in situ soil mixing (ISSM), multi-phase extraction (MPE), multi-phase 

extraction with heating (MPEH), in situ chemical oxidation (ISCO), surfactant enhanced LNAPL 

removal (SELR), and electrical resistance heating (ERH).  Free product recovery is ongoing in 
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selected monitoring wells at AOC 3, but only small volumes of free product have been recovered 

(Ref. 8).  

1 . 2  R EM ED I A L  A C T I O N  OB J EC T I V ES  

The selection of the remedial action objectives (RAOs) for AOC 3 is based on the Tier 2 

Evaluation report accepted by BUSTR (Refs. 9 and 10) and on subsequent evaluation of site 

conditions during the RTE.  The Tier 2 Evaluation determined free product to be present and 

recommended free product recovery and preparation of a RAP.  A previous RAP prepared for 

AOC 3 in November 2007 (Ref. 5) focused solely on LNAPL removal.  BUSTR did not approve 

the November 2007 RAP because it did not address contaminated soil or groundwater media.  

However, the review of the site conditions in the RTE report indicated that the heterogeneity of 

the subsurface conditions may limit free product recovery, leaving contaminants trapped or 

adsorbed in the soil matrix.  Therefore the remedial action objectives of this RAP are to 

remediate free product, soil, and groundwater at AOC 3 to applicable BUSTR action levels 

(ALs).  

     

Because of the variability of the subsurface soils and the presence of the LNAPL and the highest 

contaminant concentrations in the more permeable soil lenses, Class 1 soil has been selected as 

the applicable soil type for risk-based ALs for AOC 3.  Class 1 soil is defined as coarse grained 

soil with more than 50 percent of the material retained on a #200 sieve, and it includes gravel, 

sand, and sand with silt or clay fines. This approach to the soil classification is also consistent 

with the previous investigations submitted to BUSTR for AOC 3.   

 

According to the Tier 2 Evaluation, current and planned land use is non-residential, so exposure 

pathways to be evaluated include those affecting non-residential and excavation workers.  

Surface soil and surface water are not considered to be media of concern, so direct-contact with 

surface soil, non-residential and aquatic life and recreational exposure pathways to surface water 

are not complete (Ref. 9).  

 

The following soil exposure pathways were determined to be potentially complete:   

• Soil to indoor air – non-residential 

• Soil to outdoor air – non-residential 

• Soil to outdoor air – excavation worker 

• Soil to groundwater – non-drinking water 

• Soil direct contact – excavation worker 

 

With respect to the groundwater pathway, the following criteria apply: 

 

 There are no groundwater potable drinking wells within 1,500 feet of the former USTs. 

(Refer to well search information in Appendix A). 

 AOC 3 is not located within, or within 300 feet of, a Drinking Water Source Protection 

Area (Ref. 9). 

 AOC 3 is not located within a sensitive area.  
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 No surface water body is located within 300 feet of AOC 3. The nearest surface water 

body is Walnut Creek, which at the closest point is approximately one mile southeast of 

AOC 3 (Ref 3). 

 No potable wells are located within 300 feet of AOC 3 and 100% of the properties within 

300 feet have a municipal water source readily available (Ref. 9). 

 In the absence of property boundaries applicable to the AOCs and ordinances or other 

measures precluding use of the groundwater as a drinking water source, the default point 

of exposure (POE) of 300 feet from the source area is applicable to AOC 3.   

 

On the basis of the preceding analysis, the only groundwater exposure pathway that is potentially 

complete is groundwater to indoor air, non-residential, <15 feet
1
. 

 

The soil AL for each contaminant of concern (COC) was determined by identifying the lowest 

BUSTR AL for each of the identified pathways for soil Class 1.  Total petroleum hydrocarbons 

(TPH)-Light Distillate Fraction (LDF)
2
 and Middle Distillate Fraction (MDF) do not have 

exposure-pathway-based action levels, so the BUSTR-specified ALs were selected as the 

remedial action objectives for those compounds.  The BUSTR free product recovery 

(remediation) requirement has been included as the remedial action objective for LNAPL.  The 

resulting soil ALs for the COCs are included in Table 1.  The groundwater ALs for the COCs 

based on the specified groundwater exposure pathway are also included in Table 1.  

T a b l e  1 .  R e m e d i a l  A c t i o n  O b j e c t i v e s :                                    
S o i l  C l a s s  1 ,  N o n - R e s i d e n t i a l  

 Soil 
AL 

Groundwater 
AL 

Free Phase 
Liquid 

Compound (mg/kg) (mg/L)  

Benzene 6.50 26.8  

Toluene 760 2,510  

Ethylbenzene 2,480 6,180  

Xylenes 194 670  

Benzo(a)anthracene 1,000,000 4,170  

Benzo(a)pyrene 1,000,000 794  

Benzo(b)fluoranthene 1,000,000 421  

Benzo(k)fluoranthene 1,000,000 149,000  

Chrysene 1,000,000 44,700  

Dibenzo(a,h)anthracene 1,000,000 2,210  

Indeno(1,2,3-c,d)pyrene 1,000,000 12,600  

Naphthalene 632 359  

TPH-LDF 1,000   

                                                 
1 On the basis of analytical data, exposure resulting from deeper contamination is also possible, but the ALs based 
on exposure to contaminants at a shallower depth are lower.  
2 BUSTR uses TPH-LDF (C6-C12) and TPH-MDF (C10-C20) designations. These are comparable to TPH-gasoline range 
organics (GRO) and diesel range organics (DRO), respectively. TPH-GRO and DRO designations are used in the text 
of this plan where they were applied in previous investigations at the AOC. 
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 Soil 
AL 

Groundwater 
AL 

Free Phase 
Liquid 

TPH-MDF 2,000   

LNAPL   >0.01 foot 

Note:  

6.50 ALs highlighted in bold were exceeded during previous 
sampling events.  

   

1 . 3  P U R P OS E  O F  T H E  R E M ED I A L  A C T I ON  P LA N  

According to BUSTR, if remedial action is required, a RAP must be completed to select a 

method that will effectively achieve the appropriate ALs or site-specific target levels (SSTLs). 

This RAP has been prepared to select an appropriate remedial action to address free product and 

associated soil and groundwater contamination at AOC 3.  It has been prepared in accordance 

with the Ohio Administrative Code (OAC) 1301:7-9-13 and the BUSTR Technical Guidance 

Manual For Closure, Corrective Action, and Petroleum Contaminated Soil Rules, July 1, 2012, 

revised August 2012  (Ref. 2).  

 

1 . 4  R EM ED I A L  A C T I O N  P LA N  OR GA N I Z A T I ON  

The RAP consists of the following sections: 

 

 Section 1.0, Introduction, presents project background, the remedial action objectives, the 

RAP purpose, and the RAP organization. 

 

 Section 2.0, Site Conditions and AOC History, is a summary of relevant site-specific 

topography, surface water, geology and soils, and hydrogeology, as well as previous 

activities performed AOC 3.  The nature and extent of contamination at the AOC is 

summarized in this section. 

 

 Section 3.0, Evaluation of Remedial Alternatives, includes a review of innovative 

technologies evaluated; evaluation of the remedial action alternatives on the basis of 

reliability, effectiveness, cost and time needed for completion; and the rationale for the 

selected remedial alternative. 

 

 Section 4.0, Summary of the Selected Remedial Alternative, describes implementation of 

the selected remedial action including the area and media to be remediated, mobilization, 

construction implementation, and demobilization and site restoration.  

 

 Section 5.0, Implementation of the Selected Remedial Action, discusses additional data 

requirements, work planning, permitting and regulatory requirements, access 

requirements, sampling and monitoring, and the remedial action schedule.  

 

 Section 6.0, References, specifies the references used in preparing the report. 
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A list of acronyms is included at the end of the report, and the following information is included 

in the appendices: well search information, figures from previous reports, tables and figures from 

the MNA Assessment, properties of JP-4 jet fuel, technology evaluation tables from the RTE 

report, Ohio storm water construction general permit and notice of intent, treated water discharge 

application, example waste disposal application, and petroleum contaminated soil form.  
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2 .0  S I TE  CONDIT IONS  AND AOC H ISTORY  

This section presents physical conditions and the history of previous investigations at AOC 3.  

2 . 1  P H Y S I C A L  C ON D I T I ONS  

AOC 3 is relatively flat and grass-covered, with paved areas on the east and south portions. The 

surface elevations range from 751.9 feet above mean sea level (msl) on the northwest portion to 

735.9 feet msl on east.  The overall slope of the land surface is to the southeast toward Walnut 

Creek, which at the closest point is approximately one mile southeast of AOC 3.  

2.1.1 S u r f a c e  W a t e r  H y d r o l o g y  

Surface water flow on the former LAFB is controlled through an extensive storm drain network 

comprised of corrugated metal and concrete drainage pipes and open drainage ditches.  At AOC 

3, storm water inlets are located along the access road on the east side and in the parking lot to 

the south. Surface water from the LAFB storm water network discharges to Walnut Creek, which 

flows north to south and discharges to the Scioto River (Ref. 3). 

2.1.2 G e o l o g y  a n d  S o i l s  

There are approximately 250 to 350 feet of glacial drift beneath the former LAFB.  The glacial 

drift consists of unconsolidated, stratified and unstratified, clay, silt, sand, gravel, cobbles and 

boulders, which filled a pre-glacial bedrock valley.  The glacial drift generally includes 

approximately 80 feet of clay and silt, containing relatively thin layers of sand and gravel.  

Below this is a sand and gravel layer, approximately 50 to 100 feet thick, underlain by a silt and 

clay layer up to 60 feet thick.  Another sand and gravel layer, ranging from 50 to 100 feet thick, 

forms the base of the glacial drift.  Included in these glacial deposits are fragments of the 

underlying shale of the Ohio and Olentangy Formations and limestone of the Columbus and 

Delaware Formations.  These rock formations were formed during the Devonian Period (Ref. 3). 

Data collected during previous studies at the LAFB indicate the presence of two distinguishable 

glacial tills located within the upper 40 feet of soils beneath the former LAFB.  The uppermost 

(brown) till generally consists of a brown to gray, low plastic silty clay or clayey silt with 

scattered to abundant sand and gravel-sized particles.  Discontinuous sand and gravel layers vary 

from a few inches to several feet thick and occur near the surface to approximately 10 to 15 feet 

below the ground surface (bgs) at various locations within the study area.  The contact of the 

lower (gray) till was generally encountered within 15 feet of the ground surface and consisted of 

gray, low plastic, silty clay or clayey silt with scattered to abundant sand and gravel-sized 

particles.  Sand and gravel lenses in the lower till appeared to be thicker and more continuous 

than in the upper till (Ref. 3). 

2.1.3 H y d r o g e o l o g y  

Drinking water is supplied to the region by the City of Columbus public water supply system, 

which utilizes both surface water from reservoirs and groundwater from municipal wells.  

Pumping rates from 100 to 500 gallons per minute (gpm) of relatively good water quality are 
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common in wells in all but the northeast part of Franklin County.  Devonian and Silurian Period 

limestone and dolomitic limestone in the western half of the county and Pleistocene Epoch 

glacial sand and gravel deposits in the south-central and southeast part of the county are two of 

the major high-yielding aquifer types.  Sand and gravel deposits along the Scioto River, Walnut 

Creek, and Big Walnut Creek can yield as much as 1,000 gpm. 

Data collected during previous studies at the LAFB identified at least three water-bearing zones 

beneath the former LAFB.  The uppermost water-bearing zone is situated within poorly 

connected sand and gravel lenses found in the brown and gray till.  The middle and lower 

aquifers are situated within the thick sand and gravel layers.  Each of these sand and gravel 

layers is separated from the upper water-bearing zone by aquitards that consist of silty clay or 

clayey silt.  Available monitoring well and water supply well logs indicated that these aquitards 

are possibly continuous beneath the site (Ref. 3). 

The depth to groundwater measured in monitoring wells installed in the upper water-bearing 

zone in AOC 3 ranged from approximately 11 to 23 feet bgs during the Phase II RI (1998-2000) 

and from approximately six to 17 feet bgs during the Monitored Natural Attenuation (MNA) 

assessment (2009-2010).  The depth to groundwater measured in monitoring wells within the 

AOC 3 free product area (LMW-4, 8, 9, and 37) ranged from approximately 15 to 23 feet during 

the Phase II RI and 12 to 17 feet during the MNA assessment. Seasonal fluctuations in 

groundwater monitoring well elevations observed during the MNA assessment varied from 

approximately two feet to approximately nine feet within a single well at AOC 3. However, 

fluctuations observed in wells within the free product area only ranged from approximately two 

to four feet.  Despite variations in elevations, flow at AOC 3 appeared to be consistently inward 

along a trough located within the free product area during all the MNA assessment events. 

Groundwater velocities are expected to be low, as the hydraulic gradient of the site is relatively 

flat.  Groundwater recharge to the upper-water-bearing zone occurs through precipitation in the 

form of rain and snow.  Groundwater discharge from perched water in the upper water-bearing 

zone is assumed to occur horizontally through surface ditches and utility trenches when the 

groundwater table is relatively high and vertically by gradual leakage through the underlying 

aquitard to the lower aquifer (Ref. 3). 

The range of hydraulic conductivities (up to four orders of magnitude of variation) determined 

from slug tests performed during the Phase II RI on monitoring wells at AOC 3 reflect the 

heterogeneity of the shallow subsurface conditions and the highly discontinuous nature of the 

sand and gravel layers present in the glacial deposits at the site.  The average hydraulic 

conductivities calculated for AOC 3 ranged from 4.08 x 10
-4

 centimeters per second (cm/s) to 

2.08 x 10
-1

 cm/s (Ref. 3). 

  

2 . 2  S U MM A R Y  O F  P R I OR  I N V ES T I GA T I ONS  A T  A OC  3  

This section presents a summary of the scope of previous investigations and information 

gathered for AOC 3.  This summary is based on the references included in Section 6.0, which are 

noted as applicable.  Figures from previous reports showing the locations of former and existing 

site structures and the extent of free product and soil and groundwater contamination are 

included in Appendix B.  These figures are referenced as applicable. 
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In 1993, eight 50,000 gallon USTs that contained JP-4, one 25,000 gallon defueling tank, and 

one 2,000 gallon water/waste tank were removed.  Portions of the fuel lines were removed and 

the remaining lines plugged and abandoned in place.  The concrete anchors were left in place.  

(The former locations of the eight USTs, fuel lines, and other features are shown on Figure 4, 

Appendix B.)  Liquids were pumped from the excavation and disposed of off-site.  No other 

remediation was performed at that time due to budgetary/contract limitations, although soil 

contamination was observed (Ref. 3).   

In 1994, a Phase I RI was performed for buildings 1045 (AOC 3), 1055, 1062, and 1076.  As part 

of this investigation, six soil borings were drilled and one monitoring well was installed in the 

vicinity of AOC 3.  Soil and groundwater samples were collected and analyzed.  Numerous 

additional/supplemental field investigation programs were performed as part of the Phase I RI at 

AOC 3.  In 1996, 30 direct push borings were performed.  In 1998, 26 direct push boring were 

performed.  In 1998, six groundwater monitoring wells were installed.  In 1999, four additional 

borings were performed.  In 2000, six additional groundwater monitoring wells were installed 

(Ref. 3).  (The locations of AOC 3 borings and monitoring wells from this and subsequent 

investigations are shown on Figure 3, Appendix B.) 

In 1995, the Building 1045 hydrant pit fuel lines were defueled, cleaned, and closed in place.  

The field investigation program associated with this effort included 13 test borings that were 

drilled to characterize potential soil contamination.  Some contaminated soil was removed from 

an access pit and disposed of off-site (Ref. 3).   

In 1997, free product removal was initiated at well LMW-4.  In 1999, free product removal 

began at two additional wells, LMW-8 and LMW-9 (Ref. 3).  

In 1996, the Phase II RI began.  During the course of this investigation, approximately 103 soil 

samples were analyzed for benzene, toluene, ethyl benzene, and xylenes (BTEX) and TPH
3
.  The 

AOC was also scored using BUSTR Site Feature Scoring System (SFSS) in place at the time, 

which classified the AOC as a Category 2 site.  The results of the BTEX and TPH analyses of the 

soil samples were compared to BUSTR Category 2 action levels.  Twenty-six of the samples 

exceeded BUSTR Category 2 action levels for BTEX and/or TPH.  In general, on the basis of 

the analytical data, the average vertical extent of soils exceeding BUSTR action levels was 

considered to range from 12 to 18 feet bgs (Ref. 3). 

Thirteen monitoring wells were also installed in the vicinity of AOC 3 and sampled during the 

Phase II RI in December 1998.  The groundwater samples were analyzed for TPH-gasoline range 

organics (GRO), BTEX, VOCs, semi-volatile organic compounds (SVOCs), and total and 

dissolved Resource Conservation and Recovery Act (RCRA) metals.  Concentrations of benzene 

in four of the wells (LMW-4, LMW-8, LMW-9, and LMW-10) exceeded the BUSTR Category 2 

action level of 0.005 mg/L.  The groundwater plume above this level was considered to extend 

over 655,000 square feet centered on the former USTs (Ref. 3). 

                                                 
3
 Some samples collected during the Phase II RI were also analyzed for volatile organic compounds (VOCs) and 

polynuclear aromatic hydrocarbons (PAHs), which results were compared to EPA Region 9 Preliminary Remediation 
Goals. Since BUSTR is the applicable regulatory authority, and BTEX and TPH are representative of contamination on 
the AOCs, only those results are summarized in these discussions. 
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Soil and groundwater biofeasibility studies were also conducted during the Phase II RI at AOC 3.  

The Phase II RI report concluded that although there were several strains of bacteria present that 

were capable of biodegrading petroleum hydrocarbons, the numbers and growth rates of the 

bacterial strains were relatively low, which may indicate that the microbes are being stressed in 

their natural environment.  The report stated that the potential stress may be the result of one or 

more of the following factors: 

 Toxicity of the petroleum hydrocarbons to the aerobic bacteria. 

 Limited food substrate source (i.e., petroleum hydrocarbons). 

 Nutrient deficiency.  

 Anaerobic conditions prevalent due to the lack of dissolved oxygen in the groundwater 

(Ref. 3). 

Water quality parameters were also tested during the Phase II RI to evaluate whether conditions 

were suitable for natural attenuation of petroleum hydrocarbons and whether aerobic and/or 

anaerobic biodegradation are naturally occurring.  Temperature, pH, dissolved oxygen (DO), 

oxidation/reduction potential (ORP), ferrous iron, alkalinity, sulfate, nitrate, conductivity, and 

chloride were evaluated.  The results of the testing for these parameters appeared mixed with 

respect to biodegradation of contaminants at AOC 3.  According to the report, sulfate and ferric 

iron results suggested some anaerobic degradation in wells with higher contaminant 

concentrations, while DO results indicated very little aerobic degradation.  Alkalinity results 

indicated insignificant natural bioremediation, and ORP results suggested anaerobic/anoxic 

conditions in these wells (Ref. 3).   

Free product delineation during the Phase II RI using the USACE’s Site Characterization and 

Analysis Penetrometer System (SCAPS) laser induced fluorescence sensor estimated the free 

product plume (JP-4) to be 90,000 square feet with an average thickness of 1.5 feet at AOC 3 

(Ref. 3).  

A WIDE prototype was installed and operated at AOC 3 from October 2005 through early April 

2007.  The WIDE technology is a variation of dual-phase extraction.  The final report concluded 

that “the difficulty of achieving complete remediation at the test site arises mainly from the 

nature of the ‘wide cut’ JP-4 contamination as well as from complex entrapment of jet fuel in the 

heterogeneous subsurface profile with such entrapment being in saturated and unsaturated 

modes.”  (JP-4 is called a wide-cut fuel because it is produced from a broad distillation 

temperature range and contains a wide array of carbon chain-lengths, from 4 to 16 carbons long.)  

The report goes on to recommend that “in addition to extraction of jet fuel available to gradient-

induced flow, it seems that the approach to remediating the entrapped residual globules should 

encompass vapor and liquid extraction, air circulation for promoting mass transfer to gas phase, 

vapor extraction for removal of organic vapors, and bioventing (increase dissolved-oxygen 

concentration for subsurface microbial populations to degrade organic compounds)” (Ref. 6). 

In August 2007, a BUSTR Tier 2 Evaluation was performed for AOC 3 using existing 

information.  No additional field investigations were performed in support of the Tier 2 
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Evaluation report.  The Tier 2 Evaluation used default BUSTR ALs based on non-residential 

exposure pathways.    Benzene, xylenes, TPH-GRO, and/or TPH-diesel range organics (DRO) in 

soil (at SB-11, SB-29, SB-306, SB-307, WDP-601, WDP-603, and WDP-604) were detected 

above the ALs.  Benzene in groundwater (at monitoring wells LMW-8 and LMW-9) was 

detected above the delineation criterion (delineation criteria are the lowest BUSTR screening 

values).  However, free product was determined to be present
4
.  The Tier 2 Evaluation proposed 

continued free product removal, installation of additional sentinel groundwater monitoring wells, 

and preparation of a RAP (Ref. 9).  The Tier 2 Evaluation was accepted by BUSTR in September 

2007 (Ref. 10).  

In November 2007, a final RAP was prepared for AOC 3.  The RAP stated that remediation of 

free product in the area of AOC 3 would likely satisfy BUSTR remediation requirements and, 

therefore, focused on alternatives that address that issue.  The RAP included an evaluation of the 

extent of the free product using WIDE free product thickness data and the delineated surface area 

of the free product in the site’s subsurface.  Free product thickness within the free product zone 

was estimated at 0.25 feet over a 1.8 acre surface area with a soil porosity of 0.4 for an estimated 

volume of free product of 58,300 gallons of JP-4 (Ref. 5). A revised estimated free product 

volume of 35,200 gallons of JP-4 LNAPL at AOC 3 was calculated in the RTE Report issued in 

2012 (Ref. 7).  Figure 3, Appendix B shows the area of free product, while Figure 4, Appendix B 

shows existing and former underground utilities and fuel piping.   

The baseline alternative presented in the November 2007 RAP was skimming of free product 

from three groundwater monitoring wells, which was ongoing at the time the RAP was prepared.  

The RAP evaluated five alternatives (two with subsets), and recommended the WIDE 

technology, if expanded free product removal is desired (Ref. 5). 

BUSTR Free Product Recovery forms were submitted for AOC 3 in July 2013.  The report 

documented recovery of 395 gallons of free product at AOC 3 (five wells and WIDE pilot study) 

since free product was identified in 1994.  Tables showing monthly recovery quantities were 

provided for 2007 through June 2013, with a gap from July 2010 through March 2011.  The 

amount of free product measured in the five wells varied from zero to 2.9 feet over that period.  

No measurable free product was observed in LMW-8 and measurable product was only observed 

once in TB-02 (the two southernmost monitoring wells) from February 2008 through June 2013.  

The greatest thickness of product (2.9 feet) was observed in LMW-9 in December 2012 (Ref. 8).  

In 2009 and 2010, a MNA Assessment Investigation was performed that covered AOC 3, AOC 

8/9, and AOC 11.  Groundwater samples, along with free product samples (if present), were 

collected quarterly from selected wells in the three AOCs.  Twelve wells were sampled in the 

AOC 3 area, with two additional wells added later in the investigation.  None of the 

concentrations of COCs in the groundwater samples exceeded the project action limits, which 

were based on BUSTR groundwater to indoor air action levels for groundwater less than 15 feet 

bgs, non-residential, Soil Class 1. However, concentrations of benzene in five wells (LMW-04, 

LMW-08, LMW-09, TB-01, and TB-02 and naphthalene in two wells (LMW-04 and TB-01) 

within the free product area exceeded groundwater ingestion ALs.   

                                                 
4
 The referenced soil sample and groundwater sample locations are all within the free product area. 
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The groundwater quality data from the MNA Assessment were compared for wells located in the 

source area and further down the migration pathway.  The free product samples were analyzed 

and compared to fresh JP-4.  In general, the groundwater quality results showed that compounds 

consumed during degradation processes decreased in concentration away from the source area, 

and byproducts of the degradation increased in concentration away from the source area.  This 

indicated that natural attenuation was occurring.  The free product analyses confirmed that the 

JP-4 had been degraded.  The concentrations of the lighter, more easily degraded compounds had 

decreased.  The continued presence of the heavier compounds that are more resistant to 

degradation indicated that natural attenuation of these compounds would proceed more slowly.  

Data tables from the 2010 MNA Assessment, including groundwater elevations, free product 

thickness measurements, and LNAPL analytical results are included in Appendix C (Ref. 4).  

The results of the RTE (Ref. 7) for AOC 3 are discussed in Section 3: Evaluation of Remedial 

Alternatives. 

 

2 . 3  S U MM A R Y  O F  C H E M I C A L  C O N TA M I NA T I O N  
D OC U ME N TE D  A T  A O C  3  

2.3.1 S o u r c e s  

The sources of contamination at AOC 3 are presumed to be the (former) eight 50,000 gallon 

USTs and the associated 25,000 gallon defueling tank, 2,000 gallon water/waste tank, and fuel 

lines (Figure 4, Appendix B).  The tanks have been removed.  Some fuel lines were removed and 

some closed in place.  Tank installation details are not known for the 50,000 gallon tanks. 

However, a photograph of one of the tanks indicates that the diameter was approximately 12 feet. 

It is assumed that they were installed with the bottom of the tanks at depths ranging from 12 to at 

most 15 feet bgs.  

 

The predominant source of contamination appears to have been JP-4 jet fuel.  JP-4 is called a 

wide-cut fuel because it is produced from a broad distillation temperature range and contains a 

wide array of carbon chain-lengths, from 4 to 16 carbons long.  The composition of JP-4 is 

approximately 13% aromatic hydrocarbons, 1.0% olefin hydrocarbons, and 86% saturated 

hydrocarbons.  Paraffins and cycloparaffins are the major components.  The chemical and 

physical properties of JP-4 are summarized on the table in Appendix D from the Agency for 

Toxic Substances and Disease Registry (ATSDR) Toxicological Profile for Jet Fuels JP-4 and 

JP-7, June 1995 (Ref. 11). 
 

2.3.2 F r e e  P r o d u c t  

On the basis of the SCAPS data, the area of free product is as shown on Figure 3, Appendix B.  

According to the MNA Assessment, free product was encountered with thicknesses ranging from 

0.01 to 0.30 feet in AOC 3 (Ref. 4).  In the 2007 RAP, free product thickness within the free 

product zone was estimated at 0.25 feet over a 78,400 square feet surface area with a soil 

porosity of 0.4 for an estimated volume of free product of 58,300 gallons of JP-4 (Ref. 5).  A 

revised estimated free product volume of 35,000 gallons at AOC 3 was calculated in 2012 

(Ref.7). However, according to the June 2013 Free Product Recovery Reports, no measurable 

free product has been observed in monitoring well LMW-08 since October 2007, and measurable 
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free product has been observed in monitoring well TB-02 only once since February 2008 (0.12 

inches in April 2011.)  Total recovery since free product recovery began in 1994 is 395 gallons, 

including 384 gallons removed during the WIDE pilot study (Ref. 8).  Sand was the predominant 

soil identified at the free product interface, indicating that there is probably a strong correlation 

between the free product and the lenses of coarse-grained material observed at the site.  

On the basis of analyses of LNAPL from three wells in AOC 3, the 2010 MNA Assessment 

concludes that volatile and soluble compounds (BTEX) have been depleted from the free 

product, so that the remaining LNAPL is likely to be less susceptible to volatilization and 

solution and, hence, biodegradation.  The MNA Assessment also concludes that fluctuations 

observed in the groundwater elevations over time likely indicate that a smear zone of residual 

LNAPL may be present in the soil immediately above and below the mobile free product on the 

groundwater surface (Ref. 4). 

2.3.3 S o i l  C o n t a m i n a t i o n  

Soil contamination seems to be localized in association within the areas of free product. 

Applying the ALs identified in Section 1.2, concentrations of contaminants in only seven soil 

samples (from seven boring locations: SB-11, SB-29, SB-306, SB-307, WDP-601, WDP-603, 

and WDP-604) exceeded the ALs (Ref. 3).  All seven locations were within the area of free 

product as identified in the preceding section. In addition, the sample depths ranged from 12 to 

17 feet bgs, which indicates that they were probably within the LNAPL smear zone (or below the 

groundwater table).  Three of the samples exceeded the AL for benzene, three exceeded the AL 

for TPH-LDF, two exceeded the AL for xylenes, and one exceeded the AL for TPH-MDF.  

2.3.4 G r o u n d w a t e r  C o n t a m i n a t i o n  

Groundwater contamination also seems to be localized within the area of free product.  

According to data from the Tier 2 Evaluation and the MNA Assessment, the only contaminants 

detected above the lowest BUSTR ALs (ingestion) were detected in groundwater samples from 

wells within the free product area.  However, no contaminants were detected above the ALs 

identified in Section 1.2 (groundwater to indoor air, non-residential, <15 feet) in any of the 

monitoring wells within AOC 3.  The new building (Exhibit 01, Air Cargo Terminal #4, 

Appendix B) constructed south of AOC 3 is at least 150 feet at the nearest point from any well 

containing free product and approximately 300 feet from the location of the former USTs (source 

area).   
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3 .0  REMED IAL  ALTERNAT IVE S  

The evaluation of remedial alternatives is based on the RTE report (Ref. 7), which compared 

eight remedial technologies that could be used to address the fuel contamination present at AOCs 

3, 8/9, and 11.  Although cleanup of all media (i.e., soil, groundwater, free product, indoor air) to 

meet BUSTR requirements was the overall objective, the RTE focused on treatment of 

recalcitrant LNAPL at each of the AOCs and included seven innovative alternative technologies.  

This section provides a summary of the innovative alternative technologies, the results of the 

evaluation of all the alternatives, and the rationale for the selected program at AOC 3. 

 

3 . 1  I NN OV A T I V E  A L T E R NA T I V E  T EC H N O LO GI ES  

Innovative alternative technologies reviewed included natural source zone depletion (NSZD), in 

situ soil mixing (ISSM), multi-phase extraction (MPE), multi-phase extraction with heating 

(MPEH), in situ chemical oxidation (ISCO), surfactant enhanced LNAPL removal (SELR), and 

electrical resistance heating (ERH).  Each of these technologies is described in this section.  

3.1.1 N a t u r a l  S o u r c e  Z o n e  D e p l e t i o n  

NSZD is a combination of processes that naturally reduces the mass of LNAPL in the 

subsurface.  It occurs when certain processes act to (a) physically redistribute LNAPL 

components to the aqueous or gaseous phase and (b) biologically break down source zone 

components.  These processes include dissolution of LNAPL constituents into groundwater and 

volatilization of LNAPL constituents into the vadose zone.  In turn, LNAPL constituents 

dissolved to groundwater and volatilized to the vadose zone can be biodegraded by microbial 

and/or enzymatic activity.  Biodegradation rates depend on the type and availability of electron 

acceptors (oxygen, nitrate, sulfate, ferrous iron, manganese, and methane) in the subsurface soils 

and groundwater. Long-term monitoring of contaminant and biodegradation parameter 

concentrations in groundwater and soil gas is required to assess this technology. 

NSZD is significant because it occupies a position in the spectrum of remediation options that 

can be used as a basis for comparing the performance and relative benefit of other remediation 

options.  It is also significant because engineered remedial actions typically do not completely 

remove all LNAPL from soils, and NSZD may be useful to address the residual hydrocarbon. 

Although considerable data are required to evaluate the potential effectiveness of this technology 

and to monitor its continued performance, the costs of collecting these data will typically be less 

than costs to implement more aggressive technologies.  However, the presence of recalcitrant 

LNAPL and low groundwater flow conditions may limit the effectiveness of NSZD and increase 

the time to achieve remediation goals, and verification of depletion mechanisms will have to be 

established and demonstrated.  It is likely that with weathered JP-4 LNAPL, the rate of 

dissolution of the free product will be the limiting factor for NSZD.  In the RTE, NSZD served 

as a baseline for evaluating other technologies (Refs. 12 and 13).  

3.1.2 I n  S i t u  S o i l  M i x i n g  

ISSM is a construction technology for remediating contaminated soils.  Contaminated media is 

transformed through solidification and stabilization into durable, solid, low-hydraulic 
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conductivity material in order to reduce the rate of contaminant migration.  ISSM uses 

specialized hydraulically driven augers and mixing paddles to simultaneously drill and inject 

material.  The auger flights loosen the soil as they move through the subsurface allowing the 

soils to be mixed with the paddles.  The technique may be used to homogenize existing materials 

or to blend stabilizing material into the soil.  Typically some grout is required to facilitate mixing 

of existing soil material.  The homogenized material is then injected back out through the augers.  

Stabilizing additives may include slurries of bentonite, cement, lime, and other additives (e.g., 

fly ash and slag that change the composition/durability of the material).  ISSM creates individual 

columns of material, which can be overlapped to create walls or divided into block or grid 

patterns.  This technology is most effective at depths of up to 40 feet, but has been used at depths 

of up to 120 feet depending on subsurface soil characteristics.  For shallow applications with 

contaminated material depths of up to 20 feet, the area to be treated is typically divided into grid 

cells.  

There are several potential challenges related to ISSM. Removal of debris or underground 

obstructions must be conducted prior to treatment as they can limit drilling ability. VOC 

emissions may need to be treated. Because not all contaminants are destroyed or removed, long-

term stewardship may be required. ISSM requires surface access to all locations where soils are 

contaminated, which rules out its effective use if contamination underlies site structures (Refs 14 

and 15).   

3.1.3 M u l t i - p h a s e  E x t r a c t i o n  

The MPE process was developed for the remediation of LNAPL, aromatic VOCs, total 

petroleum hydrocarbons, and chlorinated VOCs in moderate permeability subsurface formations.  

The technology is meant to address contaminants in free-phase liquid, residual and sorbed 

phases, and vapors.  The process is a modification and combination of two conventional 

remediation technologies:  soil vapor extraction (SVE) and groundwater extraction.  

 

Traditional SVE is the process of stripping and extracting volatile compounds from the soil by 

inducing air flow through the soil.  Soil vapor flow is induced by applying a vacuum to 

extraction wells.  Generally, SVE is applied to soil above the groundwater table.   

 

Unlike SVE alone, MPE simultaneously extracts both liquid (groundwater and LNAPL) and soil 

vapor.  The groundwater table is lowered in order to dewater the saturated zone so that the SVE 

process can be applied to the newly exposed soil.  This allows volatile compounds adsorbed on 

the previously saturated soil to be stripped by the induced vapor flow and extracted.  The 

increased air movement through the unsaturated zone also increases oxygen content and 

enhances aerobic bioremediation.  The lowering of the water table also allows residual phase 

product trapped within the pore space of the previously saturated zone to coalesce into free phase 

liquid, allowing it to flow toward a recovery well, where a skimming pump may also be used to 

remove LNAPL.  MPE will often require treatment of the extracted groundwater and vapor at the 

surface prior to discharge.  LNAPL may also be collected separately for off-site disposal. 

 

The use of MPE is not suggested for sites with very high permeability and is better suited for 

soils with low to moderate permeability to reduce the risk of short-circuiting.  It is also not 
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recommended for use in soils with very low permeability because of a lack of secondary flow 

path.  When used at sites with low to moderate permeability, this system can potentially create a 

large radius of influence causing greater capture of the contaminant plume and reducing the need 

for extra wells (Refs. 16 and 17). 

 
3.1.4 M u l t i - p h a s e  E x t r a c t i o n  w i t h  H e a t i n g  

MPEH was developed for the remediation of LNAPL, aromatic VOCs, total petroleum 

hydrocarbons, and chlorinated VOCs in low to moderate permeability subsurface formations.  

The process is a modification of the conventional MPE system and is meant to address 

contaminants in free-phase liquid, residual and adsorbed phases, and vapor.   

 

The information provided in the previous summary for MPE also applies to MPE with heating.   

Heating is added to conventional MPE to increase the rate of recovery or the range of 

contaminants that can be recovered by the process.  Soil heating will volatilize higher molecular 

weight compounds that a traditional MPE system will not affect, will reduce the viscosity of 

free-phase and residual NAPL, and will increase chemical reaction rates for contaminant 

breakdown. 

 

The source of heat to implement this technology may be from Electrical Resistance Heating or 

from soil heating technologies such as steam injection, hot compressed air injection, thermal 

conduction heating, or radio-frequency heating.  The source of the required electrical power or 

waste heat from nearby utility or industrial applications is a critical consideration in application 

of this technology.  There is also the opportunity to use renewable energy sources such as solar 

to provide power for heating or to use waste heat from the MPE process equipment.   As for 

conventional MPE, the use of MPE with heating is not suggested for sites with very high 

permeability and is better suited for soils with low to moderate permeability to reduce the risk of 

short-circuiting.  It is also not recommended for use in soils with very low permeability because 

of a lack of secondary flow paths.  When used at sites with low to moderate permeability, this 

system can potentially create a large radius of influence causing greater capture of the 

contaminant plume and reducing the need for extra wells (Refs. 18, 19, and 20).  

 
3.1.5 I n  S i t u  C h e m i c a l  O x i d a t i o n  

ISCO employs the injection of chemical oxidants directly into the aquifer to react with and 

destroy dissolved-phase organic constituents.  ISCO is most commonly employed for the 

treatment of dissolved phase organic constituents and is usually employed as a source control 

measure for high concentration dissolved contaminants at or near the original release site.  With 

respect to petroleum constituents, which are comprised primarily of carbon and hydrogen, the 

oxidation products are carbon dioxide and water. 

Chemical oxidants commonly employed in ISCO include hydrogen peroxide, ozone, 

permanganates, and persulfates.  All of these compounds are potentially hazardous to human 

health and the environment.  They require careful handling to assure the safety of workers and 

the public.  It is also important to understand and control transport and reactions in the 

subsurface environment.  Hydrogen peroxide and ozone are fast-acting and short-lived oxidants, 

while permanganates and persulfates are employed in a slow-release form in situations that 
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require longer-term treatment.  Most oxidizing agents are relatively non-selective and will react 

with many organic materials and some inorganic materials.  The presence of high concentrations 

of naturally occurring organic materials and LNAPL will increase the oxidizing agent dose 

required for effective destruction and may decrease overall performance.  In addition, chemical 

oxidants are not miscible in NAPL, so contaminant oxidation occurs in the aqueous phase on 

dissolved contaminants.  Therefore, the solubility of the contaminant ultimately controls the rate 

of possible oxidation. 

Subsurface injection is generally performed using a network of permanent injection wells or 

temporary hydraulic probe injection points.  Pilot-scale testing may be required to evaluate the 

radius of influence and appropriate well spacing.  High pressure injection may be employed to 

increase the radius of influence and reduce the number of injection points.  Multiple applications 

are often required to meet remedial endpoints. 

Perhaps the greatest challenge in effectively employing ISCO is achieving effective oxidant 

delivery and contact with the target contaminants.  ISCO is most effectively employed in 

homogeneous, highly conductive (permeable) matrices.  The presence of low conductivity 

materials such as clays and non-homogeneous soils can reduce oxidant/contaminant contact, 

resulting in decreased ISCO effectiveness.  Subsurface structures and utility lines may create 

physical obstacles to injection or may be damaged by oxidizing compounds (Refs. 21 and 22). 

3.1.6 S u r f a c t a n t  E n h a n c e d  L N A P L  R e m o v a l  

SELR is a technique to remove nonaqueous phase liquids from the saturated zone using chemical 

surfactants to mobilize contaminants and allow recovery using conventional groundwater 

extraction.  Because SELR involves the introduction of a manufactured chemical to the 

environment to mobilize a known contaminant, the use of this technology requires a thorough 

understanding of the risks to receptors and a high degree of confidence in the physical 

containment of the contaminant plume during implementation. 

 

Surfactants are chemicals that are amphiphilic, meaning they have a polar end and a non-polar 

end.  These chemicals can also be classified as having a hydrophilic group and a hydrophobic 

group.  Because of this property, surfactants serve as a ‘bridge’ between polar (e.g., water) and 

non-polar (e.g., oil) liquids.  When surfactants are placed in an environment that has both polar 

and non-polar solvents, such as LNAPL (non-polar) mixed with groundwater (polar), they tend 

to migrate to the interfaces of the two different solvents and orient so that the polar group lies in 

water and the non-polar group lies in the non-polar solvent.  When this orientation occurs, the 

surface tension between the two solvents is lowered and allows the non-polar chemical to more 

easily move through the water, thus expediting the removal of the chemical from groundwater. 

 

There are three general classes of surfactants based on their dissociation in water: anionic, non-

ionic, and cationic.  Anionic surfactants have an anionic end, consisting of a negatively charged 

atom attached to a 12 to 18 carbon chain, and a cationic end.  The non-polar end of the chemical 

interacts with the non-polar solvent and the negatively charged anionic end forms a hydrogen 

bond with the water, helping to lower the surface tension between the two solvents.  Non-ionic 

surfactants do not ionize because their hydrophilic groups are of a non-dissociable type such as 
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alcohols, phenols, or esters.  Cationic surfactants are relatively rare because of the high cost of 

production.   

 

High to moderate permeabilities are necessary for surfactant enhanced LNAPL removal to be 

effective.  A pilot study will help to investigate system performance and cost feasibility prior to a 

full-scale implementation and to determine whether the gradients necessary for capturing the 

contaminant and surfactant fluids can be maintained for improved contaminant contact and 

recovery.   

  

The most common technique for the use of surfactants is a flooding configuration.  This involves 

the preparation of low viscosity surfactant solutions that is pumped through the contaminated 

zone.  The surfactant is put into the ground through up-gradient injection points and then 

removed down-gradient through extraction wells.  This technology will not address 

contamination that is present in the smear zone at an elevation above the water level (Refs. 23, 

24, and 25). 

3.1.7 E l e c t r i c a l  R e s i s t a n c e  H e a t i n g  

ERH is an intensive remediation process that uses the heat resulting from the resistance of soil to 

the flow of electricity to evaporate and release contaminants from soil and groundwater.  The 

resistance to electric flow by the soil causes the formation of heat resulting in increased 

temperatures until the boiling point of water is reached.  As the heat is applied, contaminants are 

volatilized and mobilized within the soil matrix.  The source of the required electrical power is a 

critical consideration in application of this technology. 

 

Once the contaminants have been volatilized they are more mobile and available for collection 

and treatment.  Collection of contaminants is typically accomplished using a vacuum system 

such as SVE, while treatment often consists of combustion to destroy the compounds.  

 

There are two types of ERH systems.  The first uses a three phase system with the electrodes 

arranged in a repeating triangle formation with each electrode giving off a different level of 

voltage.  The second ERH system is a six phase system arranged in a hexagonal pattern with a 

neutral electrode in the middle to absorb the electrical imbalances generated by the difference in 

soil resistance.  There is a possibility with the six phase ERH system that cold and hot spots will 

develop.  Therefore, it is recommended that these systems be used in small circular areas with a 

diameter less than 65 feet.  

 

ERH is adaptable to all soil types, as well as sedimentary bedrock, and is effective in both the 

vadose and saturated zones.  Having a lighter, more volatile, contaminant will also improve the 

effectiveness of this system.  Once the treatment is completed, the soil temperatures will remain 

elevated and over time will decrease to ambient temperatures.   

 

It should be noted that during the operation of ERH, “stray” voltages can appear outside of the 

electrode pattern.  These “stray” voltages can energize metallic objects that are in contact with 

the ground, resulting in significant safety issues.  Some ways to combat the safety issues are to 

limit access to the area through the use of wooden fencing.  Another necessary precaution is the 

installation of a grounding ring that is connected to any above ground equipment to eliminate 
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any electrical potential differences between components.  A wire mesh equipotential mat should 

also be placed over the electrified zone and be connected to the grounding ring to help eliminate 

the possibilities for step-touch potentials (Refs. 26, 27, and 28). 

3 . 2  E V A LU A T I ON  OF  A L L  A L T E R NA T I V ES  

In addition to the innovative alternative technologies discussed in the preceding section, 

excavation of contaminated soil was included in the alternative evaluation. The results of the 

evaluation of all the technologies at AOC 3 are summarized below and presented in more detail 

in the tables in Appendix E.   

 NSZD involves monitoring the physical and biological transformation of LNAPL over 

time.  Since the technology only requires drilling and sampling, implementability is high, 

and costs are relatively low.  However, this technology would not be effective in 

achieving remedial action objectives within a reasonable time due to slow dissolution of 

weathered LNAPL under heterogeneous subsurface conditions at AOC 3. 

 Excavation involves physical removal and off-site disposal of petroleum-contaminated 

soil and LNAPL petroleum fuels to the maximum depth of the free product smear zone.  

This technology is implementable, but costs would be high at AOC 3, because of the 

presence of above and below ground structures, utilities, and piping.  Costs would 

generally be moderate to high, and would increase if significant water management were 

required.  The effectiveness of this technology would be moderate to high, because free 

product and contaminated soil would be permanently removed.  

 ISSM involves in place mixing of soil with water and grout to the maximum depth of the 

free product smear zone.  This technology is implementable, but because of the presence 

of above and below ground structures, utilities, and piping that would have to be removed 

and relocated, costs would generally be high.  The effectiveness of this technology would 

be moderate.  Although free product and contaminated soil would be homogenized and 

solidified to minimize potential exposure and migration, contaminants would be left in 

place on the site and future land use would be restricted.  

 MPE combines free product recovery, groundwater extraction, and soil vapor extraction 

to remove LNAPL, contaminants dissolved in the groundwater, and volatile compounds 

trapped in the soil.  Since the technology only requires drilling, extraction, and treatment, 

implementability and costs are moderate.  However, effectiveness is uncertain.  Although 

free product reduction would probably meet remedial action objectives within a 

reasonable period of time, residual soil and groundwater contamination might remain 

because of the heterogeneous subsurface conditions and the presence of less soluble and 

volatile constituents in the weathered LNAPL.  

 MPEH adds heating to MPE to increase the rate and recovery and/or range of 

contaminants that can be extracted.  Installation of heating equipment increases the 

complexity of implementation over MPE.  Depending on the heating method, surface and 

subsurface obstructions and hazards may require removal or relocation.  Costs are 
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relatively high, unless a waste heat source is available.  Effectiveness is likely to be high, 

since heating will help to overcome the limitations associated with MPE alone.  

 ISCO involves injection of chemicals into the subsurface to oxidize dissolved-phase 

organic contaminants.  This technology was eliminated from consideration, because it is 

unlikely to be effective because of the slow dissolution of the weathered LNAPL and the 

difficulties of achieving contact between the oxidant and the contaminants under the 

heterogeneous subsurface conditions.   

 SELR involves injection of a surfactant into the subsurface to mobilize contaminants in 

free phase product and adsorbed to the soil matrix.  The mobilized contaminants are then 

extracted with the groundwater.  This technology was eliminated from consideration, 

because it is unlikely that the surfactant could be distributed effectively under the 

heterogeneous subsurface conditions.  

 ERH uses arrays of electrodes to create a concentrated flow of current that creates heat as 

a result of the resistance to the flow of electricity in the soil.  The heat volatilizes the 

contaminants, which are captured by vacuum extraction and piped to condenser.  

Implementation is somewhat complicated and energy requirements are high, resulting in 

high costs for this technology.  Surface and subsurface obstructions and hazards may 

require removal or relocation.  The effectiveness of this technology is high. 

3 . 3  R A T I ONA L E  F OR  S E L EC T ED  P R OG R A M  

Soil excavation with off-site disposal has been selected as the remedial action for AOC 3 on the 

basis of combined effectiveness, implementability, and cost.  Excavation is a proven technology 

that will permanently remove free product and associated soil and groundwater contaminated in 

concentrations above the ALs from the site in less than one year.  Treatment of contaminated 

groundwater entering the excavation will allow recovery of free product and removal or 

destruction of dissolved contaminants, which will minimize potential exposure to contaminants 

in the groundwater. Disposal of the soil at a licensed disposal facility will provide containment or 

treatment and will minimize potential exposure to the contaminants in the soil.  Pumping to 

remove LNAPL and groundwater, LNAPL recovery, groundwater treatment, and soil excavation 

and transport are readily implementable using conventional construction equipment and other 

resources, and several licensed disposal facilities are located within 60 miles of the former 

LAFB.  Costs are lower or similar to costs for other comparably effective alternatives (MPEH 

and ERH).    
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4 .0  SUMMARY OF THE  SE LEC TED  REMED IAL  ACT ION  

This section describes the area and media to be remediated and presents the conceptual design of 

the excavation remedial action.  A conceptual site model of the excavation remedial action is 

included in Figures 3 and 4.  The overall scope of the remedial action includes: 

 Mobilization 

 Excavation and stockpiling of clean overburden. 

 Dewatering of the excavation, and on-site separation of LNAPL, treatment and discharge 

of groundwater, recycling or disposal of separated LNAPL. 

 Excavation of contaminated soil. 

 Off-site transportation of contaminated soil. 

 Disposal of contaminated soil at a licensed disposal facility. 

 Backfilling. 

 Site Restoration 

 Demobilization 

Implementation items including access requirements (including removal and relocation of below-

ground utilities), additional data requirements, permitting and other regulatory requirements, 

design, sampling and monitoring, and the overall schedule are discussed in Section 5.0.  

4 . 1  A R EA  A ND  M ED I A  TO  B E  R EM ED I A T ED  

The media to be remediated include LNAPL (petroleum fuel free product) and petroleum fuel-

contaminated soil and groundwater.  On the basis of the historical site data and the Tier 2 

Evaluation, free product above the ALs and concentrations of COCs in soil and groundwater 

above the applicable ALs are limited to the free product area (78,400 square feet) shown on 

Figure 3, Appendix B.  The depth and thickness of the contaminated zone will likely vary over 

this area, but is assumed to be at most from 10 to 18 feet bgs based on soil sample analytical data 

from the Phase II RI and the Tier 2 Evaluation Report intervals.  The quantity of free product is 

estimated to be 35,000 gallons. The quantity of contaminated soil within this area is estimated to 

be 23,200 cubic yards or 34,800 tons.  (This is slightly more conservative than the volume 

estimated in the RTE, which used an average thickness based on the LNAPL smear zone.) 

However, soil will be removed as needed to meet the BUSTR ALs. An additional 35,000 cubic 

yards of clean overburden will be excavated and stockpiled on site for use as backfill
5
.  

                                                 
5 This volume does not include additional soil that might have to be excavated to provide safe excavation side 
slopes. This additional quantity may vary with site conditions and the contractor’s method of excavation.  
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4 . 2  M OB I L I Z A T I O N  

Personnel, equipment, and supplies will be mobilized to the site.  This will include installing 

temporary chain link fencing and setting up a field office, work zones, storage tanks, an on-site 

treatment system, if applicable, a storage area for excavated material to use for backfill, and a 

decontamination pad for equipment.  Equipment will be decontaminated before use on the site.  

To minimize water management, efforts will be made to implement excavation during drier 

portions of the year (summer and fall).  The boundaries of the free product areas will be staked 

during or prior to mobilization to provide a starting point for excavation of the contaminated soil. 

If it is not feasible to do this using measurements from site landmarks, a land surveyor will mark 

the free product area. 

4 . 3  C ONS TR U C T I ON  I MP L E ME N TA T I O N  

Once mobilization is complete, excavation will start in an unimproved area where contamination 

is likely.  The planned excavation depth will be defined by data from previous investigations, but 

will continue until the free product has been removed.  Uncontaminated overburden will be 

stockpiled for testing and use as backfill or for blending with wetter soil before transportation 

off-site.  Once the desired excavation depth has been reached, the excavation will progress 

laterally, adjusting the depth as needed to include only contaminated soil.   

Water that enters the excavation will be pumped to the on-site storage tanks.  On the basis of 

existing data, the water will have to be treated before being discharged to the sanitary sewer.  

Treatment requirements may vary, but will likely include oil/water separation, sedimentation, 

and carbon adsorption. The treated water will be sampled before discharge under a pretreatment 

agreement with the City of Columbus. Recovered free product will be transported off-site for 

recycling or treatment/disposal, contingent on the product characteristics.  

If feasible, contaminated soil will be pre-qualified for disposal, so that it may be placed directly 

into trucks that will haul the soil off-site for disposal. On the basis of existing data, the soil will 

be disposed of off-site as a special waste at a solid waste landfill or at a licensed bioremediation 

facility.  The nearest landfill is the Franklin County landfill, which is located approximately 10 

miles east of the former LAFB.  PETRO Cell operates a licensed bioremediation facility in 

Washington Courthouse, Ohio, approximately 45 miles south of the former LAFB. At the 

presumed soil quantity and 15 tons per load, this will require transportation of 1,750 truckloads.   

As the excavation proceeds, backfilling the previously excavated areas will be simultaneously 

occurring to minimize surface water infiltration, limit the size of the open excavation, minimize 

the clean soil stockpile, and stabilize excavation side walls.  Clean overburden soil will be 

stockpiled on site until chemical analysis confirms that the re-use ALs (Section 5.5.1) have not 

been exceeded and the soil is acceptable to be used as backfill.  Additional clean backfill from an 

off-site source will be brought to the site as needed.   Areas will not be backfilled until analytical 

results are obtained for soil excavation confirmation samples.  Backfill will be compacted to 

meet CRAA specifications. 

Berms will be constructed around the active excavation areas to minimize run-on and run-off, 

and other storm water best management practices (BMPs) such as silt fences will be 
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implemented to minimize erosion and storm water run-off from the AOC.  Water sprays or other 

dust suppression measures will be employed as needed to reduce dust generation during 

excavation, stockpiling and loading soil.  Stockpiles may be covered to minimize dust and/or 

runon/runoff. Temporary construction fencing will be placed around disturbed construction areas 

until the site is safe for the general public to access. 

Monitoring wells and former pipelines that were closed in place and associated anchors will be 

removed during excavation and recycled, if feasible, or disposed of at the landfill.  Concrete 

removed for excavation in the parking lot and access road will be recycled.  It is estimated that 

20,000 square feet of concrete will be removed and replaced.  

4 . 4  D E MOB I L I Z A T I ON  A ND  S I T E  R ES T OR A T I O N  

Demobilization will include removal of fencing, storage tanks, decontamination pads, and the 

field office.  Storm sewers, telephone line, electrical lines, water lines and other utilities will be 

re-installed, if they have not been permanently relocated.  The parking lot and roadway will be 

repaved with concrete to restore them to the original condition in accordance with CRAA 

specifications.  Site restoration will include final capping of previously vegetated areas with a 

two foot layer of soil capable of sustaining vegetative growth.  Once all major construction 

traffic has been eliminated from the site these areas will be seeded.  Storm water BMPs will be 

used to minimize erosion and sediment transport until vegetative growth is stabilized.  
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5 .0  IMPLEMENTAT ION OF  TH E  SELECTED  REMEDIAL  
ACT ION 

Implementation items including additional data, permitting and regulatory requirements, design, 

access, confirmation sampling, the monitoring plan, and other requirements are discussed in this 

section, along with the overall schedule for the remedial action. 

5 . 1  A D D I T I O NA L  D A T A  R EQU I R E M ENT S  

AOC 3 has been extensively investigated and, therefore, additional data requirements for 

excavation are relatively limited.  However, a few potential data gaps/uncertainties have been 

identified:  

 The rate of groundwater recharge needs to be evaluated to estimate water storage and 

treatment requirements.  It is likely that the groundwater recharge will be at a low rate 

based on the presumed heterogeneity of the subsurface and likely discontinuity of the 

granular lenses.  However, excavation of a test pit before implementing the full-scale 

remedial action would be helpful in assessing this.  Groundwater samples would be used 

to evaluate treatment/disposal requirements.  

 The soil, groundwater, and free product may need to be further characterized for disposal 

or treatment.  It will facilitate removal, if the soil can be characterized and accepted by 

the disposal facility before excavation begins. This will permit the excavated soil to be 

loaded directly into trucks for transport, rather than being stored on site while waiting for 

sample analysis and facility approval.  The characterization requirements will depend on 

the receiving facility and will be identified before the remedial action is implemented.  If 

existing data are insufficient for characterization, representative soil samples will be 

collected as needed within the free product areas before excavation of contaminated soil 

begins.  The number of samples and the chemical analyses will be as specified by the 

selected disposal facility to obtain approval for disposal of the soil as a special waste or 

for land treatment.  Groundwater and free product samples may be collected at the same 

time to further evaluate treatment requirements and free product recovery and 

characteristics. 

 The boundaries of the free product areas need to be marked and details concerning 

surface and subsurface structures in the target removal area need to be verified.  The 

estimated free product area will be staked during or prior to mobilization.  If it is not 

feasible to do this using measurements from site landmarks, a land surveyor will mark the 

free product area.  Telephone, water, storm sewer, sanitary sewer, jet fuel, and electrical 

lines within the proposed excavation area (Figure 4, Appendix B) will be located so that 

they may be disconnected, removed, and/or relocated, as appropriate, before excavation 

begins. 

A field investigation will be performed, as needed to provide the information identified above.  
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5 . 2  P LA N  D EV E L OP M E N T  (D E S I GN )  

This would involve the following planning phases: 

1. Field investigation.  This will involve collecting any additional information necessary to 

design the removal action, as specified in the preceding section. A work plan and health 

and safety plan will be prepared for the additional investigation.  

2. Design.  This will involve development of bid documents for the remedial action, 

including drawings and specifications. 

3. Contractor procurement. Bids will be solicited and a contractor selected to perform the 

remedial action. The contractor will provide details regarding proposed construction 

implementation.  

4. Coordination with CRAA. The implementation of the remedial action, including 

relocation of utilities, will be coordinated with CRAA to minimize disruption of airport 

activities.  

5 . 3  P ER M I T T I N G  A ND  R EG U LA T OR Y  R EQ U I R EM EN TS  

Permitting and regulatory requirements will include the following: 

 Public Notice.  BUSTR requires a public notice to be provided before implementing a 

remedial action
6
.  At a minimum, public notice must include notification to all adjacent 

property owners, all owners of properties impacted by the release, all properties impacted 

by the proposed RAP, and the unit of local government.  The time frame of the public 

notice is not specified, but it is assumed that a minimum of 30 days must be allowed for 

public comment.  AOC 3 is located within the Rickenbacker International Airport and is 

entirely surrounded by airport and commercial/industrial property uses.  The nearest 

residential areas are located approximately three quarters of a mile to the west and 

northwest of AOC 3.  Land use immediately north of the airport at AOC 3 includes three 

commercial or industrial buildings.  At a minimum, the owners of these properties and 

those immediately adjacent to the east, south, and west on the airport will be notified, as 

well as CRAA and the City of Columbus.  If sufficient public interest exists, or for any 

other reason, BUSTR may hold a public meeting to consider comments on the proposed 

RAP before approving it.  

 

 Ohio Environmental Protection Agency (EPA) National Pollutant Discharge Elimination 

System (NPDES) permit.  Since the area is larger than one acre, a Notice of Intent (NOI) 

application must be filed under the Ohio EPA NPDES General Permit for Discharges of 

Storm Water Associated with Construction Activity (OHC000004). The General Permit 

(current draft) and NOI are included in Appendix F. 

                                                 
6 However, the proposed remedial action (excavation) could be implemented as an Interim Remedial Action, which 
does not require a public notice. Therefore, the public notice requirement could be waived.  
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 City of Columbus Division of Sewerage and Drainage Industrial Wastewater 

Pretreatment Group permit for groundwater discharge.  If water will removed and 

discharged to the sanitary sewer, a formal letter requesting a permit to discharge 

groundwater from the excavation to the sanitary sewer must be submitted along with a 

Special Waste Evaluation Request Form.  Since pretreatment of the water will be 

required to meet the City discharge limits, a Permit to Install application and sampling of 

the treated water will also be required.  The applicable discharge applications are 

included in Appendix G.  

 Acceptance of soil for disposal
7
.  Approval must be obtained to dispose of the soil at a 

licensed disposal facility.  This will require submission of a special waste profile and 

analytical data to a landfill for approval or an application to accept contaminated soil and 

analytical data to a bioremediation facility.  An example of the documentation required 

by the Franklin County landfill and PETRO Cell is included in Appendix H. 

 Acceptance of free product for recovery or treatment. Approval must be obtained to 

dispose of free product at a licensed recycling or treatment facility. Analytical data will 

need to be provided to the disposal/treatment facility.   

 Petroleum Contaminated Soil (PCS) form. BUSTR assumes excavated soil is PCS unless 

analytical data prove otherwise.  Refer to Section 5.5 with respect to sampling soil for re-

use. On-site storage of PCS is limited to 180 days in storage containers or 120 days in 

stockpiles. A PCS form must be submitted within 10 days of on-site storage of PCS and 

also must be prepared for disposal of PCS at a licensed disposal facility.  The PCS form 

is included in Appendix I. 

 Occupational Health and Safety Act (OSHA). The contractor will prepare a health and 

safety plan and will comply with requirements of 29 Code of Federal Regulation (CFR) 

1910 and 1926. Safety considerations to be addressed during construction include slope 

stability and other excavation hazards, potential ignitability of free product, inhalation 

and direct contact with contaminants of concern, and heavy equipment operations. 

5 . 4  A C C ES S  R EQ U I R E M E NTS  

It is anticipated that the owner will readily provide legal access to the property.  AOC 3 is 

physically accessible by an access road to the north and east.  Since there will be considerable 

truck traffic, CRAA will need to be consulted with respect to the most appropriate access route. 

Excavation will disturb 20,000 square feet of paved surfaces.  This will temporarily reduce the 

only access to a nearby building to one lane and will reduce parking space for building 

occupants.  Depending on building occupancy at the time of the remedial action, a temporary 

access route may need to be established.  In addition, the time during which these areas are 

disturbed will need to be minimized. 

                                                 
7 It has been assumed that all soil will qualify for disposal as a special waste. If any soil is determined to be a 
Resource Conservation and Recovery Act (RCRA) hazardous waste, it will be managed and disposed of as such at a 
properly permitted facility. 
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The AOC does not contain any structures, but it does contain active utilities and overlaps a 

portion of a paved access road and parking lot.  Water, electric and telephone lines will be 

removed, disconnected, and/or replaced or relocated before excavation of contaminated soil is 

implemented.  Utility disconnect locations will be marked, if appropriate for future site 

development. 

5 . 5  S A MP L I N G  A ND  M O N I TOR I N G  

Sampling and monitoring will be required for waste characterization for disposal, to confirm 

removal of soil containing COC concentrations above action levels, to ensure concentrations in 

stockpiled overburden and backfill do not exceed re-use ALs, and to verify that LNAPL has been 

removed and that groundwater concentrations are below action levels following soil removal. 

This section summarizes the sampling and monitoring requirements, including the groundwater 

monitoring plan. 

It is not anticipated that ambient air monitoring will be required during the remedial action based 

on the type and concentration of contaminants anticipated and the moisture content of the soil in 

which the contaminants have been detected (below the smear zone).  Air monitoring will be 

conducted as required under the health and safety plan and will be used to evaluate whether 

ambient air monitoring is required. 

5.5.1 S a m p l i n g  D u r i n g  t h e  R e m e d i a l  A c t i o n  

A work plan will be prepared for the proposed sampling activities.  Sampling during the remedial 

action will include the following: 

 Groundwater sampling during field investigation or remedial action.  During the field 

investigation or during the remedial action, groundwater may be analyzed for VOCs and 

SVOCs, total suspended solids, oil and grease, and total organic carbon to evaluate 

treatment and disposal options. 

 Treated water sampling. The City of Columbus will require at least one sample of treated 

water to approve discharge to the sanitary sewers. Depending on the volume of water 

generated, additional samples may be required. Analytical requirements for groundwater 

contaminated with petroleum hydrocarbons include BTEX; hydrocarbons fats, oil and 

grease (FOG), pH, and lower explosive limit. Volume discharged must also be reported 

in gallons per day.  

 Soil characterization sampling.  This will be contingent upon disposal facility 

requirements.  According to 40 CFR 261.4(b)10, petroleum-contaminated media that fails 

the toxicity characteristic leaching procedure (TCLP) for wastes D018-D043, is exempt 

from management as a RCRA hazardous waste and is subject to 40 CFR Part 280 

corrective action.  This exemption does not include wastes identified as characteristic 

hazardous wastes on the basis of toxicity for metals.  No metals analyses were identified 

in the historical soil data. If additional characterization is required, it is proposed that the 

samples be collected in a preliminary field investigation, so that the waste may be pre-

approved for disposal. The samples would be collected at depths between 10 and 18 feet 
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bgs using a hydraulic probe.  The hydraulic probe might also be used to collect 

groundwater samples.  The types of analyses and the number of samples to be collected 

would be contingent on the disposal facility requirements. 

 Recovered free product characterization sampling. This will be contingent upon the 

disposal/recycling facility. Analytical requirements typically include BTEX and 

ignitability. The petroleum exemptions discussed in the preceding bullet would also apply 

to recovered product. On the basis of existing data, the free product is unlikely to be a 

RCRA characteristic hazardous waste on the basis of toxicity for metals. Recovered 

product could be a RCRA characteristic waste based on ignitability, if it is not recycled. 

 Stockpile sampling. BUSTR requires that excavated soil to be re-used as backfill must be 

sampled to evaluate whether re-use ALs are exceeded. Samples for field screening must 

be collected every 50 cubic yards, with sampling for laboratory analysis approximately 

every 100 cubic yards.  The stockpile volume will be estimated, and stockpile sampling 

conducted as specified in Section 4 of the BUSTR technical manual.  On the basis of the 

estimated volume to be stockpiled for re-use, approximately 700 samples will be required 

for field screening and 350 for laboratory analysis.  Re-use Action Levels are included in 

Table 2.  Samples will be analyzed for all the identified COCs, with the exception of 

methyl tertiary butyl ether (MTBE), which is not applicable to jet fuel.  

T a b l e  2 .  R e - u s e  A c t i o n  L e v e l s  

Chemical of Concern Re-use AL 

Benzene 0.015 

Toluene 4.910 

Ethylbenzene 4.550 

Xylenes 15.700 

Methyl tertiary butyl ether 0.047 

Benzo(a)anthracene 2.200 

Benzo(b)fluoranthene 5.530 

Benzo(k)fluoranthene 1.970 

Benzo(a)pyrene 1.100 

Chrysene 1.270 

Dibenzo(a,h)anthracene 0.940 

Indeno(1,2,3-cd)pyrene 0.150 

Naphthalene 3.980 

TPH (C6-12) 1,000 

TPH (C10-C20) 2,000 

TPH (C20-C34) 5,000 

 

 Backfill sampling.  Although not required by BUSTR, at least one soil sample will be 

collected from each off-site backfill source.  The sample will be analyzed for the same 

analytes as the stockpiled soil, and the results will be compared to the re-use action 

levels. 

 Soil confirmation sampling.  Soil samples will be collected on the sides and base of the 

excavation to confirm that COC concentrations are below the specified action levels. As 

required by BUSTR, samples for field screening will be collected from every 100 square 
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feet of the excavation walls and base. These samples will be biased towards areas of 

highest contamination. Since the soil volume will be greater than 400 cubic yards, only 

two samples from each excavation wall and the base of the excavation must be submitted 

for laboratory analysis.  However, because of the size of the excavation and the need to 

backfill as the excavation progresses, it is proposed that one sample be collected for 

every 40 by 40 foot grid on the base of the excavation and every 40 feet along the sides 

of the excavation for an estimated total of 65 samples.  The samples will be analyzed for 

BTEX and TPH-LDF and MDF. 

Sampling techniques specified in Appendix A of the BUSTR technical manual will be followed 

for field screening and soil confirmation sampling.  

5.5.2 G r o u n d w a t e r  M o n i t o r i n g  P l a n  

On the basis of the historical groundwater data and the proposed ALs, groundwater monitoring is 

necessary to demonstrate that measurable free product is no longer present within the free 

product area.  No modeling was conducted to establish SSTLs, and no contaminant 

concentrations in groundwater in any of the monitoring wells previously exceeded the ALs in 

Section 1.2.   A period of groundwater monitoring will be required to demonstrate that the free 

product has been removed and that concentrations of the COCs in the groundwater remain below 

ALs in the free product area after the free product has been excavated.  As discussed in Section 

1.2, the point of exposure (POE) is located 300 feet from the former UST area, but is not 

considered relevant to the monitoring plan, since contaminant concentrations in groundwater 

have not previously exceeded the ALs. The proposed monitoring wells (points of demonstration) 

are located within the former source area and between the source area and the POE in all 

directions. 

5.5.2.1 Monitoring Well Installation 

Since the monitoring wells within the free product area will be removed during excavation, new 

monitoring wells will be installed within the former free product area.  The borings will be 

drilled with hollow stem augers and continuously sampled, and the wells will be installed and 

constructed in the same manner as existing monitoring wells at AOC 3 and in accordance with 

Appendix A of the BUSTR technical manual.  The number and location of these wells will be 

determined once the excavation has been completed and the actual extent is known. A minimum 

of three new wells will be installed based on the proposed area of excavation and the number of 

wells where free product in excess of 0.01 foot has been observed since 2007.  The well 

locations and elevations will be surveyed before sampling, and the survey will be tied into 

existing site survey data. 

5.5.2.2 Groundwater Sampling 

The new wells and six existing monitoring wells (LMW-7, LMW-38, LMW-37, LMW-33, 

LMW-36, and LMW-35, assuming these wells are not removed during excavation) will be 

monitored quarterly for one year to demonstrate that free product has been removed and 

concentrations in groundwater remain below ALs. All the wells will be developed at least 24 

hours before the first sampling event.  Water levels and free product thickness, if present, will be 

measured using an oil/water interface probe before sampling each well during each sampling 
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event.  Purging and sampling will be conducted using low-flow sampling procedures.  Dedicated 

equipment will be used to the extent possible at each well, and other equipment will 

decontaminated between wells.  Development, purge, and decontamination fluids will be 

containerized in 55-gallon drums and disposed of properly once analytical data have been 

received. 

Groundwater samples will be shipped under chain of custody by overnight courier to a laboratory 

accredited in accordance with BUSTR requirements.  The groundwater samples will be analyzed 

for BTEX, PAHs, and TPH-LDF and MDF. Well development, purging, sample procedures, 

sample preservation and management, and record keeping will conform to the requirements of 

Appendix A of the BUSTR technical manual.    

5.5.2.3 Quality Assurance/Quality Control 

A quality assurance project plan will be prepared for the groundwater monitoring in accordance 

with the Uniform Federal Policy for Quality Assurance Project Plans, EPA-5050B004-900A 

and DTIC ADA 427785, March 2005. Quality control samples will include trip blanks, 

equipment blanks, and duplicates. 

 
5.5.2.4 Termination and Completion Report 

If at the end of four quarters of monitoring free product and concentrations of COCs have 

remained below the proposed AL, a completion report will be prepared and submitted within 90 

days of receipt of the analytical results from the last sampling event. The completion report will 

present the well installation and the results of all the sampling events.  It will include boring and 

well construction logs, laboratory data, well development documentation, low-flow purging field 

measurements, and other field documentation.  Following BUSTR acceptance of the monitoring 

results, the wells will be sealed in accordance with the Ohio Environmental Protection Agency 

Water Well Standards OAC 3745-9. 

 

5 . 6  R EM ED I A L  A C T I O N  S C H ED U L E  A N D  P R O JE C T ED  
R EM ED I A T I O N  C O MP L ET I O N  D A TE  

A project involving removal of 17,500 cubic yards of contaminated soil and stockpiling of an 

additional 35,000 cubic yards of soil will take six to nine months to complete on site. Table 3 

presents a generic outline of the time to complete various tasks.  

T a b l e  3 .  R e m e d i a l  A c t i o n  S c h e d u l e  

Task Months from  
Notice to Proceed 

Prepare Bid Documents 6 

Receive and Review Bids 9 

Prepare Construction/Sampling 
Planning Documents 

15 

Public Notice 16 

Investigation/Mobilization 17 
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Task Months from  
Notice to Proceed 

Construction Completion 26 

Site Restoration/Monitoring 41 

 

The projected project completion date is June 2017, if work begins in January 2014.  
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ACRONYMS AND ABBREV I AT IONS  

AL Action Level 

AOC Area of Concern 

ATSDR Agency for Toxic Substances and Disease Registry  

bgs Below Ground Surface 

BMP Best Management Practice 

BTEX Benzene, Toluene, Ethyl benzene, and Xylenes 

BUSTR Bureau of Underground Storage Tank Regulations 

CELRL Louisville District U.S. Army Corps of Engineers 

CFR Code of Federal Regulations 

cm/s Centimeters per Second 

COC Contaminant of Concern 

CRAA Columbus Regional Airport Authority 

CSM Conceptual Site Model 

DNAPL Dense Nonaqueous Phase Liquid 

DO Dissolved Oxygen 

DRO Diesel Range Organics 

EA Environmental Assessment 

EPA Environmental Protection Agency 

ERH Electrical Resistance Heating 

FOG Fats, Oil, and Grease 

gpm Gallons per Minute 

GRO Gasoline Range Organics 

ISCO In-Situ Chemical Oxidation 

ISSM In-Situ Soil Mixing 

LAFB Lockbourne Air Force Base 

LDF Light Distillate Fraction 

LNAPL Light Nonaqueous Phase Liquid 

LLC Limited Liability Company 

MDF Middle Distillate Fraction 

MNA Monitored Natural Attenuation Assessment 

MPE Multi-Phase Extraction 

MPEH Multi-Phase Extraction with Heating 

msl mean sea level 

MTBE Methyl Tert-Butyl Ether 

NPDES National Pollutant Discharge Elimination Systems Permit 

NSZD Natural Source Zone Depletion 

NOI Notice of Intent 

OAC Ohio Administrative Code 

ORP Oxidation/Reduction Potential 

OSHA Occupational Safety and Health Administration 

PAH Polynuclear Aromatic Hydrocarbon 

PCS Petroleum Contaminated Soil 

PID Photo-Ionization Detector 

POE Point of Exposure 
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PWS Performance Work Statement 

RAFB Rickenbacker Air Force Base 

RAO Remedial Action Objective 

RAP Remedial Action Plan 

RCRA Resource Conservation and Recovery Act 

RI Remedial Investigation 

RTE Remedial Technology Evaluation 

S&A S&A Environmental Consultants, LLC 

SCAPS Site Characterization and Analysis Penetrometer System 

SCS SCS Engineers 

SELR Surfactant Enhanced LNAPL Removal 

SFSS Site Feature Scoring System 

SSTLs Site-Specific Target Levels 

SVE Soil Vapor Extraction 

SVOC Semi-Volatile Organic Compound 

TCLP Toxicity Characteristic Leaching Procedure 

TPH Total Petroleum Hydrocarbons 

USACE United States Army Corps of Engineers 

UST Underground Storage Tank 

VOCs Volatile Organic Compounds 

WIDE Well Injection Depth Extraction 
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We l l  S e a r c h  I n f o rma t i o n  
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1
1

2482dae
Callout
Knapp Well

2482dae
Callout
Air Haven Motel Well

2482dae
Callout
Five1942 LAFB Wells

2482dae
Callout
Gearhart Well (6659 Alum Creek)

2482dae
Text Box
Nearest Wells to Former Lockbourne Air Force Base Areas of Concern 
(Excluding Monitoring Wells)

2482dae
Line

2482dae
Text Box
___________~1500 Feet











WELL LOG 
NUMBER

HOUSE 
NO. STREET NAME

OWNER'S 
FIRST 
NAME

OWNER'S LAST 
NAME COUNTY TOWNSHIP LATITUDE LONGITUDE

TOTAL 
DEPTH

CASE 
LENGTH

SCREEN 
LENGTH

SCREEN 
DIAMETER TEST RATE

STATIC 
WATER 
LEVEL

AQUIFER 
TYPE Notes

396521 6505 ALUM CREEK GEL MELREGON FRANKLIN MADISON 39.83513 ‐82.93383 110 110 12 41 GRAVEL North of Hwy 665(317)

1009479 6515 ALUM CREEK PAUL GRAVES FRANKLIN MADISON 39.8354 ‐82.934283 85 85 2 100 12
SAND & 
GRAVEL North of Hwy 665(317)

765401 6543 ALUM CREEK CERTIFIED OIL FRANKLIN MADISON 39.83451 ‐82.93389 111 10 20 21
SAND & 
GRAVEL North of Hwy 665(317)

848930 6659 ALUM CREEK ORA GEARHART FRANKLIN MADISON 39.83241 ‐82.93405 107 97 50 35
SAND & 
GRAVEL North of Hwy 665(317)

2018015 7400 ALUM CREEK RICKENBACKER AIR FRANKLIN MADISON 39.81841 ‐82.93232 26 21 5 2 26
SAND & 
GRAVEL Monitoring Well

2018016 7400 ALUM CREEK
RICKENBACKER AIR 
NAT FRANKLIN MADISON 39.81841 ‐82.93232 30 26.5 5 2 30

SAND & 
GRAVEL Monitoring Well

2018018 7400 ALUM CREEK
RICKENBACKER AIR 
NAT FRANKLIN MADISON 39.81841 ‐82.93232 16 12.5 5 2 16

SAND & 
GRAVEL Monitoring Well

2018019 7400 ALUM CREEK
RICKENBACKER AIR 
NAT FRANKLIN MADISON 39.81841 ‐82.93232 15.5 10.5 5 2 15.5

SAND & 
GRAVEL Monitoring Well

976276 7500 ALUM CREEK
RICKENBACKER 
AFCEE FRANKLIN MADISON 20 10 10 GRAVEL Monitoring Well

976327 7500 ALUM CREEK
RICKENBACHER 
ANGB FRANKLIN MADISON 20 10 10 GRAVEL Monitoring Well

976328 7500 ALUM CREEK
RICKENBACKER 
ANGB FRANKLIN MADISON 20 10 10 GRAVEL Monitoring Well

976329 7500 ALUM CREEK
RICKENBACKER 
ANGB FRANKLIN MADISON 20 10 10 GRAVEL Monitoring Well

257475 ALUM CREEK AL LIPPERT FRANKLIN MADISON 154 154 10 25
SAND & 
GRAVEL

West of Alum Creek and 
North of 665

257487 ALUM CREEK DON MCRAY FRANKLIN MADISON 32 32 8 17
SAND & 
GRAVEL

West of Alum Creek and 
North of 665

284771 ALUM CREEK DON MCRAY FRANKLIN MADISON 48 48 8 22
SAND & 
GRAVEL

West of Alum Creek and 
North of 665

284772 ALUM CREEK DON MCRAY FRANKLIN MADISON 84 84 10 26
SAND & 
GRAVEL

West of Alum Creek and 
North of 665

382484 ALUM CREEK N ARCHER FRANKLIN MADISON 170 0 SHALE
West of Alum Creek and 
North of 665

382485 ALUM CREEK N ARCHER FRANKLIN MADISON 999 73 8 30
West of Alum Creek and 
North of 665

407037 ALUM CREEK DON BOTTOMS FRANKLIN MADISON 138 138 15 35
SAND & 
GRAVEL

West of Alum Creek and 
North of 665

443820 ALUM CREEK E DE BOARD FRANKLIN MADISON 83 83 12 50
SAND & 
GRAVEL

West of Alum Creek and 
North of 665

443836 ALUM CREEK EVERETT DEBOARD FRANKLIN MADISON 123 123 18 40
SAND & 
GRAVEL

West of Alum Creek and 
North of 665

443848 ALUM CREEK EVERETT DE BOARD FRANKLIN MADISON 91 91 10 50
SAND & 
GRAVEL

West of Alum Creek and 
North of 665

490881 ALUM CREEK
DALE DEBOARD 
BUILDER FRANKLIN MADISON 38 38 16 16

SAND & 
GRAVEL

West of Alum Creek and 
North of 665



WELL LOG 
NUMBER

HOUSE 
NO. STREET NAME

OWNER'S 
FIRST 
NAME

OWNER'S LAST 
NAME COUNTY TOWNSHIP LATITUDE LONGITUDE

TOTAL 
DEPTH

CASE 
LENGTH

SCREEN 
LENGTH

SCREEN 
DIAMETER TEST RATE

STATIC 
WATER 
LEVEL

AQUIFER 
TYPE Notes

490887 ALUM CREEK
DALE DEBOARD 
BUILDER FRANKLIN MADISON 98 98 7 42

SAND & 
GRAVEL

West of Alum Creek and 
North of 665

490894 ALUM CREEK
DALE DEBOARD 
BUILDER FRANKLIN MADISON 123 123 16 42

SAND & 
GRAVEL

West of Alum Creek and 
North of 665

994498 ALUM CREEK MCNALLY/KIEWIT FRANKLIN MADISON 82 86 1001 16 Not in area (far north)

400043 3050
LONDON‐
GROVEPORT AIR HAVEN MOTEL FRANKLIN MADISON 39.830595 ‐82.931839 48 49 30 19

SAND & 
GRAVEL

East of Alum Creek and 
North of London‐
Groveport Road

728632 3310
LONDON‐
GROVEPORT LARRY CONKEL FRANKLIN MADISON 39.83968 ‐82.91041 33 33 10 15

SAND & 
GRAVEL Too far east

716735
LONDON‐
GROVEPORT

RICKENBACKER 
PORT AU FRANKLIN MADISON 21 10

GRAVEL & 
CLAY Monitoring Well

716736
LONDON‐
GROVEPORT

RICKENBACKER 
PORT AU FRANKLIN MADISON 17 7 CLAY Monitoring Well

716737
LONDON‐
GROVEPORT

RICKENBACKER 
PORT AU FRANKLIN MADISON 17 7 GRAVEL Monitoring Well

716738
LONDON‐
GROVEPORT

RICKENBACKER 
PORT AU FRANKLIN MADISON 17 7 VOID Monitoring Well
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TABLE 4-2
WATER LEVELS AND GROUNDWATER ELEVATIONS

FORMER LOCKBOURNE AIR FORCE BASE, FRANKLIN COUNTY, OHIO

Depth to Water
(feet BTOC)

Water Level Elevation 
(feet Above MSL)

Well ID Round 1 Round 2 Round 3 Round 4 Round 1 Round 2 Round 3 Round 4

LMW-04 (W) 738.92 16.70 16.52 16.52 14.08 722.22 (722.31) 722.40 (722.41) 722.40 (722.42) 724.84 (724.97)
LMW-04 (FP) 738.92 16.59 16.51 16.50 13.92 722.33 722.41 722.42 725.00

LMW-07 738.7 13.70 14.35 13.72 10.86 725.00 724.35 724.98 727.84
LMW-08 740.16 15.31 15.90 14.60 12.31 724.85 724.26 725.56 727.85

LMW-09 (W) 739.29 16.37 16.17 15.23 13.55 722.92 (723.07) 723.12 (723.14) 724.06 (724.63) 725.74 (725.85)
LMW-09 (FP) 739.29 16.18 16.15 15.11 13.41 723.11 723.14 724.18 725.88

LMW-10 738.33 14.85 15.59 15.08 12.23 723.48 722.74 723.25 726.10
LMW-11 736.44 12.27 13.33 12.57 8.94 724.17 723.11 723.87 727.50
LMW-12 734.21 9.10 9.48 8.50 5.83 725.11 724.73 725.71 728.38
LMW-33 741.93 16.31 17.17 16.35 12.56 725.62 724.76 725.58 729.37
LMW-34 740.56 13.95 14.77 12.80 5.66 726.61 725.79 727.76 734.90
LMW-35 738.02 14.41 14.91 14.78 11.81 723.61 723.11 723.24 726.21
LMW-36 740.68 15.65 16.30 14.82 11.50 725.03 724.38 725.86 729.18
LMW-37 739.85 14.93 15.67 14.77 11.85 724.92 724.18 725.08 728.00
LMW-381 738.56 N/A N/A N/A N/A N/A N/A N/A N/A
TB-01 (W) 738.79 N/A N/A 15.62 13.44 N/A N/A 723.17 (723.19) 725.35 (725.59)
TB-01 (FP) 738.79 N/A N/A 15.61 13.14 N/A N/A 723.18 725.65

TB-02 738.63 N/A N/A 15.55 13.45 N/A N/A 723.08 725.18

LMW-03 745.14 10.64 12.45 10.35 7.48 734.50 732.69 734.79 737.66
LMW-13 742.19 11.71 12.61 11.05 9.83 730.48 729.58 731.14 732.36
LMW-14 743.60 12.95 13.61 12.03 9.67 730.65 729.99 731.57 733.93
LMW-15 741.80 7.87 11.60 5.63 5.58 733.93 730.20 736.17 736.22
LMW-16 739.97 9.02 10.63 7.85 5.81 730.95 729.34 732.12 734.16
LMW-17 741.70 9.88 11.18 7.93 6.10 731.82 730.52 733.77 735.60
LMW-18 739.78 6.30 7.82 2.20 2.40 733.48 731.96 737.58 737.38
LMW-39 741.41 3.95 8.55 4.42 1.04 737.46 732.86 736.99 740.37
LMW-40 744.66 6.98 7.43 6.55 3.75 737.68 737.23 738.11 740.91

LMW-H9 (W) 742.40 N/A N/A 11.21 16.97 N/A N/A 731.19 (731.25) 725.43 (725.61)
LMW-H9 (FP) 742.40 N/A N/A 11.13 16.75 N/A N/A 731.27 725.65

Top of Casing
Elevation

(feet above MSL)

AOC 8/9

AOC 3
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TABLE 4-2
WATER LEVELS AND GROUNDWATER ELEVATIONS

FORMER LOCKBOURNE AIR FORCE BASE, FRANKLIN COUNTY, OHIO

Depth to Water
(feet BTOC)

Water Level Elevation 
(feet Above MSL)

Well ID Round 1 Round 2 Round 3 Round 4 Round 1 Round 2 Round 3 Round 4

Top of Casing
Elevation

(feet above MSL)

LMW-23 739.62 8.92 9.03 8.58 7.33 730.70 730.59 731.04 732.29
LMW-24 739.00 12.48 13.38 12.84 11.61 726.52 725.62 726.16 727.39
LMW-25 739.06 10.74 10.84 10.45 9.05 728.32 728.22 728.61 730.01
LMW-32 738.17 10.00 9.71 9.49 8.34 728.17 728.46 728.68 729.83

LMW-41 (W) 739.61 14.47 13.79 14.66 13.95 725.14 (725.20) 725.82 (725.89) 724.95 (725.11) 725.66
LMW-41 (FP) 739.61 14.40 13.70 14.46 N/A 725.21 725.91 725.15 N/A

LMW-42 739.42 13.64 13.70 13.42 13.43 725.78 725.72 726.00 725.99
LMW-43 (W) 739.77 13.89 15.11 15.49 14.55 725.88 724.66 (724.78) 724.28 (724.30) 725.22
LMW-43 (FP) 739.77 N/A 15.00 15.46 N/A N/A 724.77 724.31 N/A

LMW-46 740.15 11.53 11.96 10.98 9.66 728.62 728.19 729.17 730.49

Round 1 Round 2 Round 3 Round 4
LMW-04 Free Product Thickness (feet) 0.11 0.01 0.02 0.16
LMW-09 Free Product Thickness (feet) 0.19 0.02 0.12 0.14
LMW-41 Free Product Thickness (feet) 0.07 0.09 0.20 N/A
LMW-43 Free Product Thickness (feet) N/A 0.11 0.03 N/A
TB-01 Free Product Thickness (feet) N/A N/A 0.01 0.30
LMW-H9 Free Product Thickness (feet) N/A N/A 0.08 0.22

Notes:
Sampling Dates:
     Round 1 -  mid-July 2009.
     Round 2 - mid-October 2009.
     Round 3 - mid-January 2010.
     Round 4 - early-April 2010
1 - Well is dry.
Elevations are in National Geodetic Vertical Datum of 1929 (NGVD29) in feet above Mean Sea Level.
(FP) = Free Product Level
(W) = Water Level
(725.89) = Water Level corrected for the presence of free product.
bgs = below ground surface
BTOC = Below Top-of-Casing
ID = Identification
MSL = Mean Sea Level
N/A = Not applicable

AOC 11
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TABLE 6-4
SUMMARY OF LNAPL  ANALYSIS AT AOC 3, 8/9, AND 11

FORMER LOCKBOURNE AIR FORCE BASE, FRANKLIN COUNTY, OHIO

FIELD ID

DATE COLLECTED
Result RL Qual Result RL Qual Result RL Qual Result RL Qual

VOLATILE ORGANIC COMPOUNDS (mg/L)
1,2,4-Trimethylbenzene N/A N/A 920 11 / 11 1.7 0.025 920 5 63 0.5 190 5
1,3,5-Trimethylbenzene N/A N/A 270 10 / 11 0.2 0.025 82 5 26 0.5 85 5
Benzene 26.8 515 30 11 / 11 0.04 0.025 2.3 5 J 6.8 0.5 7.9 5
Ethylbenzene 6,180 53,100 380 10 / 11 0.02 0.025 J 44 5 4.4 0.5 6.8 5
m,p-Xylenes 670 14,000 1200 11 / 11 0.2 0.025 120 5 12 0.5 34 5
Methyl tert-butyl ether 200,000 1,000,000 ND 0 / 11 < 0.025 U < 5 U < 0.5 U < 5 U
Naphthalene 359 1,970 140 11 / 11 0.2 0.025 140 5 9.1 0.5 27 5
o-Xylene 670 14,000 303 J 1 / 11 < 0.025 U < 5 U < 0.5 U < 5 U
Toluene 2,510 53,100 1.5 J 1 / 11 < 0.025 U < 5 U < 0.5 U < 5 U
SEMI-VOLATILE ORGANIC COMPOUNDS (mg/L)
1-Methylnaphthalene N/A N/A 3500 10 / 11 3500 500 340 125 95 250 J 87 10
2-Methylnaphthalene N/A N/A 3900 10 / 11 3900 500 440 125 130 250 J 110 10
Benzo(a)anthracene 4,170 15,600 32 J 2 / 11 < 500 U < 125 U < 250 U 5.8 10 J
Benzo(a)pyrene 794 4,840 ND 0 / 11 < 500 U < 125 U < 250 U < 10 U
Benzo(b)fluoranthene 421 1,270 ND 0 / 11 < 500 U < 125 U < 250 U < 10 U
Benzo(k)fluoranthene 149,000 1,000,000 ND 0 / 11 < 500 U < 125 U < 250 U < 10 U
Chrysene 44,700 133,000 220 J 2 / 11 220 500 J < 125 U < 250 U 3.8 10 J
Dibenzo(a,h)anthracene 2,210 49,400 ND 0 / 11 < 500 U < 125 U < 250 U < 10 U
Indeno(1,2,3-cd)pyrene 12,600 77,200 ND 0 / 11 < 500 U < 125 U < 250 U < 10 U
Naphthalene 359 1,970 1000 10 / 11 1000 500 450 125 160 250 J 180 10
Notes:

1 = Ohio BUSTR Soil Class 1, Groundwater to Indoor Air, Non-Residential, <15 feet.
2 = Ohio BUSTR Soil Class 1, Groundwater to Outdoor Air, Non-Residential.
AOC = Area of Concern
J = Estimated
LNAPL = Light Non-Aqueous Phase Liquid
mg/L = milligram per liter
MNA = Monitored Natural Attenuation
ND = Not Detected
Qual = Qualifier
RL = Reporting Limit
U = Nondetect
The calculation of detection frequency does not include results from reanalyzed samples.

Project 
Action 
Limit 

(mg/L)1

Project 
Action 
Limit 

(mg/L)2 Frequency

July 21, 2009

Maximum

AOC3-MW04-09A AOC3-MW09-09A AOC3-MW09-09B

July 14, 2009 October 7, 2009

AOC3-MW04-10B

April 5, 2010
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TABLE 6-4
SUMMARY OF LNAPL  ANALYSIS AT AOC 3, 8/9, AND 11

FORMER LOCKBOURNE AIR FORCE BASE, FRANKLIN COUNTY, OHIO

FIELD ID

DATE COLLECTED

VOLATILE ORGANIC COMPOUNDS (mg/L)
1,2,4-Trimethylbenzene N/A N/A 920 11 / 11
1,3,5-Trimethylbenzene N/A N/A 270 10 / 11
Benzene 26.8 515 30 11 / 11
Ethylbenzene 6,180 53,100 380 10 / 11
m,p-Xylenes 670 14,000 1200 11 / 11
Methyl tert-butyl ether 200,000 1,000,000 ND 0 / 11
Naphthalene 359 1,970 140 11 / 11
o-Xylene 670 14,000 303 J 1 / 11
Toluene 2,510 53,100 1.5 J 1 / 11
SEMI-VOLATILE ORGANIC COMPOUNDS (mg/L)
1-Methylnaphthalene N/A N/A 3500 10 / 11
2-Methylnaphthalene N/A N/A 3900 10 / 11
Benzo(a)anthracene 4,170 15,600 32 J 2 / 11
Benzo(a)pyrene 794 4,840 ND 0 / 11
Benzo(b)fluoranthene 421 1,270 ND 0 / 11
Benzo(k)fluoranthene 149,000 1,000,000 ND 0 / 11
Chrysene 44,700 133,000 220 J 2 / 11
Dibenzo(a,h)anthracene 2,210 49,400 ND 0 / 11
Indeno(1,2,3-cd)pyrene 12,600 77,200 ND 0 / 11
Naphthalene 359 1,970 1000 10 / 11
Notes:

1 = Ohio BUSTR Soil Class 1, Groundwater to Indoor Air, Non-Residential, <15 feet.
2 = Ohio BUSTR Soil Class 1, Groundwater to Outdoor Air, Non-Residential.
AOC = Area of Concern
J = Estimated
LNAPL = Light Non-Aqueous Phase Liquid
mg/L = milligram per liter
MNA = Monitored Natural Attenuation
ND = Not Detected
Qual = Qualifier
RL = Reporting Limit
U = Nondetect
The calculation of detection frequency does not include results from reanalyzed samples.

Project 
Action 
Limit 

(mg/L)1

Project 
Action 
Limit 

(mg/L)2 FrequencyMaximum Result RL Qual Result RL Qual Result RL Qual Result RL Qual

29 1 280 5 850 5 380 5
15 1 130 5 270 5 130 5
0.4 1 J 2 5 J 12 5 1.5 5 J

0.79 1 J 16 5 380 5 93 5
2.8 1 31 5 1200 5 360 5
< 1 U < 5 U < 5 U < 5 U
4 1 47 5 110 5 55 5
< 1 U < 5 U < 5 U < 5 U
< 1 U < 5 U < 5 U < 5 U

160 100 100 125 J 490 100 270 125
170 100 120 125 J 650 100 360 125
< 100 U < 125 U 32 100 J < 125 U
< 100 U < 125 U < 100 U < 125 U
< 100 U < 125 U < 100 U < 125 U
< 100 U < 125 U < 100 U < 125 U
< 100 U < 125 U < 100 U < 125 U
< 100 U < 125 U < 100 U < 125 U
< 100 U < 125 U < 100 U < 125 U

210 100 160 125 510 100 410 125

AOC3-MW09-10A

January 20, 2010

AOC3-TB01-10BAOC3-MW09-10B

April 5, 2010 April 5, 2010

AOC3-TB01-10A

January 20, 2010
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TABLE 6-4
SUMMARY OF LNAPL  ANALYSIS AT AOC 3, 8/9, AND 11

FORMER LOCKBOURNE AIR FORCE BASE, FRANKLIN COUNTY, OHIO

FIELD ID

DATE COLLECTED

VOLATILE ORGANIC COMPOUNDS (mg/L)
1,2,4-Trimethylbenzene N/A N/A 920 11 / 11
1,3,5-Trimethylbenzene N/A N/A 270 10 / 11
Benzene 26.8 515 30 11 / 11
Ethylbenzene 6,180 53,100 380 10 / 11
m,p-Xylenes 670 14,000 1200 11 / 11
Methyl tert-butyl ether 200,000 1,000,000 ND 0 / 11
Naphthalene 359 1,970 140 11 / 11
o-Xylene 670 14,000 303 J 1 / 11
Toluene 2,510 53,100 1.5 J 1 / 11
SEMI-VOLATILE ORGANIC COMPOUNDS (mg/L)
1-Methylnaphthalene N/A N/A 3500 10 / 11
2-Methylnaphthalene N/A N/A 3900 10 / 11
Benzo(a)anthracene 4,170 15,600 32 J 2 / 11
Benzo(a)pyrene 794 4,840 ND 0 / 11
Benzo(b)fluoranthene 421 1,270 ND 0 / 11
Benzo(k)fluoranthene 149,000 1,000,000 ND 0 / 11
Chrysene 44,700 133,000 220 J 2 / 11
Dibenzo(a,h)anthracene 2,210 49,400 ND 0 / 11
Indeno(1,2,3-cd)pyrene 12,600 77,200 ND 0 / 11
Naphthalene 359 1,970 1000 10 / 11
Notes:

1 = Ohio BUSTR Soil Class 1, Groundwater to Indoor Air, Non-Residential, <15 feet.
2 = Ohio BUSTR Soil Class 1, Groundwater to Outdoor Air, Non-Residential.
AOC = Area of Concern
J = Estimated
LNAPL = Light Non-Aqueous Phase Liquid
mg/L = milligram per liter
MNA = Monitored Natural Attenuation
ND = Not Detected
Qual = Qualifier
RL = Reporting Limit
U = Nondetect
The calculation of detection frequency does not include results from reanalyzed samples.

Project 
Action 
Limit 

(mg/L)1

Project 
Action 
Limit 

(mg/L)2 FrequencyMaximum Result RL Qual Result RL Qual Result RL Qual

880 5 680 5 0.3 0.025
250 5 190 5 < 0.025 U
30 5 11 5 0.2 0.025

320 5 140 5 < 0.025 U
690 5 380 5 0.006 0.025 J
< 5 U < 5 U < 0.025 U
68 5 47 5 0.05 0.025
3.3 5 J < 5 U < 0.025 U
1.5 5 J < 5 U < 0.025 U

410 100 270 125 < 0.5 U
480 100 330 125 < 0.5 U
< 100 U < 125 U < 0.5 U
< 100 U < 125 U < 0.5 U
< 100 U < 125 U < 0.5 U
< 100 U < 125 U < 0.5 U
< 100 U < 125 U < 0.5 U
< 100 U < 125 U < 0.5 U
< 100 U < 125 U < 0.5 U

290 100 320 125 < 0.5 U

January 20, 2010

AOC8/9-MWH9-10A AOC11-MW41-09A

July 17, 2009

AOC8/9-MWH9-10B

April 5, 2010
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City of Columbus 
Division of Sewerage and Drainage 

Industrial Wastewater Pretreatment Group 
Groundwater Discharge Guidelines 
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Pursuant to Columbus City Code Chapter 1145.12, the Division of Sewerage and Drainage has 
developed guidelines for the discharge of groundwater from corrective action or closure of 
underground storage tanks and other groundwater discharge activities.  A Special Waste 
Evaluation Request Form (SWERF) must be submitted before discharge can commence.  The 
SWERF is evaluated to determine the approval of discharge using either a short-term or long-term 
discharge permit. 
 

1. Short term permits will be issued for discharges that can be completed in thirty (30) days or 
less.  Permits will be issued for the discharge of liquids associated with, but not limited to, 
tank ballast water, tank cavity pits, tank excavation holes, monitor wells or any other form of 
groundwater to the City’s Sanitary Sewer System.  At no time will the discharge be allowed 
to be directed to the City’s separate storm sewer system.  If the discharge cannot be 
completed in thirty days, a thirty day permit extension may be granted upon notification to 
the Division of Sewerage and Drainage. 

 
2. Long term permits will be issued for sites requiring long term remediation.  Permits are 

issued for one (1) year.  A permit extension may be granted upon notification to the Division 
of Sewerage and Drainage. 

 
3. All discharge requests will require a formal letter requesting a permit to discharge prior to 

any discharge to the sewer system. 
 

4. A Special Waste Evaluation Request Form (SWERF) for groundwater remediation sites 
must be submitted. 

 
5. Water samples must be collected and analyzed from around each tank cavity, tank 

excavation hole, monitoring well, or the final effluent after pretreatment.  For petroleum 
related contamination, samples must be analyzed for the parameters listed below using 
appropriate methods of analysis found in 40 CFR 136.  Additional parameters may be 
required from sites where other than petroleum contamination is suspected and will be 
determined on a case by case basis. 

 
Parameter Limit 

Benzene 10 µg/L 

Ethylbenzene 10 µg/L 

Toluene 10 µg/L 

Xylene 10 µg/L 

Hydrocarbons FOG 100,000 µg/L 

pH  5.0 – 12.5 S.U. 

Lower Explosive Limit  10% 

Flow  Monitor & Record as gallons per day 
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6. Preliminary analysis must be submitted to the Pretreatment Group for review and approval. 

 
7. Projects with preliminary analysis above the discharge limits will require usage of a 

pretreatment system prior to discharge to the sanitary sewer system.  Pretreatment 
requirements are: 

 
a. The owner/operator shall contact the Ohio EPA Central District Office for a Permit to 

Install (PTI) application. 
 

b. PTI permit applications are to be submitted to the Ohio EPA Central District Office, 
Division of Surface Water, Lazarus Government Center, P.O. Box 1049, Columbus, 
Ohio 43216-1049.  Copies of the PTI application must also be submitted to the City 
of Columbus, Division of Sewerage and Drainage, Industrial Pretreatment Group, 
1250 Fairwood Ave., Suite 186, Columbus, Ohio 43206. 

 
c. All pretreatment systems will be required to install fail-safe protection against 

flammables overwhelming the recovery system.   Systems will be required to have a 
vapor monitor to measure Lower Explosive Limits (LEL) on the final effluent.  
Monitors will be set to alarm and shut down the pumps at 20% L.E.L.  A manual 
reset will be required to restart the pumps.  Systems shut down by a L.E.L. alarm 
will require a Remedial Action Plan (RAP) to identify what caused the alarm and 
what steps were taken to correct the problem prior to restarting the system. 

 
8. Sites requiring a new connection to the sanitary sewer will require a sewer tap permit.  

Contact the City Sewer Permit Office at 645-7490 for sewer tap information.  
 

9. Temporary permission to discharge will be granted once the vapor monitor and effluent 
meter have been installed.  Permission to discharge will be granted in order to collect a 
representative sample of the final effluent.  The system must be shut down until analysis 
has been submitted to verify compliance with all discharge limits as specified in Columbus 
City Code Chapter 1145 and/or the discharge permit. 

 
10. Long term remediation projects will require additional sample analysis once per month.  A 

monthly status report must be submitted in lieu of sample analysis if no sample is collected. 
 Monthly reports must be submitted by the 15th of the following month.  A final discharge 
report must be submitted within ten (10) days of completing the discharge or within ten (10) 
days of the permit expiration date. 

 
11. All discharges must be measured by a metering method approved by the Division of 

Sewerage and Drainage.  Effluent meters may read in gallons or cubic feet.  Monthly 
discharge reports shall include the beginning and ending meter readings. 

 
12. Where effluent meters cannot be installed, an alternative method for determining the volume 

entering the sanitary sewer must be approved.  Alternative methods may include a pump 
operating log, frac holding tanks or tank excavation pit volumes.  Where a pump operating 
log is used, information shall include the discharge date and time and discharge pumping 
rate. 

 
13. A discharge location will be established by the Industrial Wastewater Pretreatment Group. 
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14. A new sewer account will be established for project billing.  Accounts must be established in 

the name reflected on the information submitted on the SWERF.  A $60.00 administrative 
fee will be charged for processing permit applications.  Long Term Permits will be billed 
quarterly and charged an additional administrative fee of $30.00 per month for review of 
sample analysis and status reports.  Wastewater will be billed at the current applicable rate. 
 For collection purposes, any outstanding balances due will be transferred to an existing 
property owner’s water/sewer account if one exists. 

 
A final permit to discharge will be issued only after all conditions have been met and 
approved.  Please notify the Industrial Wastewater Pretreatment Group at 645-5876 or by fax at 
645-0227 at the start-up of all pretreatment systems and/or discharge to the sewer system.  All 
correspondence should be mailed to:  
 
 City of Columbus 
 Division of Sewerage and Drainage 
 Industrial Wastewater Pretreatment Group 
 1250 Fairwood Ave., Suite 186 
 Columbus, Ohio 43206-3372 
 
Approval to discharge is contingent upon providing adequate supervision at the site to insure that 
unacceptable wastewater is not discharged to the sewer system.  Election to discharge will be 
considered an agreement with the City of Columbus to be financially responsibility for any damages 
resulting from discharge activities. The permittee is responsible for accurate representation of all 
materials discharged to the City of Columbus Sanitary Sewer System.  If future information 
indicates inconsistencies with information originally submitted on the SWERF, permission to 
discharge will be revoked. 
 
Persons found to be in violation of Columbus City Code Chapter 1145 or their Discharge Permit are 
subject to enforcement actions as provided by Columbus City Code Chapter 1145, which may 
include, but be not limited to, administrative fines, temporary suspension of discharge privileges or 
termination of sewer services. 
 
Contact the Industrial Wastewater Pretreatment Section at 614-645-5876 for additional information. 
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Special Waste Evaluation Request Form 

(Please Print) 

SITE ADDRESS: 

Company Name:  

Address:   

City:  State:  Zip Code:  

Contact Person:  Phone:  

 

PERSON OR ENTITY REQUESTING EVALUATION:  (company, lab, consultant, etc.) 

Company Name:  

Address:  

City:  State:  Zip Code:  

Contact Person: Phone:  

 

DESCRIPTION OF SITE: 

Is remediation required as a result of the removal of an underground storage tank (UST)? YES NO 

If “ YES", circle the type of tank removed: Gasoline Diesel Waste Oil Chemical Other 

If “ Other”  describe material stored in tank:  

  

What best describes the source of wastewater? (Circle one) 

Treatment System Monitor Well Tank Cavity Pit Tank Excavation Hole Other 

If “ Other”  describe the source:  

Estimated duration of discharge?  

Estimated quantity to be discharged:  

Has the wastewater been analyzed? YES NO      

If "YES", please attach the analysis. 

 

PROPOSED TREATMENT: 

If  a treatment  system  is  to  be  used,  briefly  describe  the system:  

  

  

  

Has a Permit To Install (PTI) application been submitted to the Ohio EPA? YES NO 

Has a copy of the PTI application been submitted to the Division of Sewerage and Drainage? YES NO 

Will a Lower Explosive Level (LEL) monitor alarm is installed on the final effluent? YES NO 

Does the proposed system include a flow meter on the effluent? YES NO 
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METER INFORMATION: 

Brand name of meter:  Starting meter reading:  

Unit of measure: Gallons Cubic Feet Cubic Meters 

 

DISCHARGE INFORMATION: 

If discharge is not metered, will the pump discharge rate be used? YES NO 

If "YES", what is the pump discharge rate? GPM  GPH  GPD  

Is a pump operating time log used? YES NO 

Is a running totalizer used? YES NO 

Is the tank excavation pit volume used to measure discharge amounts? YES NO 

If "YES", what are the dimensions? WIDTH  LENGTH  DEPTH  

Estimated quantity to be discharged:  

 

BILLING INFORMATION:   

Company or Person:  

Address:  

City:  State:  Zip Code:  

Contact Person:  Phone:  

City of Columbus Water/Sewer account number:  

 

A final discharge report must be submitted within ten (10) days of completing the discharge or after the permit expiration 

date.  Please attach any additional information that may help in our review of this discharge request.  All information should be 

returned to: 

 
  City of Columbus 
  Division of Sewerage and Drainage 
  Industrial Wastewater Pretreatment Group 
  1250 Fairwood Ave., Suite 186 
  Columbus, Ohio 43206-3372 

 

CERTIFICATION:   

I UNDERSTAND THAT FAILURE TO COMPLETE ANY PART OF THIS FORM MAY RESULT IN REJECTION OF THIS 

REQUEST.  THE INFORMATION CONTAINED IN THIS REQUEST IS COMPLETE AND TRUE TO THE BEST OF MY 

KNOWLEDGE AND ABILITY TO DETERMINE. 

DATE:  PRINT NAME:  

 

SIGNATURE:  



 

Specific Pollutant Limits; Per CCC 1145.23, and Director's Rules and Regulations pursuant to CCC 
1145.11,no user shall discharge any wastewater in excess of the following standards.   

 
Pollutant Maximum Composite 

Sample 
Concentration, ug/L 

  
Arsenic, Total 1,000 
Cadmium, Total 500 
Chromium, Total 20,000 
Copper, Total 2,700 
Cyanide, Total 5,000 
Hydrocarbon FOG 200,000 
Lead, Total 4,000 
Mercury, Total 20 
Nickel, Total 5,000 
Selenium, Total 10,000 
Silver, Total 3,000 
Zinc, Total 3,000 

pH   
Shall remain between 5.0 
and 12.5 S.U. 

 
Other pollutants to sample: 
1,1-Dichloroethane 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,2-Dichlorobenzene 
1,2-Dichloropropane 
1,3-Dichloropropene 
1,4-Dichlorobenzene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,2,4-Trichlorobenzene 
1,1,2,2-Tetrachloroethane 
4,6-Dinitro-o-cresol 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
Acrylonitrile 
Aldrin 
Aroclor 1242 
Aroclor 1254 
Benzene 
Bis(2-chloromethyl)ether 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Dichlorodifluoromethane 

Dieldrin 
Diethyl phthalate 
Dinitrotoluene 
Endrin 
Ethyl benzene 
Ethylene dichloride 
Formaldehyde 
Heptachlor 
Hexachloro-1,3-butadiene 
Hexachloroethane 
Hexachlorocyclopentadiene 
Methyl chloride 
Methyl ethyl ketone 
Methylene chloride 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenol 
Styrene (vinyl benzene) 
Tetrachloroethylene 
Toluene 
Toxaphene 
Trichloroethylene 
Trichlorofluoromethane 
Vinyl acetate 
Vinyl chloride 
Vinylidene chloride 
Total polynuclear aromatic hydrocarbons 
Xylene 
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PETROLEUM CONTAMINATED SOIL (PCS) FORM 

 
This form should be completed and submitted within 120 days of generating a stockpile, within 180 days of placing the soil in portable containers, or prior to storage or 
treatment, whichever comes first.  A separate PCS form shall be completed for each stockpile generated. 
 

OWNER/OPERATOR INFORMATION: 

OWNER/OPERATOR NAME:       CONTACT PERSON:       PHONE:       
 

UST FACILITY INFORMATION:  STORAGE FACILITY INFORMATION: 

FACILITY ID#:        FACILITY ID#:       

FACILITY NAME:        FACILITY NAME:       

ADDRESS:        ADDRESS:       

CITY:        CITY:       

COUNTY:        COUNTY:       

STATE:       ZIP:        STATE:       ZIP:       
 

DISPOSAL/TREATMENT FACILITY INFORMATION:  CUBIC YARDS: 

FACILITY ID#:              On-site treatment (requires a treatment plan) 

FACILITY NAME:              Off-site treatment (requires a treatment plan) 

ADDRESS:              Soil analysis falls below Rule 16 re-use levels (RUL) 

CITY:              Returned to excavation (below site specific action levels) (RTE BAL) 

COUNTY:              Returned to excavation (above site specific action levels) (RTE AAL) 

STATE:       ZIP:              Disposal at a landfill (LFL) 
 

STOCKPILE ID:       DATE GENERATED:       DATE TRANSFERRED:       




