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1.0 BACKGROUND 

This Remedial Action Work Plan (RAWP) has been prepared for the planned in-situ 

treatment of volatile organic compounds (VOCs) in soils and shallow groundwater in the former 

UST Area of the Essex Hope Site located in Jamestown, New York. The site was identified and 

entered into the New York State Department of Environmental Conservation (NYDEC) 

CERCLA program in 1990. A Record of Decision (ROD) was issued on March, 1994. The 

NYDEC Consent Order No. is B9-0354-94-05.  

The general site location is shown on Figures 1-1 and 1-2. 

1.1 Purpose 

The purpose of this RAWP is to provide guidelines for remediation of VOC 

contamination in shallow soils and groundwater in the UST Area of the Site.  In-situ chemical 

oxidation (ISCO) is the planned remedial technology. 

This plan was developed with sufficient detail to serve as the basis for the Contractor’s 

Field Operations Work Plan while satisfying the guidance provided in Section 5.3 of NYSDEC 

DER-10.   

URS will serve as the lead engineer (Engineer) for this project.  The Remedial Contractor 

has not been determined at this time. 

 

1.2 Remedial Action Objectives 

The primary objectives of the remedial actions are to: 

 Reduce or eliminate volatile organic compounds (VOCs) present in soil and 

groundwater above the site remedial action objectives (RAOs) described in the Consent Order. 

 Minimize Dow’s long-term liabilities, O&M costs/efforts and constraints on 

potential future site use or reuse due to VOC-contaminated soils and groundwater on site.  
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The ROD Remedial Action Objectives (RAOs) for site cleanup as outlined in the 

NYDEC Consent Order are as follows: 

 Soils RAOs: 

Total VOCs = 10 ppm 

Individual VOCs = 1 ppm 

Total Semi-VOCs = 500 ppm 

Individual Semi-VOCs = 50 ppm 

PCBs = 10 ppm 

 Groundwater RAOs: 

Trans-1, 2- Dichloroethylene = 5 ppb 

Trichloroethene = 5 ppb 

Vinyl Chloride = 5 ppb 

Ethylbenzene = 5 ppb 

Toluene = 5 ppb 

Xylene = 5 ppb 

PCBs = 0.1 ppb 

This RAWP was prepared to specifically address the UST Area of the overall Essex 

Jamestown Site which is primarily impacted by VOCs: cumene, toluene, ethylbenzene and 

xylenes. 

For other compounds not listed groundwater RAOs default to compliance with NYDEC 

Ambient Groundwater Quality Standards. For Site VOCs these would be at 5 ppb.
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2.0 SITE HISTORY AND DESCRIPTION 

2.1 Site History 

The Essex/Hope Site has been operated as a manufacturing facility for paints and 

industrial coatings since around 1900. Various companies owned the facility. Essex Specialty 

Products (ESP) occupied the site and produced paints and coatings from 1982 to 1989, at which 

time the facility was sold to Lily Industrial Coatings who operated the site until 1997. ESP was a 

subsidiary company of The Dow Chemical Company (Dow). Hope Windows Inc., currently Hope 

Architectural Products, Inc., also owned and occupied the Plant 5 building which was sold to ESP 

in the mid-1980. The entire property was purchased by Custom Production Manufacturing (CPM) 

in 2000. CPM operates a sheet metal fabrication business in the Plant 5 Building.  CPM leases 

other site buildings to various small businesses. Currently Master Machine Inc. occupies the 

remaining site buildings on the south and southeast areas of the property. The general site plan is 

shown on Figure 2-1. Site photos are contained in Appendix A. 

In the early 1990’s, a Remedial Investigation and Feasibility Study (RI/FS) were 

conducted at the site by Obrien and Gere Engineering. In March 1994, NYDEC wrote a 

CERCLA Record of Decision (ROD) that outlined the scope of the proposed remedial actions. 

Three site areas were identified in the ROD for remediation: 

 North Parking Lot Sump (NPLS) Area 

 Former Aboveground Storage Tank/Underground Storage Tank (AST/UST) Area 

 Previously Closed Underground Storage Tank (UST) Area 

In October 1997 the Remedial Action Design and Construction was completed by Radian 

Engineering Inc. (Radian), on behalf of ESP. The implemented remedial actions included the 

following: 

 Source area soils excavation in the NPLS Area and off-site disposal at a RCRA facility, 
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 Soil vapor extraction (SVE) and air sparge system installation in the NPLS, UST and 

AST/UST Areas, including modification of existing wells and construction of air 

treatment systems using activated carbon, 

 Shallow groundwater recovery in the UST and AST/UST Areas and a combined 

shallow/deep groundwater recovery system in the NPLS Area, 

 An on-site groundwater treatment system using activated carbon, for all site groundwater, 

including a 900 sf treatment plant building with office, 

 ANPLS Area cap using asphalt and concrete paving, 

 

Construction actions were documented in the Remedial Action Construction Close-Out 

Report, Radian Engineering, March 1998. Radian, now URS Corporation, has been operating the 

treatment system, performing necessary maintenance, and conducting performance monitoring 

since system start-up in 1998. Annual Performance Monitoring Reports containing all required 

monitoring data are submitted to NYDEC. 

Subsequent to the initial actions conducted in 1997, numerous additional site 

investigations and supplemental remedial actions have been conducted at the site.  The UST Area 

SVE System and groundwater extraction wells (RW-4 and RW-5) were determined to be 

ineffective and were shutdown in 2003. Subsequently, investigations conducted in the UST Area 

discovered five (5) buried tanks that contained hazardous wastes from previous paints and 

coatings manufacturing operations. These tanks and approximately 1100 tons of VOC-

contaminated soils were removed from the site in 2003. Further investigations were conducted to 

delineate the residual soil and shallow groundwater contamination. 

The UST Area is currently characterized as containing residual soil and shallow 

groundwater contaminants consisting of VOCs, primarily cumene, toluene, ethylbenzene and 

xylenes (CTEX).. A summary of the recent investigation results in the UST Area is contained in 

Section 3.0 and Appendix A of this RAWP. 
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2.2  Site Description 

The Essex Hope Site occupies about 4.7 acres at 125 Blackstone Avenue in the City of 

Jamestown, NY. The site is located in a highly industrialized area that has contained various 

industrial manufacturing facilities since 1900.  

The site area is currently active and contains metal fabrication operations for CPM, Inc. 

and Master Machine Inc. The general work area is flat, partially paved, and contains two large 

concrete containment pads and two small metal buildings. The remaining area is vegetated. The 

area of the former USTs  has been backfilled with bank-run gravel. Underground public utilities 

are not present in the UST Area work area, however, an electrical conduit and water line for 

existing recovery well RW-6D cross the work area.   

CPM Plant 5 building has a roof drainage system that conveys rainwater to three (3) 

drywell sumps located directly south of the building. These sumps were discovered during 

removal of the five USTs. Only one sump was opened and examined. The other two sumps 

appear to be similar. Sump No. 1(west) is an open joint masonry structure with a concrete top. 

The sump wall adjoins the building foundation wall and is about 3 ft. below ground surface 

(BGS). Dimensions are 8-ft diameter at the base, and 56-in. dia at the top. The sump had a 

concrete top with a 2-ft removable concrete lid. The sump is 8 ft. deep and was filled with water, 

which started to drain into the test pit and tank excavation area. There were two 4-in. inlet pipes 

in the sump. URS confirmed the roof connection by pouring water into the Building #5 roof drain 

inlet and observing flow into the sump. The source of any waters flowing into the sump from the 

other inlet pipe connection is unknown at this time.  

General site conditions in the UST Area are presented on Drawing C-1. 

2.3 Site Geology 

The site is located within a glaciated region characterized by Pleistocene era outwash 

deposits. In general, the shallow soil consists of fine-grained silty-clay soils in the upper five (5) 

feet, below which is predominantly described as a sand and gravel zone, silty in some locations, 

and typically wet to saturated. The sand and gravel layer generally extends from about 6 feet 
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BGS, to the top of the gray clayey-silt upper confining layer. This shallow zone at the Site has 

been historically referred to as the upper water-bearing zone or “shallow zone”, where saturated. 

The general site stratigraphy is as follows: 

 Upper Zone (0 to 16-ft): Silty sand and gravel with clayey fine sand.  Unconfined aquifer 

(shallow groundwater) starts at ~ 7-ft bgs with a saturated thickness ranging from 6 to 10-

ft across site. 

 Semi-Confining Layer (16 to 24-ft): Silt and /or Clay, varies in thickness from 1 to 20-ft.  

Absent offsite to the north; Eroded to east with gravel channel in place. 

 Lower Zone (18 to 43-ft): Fine sand to sandy silt.  Semi-confined aquifer (Lower Fine 

Sand WBZ). 

 Lower Confining Unit (43 to 100-ft): Silt and interbedded clay 

 Glacial Till (100-ft +) (not investigated) 

The semi-confining layer depth varies with ground surface elevation and the sloped 

surface of the layer. The semi-confining layer was present throughout the UST Area, and 

generally exhibited an eroded surface feature that sloped to the east.  A map of the elevation of 

top of the upper semi-confining clay in the UST Area is contained on Figure 2-2.  

2.4 Hydrogeology 

The subsurface geologic profile of interest in the UST Area ranges from approximately 0-

20 ft. BGS. This interval consists of a shallow unconfined water-bearing zone and an upper semi-

confining layer, generally described as clayey silt, which separates the shallow groundwater from 

a lower semi-confined zone. A thick clayey confining layer occurs at the base of the lower water-

bearing semi-confined zone.  

The geology of the upper water-bearing zone is composed of silty, sandy gravel with 

occasional clayey fine sand and has been found to range in total thickness between 11 and 16 feet. 
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The upper semi-confining layer ranges in thickness between approximately 2 to 9.5 feet across 

the site. The lower semi-confined water-bearing zone occurs within fine sandy silt to silty fine 

sand unit with a thickness ranging between approximately 17 and 28.5 feet. Drilling for the deep 

zone monitoring wells stopped at the top of the lower confining layer so additional data on this 

layer’s thickness has not been obtained. 

Groundwater contours representing normal pumping conditions are contained in the 

Annual Reports and have been depicted in other site investigation reports. The most recent (June 

and September, 2010) potentiometric surface contour maps for the shallow groundwater zone are 

presented on Figures 2-3 and 2-4, respectively. 
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3.0 SUMMARY OF SITE CONTAMINATION 

The nature and extent of contamination at the site were characterized through the 

completion of various site investigations conducted from 1992, beginning with the CERCLA 

Remedial Investigation, up to  2009 with the  most recent UST Area investigations. The 

investigations of interest occurred after removal of the USTs and contaminated soil in 2003. 

The results of these previous site investigations are summarized in this section. Soil and 

groundwater data are summarized on Tables 3-1 and 3-2, Figures 3-1 and 3-2, and Appendix A. 

UST Area investigation history is summarized in Appendix A. Test boring and monitoring well 

locations are shown on Drawing C-1. Geologic cross-sections are shown on Drawing C-7. 

3.1 Soil Analytical Results 

A total of 36 test borings were drilled to assess soils in the UST Area after removal of the 

tanks and contaminated soils. Twelve (12) borings were completed in 2003, designated TBUST-1 

through TBUST-12. These borings focused on the vadose zone soils in the areas directly south 

and east of the former USTs. The remaining test borings TBUST-13 through TBUST-36 were 

completed in 2005-2006. These test borings were located beyond the previous investigations to 

determine the extent of VOCs. The test borings were advanced using direct-push drilling and 

sampling techniques.  Continuous soil samples were collected from ground surface to the top of 

the upper semi-confining layer, located at approximately 12 to 16-feet in depth.  All soil analyses 

from the UST Area are summarized on Table 3-1. 

VOC‘s cumene, toluene, ethylbenzene and xylenes (CTEX) were most frequently 

detected in the UST Area soils. Chlorinated VOCs were not detected. The CTEX compounds 

were found at levels above the Remedial Action Objectives (RAOs primarily in the western end 

of the UST Area, around former Tank T1. The elevated CTEX soil areas generally correlate with 

the elevated CTEX in shallow groundwater. (See Section 3.2). These elevated CTEX areas are in 

the historic truck access aprons for chemical deliveries and loading for the former UST Area 

operations. The area is currently paved with concrete and is used as an access and parking area 
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for the Master Machine Inc. plastic and metal working operations in the building directly west. 

See Figure 3-1 for a depiction of soil CTEX distribution. 

3.2 Groundwater Analytical Results 

Shallow zone groundwater samples have been taken from two newer monitoring wells 

(MW-23S and MW-24S) and seven existing monitoring wells in the UST Area. In 2006, test 

borings were advanced in the UST Area and adjoining properties for retrieval of shallow 

groundwater samples by direct-push drilling methods. Groundwater samples were taken from a 

short screened interval (~ 4 ft. or less) either near the top of the semi-confining layer (average 16 

ft. BGS) or the top of the saturated zone (approximately 10-12 ft. BGS). All shallow groundwater 

analyses for the UST Area are summarized on Table 3-2. 

Consistent with the UST soils analyses, groundwater analyses indicates that the CTEX 

volatile organics (cumene, toluene, ethylbenzene and xylenes) were the dominant compounds 

detected in the UST Area. Chlorinated VOCs were found at relatively low levels.  

The CTEX groundwater plume (1 ppm isocontour) extends across the entire UST Area to 

the former tank farm to the east, north to MW-20 (beneath Plant #5), and to the southwest, and 

has been delineated in the recent investigations. The extent of the plume to the southwest and 

eastern areas of the UST Area has been determined to be offsite onto adjoining properties. The 

mean CTEX concentrations in the western portion of the UST Area are 1 to 2 orders of 

magnitude greater than the mean CTEX concentrations in the eastern part of the UST Area. The 

shallow groundwater CTEX distribution is presented on Figure 3-2.  

The only monitoring well in or near the UST Area that is routinely sampled is MW-20, 

beneath CPM Building No. 5. This well is within the shallow groundwater zone and it is 

hydraulically downgradient of the UST Area. The most recent data (2010) shows  that CTEX 

levels have decreased to below detection limits (BDL). The total VOC levels in MW-20 have 

been decreasing continuously since a maximum recorded value of 83.7 ppm was found in 2000. 

MW-20 VOC data from years 2000 to 2010 is as follows: 
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The reason for the significant decline in VOCs in downgradient monitoring well MW-20 

has not been determined. Pre-work  baseline groundwater sampling in the UST area will establish 

the current CTEX distribution in the shallow groundwater zone. See Section 5.5. 
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4.0 PROPOSED REMEDIAL ACTION  

4.1 General 

The proposition of a supplemental remedial action at the UST Area was based on the 

limited performance of the original remedial measures (pumping shallow groundwater with soil 

vapor extraction) and the identification of more extensive site contamination. The discovery of 

the inadequately closed USTs and the residual VOC contamination surrounding the tanks after 

their removal prompted assessment of other remedial actions. 

After removal of the USTs, URS conducted a series of subsurface investigations in the 

UST Area to define the extent of the contamination (See Section 3.0). Based on a preliminary 

evaluation of potential technologies, chemical oxidation was determined to be a feasible and cost-

effective approach for treatment of the residual site VOCs. The predominant VOCs in the UST 

Area, CTEX, were amenable to chemical oxidation treatment based on review of remediation 

literature and URS experience with oxidation technologies. URS subcontracted VeruTek in 2010 

to perform a bench-scale treatability study for chemical oxidation of UST Area soil and 

groundwater. The results of the study proved favorable for oxidation of the site contaminants with 

activated sodium persulfate, combined with a surfactant. Based on the site conditions and the 

results of the treatability studies, insitu chemical oxidation was selected as the preferred remedial 

action for the UST Area. 

It is expected that multiple applications of oxidant would be required to achieve the site 

RAOs if insitu chemical oxidation alone is employed for remediation of the UST Area. 

Performance monitoring of the initial oxidant application will provide data on treatment 

effectiveness and residual VOCs, post-treatment. See Section 5.10. The results of the monitoring 

will be evaluated to determine the most feasible remedial actions to address residual VOCs. 

Additional chemical oxidation will be considered, and other approaches will also be assessed, 

including bio-enhancement and natural attenuation. A supplemental RAWP will be prepared, if 

necessary, to present proposed further remedial actions for the UST Area. 
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4.2 Chemical Oxidation Treatability Study 

A laboratory treatability study was performed to evaluate the effectiveness of chemical 

oxidation for reducing VOCs present in the UST Area. VeruTEK Technologies, Inc. of 

Bloomfield, CT performed the study. URS collected representative soil samples for the study 

from across the UST Area and from a depth of approximately 4-12 ft. BGS. A summary of the 

treatability study samples, including field VOC headspace results are contained in Appendix B. 

The sample locations are shown on Drawing C-1. 

Oxidants sodium persulfate and hydrogen peroxide, with and without surfactant 

augmentation, were used in the testing. The oxidants were blended with catalytic activators. The 

surfactant was a plant-based extract (citrus oil) that is naturally biodegradable: VeruSOL-3. Batch 

emulsion and soil column tests were performed. The treatability study report is contained in 

Appendix B. A summary of the treatability study is as follows: 

4.2.1 Test Sample Baseline Characterization 

 Soil samples were composited and characterized prior to testing. The samples 

were primarily sand and gravel with clayey silts from interspersed lens throughout the site area. 

The clayey silt fraction was manually separated from the samples for characterization. A 

summary of the pre-treatment sample chemical analyses data is as follows: 
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Treatability Study Sample Characterization 

       

Analyses  S1‐ Sand/Gravel  S2‐ Sand/Gravel  S3‐ Clayey Silt 

VOCs, ug/kg          

Ethylbenzene  1,100  7,900  12,000 

Benzene  2,700  BDL  6,200 

n‐Butylbenzene  180  480  1,000 

n‐Propylbenzene  110  410  870 

Isopropylbenzene  500  610  3,800 

tert‐butylbenzene  BDL  BDL  10,000 

Toluene  940  980  7,800 

Xylenes  19,500  28,000  263,000 

Total VOCs  28,640  41,960  328,670 

Total TPH, mg/kg  149  310  3,030 

4.2.2 Desorption Testing 

 Desorption and solubilization enhancement tests were performed to assess the effects of 

surfactant addition on VOC desorption. VeruSOL-3 was used as the surfactant. This is a plant-

based surfactant developed by VeruTEK Technologies, Inc. Overall, results showed an increase 

in VOC/TPH solubility with increasing surfactant addition up to 10g/L. Solubilization 

enhancement factors of up to 9.4 times greater VOC concentrations and 218 times greater TPH 

concentrations were achieved in samples containing 10g/L VeruSOL-3 compared to the control 

sample containing deionized water only. 

4.2.3 Stirred Reactor Batch Testing 

 VOC-laden supernatant from the desorption testing was blended in completely mixed 

reactor vessels with persulfate and peroxide oxidants. These tests do not simulate actual 

groundwater conditions since groundwater flow in porous media is dominantly laminar flow with 

chemical mixing by diffusion and solubilization, however the tests provide a reference point for 

ideal treatability of the VOCs by oxidation. Oxidants used were alkaline-activated persulfate, Fe-

EDTA activated persulfate and Fe-TAML catalyzed hydrogen peroxide. Oxidant solutions were 

100g/L persulfate and 4%, by weight, peroxide. The tests were run for 14 days in continuously 

stirred reactors. All three (3) oxidants achieved >99% VOC reduction and 52-92% TPH reduction 
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compared to the control sample. The residual TPH presence in the treated samples is expected to 

be due in large part to the presence of VeruSOL-3 surfactant which contains plant oils known to 

cause false positive TPH readings. The VeruSOL-3 is expected to be further oxidized over time 

under in-situ field conditions. 

The batch reactor tests were run in 500 ml flasks using 100g/L persulfate and 4% 

peroxide solutions. Based on the control sample VOCs and TPH concentrations, assuming 

minimal organic degradation, the oxygen/organic mass ratio was approximately 3:1 for the 

sodium persulfate reactors. Although natural organic matter was not measured in the test, its 

effects on the overall oxygen demand, and VOC treatability, were accounted for in the testing. 

4.2.4 Soil Column Testing 

 Soil column tests were performed to simulate saturated soil treatment conditions in the 

field. The tests consisted of a control column, an Fe-EDTA activated persulfate treated column, 

an alkaline activated persulfate treated column, and an Fe-TAML catalyzed hydrogen peroxide 

treated column, each applied with and without VeruSOL-3. Oxidant solutions were 100g/l of 

sodium persulfate and 4% hydrogen peroxide. The persulfate columns were run for 28 days and 

the peroxide columns were run for 14 days. The difference was based on the expected reactivity 

of the two oxidants. 

Soil samples were selected from sacrificed columns at the completion of the testing. 

Sampling and analyses of column effluent was performed after one pore volume was generated 

(Day 1) and on various days thereafter. Each column experienced a minimum 1 PV/day. 

Overall, the treated columns exhibited decreased VOC levels compared to the control 

columns, with the exception of the Fe-TAML hydrogen peroxide column without surfactant. This 

exception is likely due to running the column for 14 days which is not expected to be sufficient 

time for VOC desorption.  In all cases, the surfactant enhanced columns achieved significantly 

better VOC removals than the comparative oxidant-only columns. The Fe-EDTA persulfate and 

Fe-TAML hydrogen peroxide columns with VeruSOL-3 achieved VOC reductions to levels less 
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than the NYDEC soil cleanup criteria for total VOCs of 10 ppm. A few selected VOCs remained 

above the individual VOC cleanup criteria (1 ppm),  

The total VOC percent reduction relative to the control column for the sodium persulfate 

activated with Fe-EDTA was 97.7% and for the hydrogen peroxide activated with Fe-TAML was 

96.3%. The treatability study column testing is summarized as follows: 

                    Treatability Study Column Test Summary 

     

Analyses  Control  Sodium Persulfate  Hydrogen Peroxide 

VOCs, ug/kg  28 days  28‐days  % Reduction  14‐days  % Reduction 

Ethylbenzene  21,000  BDL  100  530  97.4 

Trimethylbenzenes  15,700  BDL  100  1000  93.6 

Isoproplylbenzene  4400  BDL  100  230  94.8 

Isopropyltoluene  11,000  3600  67  460  95.8 

Total Xylenes  230,000  800  98.8  7400  96.8 

Total VOCs  284,100  6400  97.7  10540  96.3 

 

4.2.5 Conclusion  

The results indicate that in-situ treatment of the site VOC contaminants in soils with a 

surfactant-enhanced sodium persulfate activated with iron-EDTA should achieve reductions in 

soil VOCs to levels below or near NYDEC cleanup criteria when sufficiently and thoroughly 

applied to the zone of contamination.  

4.3 Proposed Remedial Action   

Based on the site conditions in the UST Area and the results of the chemical oxidation 

treatability study, insitu chemical oxidation of shallow soils and groundwater is the proposed 

treatment method. The general oxidant delivery methods proposed are injection and/or 

infiltration. Other alternative delivery techniques will be considered if proposed by Contactors.  

The detailed scope of work for the UST Area ISCO is described in Section 5.0. 
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5.0 REMEDIAL ACTION SCOPE OF WORK 

This section describes the scope of work for implementation of ISCO of the UST Area. 

The selected Contractor will be required to submit a Field Operations Work Plan (FOWP), 

including a Health and Safety Plan that outlines all of the field operations and requirements for 

implementation of the project. The scope of work outlined herein shall be followed at a 

minimum, and any modifications to this scope must be approved by URS/Dow and if necessary 

the NYDEC. Major changes to the scope of work as described in this section will be documented 

and submitted to NYDEC for approval prior to implementation in the field. 

5.1 Stormwater Drainage System Modifications 

The existing stormwater drainage system for CPM Building No. 5 in the UST Area will 

be modified to eliminate infiltration to local shallow groundwater in the UST Area. The three (3) 

drywell sumps will be closed in-place, and the Building 5 roof drainage waters will be conveyed 

to the City of Jamestown stormwater sewer on Blackstone Avenue. A new stormwater pipe 

system will be constructed that connects the three main roof drain pipes to a new storm sewer 

catch basin constructed adjacent to Blackstone Avenue. The existing drainage system is described 

in Section 2.3. 

Preliminary design requirements have been provided by the City of Jamestown. The city 

is currently performing field surveys of their sewer and stormwater systems which will be 

provided to URS for preparation of final designs. 

5.1.1 Drywell Closure 

The drywells will be closed in-place by backfill with clean fill. Portions of the drywell 

walls may be demolished to allow routing and/or connections for the new stormwater pipe. 

Backfill material will be placed to the top of the drywell walls. The existing concrete lids shall be 

demolished. 
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5.1.2 New Stormwater Drainage System  

The three (3) existing stormwater drainage pipes will be cut near the CPM Building 5 

south foundation wall, upstream of their connection to the drywells. Individual inlet boxes will be 

constructed at each new connection. HDPE drainage pipe will be used for the new stormwater 

drains. All three inlet boxes will discharge to a new junction box inlet constructed onsite. The 

junction box will discharge to a new stormwater catch basin connected to the Blackstone Avenue 

storm sewer. 

Engineering calculations and design details will be prepared and be submitted to the City 

of Jamestown for approval. A city construction permit will be obtained by the Contractor prior to 

starting the work. 

Preliminary design of the stormwater system modifications is presented on Drawing C-3.   

5.2 Permits 

URS/Dow will obtain all necessary permits for the ISCO project, unless it proves to be 

more appropriate for the selected Contractor to obtain construction work and other local permits.  

A USEPA Underground Injection Control (UIC) Permit will be required to perform the 

work. URS will prepare all necessary documentation for implementing the project, including this 

RAWP, and will submit that information to USEPA Region II for approval. A USEPA 

“authorization by rule” approval is anticipated.  

The Contractor shall obtain all necessary local permits required for the performance of 

the remedial activities.  These permits will include at least the following: 

 City of Jamestown Construction Permits for stormwater drainage system and any 

other work in city right-of-ways, 

 City of Jamestown permits for water line access and metering for onsite supply. 
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5.3 Construction Health and Safety Plan 

The Contractor will be responsible for preparing a Construction Health and Safety Plan 

(CHASP) and implementing the CHASP.  An existing Health and Safety Plan (HASP) has been 

prepared by URS for the Essex Jamestown Site that outlines all requirements necessary for 

compliance with OSHA 1910.120 HAZWOPER regulations and any other applicable general 

construction requirements. The HASP sets out personnel protection and action levels and 

establishes procedures and specifies H&S controls such as exclusion and decontamination zones.  

The URS HASP will be provided to the Contractor for reference purposes only.  The CHASP will 

be reviewed and approved by URS prior to commencement of site work. 

The Contractor will be responsible for conducting air monitoring within his work zones 

and taking appropriate action based on the results.  Compliance with the CHASP will be 

maintained throughout the planned Remedial Action.  It is expected that all intrusive Site work 

(i.e. soil excavation and injection ) will be conducted under Level D, but PPE levels will be 

adjusted as per the HASP, based on air monitoring results. 

Air monitoring will be conducted in accordance with the requirements of the CHASP.  

Dust control measures will be implemented by the Contractor as required to meet the 

requirements of the CHASP.  

Based on the Site’s size, location, and setting, no impact to nearby residents is expected 

as a result of the planned Remedial Action.   

Notification of residents and all necessary site access will be obtained by URS/Essex.  

Periodic air monitoring will be performed at perimeter and interior building locations for 

VOC’s during intrusive (injection) work, and fugitive emissions control measures outlined in the 

CHASP will assure that there will be no impact to residents. 

The basic elements of the plan are as follows: 

 Project personnel and responsibilities 
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 Training  requirements and documentation 

 Medical surveillance requirements 

 Activity hazards analyses 

 Site work zones 

 Personnel protective equipment 

 Monitoring requirements 

 Emergency response plan, including spills and fugitive emissions control 

measures 

 Decontamination procedures 

5.4 Mobilization & Site Preparation 

The Contractor will be responsible for mobilization and site setup.  General work zones 

and site preparation measures are shown on Drawing C-2.  The Contractor will procure and 

transport the necessary resources to accommodate the project requirements (i.e. labor, materials, 

and equipment).  Other requirements not specifically provided herein, but necessary for the 

successful conduct and completion of the work, will be provided by Dow or URS to the 

Contractor. 

The UST Area is currently surrounded by a 6-ft high steel security fence with locking 

gates. Work and staging areas will be maintained inside of the perimeter fencing. All access to the 

site shall be via Blackstone Avenue and the two south perimeter gates.  

Locating and marking underground utilities that may potentially be affected during site 

work will be required. Existing underground utilities/piping identified by URS to-date are shown 

on Drawing C-1. 

Site preparation activities include the following operations: 
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 Clearing of debris (e.g. scrap equipment and materials, vegetation, etc.), as 

necessary to access the work areas.  All materials are to be staged in areas 

identified by URS. 

 Installation of five foot high, orange plastic construction safety fencing mounted 

on driven steel fence posts at 10 foot spacing around active work areas.  Signs 

designating the work area and warning against trespass will be affixed to all sides 

of the fence during the construction period.  

 Construction of temporary decontamination pad for personnel and equipment. 

The existing concrete pad on the east end of the site shall not be used for 

decontamination, however, it overlies the eastern injection area and it may be 

compromised if oxidant  injections are conducted through the concrete pad.  

 Mobilization of chemical injection and mixing equipment, reagent storage and 

application equipment, tanker trucks and necessary personnel. 

5.4.1 Temporary Facilities 

The proposed locations and extent of areas for Contractor temporary facilities, including 

any staging areas is shown on Drawing C-2.  Limited water may be provided by URS for 

incidental uses, if necessary from the URS treatment building, as its supply is limited to a 5-10 

gpm city water tap. The Contractor is responsible for locating and obtaining an adequate potable 

water supply for project needs.   

Contractor shall provide a suitable small Site Office/Work Area to be used by Project 

Management and NYSDEC personnel during work onsite. 

Contractor shall provide portable sanitary facility for site workers. 

5.4.1.1 Employee Parking 

Contractor employees shall park privately owned vehicles in area designated by URS. 
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5.4.1.2 Availability and Use of Utility Services 

The Contractor is responsible for providing all temporary utility services required during 

construction.   

5.4.1.3 Storage Areas 

The Contractor shall designate a storage area in a portion of the Site, as approved by 

URS.  Materials shall not be stockpiled outside the designated area in preparation for the next 

day’s work.  Mobile equipment, such as drilling rigs, mixers, and trucks, shall be parked within 

the designated area at the end of each work day, unless otherwise approved by URS. 

The storage area will be kept in good repair.  Should the Contractor elect to traverse, with 

construction equipment or other vehicles, grassed or unpaved areas that are not established 

roadways, such areas shall be protected as necessary to prevent rutting and the tracking of mud 

onto paved or established roadways.   

5.4.2 Protection and Maintenance of Traffic 

During construction the Contractor shall maintain and protect traffic on Blackstone 

Avenue when necessary.  Measures for the protection and diversion of traffic, including the 

provision of watchmen and flagmen, erection of barricades, placing of lights around and in front 

of equipment and the work, and the erection and maintenance of adequate warning, danger, and 

directional signs, shall be in accordance with applicable State and local laws.  The traveling 

public shall be protected from damage to person and property.  The Contractor shall investigate 

the adequacy and allowable load limit on these roads.  The Contractor shall be solely responsible 

for the repair of any damage to roads caused by construction operations.   

5.4.3 Security Provisions 

The Contractor shall be responsible for the security of its own equipment.  If the Site is 

used for staging or storage of equipment and supplies, the Contractor shall be responsible for 

securing all vehicle gates and man gates at the end of each work day.   
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A daily visitor’s log will be maintained to document all visitors to the site. 

5.4.4 Erosion and Sediment Control 

In accordance with New York Guidelines for Urban Erosion and Sediment Control (New 

York 1997), an erosion and sediment control plan must be prepared for any construction activity 

that exceeds 1 acre in size.     

During construction activities, erosion and sediment controls will be incorporated to 

minimize storm water contacting disturbed areas and to control runoff.  Silt fences shall be 

installed around excavation areas and around the soil storage areas.   

5.4.5 Equipment Decontamination 

Vehicles and equipment that come into contact with affected media shall be 

decontaminated prior to leaving the site.  The Contractor shall utilize procedures for 

decontamination of vehicles and equipment as outlined in the CHASP. 

Injection rods and equipment in direct contact with oxidant solutions should be cleaned 

daily. This includes injection pumps, delivery hose/piping and batch mixing tanks. 

Pressurized water with a detergent solution (Alconox or equivalent) is preferred. A 

temporary decontamination pad shall be established on-site that is of suitable size and provides 

containment of all decon liquids and solids. The decon wastes shall be collected and disposed 

offsite in accordance with NYDEC and City of Jamestown requirements. Some decon wastes may 

be returned to the site upon the approval of URS . 

5.4.6 Spill and Discharge Control 

The Contractor shall prepare a Spill and Discharge Control Plan.  The Spill and 

Discharge Control Plan will be part of the CHASP and is to be implemented in the event of an 

accidental release of potentially hazardous materials and shall contain the following elements: 
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 Preventive Measures – the Contractor shall provide methods, means, and 

facilities required to prevent contamination of soil, water, atmosphere, 

uncontaminated structures, equipment, or material by the discharge of wastes 

from spills due to the Contractor’s operations.  Shovels, brooms, non-

combustible sorbent materials, polyethylene sheeting, and PPE shall be 

maintained in accessible locations. 

 Emergency Measures – the Contractor shall provide equipment and personnel to 

perform emergency measures required to contain any spillage and to remove 

spilled materials, soil, or liquids that become contaminated due to spillage.  The 

collected spill materials shall be properly disposed of at the Contractor’s expense. 

 Decontamination Measures – the Contractor shall provide the equipment and 

personnel to perform decontamination measures that may be required to remove 

spillage from previously uncontaminated structures, equipment, or material.  

Disposal of decontamination residues and confirmation samples shall be 

performed at the Contractor’s expense. 

 Notification Procedure – the Contractor shall notify URS immediately after the 

release of potentially hazardous materials as well as the National Response 

Center and NYSDEC Hotline, as required (applicable phone numbers must be 

listed in the HASP). 

5.4.7 Survey and Work Stake-out 

The Contractor will be responsible for staking out the limits of work in the field as shown 

on the drawings.  The exact locations of treatment areas and excavations will be staked from 

established control points.  Survey crews utilizing traditional survey equipment and/or GPS 

equipment, as appropriate, will be employed.  Each injection point will be numbered for 

identification purposes and the depth of injection clearly shown for each area of the site. 
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5.5 Baseline Groundwater Sampling 

Existing monitoring wells and discrete groundwater  sampling will be conducted by USR 

prior to initiating the project bidding and procurement process.  The objective of the sampling 

will be to confirm the extent and nature of VOCs in the UST Area shallow groundwater zone and 

provide a baseline for ISCO performance. Any significant changes in the VOC characterization 

from current interpretations outlined in Section 3.0 may require a modification to the ISCO 

implementation plan. Major changes to the plan will be submitted to NYDEC for review. All data 

and revised ISCO plans and treatment zones, if prepared, will be provided to the Contractors prior 

to final project bidding.  

5.6 Pre-Work Injection and Infiltration Field Tests 

Prior to commencing full-scale treatment operations, field testing will be performed by 

the Contractor in representative treatment area locations to confirm injection and infiltration 

hydraulic design guidelines. These tests include injection and test pit infiltration tests using clean 

water. URS will monitor the testing and prepare a pre-work testing memorandum. The findings of 

the testing will be reviewed and modifications to the chemical oxidation treatment guidelines will 

be made if necessary. 

5.6.1 Injection Test 

An injection test shall be conducted in the shallow groundwater zone in the area directly 

east of the metal building (near well HW-9). The vertical test interval will be approximately 10-

18 ft. BGS. Test criteria area as follows: 

 Advance test injection point 5-ft from existing monitoring well HW-9, to the 

maximum test depth (18 ft. BGS). 

 Injection clean water at a rate equivalent to 0.5, 1.0 and 2.0 times the calculated 

maximum injection pressures (Pm) as measured at the injection rod head. The 

estimated Pm’s for the site are 8-10 psi for depths of 10-15 ft. 
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 Inject a minimum 0.5 pore volumes (PV) of water per foot interval over the range 

of injection pressures. The estimated PV per foot for a 10-ft injection spacing is 

224 gallons (at porosity = 0.3). 

 Record the time, depth, injection pressure, water volume, flow rate and any other 

notable conditions observed during the tests. Measure the water levels in the 

adjacent monitoring well (HW-9) pre-test, and at intervals not to exceed 30 

minutes during each test. Record a minimum three measurements per test. 

 Adjustments to the injection test criteria may be made as a result of initial 

performance of the tests. All modifications will be communicated to and 

subsequently approved by URS prior to revising the testing criteria. 

5.6.2 Infiltration Test 

An infiltration test shall be conducted to assess area infiltration hydraulics prior to the 

full-scale infiltration of chemical oxidant. The test will in the vadose zone in the area directly 

west of the metal hut building, near monitoring well MW-23S. The vertical test interval will be 

the unsaturated zone above the water table, approximately 4-8 ft. BGS. Test criteria area as 

follows: 

 Advance three (3) test pit excavations  at a distance of 5 ft from existing 

monitoring well MW-23S. The test pits shall be approximately 2 ft. in width and 

a minimum 5 ft. in length at the bottom. The pits will be required to be excavated 

at depths of 2, 4 and 6 ft BGS. Orientations of the three pits will be north, west 

and south of the monitoring well. Seepage tests will be done at each 2 ft depth 

interval, starting at 2 ft. BGS. A minimum of 30 minute interval will be required 

between each test to allow water seepage from the excavation bottom. 

 Fill the pit with clean water to achieve a 1-ft deep liquid depth. 

 Record the time, water depth, total water volume, any other notable conditions 

observed during the tests over the period required to drain the initial water 
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volume completely into the subsurface.  Measure the water levels in the 

adjoining monitoring well (MW-23S) pre-test, and at intervals not to exceed 10 

minutes during each test. Record a minimum three measurements per test. 

 After all of the tests are completed, backfill the test pit to original grade. 

 Adjustments to the infiltration test criteria may be made as a result of initial 

performance of the tests. All modifications will be communicated to and 

subsequently approved by URS prior to revising the testing criteria. 

5.7 Chemical Oxidation Implementation Plan 

The objective of the chemical oxidation of the UST Area is to achieve NYDEC cleanup 

objectives for site contaminants in soil and groundwater throughout the designated zones of 

treatment. 

The UST Area presents some challenges for delivery of the oxidant to the zones of 

interest. These include the shallow distribution (4-8 ft. BGS) of the highest levels of 

contamination,  the wide range of contaminant concentrations observed across the site (1-500 

ppm), including minor groundwater VOC impacts of 1 ppm or less, and the shallow groundwater 

table (6-8 ft. BGS)..  

The shallow depth of the vadose zone VOCs, and the overall site in general, limits the 

ability to inject oxidants at high pressures because of concerns with ground uplift, oxidant surface 

breakthrough, and groundwater mounding. The nearly three (3) orders of magnitude range of 

VOC concentrations increases the complexity of onsite preparation and delivery of optimum 

oxidant dosages. For example, the relatively low VOC levels require an equivalent low dosing of 

oxidant, however, the distribution of the oxidant by pore volume requires a site-wide fixed 

volume of solution, and thus a correspondingly very dilute ( low % oxidant) solution for the low 

VOC areas. The high VOC areas conversely require a relatively concentrated solution (high % 

oxidant).  
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The RAWP  proposes two (2) oxidant delivery methods as a performance specification 

with a preference for injection and shallow zone infiltration. Infiltration methods may be by 

trenches or open area (blanket). Alternative delivery methods will be considered by URS/Dow if 

proposed by the Contractor. 

The proposed treatment areas are based on the existing investigation database. See 

Section 3.0. These areas may be modified based on the results of the pre-work confirmatory 

baseline sampling as described in Section 5.5. 

Two (2) treatment zones have been designated and are identified as follows: 

 West Area- High VOC area of soil and shallow groundwater  

 East Area- Low VOC area of soil and shallow groundwater 

These areas are shown on Drawing C-3. The extent of the groundwater treatment areas 

may be modified as a result of the pre-work baseline sampling.  

5.7.1 InSitu Treatment Design Guidelines 

General performance guidelines have been established for chemical oxidant formulation 

and delivery to the treatment zones of interest. These guidelines are intended as preliminary 

requirements for implementation of insitu chemical oxidation at the site. The pre-work water  

injection and infiltration  tests and full-scale field performance will provide actual site-specific 

data that can be used to modify these guidelines as necessary. All major field modifications to the 

oxidant formulation and delivery system must be approved by URS/Dow. 

Design calculations are contained in Appendix C. 

5.7.1.1 Treatment Zone Pore Volume 

The UST area soil pore volumes (PVs) were estimated to provide an indicator of the 

oxidant solution reference volume required to saturate the treatment zone. PVs were estimated 

based on a porosity of 0.3. Unit pore volumes (per/ft.) were estimated for a range of injection 
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point spacings and for infiltration areas (per sq. ft.). A square injection area was assumed for the 

calculations to account for the entire surface area, although the radius of influence at injection 

may be typically more circular. 

One (1) PV is the baseline volume for fully saturated distribution of the oxidant to the 

contaminants in the treatment zone. The total treatment zone, vadose plus saturated zones, has an 

estimated PV of 415,364 gallons at a porosity of 0.3. The average PV is 2.24 gallons per square 

foot/foot. For the site design injection spacing of 10 foot, the per point PV is estimated at 2693 to 

3142 gallons, depending on the formation thickness (12-14 ft). This volume will vary throughout 

the site based on actual effective porosity and treatment zone thickness.  The capacity of the 

formation to accept 1 PV in a reasonable time frame is critical to critical to achieving a cost-

effective remedial action. The formation acceptance rate and time estimates are evaluated later in 

this section. See Table C-1 for the PV estimates. 

5.7.1.2 Injection Pressure Guideline 

Maximum in-situ injection pressures were estimated over the thickness of the treatment 

zone, approximately 6 to 16 feet BGS. A shallow zone average hydraulic conductivity of 2.69 

ft./day used in the estimate was determined from a series of well slug tests performed in the UST 

Area. The mitigating effects of soil tensile strength resistance was neglected to allow a 

conservative estimate.  Because the injection zone is relatively shallow, injection pressures will 

need to be monitored and controlled to prevent surface uplift and fluid return.  

For the range of injection depths, maximum injection pressures (insitu) were estimated at 

5.0 to 9 psi, with allowable pressure increasing with depth of the injection point. See Table C-2 

for the injection pressure estimates. 

The time to inject one pore volume of liquid was estimated over a range of injection 

pressures. The injection time is critical to deliver the oxidant in a reasonable time frame to reduce 

operations costs. A target delivery time per injection point of 0.5 to 2.0 hours per point, or less, is 

desirable. 
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Over the range of maximum injection pressures previously calculated, the injection times 

will likely range from about 90-175 minutes per point for 10 ft injection spacings and 5-10 psi 

injection pressures. The greater time frame is for the shallow zone (vadose) at the site. These 

estimates do not take into account the injection effects on groundwater mounding. See Table C-3 

for the injection time estimates. 

5.7.1.3 Hydraulic Acceptance Rate  

The hydraulic acceptance rate of the formation was evaluated to estimate the operating 

limits to prevent groundwater mounding during injection. The shallow groundwater saturated 

zone was conservatively estimated at 6 ft. BGS, although the depth varies over the site and over 

the year and is typically deeper than 6 ft..  

In general, the acceptance rate will decrease as the groundwater levels rise because of the 

back pressure caused by the groundwater mound. For injection, the acceptance rate also increases 

with depth because the allowable injection pressures also increases with depth. 

The acceptance rates range from 6.7 to 13 gallons per minute (per injection point) at a 

groundwater mounding of 2 ft., and from 1.3 to 3.4 gpm at a mounding 6 ft., for injection depths 

ranging from 6 to 15 feet BGS, respectively. See Table C-4 for the injection acceptance rates. 

For the minimum one (1) PV injection requirement of 224 gal/ft. injection (10 ft. 

spacing),  the injection times would range from 17 to 172 minutes per injection point, depending 

on the depth and degree of mounding. The upper end of this range is within the injection time 

range estimated for the range of acceptable pressures. See Section 5.7.1.2. 

For infiltration, assuming a mounding of 4 ft. (2-ft below ground surface), the infiltration 

rate can be estimated by Q = K * i * A, where the vertical gradient is the depth of the infiltration 

head. At a 1 ft. head, the nominal infiltration rate is 20 gpd/sf.  This rate will increase with 

increasing the depth of the applied infiltration solution. 
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5.7.1.4 Oxidant Formulation  

The oxidation treatability study evaluated three different oxidant-activator combinations, 

each applied with and without surfactant addition. Based on the results of the study, sodium 

persulfate activated with iron-EDTA, in combination with the VeruSOL-3 surfactant, is the 

proposed oxidant for site treatment. The oxidant formulation shall be as follows: 

 Sodium persulfate (Na2S2O8) – percent (%) solution varies with application area 

with higher concentrations of oxidant used in more highly contaminated areas. 

 Fe-EDTA activator- 0.35% by weight, (350 mg/l as Fe at 10% oxidant solution- 

100g/L)- activator varies with oxidant percent solution 

 VeruSOL-3 surfactant- 1.0% by weight, (10 g/L at 10% oxidant solution)- 

surfactant varies with a oxidant percent solution 

The solubility of sodium persulfate has been reported to be 73g/ 100g water @ 25 deg C. 

The active oxygen content of commercially available sodium persulfate is reported at 6-7%. 

The oxidant and EDTA activator are commercially available. The VeruSOL-3 surfactant 

is a proprietary product developed by VeruTEK Technologies, Inc., Bloomfield, CT. A spec sheet 

and MS/DS for the oxidant, VeruSOL-3 and Fe-EDTA are contained in Appendix D. 

5.7.1.5  Oxidant Dosing 

Oxidant dosing is defined as the mass of oxygen in solution delivered to the specific 

treatment zone. Dosing is based on the treatment zone VOC concentrations, the natural oxidant 

demand (NOD) and the acceptance capacity of the specific treatment zone.  

VOC Stoichiometric Oxidant Demand 

The stoichiometric oxygen equivalent for degradation of a volatile organic compound 

provides a baseline minimum oxygen requirement. Based on the highest molecular weight VOCs 

at the site- ethylbenzene and xylenes, the amount of oxygen needed is as follows: 
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C8H10 + 10.5 O2 = 8 CO2 + 5 H2O 

On a molecular weight basis, one mole of ethylbenzene/xylene (MW=106) would require 

10.5 moles of oxygen (MW= 16 x 2), or, on a per weight basis, 3.2 lbs. of oxygen is required to 

degrade 1 pound of VOCs. Commercial sodium persulfate has approximately 6.5% available 

oxygen, by weight, for reaction with site VOCs. Therefore, approximately 49.2 lbs. (3.2/0.065) of 

bulk sodium persulfate is required to oxidize 1 lb. of VOC based on xylene oxidation 

stoichiometry. This is the minimum oxidant dose required for complete VOC destruction, based 

on xylene equivalent VOCs. 

Other non-VOC contaminants present in the subsurface will also exert oxygen demand. 

TPH is the primary site non-VOC contaminant of interest from an oxidation standpoint.  

Total Oxidant Demand 

Naturally–occurring organic matter, petroleum hydrocarbons (TPH) and reduced 

subsurface materials can exert additional oxidant demand. TPH was measured in the treatability 

study. The treatability study did not assess specific natural oxygen demand (NOD)  conditions, 

however, the effects of NOD were accounted for in the overall emulsion and column testing 

based on the use of site-specific soil samples used in the treatability testing. 

The NOD/TPH demand was estimated as equivalent to 20% of the total VOCs in the west 

vadose zone and groundwater area, and equivalent to approximately 5 ppm in the remaining 

groundwater areas. Based on these estimates, a multiplier factor of 5.0 was used for the low VOC 

zones (groundwater) to increase the oxidant dosage, and a multiplier factor of 1.2 was applied to 

the vadose zones and high VOC (100 ppm) groundwater areas to account for NOD/TPH demand.  

The majority of the oxidant (90%) is needed for the vadose zone areas West 1 and West 2. The 

bulk oxidant required at the site is summarized on Table C-5. A total of 49,085 lbs. of bulk dry 

oxidant is estimated for the entire site. The bulk dry oxidant requirements based on these factors 

are as follows: 
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Treatment Area Bulk Dry Oxidant Estimate 

Area    Oxygen Equivalent, lbs         Bulk Oxidant Req't, lbs 

             Vadose  Groundwater      Vadose      Groundwater 

West 1  1371  122  21090  1880 

West 2  1645  8  25309  125 

West 3  0  16  0  247 

Subtotal West  3016  146  46399  2252 

            

East 1  8  1.6  129  24 

East 2  0  18  0  280 

Subtotal East  8.4  20  129  304 

Total Site  3024  166  46528  2557 

    Volume, cy:  24.6  1.4 

 

Sodium persulfate is typically shipped dry, in bulk 1000 kg poly bags (~ one cubic yard), 

at approximately 70 pcf.  Bulk oxidant will be pre-mixed on-site with water, activator and 

surfactant. In-line mixing is acceptable if suitably demonstrated by the Contractor. The bulk dry 

oxidant will be blended onsite in the required percent solution with water to allow delivery to the 

treatment areas. The oxidant solutions will vary by treatment area. More concentrated solutions 

(10-20%) will be used in high VOC zones while less concentrated solutions (1 %) will be used in 

low concentration zones. 

Table C-6 summarizes the minimum oxidant volumes required across the site treatment 

zones for a range of percent solutions. 

The primary criteria for designing the specific solution for the treatment zones is the bulk 

oxidant requirement and the reference pore volume saturation guideline. Essentially, the oxidant 

application should be optimized to deliver the required oxidant dosage throughout the entire 

treatment zone using the minimum amount of water. Other criteria to also consider include 

injection pressure and time limitations, and groundwater acceptance limitations. 
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Low VOC Zones 

In the case where the VOC levels are relatively low (1 ppm), such as the East Area 

groundwater, the bulk oxidant dosages required are correspondingly low (304 lbs.).  At a 10% 

oxidant solution, the delivery volume would equal 362 gallons, which is significantly less than 

the formation PV of approximately 148,000 gallons.  

The equivalent % oxidant solution required in the East Areas to meet the PV design 

criteria of a minimum of 1 PV would be less than 0.1%. On a per injection basis, this would 

require about 200 gal oxidant solution/ft. for 10 ft. injection spacings. 

High VOC Zones 

In the case where the VOC levels are relatively high (> 100 ppm), such as the West Area 

vadose zone, the bulk oxidant dosages required are correspondingly high (55,679 lbs.).  At a 10% 

oxidant solution, the delivery volume would equal 66,294 gallons, which is about 17% greater 

than the formation PV of approximately 41,963 gallons.   

Table C-7 summarizes the oxidant volumes per unit area for a range of injection and 

infiltration oxidant delivery applications. Specific oxidant delivery plans for each treatment area 

zone are described in the following section. 

5.7.1.6 Oxidant Delivery Plan 

Two oxidant delivery methods are proposed for the UST Area: injection and surface 

infiltration. Injection is proposed for the groundwater zones with low VOCs: West 2 and West 3, 

and both East areas. Surface infiltration is proposed for the high VOC groundwater zone West 1, 

and the west and east high VOC vadose zones. These treatment zones are depicted on Drawing C-

3.  

To optimize the oxidant usage for each site area, and maintain the practicality of onsite 

oxidant mixing, specific oxidant dosages were designed for each treatment zone.. The oxidant 

doses were developed to deliver the minimal required oxidant and pore volumes (1) in 
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consideration of the formation acceptance rate and a reasonable time for delivery of the oxidant 

solution.  

In addition, injection of 1 PV of liquid at the site would require large volumes of water 

that may be impractical to manage. This is the case in the low VOC zones where oxidant 

requirements are relatively low and oxidant solutions would be approximately 0.1% to meet the 

unit PV goal.  

Actual delivery of oxidant into the subsurface in these areas will be at volumes less than 

1 PV since the effects of dispersion and diffusion of oxidants can also achieve oxidant 

distribution throughout the treatment zone. In the low VOC areas, the oxygen requirement was 

increased by a factor of 5.0 to overdose the zone with oxygen while injecting a PV < 1.0. This 

will increase the oxygen diffusion rate, significantly reduce the water volumes required for 

injection and reduce the potential negative effects of groundwater monitoring and contaminant 

migration. Although subsurface dispersion/diffusion of oxidants is site-specific and is not 

considered practical or useful to estimate, field monitoring of oxidant distribution at the selected 

delivery rates will confirm the effectiveness of the planned applications or indicate the need to 

modify the oxidant dosing. 

The oxidant dosage plan is summarized below and on Table C-8. 

   

 
Oxidant Mix per Injection Point (10 ft. spacings) 

 

Oxidant Solution  Fe‐EDTA, 
0.35% 

VeruSol 3, 
1% 

Oxidant 
Solution 

   PVs 

Area  %  gal/ft.  Tot. lbs.         Total Gallons     

West 1  5  88  1.5  11  1061  0.4 

West 2  0.5  37  0.1  4  442  0.2 

West 3  0.5  37  0.1  4  442  0.2 

                

East 1  0.5  37  0.1  4  442  0.2 

East 2  0.5  37  0.1  4  42  0.2 
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Oxidant Mix per Infiltration Area‐ Vadose Zone 

 

  

Oxidant Solution  Fe‐EDTA, 
0.35% 

VeruSol 3, 
1% 

Oxidant 
Solution 

     PVs 

Area  %  gal/sq. ft./ft.  Tot. lbs.      Total Gallons     

West 1  20  2.1  105  181  18063  0.95 

West 2  20  2.1  126  217  21676  0.95 

West 3                                            groundwater‐injection only 

              

East 1  0.5 
  

1.7        0.6  44     4420   0.76 

East 2                                           groundwater‐injection only 

             

5.7.1.7 Groundwater Injection 

Injection is proposed for the shallow groundwater zones in the east and west treatment 

areas. Injections are proposed to be performed first, prior to infiltration (see Section 5.7.1.2). 

Depth of injection will range from approximately 4 to 14 feet below ground surface (BGS), 

depending on the depth of the clayey-silt confining layer. Nominal injection spacing is 10 foot 

centers. Injection by direct-push drilling equipment is preferred. Any changes to the oxidant 

injection plan as a result of field pre-injection testing or other field changes shall be as approved 

and directed by URS. Oxidant injection dosages are described in Section 5.6.1 6, and the planned 

injection areas are shown on Drawing C-3. 

Some of the injections will require access to onsite building interiors (metal building on 

Blackstone Ave). URS will coordinate with the property owner and tenants to obtain access to the 

buildings and have manufacturing equipment and materials moved as needed to allow equipment 

access. Existing vehicle entry doors on the buildings have free-openings as follows: 
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General criteria for injections are as follows: 

 Prior to injection, any surface/overhead utilities or obstructions and any 

underground utilities/piping shall be identified. Surface pavement shall be pre-

cored prior to injections to achieve a clean hole for future repair, if the injection 

point is not within a planned infiltration zone. 

 Each injection point shall be uniquely identified, and each injection point shall 

have an Injection Log form that contains the following information:  injection 

number, date/time, oxidant dosage, oxidant flow rate and volume, injection 

pressure at  injection drive-head pipe,  

 The required oxidant dosages shall be pre-mixed in batches prior to injection. 

The activators should not be added to the injection mix until the oxidant solution 

is thoroughly mixed. A batch tank with a mixer is recommended for preparing 

the required volume of oxidant for each injection point. The nominal batch tank 

size required would be a minimum 1000 gallons based on the maximum oxidant 

solution volume estimated for any single injection point as outlined in the 

proposed injection plan (Table C-8, West Area 1). The batches may also be 

mixed in smaller proportions (500-1000 gal) if necessary to facilitate field 

operations. All oxidant batches shall be mixed for at least 5 minutes prior to 

injection to assure a homogeneous mixture. Mixed oxidant batches shall be used 

up on a daily basis.  

 Injections shall be on nominal 10 foot centers spacing. The spacing may be 

modified based on the results of the pre-work injection testing (Section 5.6). 

 Single or multiple injection points may be employed at one time. If multiple 

injection points are used, a manifold piping system may be used for oxidant 

delivery. 
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 Injections shall be performed from the bottom of the zone first, working towards 

the upper part of the zone of treatment. Injections may be delivered on 1-foot 

intervals or continuously to achieve a uniform oxidant dosage across the 

treatment zone vertical interval, depending on the injection rod configuration and 

the results of the pre-work injection testing. 

 Injection activities shall be done prior to vadose zone infiltration delivery 

(Section 5.7.1.8). Treatment area perimeter injections shall be performed first. 

Injections shall be staggered so as not to inject next to a point that was injected 

immediately prior. 

 Injection pressures shall be within the guidelines described in Section 5.6.1.2  

and they shall not be excessive as to cause soil or pavement uplift, or excessive 

breakthrough of injected oxidant. Injection pressure shall be monitored 

continuously during injection operations. Uniform oxidant flow rate shall be 

maintained, if practicable without generating excessive back pressure in the 

injection pipe or formation. 

 Existing monitoring wells and piezometers in and near the treatment zone shall 

be monitored daily for water levels. Wells or piezometers closest to the injection 

point shall be monitored more frequently during injection to check water levels. 

See Section 5.10 for specific monitoring requirements. 

 Completed injection borings shall be backfilled and sealed immediately after 

injection of the specified volume of oxidant. The injection zone interval shall be 

backfilled with a clean sand, if possible.. Above the treatment zone the boring 

shall be grouted with a Portland cement-bentonite grout mixture to the ground 

surface.  
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5.7.1.8  Infiltration Beds 

Infiltration is proposed for the vadose zones in the east and west treatment areas. Open 

infiltration beds or trenches will be used to deliver the higher concentration oxidants to the high 

VOC concentration vadose zones.  Infiltration of oxidant solutions shall be by open shallow 

pits/trenches above the vadose zone VOC areas. No liners are planned. Removal of surface 

pavements will be necessary in the east treatment zone. Depth of the infiltration bed will range 

from approximately 2 feet BGS. The infiltration bed area may be the entire treatment zone, or 

subsections, depending on the Contractor’s work strategy and management of onsite traffic and 

equipment.  At a minimum, the West 2 Area should be implemented prior to the West 1 Area to 

allow access to the Master Machine Building by their employees during treatment of the West 2 

Area. None of the proposed infiltration treatment areas will require access to building interiors. 

Any changes to the oxidant injection plan as a result of field pre-work infiltration  testing or other 

field changes shall be as approved and directed by URS. Oxidant infiltration bed dosages are 

described in Section 5.6.1. 6 and planned infiltration areas are shown on Drawing C-3. 

General criteria for infiltration are as follows: 

 Prior to constructing the infiltration beds, any surface/overhead utilities or 

obstructions and any underground utilities/piping shall be identified.  Surface 

pavement shall be removed from the infiltration area and removed from the site 

for offsite disposal in accordance with NYDEC and City of Jamestown 

requirements. 

 The infiltration beds shall be excavated to a nominal depth of 2 feet BGS. The 

finished bed floors shall be level. Excavation spoils may be temporarily stored 

onsite for later backfill into the infiltration bed after treatment. The infiltration 

beds may be the entire treatment zone area, approximately 5000 sf in the west 

area, or they may be subareas of the treatment zones. 

 The perimeter of the bed excavations shall be secured with temporary 

construction fencing to prevent onsite worker access or other visitor access.  
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 Surface runoff into the beds shall be minimized by ditches and/or barriers. 

 Each infiltration bed shall be uniquely identified and have an Infiltration Bed Log 

that contains the following information:  infiltration bed  number, date/time, 

oxidant dosage, oxidant flow rate and volume,  and bed liquid depths over time,  

 The required oxidant dosages shall be pre-mixed in batches prior to placement in 

the infiltration bed. Multiple batches are anticipated for each infiltration area 

based on the total volume requirements of up to about 22,000 gallons of oxidant 

solution per area (Table C-8, West 2 Area). The activator should not be added to 

the mix until the oxidant solution is thoroughly mixed. A batch tank with a mixer 

is recommended for preparing the required volume of oxidant for each injection 

point. All oxidant batches shall be mixed for at least 5 minutes prior to bed 

placement to assure a homogeneous mixture. Mixed oxidant batches shall be 

used up on a daily basis.  

 Mixed oxidant shall be placed uniformly over the entire infiltration bed by 

spraying or flooding, depending on the volume of oxidant solution, the bed area, 

and the infiltration rate. The maximum liquid level in any of the beds is expected 

to be 1 ft. or less based on the proposed oxidant delivery plan.  The largest beds, 

West 1 & 2, have a total surface area of approximately 4700 sf, and a design 

oxidant solution volume of approximately 40,000 gallons. Maximum liquid depth 

at total volume would be approximately 13.5 inches. 

 Existing monitoring wells and piezometers in and near the treatment zone shall 

be monitored daily for water levels. Wells or piezometers closest to the 

infiltration area shall be monitored frequently to check water levels. See Section 

5.10 for specific performance monitoring requirements. 

 After infiltration of the oxidant solution the beds shall be flushed with clean 

water. A minimum water volume of 20% of the oxidant volume shall be applied. 

Flush volumes are as follows: 
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  Oxidant Solution  Clean Water Flush 

Area    Gallons  Gallons 

West 1  18063  3600 

West 2  21676  4300 

       East 1            4410     880 

      

 Treated infiltration beds shall be backfilled immediately after the total required 

oxidant volume has infiltrated into the subsurface and the bed surface is 

relatively dry. Onsite clean spoil materials previously removed from the area or 

clean imported fill will be used for backfill of the beds.  

In areas of previous pavement, a minimum of 8-inches of bituminous asphalt 

pavement shall be placed. The pavement subbase fill shall be placed in 1 ft. thick lifts and 

shall be compacted by a minimum 4 passes of a vibratory roller with a minimum 3500 

lbs. dynamic force. In areas of previous vegetation (East), the backfilled area shall be 

vegetated with a suitable grass mixture. See Drawing C-4 Site Closure Plan. The 

schedule for backfill and paving of infiltration areas will be as directed by URS based on 

the results of post-treatment monitoring. 

5.7.2 Process and Equipment Requirements 

In general, the majority of the necessary project equipment needed will be associated 

with processing and injection of oxidants. Infiltration delivery of oxidants will require oxidant 

batch processing and delivery of the oxidant into excavated beds or trenches. In-line continuous 

mixing of oxidant solutions may be employed as an alternative approach, if these systems can be 

demonstrated by the Contractor to meet the design requirements for the project. The selected 

Contractor will propose specific equipment for the project which will be reviewed and approved 

by URS prior to commencement of the work. 
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5.7.2.1 Oxidant Processing Equipment 

Oxidant processing will require multiple onsite storage tanks, mixing tanks, a bulk 

material handling system and pumping systems to prepare and deliver the oxidant solution to the 

treatment zone. All of the materials of construction shall be compatible with the oxidant and 

associated reagents. 

 Storage- Dry reagents such as sodium persulfate, surfactants and iron-EDTA 

activators shall be stored in a secured dry condition, at a minimum on a dry 

pad/base with a waterproof covering.  

 Water- ISCO processing will require significant volumes of water. For1 PV over 

the treatment zone, 415,000 gallons of water will be required. Less water will 

actually be needed since the current oxidant delivery plan proposes < 1 PV 

volume of oxidant solution. See Section 5.7.1.6. The water volume based on the 

current oxidant delivery plan is approximately 115,000 gallons. Additional water 

will be needed for infiltration bed flushing and other site uses. These other 

volumes are not estimated herein. 

 Onsite storage of the total project water supply volume is not practical. Onsite 

storage of a minimum volume of water to supply 2 days of injection operations 

will be required. The source of water will be determined by the Contractor. City 

of Jamestown water lines are present on Blackstone Avenue. A fire water hydrant 

is located on the north side of the street, directly southeast of the metal hut 

building. The Contractor shall verify the availability of City of Jamestown water 

prior to commencing work. 

 Mixing equipment will be needed to blend the dry oxidant and activator reagents 

with water. The mix tank shall be of sufficient volume to allow batching of a 

minimum volume needed for a single injection point. At a nominal 10-ft spacing, 

this volume is estimated to be up to 1061 gallons (Table C-8). The mixer shall be 
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a high-shear unit capable of completely blending the dry oxidants and activators 

into a uniform, non-flocculated solution. 

 The mix tank shall be placed within a secondary containment system capable of 

collecting and storing the mix tank volume in the event of a tank leak,  spill or 

breach of piping. 

 Materials Handling Methods- Preparation of oxidant solutions will require bulk 

feeding of dry products into mixing vessels. Mechanical or heavy equipment 

transfer of bulk oxidant to conveyance systems or directly to mixing vessels is 

anticipated. The mix proportions shall be accurately measured and controlled to 

achieve the desired oxidant solutions for delivery to each treatment zone. All 

oxidant and reagent mixing systems shall be placed within secondary 

containment structures. The Contractor will propose specific materials handling 

methods in the Contractor’s Field Operations Work Plan submittal. 

 Pumping Systems- A pumping system is required to transfer the mixed oxidant 

solution to the treatment areas. Since the areas include infiltration beds and 

injection points, the pumping requirements will vary. Injection pressures are 

limited by the shallow depth of the treatment zone and low pressure/high volume 

pump is more suitable for this application. Diaphragm and/or bladder pumps are 

acceptable for injection. Transfer of oxidants to the larger area and volume 

treatment beds may be accomplished by higher pressure pumping systems, such 

as positive displacement pumps. Delivery of oxidant to infiltration areas will be 

by open outfalls or spraying across the infiltration bed. 

 Monitoring – Sufficient gauging equipment shall be installed to measure oxidant 

solution flow, transfer line and injection point pressures, injection and infiltration 

volume/time and oxidant solution temperatures. These data shall be measured 

and recorded on a Daily Log by the Contractor. 
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5.7.2.2 Injection Equipment 

Injection by direct-push (DP) drilling equipment is preferred. These rigs provide greater 

flexibility for site access and mobility and they are capable of injecting the volumes of oxidant to 

the required depths of the site treatment zones. General requirements for the DP equipment are as 

follows: 

 DP rigs shall be in good working condition and hydraulic lines shall be checked 

and replaced as needed prior to the start of work. Multiple rigs may be used on 

the project. Manifold systems shall each have multiple pressure gages and flow 

meters to allow measurement of injected solutions at each point. 

 Drilling/injection rods shall be steel with  threaded joints. All joints will have O-

rings that are compatible with the injected fluids. 

 Injection points may be slotted, retractable or pressure-activated, or a 

combination of these. The injection point shall be able to deliver oxidant in a 360 

degree distribution within the borehole. Expendable tips with open ended rods 

are acceptable. The Contractor shall submit injection rod details for approval. 

5.8 Cleanup and Site Restoration 

Construction debris, waste materials, packaging material and miscellaneous solid wastes 

shall be removed from the work site on a daily basis.  Any dirt or mud that is tracked onto paved 

or surfaced roadways shall be cleaned daily.  Stored material shall be neatly stacked when stored.   

Upon completion of the project and after removal of materials and equipment, the areas 

used by the Contractor for storage of equipment or materials, and transporting equipment and/or 

materials between work areas, shall be restored to original or better condition.   

Any infiltration areas that had pavement removed shall be paved with bituminous 

concrete as described in Section 5.7.1.8. URS will direct the Contractor on the schedule for final 
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paving based on the results of the performance monitoring.  Disturbed vegetation areas shall be 

graded to a smooth condition and re-seeded.  See Drawing C-5 Site Closure Plan. 

5.9 Demobilization 

Following completion of the remedial activities and acceptance of the work by the 

NYSDEC and Dow, the Contractor will remove all equipment, materials, supplies, debris/waste 

generated by Contractor’s activities, temporary utilities and facilities, and manpower from the 

Site.   

The areas of the Site utilized and/or disturbed by the Contractor during the project are to 

be left in a condition equal to, or better, than when the Contractor mobilized to the site. 

5.10 Performance Monitoring 

URS will conduct performance monitoring to monitor the site operations and evaluate the  

effectiveness of the insitu treatment. Monitoring will involve hydraulic and chemical 

measurements before, during and after the ISCO operations. The baseline pre-work sampling 

described in Section 5.5 is not included as part of the monitoring described herein. Performance 

monitoring is summarized on Table 5-1 and Drawing C-5 Site Monitoring Plan. 

5.11 Field Modifications 

Field modifications shall be managed in accordance with the construction quality 

assurance and control plan (CQACP) as prepared by the Contractor in accordance with this 

RAWP and as approved by URS.  

Major changes to the scope of the ISCO operations as defined in the CQACP will require 

NYDEC review and approval. Minor changes to the operations will be approved by Essex/URS. 

All field changes will be documented per the CQACP. See Section 6.0. 
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6.0 QUALITY CONTROL AND ASSURANCE 

The Contractor is responsible for quality control and shall establish and maintain an 

effective quality control system monitored by URS.  The quality control system shall consist of 

plans, procedures, and organization necessary to produce an end product that complies with the 

contract requirements.  The system shall cover all construction operations and shall be keyed to 

the proposed construct schedule.  The work shall conform to the documents approved for 

construction including all work plans and drawings. 

The Contractor and its subcontractors shall comply with the construction documents 

prepared by URS and the HASP prepared by the Contractor.  The Contractor is responsible for 

providing quality control during all phases of work.  URS is responsible for quality assurance. 

Changes significantly affecting the approved construction documents or project schedule 

shall be brought to the prompt attention of URS.  Work found to be out of compliance with 

approved construction documents will be reviewed and halted, if necessary, until satisfactory 

resolution acceptable to URS is achieved. 

The Contractors construction quality assurance and control plan (CQACP) shall be 

described in their Field Operations Work Plan (FOWP) submittal. 

6.1 Responsibilities 

The principal organizations involved in implementing the remediation at the site include 

NYSDEC, ESP (Dow Chemical), URS, and the Contractor.  Specific responsibilities and 

authorities are delineated below to establish the lines of communications required to produce an 

effective decision-making process during execution of the work. 

6.1.1 Regulatory Agency 

The lead regulatory agency involved with this project is the NYSDEC.  In this capacity, 

the NYSDEC will review construction documents for conformance with applicable requirements.  
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The NYSDEC has the authority to review and accept design revisions or requests for variances 

that are submitted after the construction documents have been approved.   

6.1.2 Essex Specialty Products Inc.  

Essex Specialty Products Inc. (ESP), a former subsidiary of The Dow Chemical 

Company (Dow), as owner, will be responsible for the proper permitting, design, and 

construction of the project.  ESP has retained URS as the project engineer and to confirm quality 

assurance.  The Contractor will be placed under contract with URS following approval of the 

construction documents.  ESP has the authority to dismiss all non-regulatory organizations 

involved in the design, quality control and assurance, and construction of the items and activities 

outlined in this RAWP. 

6.1.3 URS 

URS will function as Project Engineer and will provide construction quality assurance 

personnel.  URS’ responsibilities under these separate functions are defined below. 

6.1.3.1 Project Engineer 

As the Project Engineer, URS’ primary responsibility will be to provide engineering 

technical support and QA oversight during ISCO implementation.  In this capacity, URS will be 

responsible for the monitoring of construction work and providing the Contractor with feedback 

from questions regarding the RAWP.  In addition, URS will be responsible for identifying, 

documenting and correcting any deviations, as necessary, and to request and receive NYSDEC 

approvals as may be required. 

URS has the responsibility to review proposed design revisions associated with field 

changes that deviate from the RAWP, and the authority to approve the revisions, and submit the 

proposed revisions to Dow and the NYSDEC for approval.  All field changes will be processed in 

accordance with established procedures outlined in Section 6.3. 
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6.1.3.2 Construction Quality Assurance Inspector 

URS will provide Construction Quality Assurance (CQA) during implementation of the 

remediation activities.  The CQA inspector has the responsibility and authority to halt work that is 

not in conformance with the NYDEC-approved RAWP.  The CQA inspector’s responsibilities 

include:  

 Review Contractor Field Operations Work Plan (FOWP) for clarity and 

completeness so that the work can be implemented correctly in a timely fashion. 

 Perform on-site inspections to ensure compliance with FOWP. 

 Verify that air monitoring activities have been properly completed and 

documented.  

 Document the results of all inspection, test, and monitoring activities.  

 Report non-conforming conditions in accordance with the procedures explained 

in Section 6.4,  as well as other deviations from the FOWP to the Owner and 

NYSDEC.   

 Verify the implementation of any corrective action measures. 

6.1.4 Contractor 

The Contractor’s responsibility is to perform the work in accordance with the FOWP.  

Construction personnel will coordinate their work with the URS CQA inspector. 

6.2 Site Meetings 

Periodic CQA meetings will be held during implementation and construction.  It is 

anticipated that one meeting will be held each week for the duration of the project, unless 

otherwise approved by the Engineer.  Additional meetings will be held, if warranted during the 

project.  As availability allows, meeting attendees will include the URS Project Manager, the 
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CQA inspector, and the Contractor.  Representatives of the NYSDEC and Dow may also attend, 

as necessary, and timely notice of any meetings shall be distributed by URS.   

The initial CQA meeting will be conducted on-site prior to initiating work.  Subjects 

proposed to be covered during this meeting include: 

 Providing appropriate parties with the NYSDEC-approved RAWP and project 

FOWP and CHASP. 

 Resolving identified conflicts within the FOWP. 

 Reviewing the procedures and requirements for the tests and inspections to be 

performed. 

 Reviewing methods for documenting and reporting inspection and monitoring 

data (e.g. appropriate field book entries). 

 Reviewing procedures for identifying and correcting deviations. 

 Reviewing the HASP as needed. 

 Conducting a site walkover to review and discuss work issues. 

 Discussing the overall project schedule. 

6.3 Daily Construction Quality Assurance  

On a daily basis the CQA inspector will communicate with the Project Engineer (URS) to 

discuss project activities.  Discussion topics will include: 

 Previous activities and progress. 

 Planned activities. 

 Anticipated or potential construction issues. 
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 Review of testing procedures, submittals, or inspection activities.  

The CQA inspector will document the daily progress and activities.  The documentation 

will be utilized in preparation of the Remedial Action Report at completion of the project. 

Specific inspection items will be outlined in the Contractors CQACP and will include, 

but are not limited to, the following: 

 General work zone and treatment area layouts 

 Chemical manufacturer’s spec sheets and submittal data 

 Onsite chemical storage and security 

 Site water source verification 

 Oxidant solution preparation, mixing and delivery  

 Oxidant solution sampling and testing 

 Instrumentation calibration 

 Groundwater hydraulic monitoring during oxidant application 

 Offsite migration of dusts, particulates or vapors 

 Waste and debris management 

 Final site cleanup and restoration, including grading, pavement and vegetation 

replacement and final surface drainage. 

6.4 Field Change Request Process 

The purpose of this procedure is to describe the method for requesting acceptance for the 

implementation of field changes to the Work Plan and procedures applicable to the remedial 

action. 
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A Field Change Request (FCR) is a document used to request and acquire the necessary 

reviews and acceptance for implementing a field change involving design, process, or method.  

During the course of field activities, conditions may be encountered that necessitate a change in 

requirements affecting design, processes, or methods. 

These changes may be necessary to correct or revise a design, institute use of additional 

requirement, or request approval for relief from an existing requirement with suitable 

justification.  Field changes may also be requested to address and acquire guidance for unforeseen 

or unanticipated conditions, or to acquire acceptance for alternate methods or processes to be 

employed.  A FCR form that includes a complete description of the requested change, seeks the 

necessary acceptance, and provides for disposition of the request and identifies affected 

documents is to be used for each proposed change. 

6.5 Nonconformance Reporting 

The purpose of this procedure is to establish and provide a system for identifying, 

reporting, evaluating nonconforming items to prevent their inadvertent use or installation.  This 

procedure applies to permanent installations and items of hardware or materials, which are 

procured, constructed, installed, or used in conjunction with remedial activities.  This procedure 

does not apply to expendable tools, supplies, or temporary equipment, items or materials.  A 

nonconformance is a deficiency in characteristic, documentation, or procedure that renders the 

quality of an item or material unacceptable or indeterminate.   

The CQA inspector initiating the Nonconformance Report will provide a detailed 

description of the nonconforming condition(s), including any reference(s) to drawings, work 

plans, specifications, or procedures which may provide acceptance criteria for the item or 

material being reported.  The CQA inspector, will maintain a log of NCRs.  

If the NCR prompts any change to the intent of the construction documents, NYDEC 

must approve of the change prior to implementation.   
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6.6 Project Closeout 

Near the end of field activities work, URS will schedule a Site walk through with the 

Contractor, and ESP/Dow personnel.  Any remaining work necessary to satisfy the intent of the 

RAWP will be identified and documented for follow-up action. 

A draft Final Remedial Action Report will be prepared to include a description of 

activities conducted to comply with the requirements of this RAWP and the Contractors FOWP.    

Based on input from the NYDEC, the report will be finalized.   

 

 

 

 

 

 

 

 

 

 

 



 

7.0 SCHEDULE 

A general sequence of events is presented in this section. The Contractor will submit a 

detailed construction schedule that outlines project tasks, sequences and durations. The final 

project schedule will be approved by ESP/URS and be provided to NYDEC. 

The general implementation schedule is as follows: 

 Submittal of draft RAWP (URS) 

 Baseline groundwater sampling (URS) 

 NYDEC review and comment on RAWP 

 RAWP revisions (URS) and final approval by NYDEC, as necessary 

 Issuance of UIC Permit from USEPA 

 Preparation of final project documents and bid package (URS) 

 Notice of Award of project to selected Contractor (URS) 

 Issuance of Subcontract/Work Order to perform project (URS) 

 Submittal of project documents (Contractor) 

 Approval of project documents and schedule (URS) 

 Issuance of Notice to Proceed (URS) 

 Pre-operations monitoring (URS) 

 Mobilization of materials and equipment (Contractor) 

 Site preparation activities (Contractor) 

 New monitoring well (3) construction (URS) 
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 Groundwater ISCO Injection (Contractor) 

 Vadose zone ISCO Infiltration (Contractor) 

 CQA and operations monitoring (URS) 

 Bituminous pavement replacement (Contractor) 

 Final site grading and vegetation (Contractor) 

 Site final walk-through (all parties) 

 Demobilization and cleanup (Contractor) 

 Project Completion Report (URS) 

 Post-operations monitoring (URS) 
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URS Corporation Essex Jamestown Site
UST Area ISCO

Soil VOC Data Summary

Table 3-1

2003‐2005 Data, mg/kg
Area Sample 

Depth

Date

Ft BGS Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean

4 to 8 Nov, 2003 0.05-547 181.47 0.02-547 181.44 BDL-3.7 1.1 BDL-3.3 0.62 BDL-40 10.4 BDL-500 169

4 to 8 2005 403-2436 1000 339-2436 999.2 3.4-5.9 4.5 2.3-660 116 10-250 94.8 373-1520 751

4 to 8 Nov, 2003 0.11-0.41 0.26 0.03-0.36 0.2 BDL BDL BDL-
0.013

0.009 0.007-
0.063

0.035 0.026-
0.284

0.155

4 to 8 2005 BDL-29.47 4.7 BDL-29.47 4.7 BDL-1.2 0.27 BDL-0.27 0.063 BDL-3.0 0.46 BDL-25 3.9

8 to 12 Nov, 2003 0.53-93.8 28.7 0.53-93.8 28.7 BDL-6.1 1.32 BDL BDL BDL-15 4.8 0.53-72.7 22.4

Notes:
1. BDL values entered as 5 ug/kg in calculation for arithmetic mean

UST West

UST East

Soil VOC Summary

Total VOCs Total CTEX Cumene Toluene Ethylbenzene Total Xylenes

6/10/2011



URS Corporation Essex Jamestown Site
UST Area ISCO

Shallow Groundwater VOC Data Summary

Table 3-2

2003‐2006 Data, ug/l
Area

Range Mean Range Mean Range Mean Range Mean Range Mean

UST West BDL-1003K 120,895 BDL-6100 619 BDL-34,000 3884 BDL-160,000 12,676 BDL-810,000 102,800

UST East BDL-93,805 10,225 BDL-6100 438 BDL-16 5.5 BDL-15,000 1798 BDL-72,700 7797

Notes:
1. BDL values entered as 5 ug/l in calculation for arithmetic mean
2. Data does not include MW-20 beneath CPM BL No. 5. 

Shallow Groundwater VOC Summary

Total VOCs Total XylenesCumene Toluene Ethylbenzene

6/10/2011



URS Corporation Essex Jamestown Site
UST Area ISCO

ISCO Performance Monitoring Summary

Table 5-1

Work Phase Objective Monitoring Locations Parameters Frequency
Pre-Operations Measure Groundwater Levels 

and Water Quality Indicators 
and VOCs to establish 
baseline conditions.

Wells- HW-9, MWs- 20, 23S, 24S, 
26S, 27S and 28S, and PZ-5S

VOCs (EPA 8260), pH, cond, 
ORP, DO, sulfate, alkalinity, 
iron, and water levels

Within 2 weeks prior to the start 
of site oxidant applications

Operations Measure Groundwater Levels, 
Water Quality Indicators and 
VOCs to assess ongoing 
operations and short-term 
effects of ISCO.

Wells- HW-9, MWs- 20, 23S, 24S, 
26S, 27S and 28S, and PZ-5S (use 
selected monitoring wells closest to 
weekly ISCO activities)

VOCs (EPA 8260), pH, cond, 
ORP, DO, sulfate, alkalinity, 
iron, and water levels

Chemical Parameters- Weekly 
during oxidant application 
periods. Well water levels- daily 
and increased to 2x/day min. for 
wells < 50 ft from injection 
points.

Post-Operations Groundwater- Measure Well 
Water Levels, Water Quality 
Indicators and VOCs to 
evaluate ISCO performance.    
Soils- Measure soil organic 
constituents to evaluate ISCO 
performance.

Wells- HW-9, MWs- 20, 23S, 24S, 
26S, 27S and 28S, and PZ-5S.              
Soils- Continuous samples, 4 ft to 
water table. Select sample based on 
VOC headspace (HS) result. Sample 
vadose soils in west treatment area on 
20 ft center grid and in east treatment 
area at centerline (E-W) on 10 ft 
centers.

Groundwater- VOCs (EPA 
8260), pH, cond, ORP, DO, 
sulfate, alkalinity, iron and 
water levels.                       
Soils- Field HS, VOCs and 
TPH.

Wells- Quarterly for 1-year after 
the end of site operations 
monitoring.                           
Soils- 30 and 180 days after 
treatment

ISCO Performance Monitoring Summary

6/10/2011
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APPENDIX A- 

Site Investigations Summary 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Site Investigations Summary of UST Area 

 

Shallow Soil Chemical Analyses- - 2003 

Chemical analyses indicates that VOC‘s cumene, toluene, ethylbenzene and xylenes 

(CTEX) were most frequently detected in the UST Area. Chlorinated VOCs were not detected in 

the UST Area soil samples. The CTEX compounds were found at levels above the Remedial 

Action Objectives (RAOs primarily in the western end of the UST Area, around former Tank T1. 

TBUST-9, approximately 20 feet south of former UST Tank 1, had CTEX levels of 

approximately 547 ppm, which were the highest levels found in the “unsaturated” test boring 

samples. The elevated CTEX soil areas generally correlate with the elevated CTEX in shallow 

groundwater. (See Section 3.2). These elevated CTEX areas are in the historic truck access 

aprons for chemical deliveries and loading for the former UST Area operations. The area is 

currently paved with concrete and is used as an access and parking area for the Master Machine 

Inc. plastic and metal working operations in the building directly west. 

Elevated CTEX (>RAOs) was also found further south of the UST Area than had been 

previously known. TBUST-8 and TBUST-9, approximately 30 feet south of the former USTs, 

had CTEX levels of 226 and 547 ppm, respectively. It is noted that these samples were taken 

form a depth at or near the saturated zone and they may be affected by floating contaminants 

(LNAPL) and smear zone conditions associated with this interval. The southern and southwest 

extent of the CTEX in the UST Area was not completely determined in this investigation phase. 

The southwest direction from the UST Area includes the south plant CPM building which is 

currently leased to Master Machine Inc. These areas are upgradient of the former USTs and they 

are expected to be minimally affected, if at all. By historic UST Area operations. 

Shallow Soil Chemical Analyses- 2005-2006 

Continuous soil samples were taken at each UST Area boring, except for Phase II test 

borings TBUST-37 through TBUST 43. VOC headspace screening was done for all soil samples 

retrieved from the UST Area test borings. The headspace readings were used to screen samples 

for offsite lab analyses. Generally, unsaturated zone sample intervals in each boring with the 

highest readings were selected for confirmatory laboratory analyses.  

 



 

Shallow soil headspace results indicates that a zone of high VOC’s (>100 ppm, by PID) 

is present primarily in the area directly south of the former USTs T1 and T2, which were the 

westernmost tanks in the UST Area. In addition, high VOCs were found in test boring TBUST-5, 

directly south of the former UST T5, on the easternmost end of the UST Area.  

Laboratory VOC analyses were performed on soil samples from UST Area test borings 

TBUST-13 through TBUST-23, TBUST-29, -30, -31 and -34. The samples were taken in the 

interval of approximately 4-7 ft. BGS. Samples below this depth are expected to be influenced by 

dissolved VOCs in groundwater and are not representative of unsaturated conditions. 

Chemical analyses indicates that the VOC‘s detected were primarily cumene 

(isopropylbenzene), toluene, ethylbenzene and xylenes (CTEX). No chlorinated VOCs were 

detected in the UST Area soil samples. The CTEX compounds comprised 100% of the total 

VOCs detected in the UST Area soil samples, with the exception of benzene detected in TBUST-

23 and acetone found in TBUST-18. CTEX compounds comprised 98.4% of the VOCs detected 

in these samples. The soils with detectable levels of VOCs all exceeded the Remedial Action 

Objectives (RAOs), set for individual and total VOCs in soil, 1 and 10 ppm, respectively.  

The RAO exceedances are primarily in the western end of the UST Area, directly south 

of the former USTs. TBUST-21 through -23, and TBUST-29 through -31, approximately 40-60 

feet south of the former USTs, had CTEX levels ranging from 403 to 2436 ppm. Soil samples 

taken in the eastern UST Area, in the vicinity of the former tank pad, had order of magnitude 

lower CTEX levels than the western UST Area, and most of the soil samples were below 

detection limits (BDL) for VOCs. The highest CTEX detections were found in TBUST15 and -

16, along the north end of the tank pad area. CTEX levels in these samples were 10.1 and 29.4 

ppm, respectively. All of the soil samples along the eastern end of the tank pad area were BDL 

for VOCs. Figure 3-1 depicts the UST Area soil VOC distribution as total CTEX concentrations. 

 The soil VOC data is generally consistent with previous investigations (2003 and prior) 

which found that the shallow soils in the UST Area had elevated VOC levels (> RAOs) only near 

Tanks T1 and T2, on the west end of the UST Area. Detected VOCs included xylenes, 

ethylbenzene, toluene and cumene. All other shallow soil VOCs taken from the eastern UST Area 

were below the RAOs for VOCs. 

 

 



 

Groundwater Analytical Results 

Shallow zone groundwater samples have been taken from the two newer monitoring 

wells (MW-23S and MW-24S) and seven existing monitoring wells in the UST Area. In 2006, 

test borings were advanced in the UST Area and adjoining properties for retrieval of shallow 

groundwater samples by direct-push drilling methods. Groundwater samples were taken from a 

short screened interval (~ 4 ft. or less) either near the top of the semi-confining layer (average 16 

ft. BGS) or the top of the saturated zone (approximately 10-12 ft. BGS).  

Consistent with the UST soils analyses, groundwater analyses indicates that the CTEX 

volatile organics (cumene, toluene, ethylbenzene and xylenes) were the dominant compounds 

detected in the UST Area. Chlorinated VOCs were found at relatively low levels.  

Shallow Groundwater CTEX-2003 

The 2003 investigations revealed that the CTEX plume (1 ppm isocontour) was found to 

extend across the entire UST Area to the former tank farm on the east, north to MW-20 (beneath 

Plant #5), and to the southwest, at least to new monitoring well MW-24S. The extent of the plume 

to the southwest and eastern areas of the UST Area was not fully delineated. The CTEX was 

concentrated in the western area of the UST Area and beneath Plant No. 5 towards monitoring 

well MW-20. This data is consistent with historical VOC data for the UST Area. Toluene, 

ethylbenzene, and xylene (TEX) have been found at elevated concentrations (RAOs->5 ppb) at 

the site only in and around the UST Area. Maximum TEX levels were historically found in the 

UST Area recovery wells RW-4S and RW-5S, which had toluene levels from 5400 to 6100 g/l, 

ethylbenzene levels from 11,000 to 16,000 g/l and xylene levels from 74,000 to 130,000 g/l. 

These recovery wells were demolished as part of the UST removal work. 

The CTEX plume was found to be migrating primarily to the north towards MW-20, 

beneath Plant #5, approximately 50 feet north of the UST Area. Total CTEX at MW-20 was 

24,690 ppb, the highest level found in groundwater samples taken in these investigations. The 

CTEX plume has not migrated significantly to the northeast of the UST Area based on the low 

concentration of 8.3 ppb found at PZ-5S. The data does indicate that CTEX is present at elevated 

levels (>10 ppm) in saturated soil samples taken from test borings at the eastern UST Area, 

TBUST-6 and TBUST-7. Monitoring wells are not present in this area, and the extent of the 

CTEX directly east of the former tank farm has not been fully determined.  

 



 

Elevated CTEX (>1 ppm) was also found south and southwest of the UST Area. 

Monitoring wells MW-23S and MW-24S had total CTEX levels of 2507 ppb and 7674 ppb, 

respectively. These wells are approximately 30 feet south of the UST Area. The extent of the 

migration in this direction has also not been determined, although MW-13, near Blackstone 

Avenue on the south end of the site, had a CTEX level of 7.3 ppb. This result suggests that CTEX 

has not migrated to the south end of the site near Blackstone Avenue, and it is also not migrating 

onto the site from the offsite area to the south. Southwest of the UST Area is generally upgradient 

and includes the CPM south plant building which is currently leased to a small business. Site 

investigations were not conducted in the south plant building area at that time.  

Shallow Groundwater Chlorinated VOCs- 2003 

 Chlorinated VOCs were found at relatively low levels in the UST Area shallow 

groundwater compared to the historic levels found in the NPL Area to the north, where the 

primary source of the chlorinated VOCs was present. CVOCs above RAOs (5ppb) were found 

generally in the northwestern part of the UST Area (HW-6 and MW-20) and are expected to be 

associated with the historic NPL Area VOC source. TCE levels in the UST Area shallow 

groundwater were 110 ug/l or less.  

TCE by-products cis-1, 2 DCE and vinyl chloride were found at 2900 ug/l and 1400 ug/l, 

respectively, at HW-6, which is located in the southern end of the NPL Area, approximately 40 

feet from the west end of former UST T1. The only other UST Area well that had vinyl chloride 

levels above RAOs was MW-20, which had a concentration of 170 ug/l. 

Vinyl chloride was not detected in any of the 2003 site investigations in the UST Area. 

TCE was detected above the RAO level of 5 ppb in only one shallow groundwater sample taken 

in the Plant #5 East and UST Area Investigations of 2001: RW-4S.  

 

Shallow Groundwater CTEX-2006 

Thirty-one (31) test borings were advanced in the onsite UST Area and adjoining 

properties for retrieval of shallow groundwater samples for VOC analyses.. Groundwater samples 

were taken from a short screened interval (~ 4 ft. or less) either near the top of the semi-confining 

 



 

layer (approximately 15-20 ft. BGS) or the top of the saturated zone (approximately 10-12 ft. 

BGS).  

The CTEX groundwater plume (1 ppm isocontour) extends across the entire UST Area to 

the former tank farm to the east, north to MW-20 (beneath Plant #5), and to the southwest, and 

has been delineated in the recent investigations. The extent of the plume to the southwest and 

eastern areas of the UST Area has been determined to be offsite onto adjoining properties. The 

shallow groundwater CTEX distribution is presented on Figure 3-2.  

In the western UST Area, the CTEX levels are the highest found at the site and are 

concentrated approximately 40-60 feet south of the former underground tank area. Total CTEX 

levels range from 110-167 mg/l in this area. The high concentration (> 100 mg/l) CTEX zone is 

estimated to be approximately 2500 sf. The extent of the plume to the west, beneath the Master 

Machine plant, has not been defined since drilling equipment could not access the inside of the 

building. The groundwater plume mapping suggests that the CTEX plume does extend beneath 

the Master Machine plant, however, it is not expected to extend much greater than 50 feet beneath 

the building based on projection of the isocontour lines from adjoining data points. This is further 

supported by the condition that the Master Machine plant is hydraulically upgradient of the UST 

Area under both natural shallow groundwater flow and pumping conditions. 

To the south of the UST Area, towards Blackstone Avenue (City of Jamestown property), 

CTEX was found in the road right of way at one location, TBUST-25. Total CTEX at this 

location was 4.76 mg/l. CTEX was not found south of the road based on samples taken on the 

south end of the road which were non-detect. It is noted that a sanitary sewer line is present along 

the center line of Blackstone Avenue. The sewer construction has not been assessed and it is not 

known if the sewer may act as a drain for shallow groundwater flow in this area, thus affecting 

local groundwater flow directions.  Because the shallow groundwater flow direction is 

dominantly to the north/northeast, significant migration of VOCs via groundwater to the south of 

the site is not expected. 

To the east, CTEX in shallow groundwater appears offsite to the north and east of the 

tank pad area on property owned by Johnson Machine and Rollform, Inc. The extent of the CTEX 

is estimated at approximately 30 feet beyond the property line. 

 



 

The 2006 data is consistent with historical VOC data for the UST Area. The VOCs 

detected are the same group as found previously at the site. Toluene, ethylbenzene, and xylene 

(TEX) have been historically found at elevated concentrations (RAOs->5 ug/l) at the site only in 

and around the UST Area. Maximum TEX levels detected were in former recovery wells RW-4S 

and RW-5S, which had toluenes from 5.4 to 6.1 mg/l, ethylbenzenes from 11 to 16 mg/l and 

xylenes from 74 to 130 mg/l.  
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Executive Summary 

 

VeruTEK Technologies, Inc. (VeruTEK) was contracted by URS Corporation (URS) to complete a 

Surfactant-Enhanced In Situ Chemical Oxidation (S-ISCO®) and In Situ Chemical Oxidation (ISCO) 

Laboratory Treatability and Dosage Study for treatment of volatile organic compounds (VOCs), impacting 

the former Essex Specialty Products, Inc. facilities NY UST Site located at 155 Blackstone Avenue, 

Jamestown, NY. Contaminants of concern (COCs) specifically include (CTEX) cumene (isopropylbenzene), 

toluene, ethylbenzene, and xylenes. Soil column tests used to simulate field conditions indicate that the 

S-ISCO® processes tested preformed much better than the ISCO processes. The most effective S-SICO® 

processes in the soil column tests were S-ISCO® with Fe-EDTA activated persulfate, and S-ISCO® with Fe-

TAML catalyzed peroxide resulting in a total of 98%, and 96% reduction of total VOCs, respectively, 

relative to the control column. 

Laboratory tests were conducted to both compare and optimize ISCO and S-ISCO® treatment of VOCs 

present in Site soil to meet cleanup criteria (RAOs) established by the NYDEC Consent Order for the 

Site.1 Treatability results revealed S-ISCO® outperformed ISCO for remedying VOC contamination at this 

Site, with up to 99% destruction of target compounds to levels below established NYDEC RAOs.  

Based on the chemistry of the contaminated soils from the Site and a supplemental surfactant screening 

test, solubilization enhancement tests were conducted on homogenized Site soil using VeruSOL-3®, a 

proprietary mixture of USFDA Generally Recognized As Safe (GRAS) plant-based surfactants and co-

solvents. Desorption/solubilization enhancement results revealed a controllable, incremental increase in 

COC solubility with increasing VeruSOL-3® concentrations up to 10 g/L. Solubilization enhancement 

factors (the ratio of contaminants solubilized from Site soil into the aqueous phase using VeruSOL-3® 

compared to a water-Site soil mixture alone) of up to 9.4 for total VOCs were achieved using VeruSOL-3® 

at a concentration of 10 g/L. Specific target compounds isopropylbenzene, toluene, ethylbenzene, m&p-

Xylene, and o-Xylene achieved solubilization enhancement factors up to 14.6, 8.1, 26.8, 8.3, and 3.9, 

respectively, at 10 g/L VeruSOL-3®. 

To evaluate the efficacy of the remedy, activated sodium persulfate and catalyzed hydrogen peroxide 

oxidation tests were carried out using supernatant generated from the solubilization enhancement 

tests. Oxidation tests verified that contaminants, once solubilized with VeruSOL-3®, could subsequently 

be destroyed in place using either activated persulfate or catalyzed peroxide. After a 14-day reaction 

period, Fe-TAML catalyzed hydrogen peroxide proved to be the most effective oxidation treatment, with 

up to 99% destruction of VOCs compared to the control in the emulsion previously generated using 

Verusol-3® at 10 g/L. 

Soil column tests were conducted to more accurately simulate field implementation of the selected 

treatment processes, and to evaluate the efficiency of COC degradation in contaminated Site soil.  Seven 

columns were packed wet with contaminated soil.  One column acted as a control and was treated with 

only deionized water, while the six remaining columns were treated with three different activator-

                                                           
1
 Soil RAOs: Total VOCs = 10 ppm; Individual VOCs = 1 ppm; Total SVOCs = 500 ppm; Individual SVOCs = 50 ppm. 



2 

 

oxidant combinations (Fe-EDTA activated persulfate, alkaline activated persulfate, and Fe-TAML 

catalyzed peroxide), each applied using both ISCO and S-ISCO® processes.  Surfactant and activator-

oxidant combinations applied in the soil column tests were selected based on previous 

desorption/solubilization tests and oxidation tests. The surfactant selected for the S-ISCO® column tests 

was VeruSOL-3®. Subsequent results exhibited up to 99% destruction of target VOC compounds to levels 

below established NYDEC RAOs. 

Based on the high levels of COC destruction achieved in the Laboratory Treatability and Dosage Study, S-

ISCO® is recommended for effective treatment at this Site. 
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1.0 Introduction 

 

S-ISCO® is a technology platform that incorporates different types of natural surfactants, catalysts, 

builders, and oxidants to destroy contaminants in place. Using the S-ISCO® technology platform, the 

chemistry of the coelution mixture is matched with the chemistry of the contaminants to optimize field 

implementation and lower costs.  VeruTEK® has developed proprietary mixtures of USFDA Generally 

Recognized as Safe (GRAS) plant-based surfactants and cosolvents to increase the mass of target 

contaminants solubilized from the soil phase, making them significantly more available for oxidative 

destruction. The Laboratory Treatability and Dosage Study sequentially test the chemistry and the 

physics (transport properties) of S-ISCO® mixtures to determine the optimum strategy for removal of 

contaminants in field. 

 

This study compares the efficacy of the ISCO and S-ISCO® processes, incorporating alkaline activated 

persulfate, Fe-EDTA activated persulfate, and Fe-TAML catalyzed peroxide. Plant-based surfactant 

mixtures were tested based on the generally non-polar chemistry of the contaminants.  The laboratory 

tests were conducted with five specific objectives defined in the proposal: 

 

1)  Characterization of representative Site soil, 

2)  Evaluation of COC desorption/solubilization and treatment performance of target COCs, 

3) Evaluation of the destruction of solubilized target COCs with alkaline activated persulfate, Fe-

EDTA activated persulfate, and Fe-TAML catalyzed peroxide, 

4) Evaluation of ISCO and S-ISCO® column tests to more accurately simulate the selected treatment 

processes under simulated field conditions and, 

5) Preparation of report summarizing Laboratory Treatability and Dosage Study and results 

 

 

To achieve the desired project goals, laboratory tests were conducted as follows: 

 

• Task 1: Homogenization and partial characterization of Site soil 

 

• Task SS: Supplemental solubilization screening tests to determine the most effective 

surfactant/cosolvent mixture(s) for COC desorption/solubilization. 

 

• Task 2:  Desorption/solubilization enhancement of target COCs in Site soil with the selected 

surfactant/cosolvent mixtures(s) 

 

• Task 3:  Destruction of desorbed/solubilized target COCs in the emulsion phase with S-ISCO®  

 

• Task 4:  Field simulated soil column tests using ISCO and S-ISCO® 
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2.0         Experimental Section 

 

2.1 Receipt of Site Materials 

 

On November 12, 2009, two 5-gallon buckets containing approximately 7-10 gallons of contaminated 

soil arrived at VeruTEK® via direct delivery by Mark Dowiak, P.E., of URS Corporation from the Essex 

Specialty Products, Inc. facilities NY UST Site located in Jamestown, NY.  The buckets, which arrived in 

good condition with no visible damage, were carefully inspected upon arrival.  Soil was contained in 

black garbage bags inside each bucket. After the inspection and log-in procedures were completed, both 

buckets were transferred to the laboratory hood and stored until further testing.  

 

2.2 Homogenization and Characterization of Site Soil (Task 1) 

 

Upon arrival, both buckets of soil were homogenized via manual mixing and designated as Soil-1 and 

Soil-2.  Soil-1 contained sample that was gray in color with a very thick, clay-like consistency, and 

contained many pebbles and stones, both large and small.  Core samples of this soil retained their 

cylindrical shape.  Soil-2 was also gray and clay-like, but less thick and core-shaped than Soil-1.  This soil 

also contained many large stones and small rock particles.  The clay portion of each soil sample was 

separated, sampled for VOC analysis, and discarded to facilitate manageability of the soil. It is 

VeruTEK®’s experience that using clay samples in the column tests prove to be difficult and not 

representative of field implementation. The narrow columns cause the clay samples act as a block and 

prevent any effluent from ever passing through the matrix.  Therefore, clay is separate from sand, to 

ensure only sand is used for the column tests. Sand and clay samples were taken in duplicate from each 

bucket to ensure homogeneity, and sent to Mitkem Laboratories of Warwick, RI (a NELAC accredited 

third-party analytical laboratory) for VOC and total petroleum hydrocarbon (TPH) analysis.   

 

The analytical instruments and methods used throughout the Laboratory Treatability and Dosage Study 

are presented in Table 1. 

 

2.3 Supplemental Solubilization Screening Tests (Task SS) 

 

In order to determine the most effective surfactant/cosolvent mixture(s) to treat target contamination 

at this Site, a small-scale supplemental solubilization screening test was set up using soil from both Soil-

1 and Soil-2, respectively.  The test consisted of fourteen reactors, where S1-SS-1 through S1-SS-7, 

contained Soil 1, and S2-SS-1 through S2-SS-7 contained Soil 2. In both sets  SS-1 acted as the aqueous 

control and SS-2 through SS-7 contained one of six different USFDA GRAS surfactant/cosolvent mixtures. 

 

Each reactor consisted of 40 mL deionized (DI) water and 8 g of soil.  SS-1 was then injected with 0.4 g DI 

water, while SS-2 through SS-7 were injected with 0.4 g of one of six USFDA GRAS surfactants.  The 

reactions took place under isothermal conditions at 25°C and were shaken at 120 rpm for 72 hours. At 

the end of the 72 hour reaction period, samples were set upright on a bench and left to settle for 24 
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hours. At the end of the 24 hour setting period, process control parameters including interfacial tension 

(IFT) and TPH were measured in the VeruTEK® R&D laboratory. 

Details of the experimental conditions for Task SS are presented in Table 2.  

 

2.4 Solubilization Enhancement of Target COCs from Site Soil with VeruSOL-3® (Task 2) 

 

The objective of the desorption/solubilization enhancement tests was to determine the ability of 

VeruSOL-3®, the most effective surfactant system from the supplemental solubilization tests,  to 

enhance availability of target contaminants in the aqueous phase, and to optimize the dose for field 

application.  Task 2 consisted of five reactors (T2-A  through T2-E), all of which had a total volume of 400 

mL and contained 100 g of contaminated Site soil from Soil-1.  Reactor 2-A acted as the control, 

containing only soil and DI water.  Reactors 2-B, 2-C, 2-D, and 2-E were experimental vessels containing 

2.5 g/L, 5 g/L, 10 g/L, and 25 g/L of VeruSOL-3®, respectively. 

 

Solubilization experiments were conducted using a series of 500 mL glass jars, under isothermal 

conditions at 25°C and constant shaking speed of 120 rpm.  The tests were run for 7 days and then left 

to settle for 24 hours.  Photographs were then taken after the 7 day shaking period as well as after 24 

hours of settling.  At the end of the test, supernatant sample was collected from each reactor and sent 

to Mitkem Laboratories for VOC and TPH analysis.  Other process control parameters, including pH, 

oxidation-reduction potential (ORP), IFT and turbidity were also measured in the VeruTEK® R&D 

laboratory.    

 

Details of the experimental conditions for Task 2 are present in Table 3. 

 

2.5 Destruction of Solubilized Target COCs in the Emulsion Phase with S-ISCO® (Task 3) 

 

The goal of Task 3 was to monitor the degradation of desorbed/solubilized contaminants in order to 

determine the most efficient oxidant/activator system for the S-ISCO® process for application at this 

Site. Tests were conducted using supernatant samples generated from the preceding 

desorption/solubilization experiment.  Supernatant of 2-D, which had been dosed with 10 g/L VeruSOL-

3® and achieved the highest solubilization enhancement factor for VOCs, was used in the oxidation 

tests.  The supernatant contained target COCs emulsified by the VeruSOL-3® and was treated with one 

of three potential oxidant/activator systems, including alkaline activated persulfate, Ferric Ethylene 

Diamine Tetra Acetate (Fe-EDTA) activated persulfate, and Fe-TAML catalyzed peroxide. 

The oxidation tests were prepared using a series of 500 mL jar reactors under isothermal conditions at 

25⁰C and a constant shaking speed of 120 rpm.  Reactor 3-A served as the control and only contained 

supernatant of T2-D.  Reactor 3-B was prepared containing 100 g/L sodium persulfate (SP) and was 

alkaline activated (pH kept above 12 with NaOH approximately 2.0M).  Reactor 3-C contained 100 g/L SP 

and was activated with Fe-EDTA at 350 mg/L as Fe.  Reactor 3-D contained 4% hydrogen peroxide and 

was activated with 0.1µM Fe-TAML. 
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After a period of 14 days, the test was terminated and samples were collected and sent to Mitkem 

Laboratories for analysis of VOCs and TPH.  Parameters such as pH, ORP, conductivity, IFT, and turbidity  

were also measured in the VeruTEK® R&D laboratory on Day 14.  VeruTEK® uses these measurements to 

assess the progress of the specific oxidation reactions for internal laboratory uses. 

Details of the experimental conditions for Task 3 are presented in Table 4. 

 

2.6 Field simulated soil column tests using ISCO and S-ISCO® (Task 4) 

 

Soil column treatability tests were conducted in order to simulate field implementation on a laboratory 

scale, using homogenized Site soil.  The oxidants selected for destruction of the solubilized compounds 

were alkaline activated persulfate, Fe-EDTA activated persulfate, and Fe-TAML catalyzed hydrogen 

peroxide, each applied using both ISCO and S-ISCO® processes.  Based on the previous tests conducted 

by VeruTEK®, VeruSOL-3® was chosen as the optimal surfactant for contaminated Site soil in the S-ISCO® 

treated columns. 

 

Seven identical columns were prepared using homogenized soil representative of all three components 

of soil characterized in Task 1 (mix of clay sample and Soil-1 and Soil-2).  A layer of glass wool was placed 

in the bottom of each column, over the bottom screen, followed by a small layer of glass beads to retain 

the soil in the columns. Homogenized soil was then packed wet with deionized (DI) water into each 

column. Another layer of glass wool was placed on top of the full column, followed by a small layer of 

glass beads. The columns were then capped and tubing was attached.  Column T4-A had one influent 

source and one effluent source, while the other six columns had two influent sources and one effluent 

source.  The ISCO treated columns used one influent source to deliver the oxidant and one to deliver the 

activator; the S-ISCO® treated columns used one influent to deliver the oxidant and one to deliver the 

activator mixed with VeruSOL-3®.   

Column T4-A acted as the control and had an influent of only DI water. Columns T4-B, T4-D and T4-F 

were ISCO treated, while columns T4-C, T4-E and T4-G were S-ISCO® treated with the same 

oxidant/activator combinations as the corresponding ISCO columns and an additional influent of 10 g/L 

VeruSOL-3®.  Columns T4-B and T4-C were treated with 100 g/L sodium persulfate activated with Fe-

EDTA at 350 mg/L as Fe.  Columns T4-D and T4-E were treated with 100 g/L sodium persulfate, alkaline 

activated with sodium hydroxide (pH maintained above 12).  Columns T4-F and T4-G were treated with 

4% hydrogen peroxide activated with Fe-TAML at 0.1 µM.   

 

The control column and columns treated with persulfate were treated for a period of twenty eight days, 

while the two columns treated with peroxide were run for fourteen days.  For the columns treated with 

persulfate, Day 1 started after one pore volume (PV) was collected (12 hours).  Column effluents were 

sampled after PV1, Day 14, and Day 28, and sent to Mitkem Laboratories for VOC and TPH analysis.  

Parameters including pH, ORP, conductivity, IFT, turbidity, sodium persulfate (SP) and TPH were 

measured on Day 1, Day 3, day 5, Day 7, Day 14, and Day 28 in the VeruTEK® R&D laboratory.  After a 

period of 28 days, the columns were sacrificed.  Soil from each column was homogenized and sent to 
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Mitkem Laboratories for COC analysis.  For the columns treated with peroxide, Day 1 began after one 

pore volume (PV) was collected (12 hours).  Column effluents were sampled after PV1 and Day 14 and 

sent to Mitkem Laboratories for VOC and TPH analysis.  Parameters were not routinely measured in the 

soil columns containing peroxide due to complications with backpressure and effluent run time and 

volume, but the presence of peroxide and pH monitoring in the effluent was confirmed throughout the 

14-day reaction period. After a period of 14 days, the columns were sacrificed.  Soil from each column 

was homogenized and sent to Mitkem Laboratories for COC analysis. 

 

Details of the experimental conditions for Task 4 are presented in Table 5. 
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3.0         Results and Discussion 

 

3.1 Homogenization and Characterization of Site Soil (Task 1) 

 

The homogenized composite soils (Soil-1 and Soil-2) and a clay sample were sent to Mitkem 

Laboratories for initial characterization analysis.  Results indicate that contaminants of concern (COCs) 

consisted of several VOCs and VOC tentatively identified compounds (TICs), as well as TPH comprised of 

diesel range organics (DRO) and gasoline range organics (GRO). 

Soil-1 had a total VOC concentration of 28.6 mg/kg and a total VOC TICs concentration of 21.7 mg/kg). 

Target VOC ethylbenzene had a concentration of 1.1 mg/kg; m&p-Xylene had a concentration of 15.0 

mg/kg; o-Xylene had a concentration of 4.6 mg/kg; Isopropylbenzene had a concentration of 0.50 

mg/kg; Toluene had a concentration of 0.94 mg/kg. The total TPH concentration in Soil-1 was 149 mg/kg 

(GRO = 8.7 mg/kg; DRO = 140 mg/kg). 

Soil-2 had a total VOC concentration of 41.1 mg/kg and a total VOC TICs concentration of 17.5 mg/kg. 

Target VOC ethylbenzene had a concentration of 7.9 mg/kg; m&p-Xylene had a concentration of 18.0 

mg/kg; o-Xylene had a concentration of 10.0 mg/kg; Isopropylbenzene had a concentration of 0.61 

mg/kg; Toluene had a concentration of 0.98 mg/kg. The total TPH concentration in Soil-2 was 310 mg/kg 

(GRO = 80 mg/kg; DRO = 230 mg/kg).   

The clay sample had a total VOC concentration of 328.7 mg/kg and a total VOC TICs concentration of 

70.8 mg/kg. Target VOC ethylbenzene had a concentration of 12.0 mg/kg; m&p-Xylene had a 

concentration of 210 mg/kg; o-Xylene had a concentration of 53.0 mg/kg; Isopropylbenzene had a 

concentration of 3.8 mg/kg; Toluene had a concentration of 7.8 mg/kg. The total TPH concentration in 

the clay sample was 3,030 mg/kg (GRO = 930 mg/kg; DRO = 2,100 mg/kg). 

Analytical results from Task 1 Initial Characterization are presented in Table 6.   

 

3.2 Supplemental Solubilization Screening Tests (Task SS) 

 

The goal of the supplemental solubilization screening tests was to determine the most effective 

surfactant for desorption/solubilization of target contaminants at this Site.  Seven reactors were set up 

for both Soil-1 and Soil-2, which consisted of one aqueous control and six experimental reactors, each 

containing one of six different USFDA GRAS surfactants.  The IFT and TPH was measured in-house at the 

VeruTEK® R&D Laboratory after a 72 hour shaking period and subsequent 24 hour settling  period for 

each reactor.  TPH measurements were all detected below the reporting limit (BRL) for both GRO (<25 

mg/L) and DRO (<5.0 mg/L). Surfactant/cosolvent blends were selected based upon IFT values and visual 

inspection of a complete emulsion. VeruSOL-3® was selected based on visual examination of the 

emulsion and its low IFT value of 33.3 mN/m and 36.7 mN/m for Soil-1 and Soil-2, respectively. Previous 

successful laboratory studies and field work performed by VeruTEK® using VeruSOL-3® for treatment of 

VOC contaminants also supported its use for subsequent tests in this Study.  
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Results from Task SS supplemental solubilization are presented in Table 7.     

3.3 Solubilization Enhancement of Target COCs from Site Soil with VeruSOL-3® (Task 2)  

 

Task 2 was conducted to optimize the surfactant/cosolvent dose for desportion/solubilization 

enhancement of contaminants from the Site soils.  As described previously, reactors 2-B, 2-C, 2-D, and 2-

E contained VeruSOL-3® at concentrations of 2.5 g/L, 5 g/L, 10 g/L, and 25 g/L, respectively.  The control 

reactor 2-A did not contain VeruSOL-3® and had a total VOC concentration of 14.6 mg/L and a total TPH 

concentration of 16.2 mg/L.  Reactors 2-B, 2-C, 2-D, and 2-E had total VOC concentrations of 20.0 mg/L, 

11.8 mg/L, 137 mg/L, and 84.7 mg/L, respectively and TPH concentrations of 170 mg/L, 706 mg/L, 3,480 

mg/L, and 13,100 mg/L, respectively. VOC TICs were measured in only reactors 2-C, 2-D, and 2-E and had 

concentrations of 70.0 mg/L, 1,136 mg/L, and 2,327 mg/L, respectively. Target VOCs also exhibited 

increasing desorption/solubilization with increasing VeruSOL-3® concentrations up to 10 g/L. 

Process control parameters were monitored as standard VeruTEK® protocol.  Results demonstrated that 

VeruSOL-3® has minimal, or no effect on pH, ORP, or conductivity.  However, as expected the interfacial 

tension (IFT) was lower in the presence of VeruSOL-3® than in the aqueous control.   

Overall, results revealed a controllable, incremental increase in COC solubility with increasing VeruSOL-

3® concentrations up to 10 g/L, and successfully demonstrated the ability of VeruSOL-3® to enhance 

solubilization of residual contamination in the homogenized soil.  Solubilization enhancement factors of 

up to 9.4 for total VOCs and 218 for TPH were achieved using VeruSOL-3® at a concentration of 10 g/L. 

In other words, there were 9.4 times greater VOC concentrations and 218 times greater TPH 

concentrations present in the samples containing 10 g/L VeruSOL-3®  than in the control sample 

containing deionized water only.  At the same concentration of 10 g/L, specific target compounds 

isopropylbenzene, toluene, ethylbenzene, m&p-Xylene, and o-Xylene achieved incremental increases in 

solubilization enhancement factors up to 14.6, 8.1, 26.8, 8.3, and 3.9, respectively. 

Analytical results from Task 2 Solubilization Enhancement are presented in Table 8, and Figures 1a, 1b, 

and 1c.  

 

3.4 Destruction of Solubilized Target COCs in the Emulsion Phase with S-ISCO® (Task 3) 
 

Three oxidants were compared in Task 3 for the oxidative destruction of solubilized target VOCs and TPH 

including: alkaline activated persulfate, Fe-EDTA activated persulfate, and Fe-TAML catalyzed peroxide.  

The oxidation tests were carried out on the supernatant from Task 2D, which contained contaminants 

solubilized by VeruSOL-3® at 10 g/L.    

The results of the Task 3 oxidation tests indicate that S-ISCO® treatment is highly effective in destroying 

the desorbed/solubilized target VOCs and TPH originally present in the soils. At the end of the 14-day 

reaction period, the control reactor (3-A) which contained only supernatant from 2-D, had a total VOC 

concentration of 12.9 mg/L and a total TPH concentration of 2153 mg/L. Target VOCs: m&p-Xylene had a 
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concentration of 9.2 mg/L and o-Xylene had a concentration of 2.6 mg/L. Target VOCs ethylbenzene, 

isopropylbenzene, and toluene were all detected below the reporting limit (<1,000 µg/L). 

Reactor 3-B, treated with alkaline activated sodium persulfate, had a total VOC concentration of 0.18 

mg/L and a total TPH concentration of 1,033 mg/L, exhibiting a 99% decrease in VOCs compared to the 

control and a 52% decrease in TPH contamination compared to the control.  Target VOC m&p-Xylene 

had a concentration of 0.182 mg/L; target VOCs ethylbenzene, o-Xylene, isopropylbenzene, and toluene 

were all detected below the reporting limit (<50 µg/L). 

Reactor 3-C, treated with Fe-EDTA activated sodium persulfate, had a final VOC concentration of BRL 

(<0.1) mg/L and a final TPH concentration of 171 ppm, exhibiting a >99% decrease in VOCs relative to 

the control, and a 92% decrease in TPH contamination compared to the control.  All target VOCs were 

detected BRL (<100 µg/L), and the only source of VOC contamination came from acetone, a common 

laboratory contaminant. 

Reactor 3-D, treated with Fe-TAML activated hydrogen peroxide, had a total VOC concentration BRL 

(<0.01) mg/L and a final TPH concentration of 453 mg/L, resulting in a >99% decrease in VOCs compared 

to the control and a 79% decrease in TPH contamination compared to the control, following the 

oxidation treatment. All target VOCs were detected BRL (<10 µg/L). 

The high concentrations (>100 mg/L) of TPH present in the Task 3 samples is likely due to the residual 

presence of VeruSOL-3® in the reactors. VeruSOL® is made up of plant oils which are known to cause a 

false positive measurement in TPH DRO and GRO readings. Although VeruSOL-3® is oxidized over time 

along with target contaminants, its residual presence has been previously observed to disrupt TPH 

measurements in bench-scale tests. 

 

Analytical results from Task 3 are presented in Table 9 and Figure 2a, 2b, and 2c.  

 

3.5 Field simulated soil column tests using ISCO and S-ISCO® (Task 4) 

 

The column experiments consisted of a control column (4-A), an Fe-EDTA activated persulfate treated 

column, an alkaline activated persulfate treated column, and an Fe-TAML catalyzed hydrogen peroxide 

treated column, each applied both in the absence and presence of VeruSOL-3®. Water quality 

parameters for the effluents were measured throughout the reaction period in the laboratory as 

standard VeruTEK® protocol.  Parameters including pH, SP and hydrogen peroxide were monitored in 

the column effluents to ensure the chemicals were flowing through the entire column.   

 

After a period of 28 days, the control soil column and each of the four soil columns treated with 

persulfate were sacrificed, homogenized separately, and samples were sent to Mitkem Laboratories for 

analysis.  After a period of 14 days, the two columns treated with peroxide were sacrificed, 

homogenized separately, and samples were sent to Mitkem Laboratories for analysis.  
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The control column (4-A) had a final VOC concentration of 284 mg/kg and a final TPH concentration of 

1,640 ppm.  Target VOC ethylbenzene had a final concentration of 21.0 mg/kg; m&p-Xylene had a 

concentration of 190 mg/kg; o-Xylene had a concentration of 42 mg/kg; isopropylbenzene had a 

concentration of 4.4 mg/kg; and toluene was detected BRL (<9,700 µg/kg). 

 

The final VOC concentration in the soil after treatment with ISCO Fe-EDTA activated persulfate was 66.2 

mg/kg in the ISCO column (4-B) and 6.4 mg/kg in the S-ISCO® column (4-C).  For the ISCO column (4-B), 

target VOC ethylbenzene had a concentration of 2.7 mg/kg; m&p-Xylene had a concentration of 33.0 

mg/kg; o-Xylene had a concentration of  6.4 mg/kg; isopropylbenzene had a concentration of 1.9 mg/kg; 

and toluene had a concentration of 1.4 mg/kg. Comparatively, the S-ISCO® column, with Fe-EDTA 

activated persulfate, (4-C), target VOC m&p-Xylene had a concentration of 2.8 mg/kg. The other target 

VOCs were detected BRL (<3,900 µg/kg). The final TPH concentration in the ISCO treated column was 

700 mg/L, and the final TPH concentration in the S-ISCO® treated column was 9,300 mg/L. In comparison 

to the final concentration in the control column, there was a 77% decrease of VOCs in the ISCO column 

and a 98% decrease of VOCs and in the S-ISCO® column.  Although a 57% decrease in TPH was observed 

in the ISCO column, the S-ISCO® column showed a significant increase in TPH compared to the control.  

This discrepancy, however, was most likely due to the interference of VeruSOL-3® in the TPH analysis.  

Previous experience with Mitkem Laboratories analysis has proven that components of VeruSOL-3® are 

detected by GC Method 8015B. Since these columns were not flushed with water at the end of the 

reaction period, it is likely that VeruSOL-3® was still present in the soil upon analysis. 

 

The final VOC concentration in the soil after treatment with ISCO alkaline activated sodium persulfate 

was 228 mg/kg in the ISCO column (4-D) and 147 mg/kg in the S-ISCO® column with alkaline activated 

persulfate (4-E).  For the ISCO column (4-B), target VOC ethylbenzene had a concentration of 14.0 

mg/kg; m&p-Xylene had a concentration of  150 mg/kg; o-Xylene had a concentration of 35.0 mg/kg; 

isopropylbenzene had a concentration of 3.9 mg/kg; and toluene was detected BRL (<9,400 µg/kg). 

Comparatively, the S-ISCO® column (4-C), target VOC ethylbenzene had a concentration of 9.6 mg/kg; 

m&p-Xylene had a concentration of 94.0 mg/kg; o-Xylene had a concentration of 23.0 mg/kg; 

isopropyltoluene had a concentration of 2.3 mg/kg, and toluene had a concentration of 1.3 mg/kg.  The 

final TPH concentration in the ISCO column was 700 mg/L, and the final TPH concentration in the S-

ISCO® treated column was 1,670 mg/L.  In comparison to the final concentration of the control column, 

there was and 20% decrease of VOCs in the ISCO column and a 48% decrease of VOCs in the S-ISCO® 

column.  Similar to the previous set of columns, a 57% decrease in TPH was observed in the ISCO 

column, but the S-ISCO® column showed a slight increase in TPH.  This again was most likely due to 

interference of VeruSOL-3® in the TPH analysis.   

The final VOC concentration in the soil after treatment with ISCO Fe-TAML catalyzed hydrogen peroxide 

was 430.1 mg/kg in the ISCO column (4-D) and 10.5 mg/kg in the S-ISCO® column with Fe-TAML 

catalyzed peroxide (4-E).  For the ISCO column (4-B), target VOC ethylbenzene had a concentration of 

12.0 mg/kg; m&p-Xylene had a concentration of  270 mg/kg; o-Xylene had a concentration of 70.0 

mg/kg; isopropylbenzene had a concentration of 13.0 mg/kg; and toluene had a concentration of 3.6 

mg/kg. Comparatively, the S-ISCO® column (4-C), target VOC ethylbenzene had a concentration of 0.53 
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mg/kg; m&p-Xylene had a concentration of 5.8 mg/kg; o-Xylene had a concentration of 1.5 mg/kg; 

isopropyltoluene had a concentration of 0.23 mg/kg, and toluene had a concentration of 0.17 mg/kg.  

The final TPH concentration in the columns was not measured by Mitkem Laboratories due to accidental 

loss of sample.  In comparison to the final concentration of the control column, there was no decrease 

of VOCs in the ISCO column and a 96% decrease of VOCs in the S-ISCO® column.   

Overall, soil columns treated with ISCO and S-ISCO® exhibited decreased levels of VOCs than the control 

column, with the exception of the ISCO column treated with Fe-TAML catalyzed hydrogen peroxide. This 

exception is likely due to the fact that this column was run for 14 days only—without the aid of a 

surfactant/cosolvent like VeruSOL-3® to increase VOC destruction efficiency, 14 days is not enough time 

to see any significant decrease in VOC concentration. In every ISCO and S-ISCO® column, S-ISCO® 

outperformed ISCO in total VOC destruction. Two soil columns, S-ISCO® with Fe-EDTA activated 

persulfate and S-ISCO® with Fe-TAML catalyzed peroxide, were able to achieve VOC concentrations that 

met cleanup criteria for total VOCs (>10 mg/L). A few select individual VOCs remained above the 

cleanup criteria (<1.0 ppm), but based on the short-term reaction period (14 or 28 days) for these 

columns, these results suggest that further destruction of VOCs can be achieved in the field to meet 

cleanup criteria standards for soil and groundwater. 

Analytical results from Task 4 are presented in Table 10 and Figure 2a, 2b, and 2c.  
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4.0 Conclusion 

 

The purpose of the Laboratory Treatability and Dosage Study was to compare and optimize ISCO and S-

ISCO® treatment of VOCs present in Site soil in order to meet cleanup criteria (RAOs) established by the 

NYDEC Consent Order. Soil column tests used to simulate field conditions indicate that the S-ISCO® 

processes tested preformed much better than the ISCO processes. The most effective S-SICO® processes 

in the soil column tests were S-ISCO® with Fe-EDTA activated persulfate, and S-ISCO® with Fe-TAML 

catalyzed peroxide resulting in a total of 98%, and 96% reduction of total VOCs, respectively, relative to 

the control column. 

To achieve this goal, desorption/solubilization enhancement tests were conducted using VeruSOL-3®, a 

proprietary mixture of USFDA GRAS plant-based surfactants and cosolvents, to facilitate desorption and 

dissolution of target contamination in the Site soils.  Oxidation tests were subsequently conducted using 

activator/oxidant systems including: Fe-EDTA activated persulfate, alkaline activated persulfate, and Fe-

TAML activated hydrogen peroxide to destroy solubilized contamination in the soil.  Finally, soil column 

tests treated with ISCO and S-ISCO® were run in order to simulate treatment effectiveness expected 

during field implementation of this technology.  Results from the study illustrated the advantage of S-

ISCO® technology, and demonstrated its effectiveness in reducing COCs below RAO levels in the Site soil. 

Conclusions based on the results obtained from this study are as follows: 

 

• Homogenization and characterization of the composite Site soil indicate the presence of several 

volatile organic compounds (VOCs), as well as total petroleum hydrocarbons made up of diesel 

range organics (DRO) and gasoline range organics (GRO). 

 

• Desorption/Solubilization enhancement test results indicate that VeruSOL-3® was the most 

efficient for desorption of contaminants present in the Site soils.  Solubilization enhancement 

factors indicate that the solubility of VOCs is up to 9.4 times greater at a VeruSOL-3® 

concentration of 10 g/L than with water alone.  The results confirm that VeruSOL-3® at 10 g/L is 

an optimal choice for the S-ISCO® process for successful implementation at this Site. 

 

• Activated persulfate and peroxide oxidation tests indicate that contamination can be efficiently 

oxidized in the emulsion phase.  Compared to the control reactor, the S-ISCO® process reduced 

VOC contamination by 99% using alkaline activated persulfate, >99% using Fe-EDTA activated 

persulfate, and >99% using Fe-TAML activated hydrogen peroxide.  TPH contamination was 

decreased by 52% using alkaline activated persulfate, 92% using Fe-EDTA activate persulfate, 

and 79% using Fe-TAML activated hydrogen peroxide.  Overall, the oxidation test results indicate 

that S-ISCO® can achieve the highest degree of contamination destruction. 

 

• Soil column tests demonstrated the effectiveness of using the S-ISCO® process for the efficient 

treatment of contamination at this site.  Based on the results, the most effective method was 
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determined to be Fe-EDTA activated sodium persulfate, which resulted in a 98% decrease of 

VOCs over a period of 14 days, relative to the control.  These results indicate that the S-ISCO® 

process is effective and is recommended for treating contamination at this Site. 
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Table 1 – Analytical Instruments and Methods 

Testing Procedures 

Parameters Instruments Analysis methods Conducted By 

pH, Conductivity 

Accumet Model 25 pH/ORP meter  and  

Denver Instrument AP 50 

pH/Ion/Conductivity Meter 

Solution pH (4500-H+in Standard 

Methods for the Examination of Water 

and Wastewater (1995); Soil pH (SW 

846 Method 9045C) 

VeruTEK® 

Oxidation Reduction 

Potential (ORP) 

Orion Model 810 ORP meter/platinum 

combination electrode 
Standard methods for water and soil VeruTEK® 

Interfacial Tension (IFT) 
SITA Dynotester/bubble pressure 

tensiometer 
Standard methods for water and soil VeruTEK® 

Sodium Persulfate Spectronic Genesys 5 Spectrophotometer Colorimetric method VeruTEK® 

VOCs and SVOCs Gas Chromatography/Mass Spectrometry 

SW-846 Method 8260B and Method 

8270C/8270Sim for soil; Methods 624 

and 625 for liquid 

Mitkem Laboratories 

TPH Sitelab Spectrophotometer 
Sitelab colormetric method / GC 

Extractable Products Method 8100 

VeruTEK®/ Mitkem 

Laboratories 
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Table 2 – Supplemental Solubilization Protocol (Task SS) 

 

TASK SS: URS-DOW - S1 (Bucket 1 of 2) 
       Task SS: Supplemental Solubilization 

Task Test Conditions Surfactant 

Total 

Volume 

(mL) 

Soil 

Added              

(g) 

Water : 

Soil ratio 
Reaction Media 

Surfactant 

Added              

(g) 

 

Surfactant 

(g/L)  

Water 

Quality 

Parameters 

Contaminants 

of Concern 

(COC) 

S1-SS-1 Aqueous Control  None 40 8.0 5 to 1 Deionized water 0 10 IFT TPH 

S1-SS-2 Solubilization VeruSOL-3 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S1-SS-3 Solubilization VeruSOL-10 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S1-SS-4 Solubilization VeruSOL-11 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S1-SS-5 Solubilization VeruSOL-12 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S1-SS-6 Solubilization X1 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S1-SS-7 Solubilization X2 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

 

 

          TASK SS: URS-DOW - S2 (Bucket 2 of 2) 
       Task SS: Supplemental Solubilization 

Task Test Conditions Surfactant 

Total 

Volume 

(mL) 

Soil 

Added 

(g) 

Water : 

Soil ratio 
Reaction Media 

Surfactant 

Added          

(g) 

 

Surfactant 

(g/L)  

Water 

Quality 

Parameters 

Contaminants 

of Concern 

(COC) 

S2-SS-1 Aqueous Control  None 40 8.0 5 to 1 Deionized water 0.4 10 IFT TPH 

S2-SS-2 Solubilization VeruSOL-3 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S2-SS-3 Solubilization VeruSOL-10 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S2-SS-4 Solubilization VeruSOL-11 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S2-SS-5 Solubilization VeruSOL-12 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S2-SS-6 Solubilization X1 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 

S2-SS-7 Solubilization X2 40 8.0 5 to 1 Surfactant dosed water 0.4 10 IFT TPH 
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Table 3 – Solubilization Enhancement Protocol (Task 2) 

 

Task 2: Soil Desorption/Solubilization Enhancement with VeruSOL-3
 
Protocol  

Task 
Test 

Conditions 

Cosolvent/ 

Surfactant 

Volume DI 

Water 

Added (mL) 

Mass 

Soil 

Added 

(g) 

Cosolvent/ 

Surfactant  

(g/L)  

Contaminants 

of Concern 

(COCs) 

Cosolvent/ 

Surfactant 

Parameters 

(CSP)
3
 

Water Quality Parameters 

(WQPs) 

 2-A 
Aqueous 

Control  
None 400 100 0 

VOCs, SVOCs, 

TPH 
IFT pH, ORP, IFT, Temp, Turb 

 2-B Solubilization VeruSOL-3® 400 100 2.5 
VOCs, SVOCs, 

TPH 
IFT pH, ORP, IFT, Temp, Turb 

 2-C Solubilization VeruSOL-3® 400 100 5 
VOCs, SVOCs, 

TPH 
IFT pH, ORP, IFT, Temp, Turb 

 2-D Solubilization VeruSOL-3® 400 100 10 
VOCs, SVOCs, 

TPH 
IFT pH, ORP, IFT, Temp, Turb 

 2-E Solubilization VeruSOL-3® 400 100 25 
VOCs, SVOCs, 

TPH 
IFT pH, ORP, IFT, Temp, Turb 

Notes:                 

1. Experiments will be run at 120 rpm at 25 °C for 7 days.  Following this will be a 24 hour settling period.  
 

2. Photographs taken immediately after7 day shaking and also after 24 hour settling.   
   

3. After 24 hour settling, supernatant samples sent to Mitkem Laboratories and also analyzed by VeruTEK. 
 

4. Mitkem laboratories does TPH, VOC and SVOC. VeruTEK additionally performs GRO/DRO TPH. 
  

5.  Plots will be made of COCs versus VeruSOL dose. 
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Table 4 – Destruction of Solubilized Target COCs in the Emulsion Phase (Task 3) 

Task 3: Dissolution/Oxidation of Desorbed COCs using S-ISCO® 

Task 

ID 

Test 

Conditions 

Total 

Solution 

Volume              

(mL) 

Reaction Media Oxidant 
Oxidant/Activator 

Concentrations 
COCs 

Monitored 

Parameters 

Cosolvent/ 

Surfactant 

Parameters 

(CSP) 

COCs 

Sampling 

Frequency 

Monitored 

Parameters 

Sampling 

Frequency 

3-A Control  500 

Supernatant 

from Task 2D 

with VeruSOL-3 

None None 
TPH, VOCs, 

SVOCs 

pH, 

Conductivity 
IFT Day 14 Daily 

3-B Oxidation  500 

Supernatant 

from Task 2D 

with VeruSOL-3 

Alkaline 

activated 

Sodium 

Persulfate 

Persulfate = 100 g/L               

pH > 12 

TPH, VOCs, 

SVOCs 

Persulfate, 

pH, 

Conductivity 

IFT Day 14 Daily 

3-C Oxidation  500 

Supernatant 

from Task 2D 

with VeruSOL-3 

Fe-EDTA 

activated 

Sodium 

Persulfate 

Fe-EDTA = 350 mg/L 

as Fe Persulfate = 100 

g/L 

TPH, VOCs, 

SVOCs 

Persulfate, 

Fe-EDTA, 

Conductivity 

IFT Day 14 Daily 

3-D Oxidation  500 

Supernatant 

from Task 2D 

with VeruSOL-3 

Fe-TAML 

activated 

Hydrogen 

Peroxide 

Fe-TAML = 0.1 uM as 

Fe Peroxide = 4% 

TPH, VOCs, 

SVOCs 

Peroxide, 

pH, 

Conductivity 

IFT Day 14 Daily 
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Table 5 – Soil Column Experiments (Task 4) 

Task 4: Soil Column Tests: URS - Essex, Jamestown 

Task 
Test 

Conditions 

Reaction 

Media 

Surfactant/ 

Cosolvent 

Oxidant/ 

Activator 

Oxidant/Activator 

Concentrations 
COCs 

Water Quality 

Parameters 

(WQPs) 

Sampling Frequencies 

(days) 
Soil Analyses 

4-A Control 

Contaminated 

Homogenized 

Soil 

None None None 

 VOC, 

SVOCs, 

TPH 

TPH(Site Lab), pH, 

Temp,  

Conductivity, IFT, 

Turbidity 

COCs (aq),Time = D14, 

D28                  

WQPs,Time = D1, D3, 

D5, D7, D14, D28 

Composite after 28 

days for VOCs, SVOCs, 

TPH  

4-B ISCO 

Contaminated 

Homogenized 

Soil 

None 

Fe-EDTA 

activated 

Persulfate 

Fe-EDTA = 350 

mg/L as Fe                          

Persulfate = 100 g/L                         

 VOC, 

SVOCs, 

TPH 

TPH(Site Lab), SP, 

pH, Temp, 

Conductivity, IFT, 

Turbidity 

COCs (aq),Time = D14, 

D28                  

WQPs,Time = D1, D3, 

D5, D7, D14, D28 

Composite after 28 

days for VOCs, SVOCs, 

TPH  

4-C S-ISCO 

Contaminated 

Homogenized 

Soil 

VeruSOL-3 

(10 g/L) 

Fe-EDTA 

activated 

Persulfate 

Fe-EDTA = 350 

mg/L as Fe                          

Persulfate = 100 g/L                         

 VOC, 

SVOCs, 

TPH 

TPH(Site Lab), SP, 

pH, Temp, 

Conductivity, IFT, 

Turbidity 

COCs (aq),Time = D14, 

D28                  

WQPs,Time = D1, D3, 

D5, D7, D14, D28 

Composite after 28 

days for VOCs, SVOCs, 

TPH  

4-D ISCO 

Contaminated 

Homogenized 

Soil 

None 

Alkaline 

activated 

Persulfate 

Persulfate = 100 g/L           

pH > 11              

 VOC, 

SVOCs, 

TPH 

TPH(Site Lab), SP, 

pH, Temp, 

Conductivity, IFT, 

Turbidity 

COCs (aq),Time = D14, 

D28                  

WQPs,Time = D1, D3, 

D5, D7, D14, D28 

Composite after 28 

days for VOCs, SVOCs, 

TPH  

4-E S-ISCO 

Contaminated 

Homogenized 

Soil 

VeruSOL-3 

(10 g/L) 

Alkaline 

activated 

Persulfate 

Persulfate = 100 g/L           

pH > 11              

 VOC, 

SVOCs, 

TPH 

TPH(Site Lab), SP, 

pH, Temp, 

Conductivity, IFT, 

Turbidity 

COCs (aq),Time = D14, 

D28                  

WQPs,Time = D1, D3, 

D5, D7, D14, D28 

Composite after 28 

days for VOCs, SVOCs, 

TPH  

4-F ISCO 

Contaminated 

Homogenized 

Soil 

None 

Catalyzed 

Hydrogen 

Peroxide 

HP - 4%                               

Fe-TAML (0.1uM)                          

pH ~ 8 

 VOC, 

SVOCs, 

TPH 

TPH(Site Lab), HP, 

pH, Temp, 

Conductivity, IFT, 

Turbidity 

COCs (aq),Time = D14,            

WQPs,Time = D1, D3, 

D5, D7, D14 

Composite after 14 

days for VOCs, SVOCs, 

TPH  

4-G S-ISCO 

Contaminated 

Homogenized 

Soil 

VeruSOL-3 

(10 g/L) 

Catalyzed 

Hydrogen 

Peroxide 

HP - 4%                               

Fe-TAML (0.1uM)                          

pH ~ 8 

 VOC, 

SVOCs, 

TPH 

TPH(Site Lab), HP, 

pH, Temp, 

Conductivity, IFT, 

Turbidity 

COCs (aq),Time = D14,               

WQPs,Time = D1, D3, 

D5, D7, D14 

Composite after 14 

days for VOCs, SVOCs, 

TPH  
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Table 6 – Initial Characterization Results 

Task 1 - Initial Characterization:URS-DOW Essex, Jamestown 

Sample Type Soil Soil Clay 

MitKem ID H2342-01 H2342-02 H2423-01 

VeruTEK ID UDEJ-S1 UDEJ-S2 UDEJ-Clay 

VOCs (SW846 8260B) ug/kg ug/kg ug/kg 

1,2,4-Trimethylbenzene 1,100 1,600 BRL (<3,100) 

1,3,5-Trimethylbenzene 670 680 5,400 

1,2,4-Trichlorobenzene BRL (<150) BRL (<130) BRL (<3,100) 

2-Butanone BRL (<150) BRL (<130) BRL (<3,100) 

2-Chlorotoluene BRL (<150) BRL (<130) BRL (<3,100) 

4-Isopropyltoluene 880 130 BRL (<3,100) 

cis-1,2-Dichloroethene BRL (<150) BRL (<130) BRL (<3,100) 

trans-1,2-Dichloroethene BRL (<150) BRL (<130) BRL (<3,100) 

Ethylbenzene 1,100 7,900 12,000 

Benzene 2,700 BRL (<130) 6,200 

Methylene chloride BRL (<150) BRL (<150) 17,000 

m&p-Xylene 15,000 18,000 210,000 

o-Xylene 4,600 10,000 53,000 

n-Butylbenzene 180 480 1,000 

n-Propylbenzene 110 410 870 

Naphthalene 670 880 1,600 

Isopropylbenzene 500 610 3,800 

sec-Butylbenzene 190 290 BRL (<3,100) 

p-Isopropyltoluene BRL (<150) BRL (<130) BRL (<3,100) 

tert-Butylbenzene BRL (<150) BRL (<130) 10,000 

Styrene BRL (<150) BRL (<130) BRL (<3,100) 

Toluene 940 980 7,800 

Total Xylenes 20,000 28,000 260,000 

Trichloroethene BRL (<150) BRL (<130) BRL (<3,100) 

Tetrachloroethene BRL (<150) BRL (<130) BRL (<3,100) 

Total VOCs 28,640 41,960 328,670 

Total VOC TICs 21,700 17,540 70,800 

TPH by GC-FID (8015) (GRO) mg/kg mg/kg mg/kg 

Gasoline Range Organics 8.7 80 930 

TPH by GC-FID (8015B) (DRO) mg/kg mg/kg mg/kg 

Extractable Total Petroleum 

Hydrocarbons 
140 230 2,100 

Total TPH (mg/kg) 149 310 3,030 
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Table 7 – Supplemental Solubilization Tests 

 

Task SS - Supplemental Solubilization (Bucket 1 of 2) 

Sample ID Surfactant 
IFT 

(mN/m) 

Temp. 

(⁰C) 

TPH-

GRO* 

(ppm) 

TPH-

DRO* 

(ppm) 

Total TPH 

S1-SS-1 Control 69.0 21.6 6.5 3.6 10 

S1-SS-2 VeruSOL-3 33.3 21.6 8.5 0.30 8.8 

S1-SS-3 VeruSOL-10 39.2 21.6 12 1.2 13 

S1-SS-4 VeruSOL-11 44.7 21.5 8.0 1.2 9.2 

S1-SS-5 VeruSOL-12 32.7 21.5 12 3.0 14 

S1-SS-6 X1 39.7 21.7 7.5 0.90 8.4 

S1-SS-7 X2 42.1 21.6 7.0 0.80 7.8 

       Task SS - Supplemental Solubilization (Bucket 2 of 2) 

Sample ID Surfactant 
IFT 

(mN/m) 

Temp. 

(⁰C) 

TPH-

GRO* 

(ppm) 

TPH-

DRO* 

(ppm) 

Total TPH 

S2-SS-1 Control 68.7 21.6 7.5 0.05 7.6 

S2-SS-2 VeruSOL-3 37.2 21.7 18 0.55 18 

S2-SS-3 VeruSOL-10 36.7 21.8 18 0.60 18 

S2-SS-4 VeruSOL-11 44.6 21.8 18 0.85 18 

S2-SS-5 VeruSOL-12 32.8 21.8 14 0.35 14 

S2-SS-6 X1 44.9 21.8 19 0.70 20 

S2-SS-7 X2 41.2 21.8 8.0 0.10 8.1 

*Note: values below detection limits: 

     TPH-GRO detection limit = 25 ppm 

    TPH-DRO detection limit = 5 ppm 
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Table 8 – Desorption/Solubilization Enhancement Tests (Task 2) 

Task 2: Solubilization - URS-DOW Essex, Jamestown 

Sample Type Emulsion Emulsion Emulsion Emulsion Emulsion 

MitKem ID H2545-01 H2545-02 H2545-03 H2545-04 H2545-05 

VeruTEK ID 
121009-UDEJ-

T2A 

121009-UDEJ-

T2B 

121009-UDEJ-

T2C 

121009-UDEJ-

T2D 

121009-UDEJ-

T2E 

Test Conditions Control 
VeruSOL-3                 

2.5 g/L 

VeruSOL-3                            

5.0 g/L 

VeruSOL-3                         

10 g/L 

VeruSOL-3                               

25 g/L 

VOCs (SW846 8260B) ug/L ug/L ug/L ug/L ug/L 

1,2,4-Trimethylbenzene 150 220 BRL (<1,000) 3,200 BRL (<500) 

1,3,5-Trimethylbenzene 150 124 BRL (<1,000) 1,960 1,020 

1,2,4-Trichlorobenzene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

2-Butanone BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

2-Chlorotoluene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

4-Isopropyltoluene BRL (<100) 200 3,000 36,000 26,000 

cis-1,2-Dichloroethene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

trans-1,2-Dichloroethene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

Ethylbenzene 142 580 BRL (<1,000) 3,800 2,400 

Benzene 920 2,200 BRL (<1,000) 2,800 1,160 

m&p-Xylene 8,000 11,600 6,400 66,000 38,000 

o-Xylene 5,000 4,000 2,400 19,600 12,200 

n-Butylbenzene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

n-Propylbenzene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

Methylene chloride BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) 660 

Naphthalene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

Isopropylbenzene BRL (<100) BRL (<100) BRL (<1,000) 1,460 1,420 

sec-Butylbenzene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) 920 

p-Isopropyltoluene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

tert-Butylbenzene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

Styrene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

Toluene 240 960 BRL (<1,000) 1,940 900 

Total Xylenes 13,000 15,400 8,800 86,000 50,000 

Trichloroethene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

Tetrachloroethene BRL (<100) BRL (<100) BRL (<1,000) BRL (<1000) BRL (<500) 

Total VOCs 14,602 19,884 11,800 136,760 84,680 

TPH by GC-FID (8015) (GRO) mg/L mg/L mg/L mg/L mg/L 

Gasoline Range Organics 16 42 186 1,780 5,600 

TPH by GC-FID (8015B) (DRO) mg/L mg/L mg/L mg/L mg/L 

Extractable Total Petroleum Hydrocarbons BRL (<1.8) 128 520 1,700 7,500 

Total TPH (mg/kg) 16 170 706 3,480 13,100 
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Table 8 – Destruction of Solubilized COCs in Emulsion Phase (Task 3) 

Task 3: Oxidation - URS-DOW Essex, Jamestown 

Sample Type Liquid Liquid Liquid Liquid 

MitKem ID J0157-01 J0157-02 J0157-03 J0157-04 

VeruTEK ID 102610-UDEJ-T3-A 102610-UDEJ-T3-B 102610-UDEJ-T3-C 102610-UDEJ-T3-D 

Test Conditions Control 
Alkaline activated 

Sodium Persulfate 

Fe-EDTA activated 

Sodium Persulfate 

Fe-TAML activated 

Hydrogen Peroxide 

VOCs (SW846 8260B) (ug/L) (ug/L) (ug/L) (ug/L) 

1,2,4-Trimethylbenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

1,3,5-Trimethylbenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

1,2,4-Trichlorobenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

2-Butanone BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

2-Chlorotoluene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

4-Isopropyltoluene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Acetone BRL (<1,000) 580 8,400 BRL (<10) 

cis-1,2-Dichloroethene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

trans-1,2-Dichloroethene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Ethylbenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Benzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Chlorobenzene 1,120 BRL (<50) BRL (<100) BRL (<10) 

m&p-Xylene 9,200 182 BRL (<100) BRL (<10) 

o-Xylene 2,600 BRL (<50) BRL (<100) BRL (<10) 

n-Butylbenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

n-Propylbenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Methylene chloride BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Naphthalene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Isopropylbenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

sec-Butylbenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

p-Isopropyltoluene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

tert-Butylbenzene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Styrene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Toluene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Total Xylenes 11,800 182 BRL (<100) BRL (<10) 

Trichloroethene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Tetrachloroethene BRL (<1,000) BRL (<50) BRL (<100) BRL (<10) 

Total VOCs 12,920 182 0 0 

SVOCs (SW846 8270C) (ug/L) (ug/L) (ug/L) (ug/L) 

1,2,4-Trichlorobenzene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

1,2-Dichlorobenzene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

1,4-Dichlorobenzene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

2,4-Dimethylphenol BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

2-Methylnaphthalene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

2-Methylphenol BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

4-Methylphenol BRL (<50) BRL (<100) BRL (<50) BRL (<40) 
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Test Conditions Control 
Alkaline activated 

Sodium Persulfate 

Fe-EDTA activated 

Sodium Persulfate 

Fe-TAML activated 

Hydrogen Peroxide 

SVOCs cont. (8270B) (ug/L) (ug/L) (ug/L) (ug/L) 

4-Chlorophenyl-phenylether BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Acenaphthene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Acenaphthylene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Acetophenone BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Anthracene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Benz(a)anthracene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Benzo(a)pyrene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Benzo(b)fluoranthene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Benzo(ghi)perylene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Benzo(k)fluoranthene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Bis(2-ethylhexyl)phthalate 200 349 BRL (<50) 100 

Butylbenzylphthalate BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Carbazole BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Chrysene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Dibenzofuran BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Di-n-butylphthalate BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Di-n-octylphthalate BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Fluoranthene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Fluorene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Hexachlorobenzene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Hexachlorobutadiene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Indeno(1,2,3-ed)pyrene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Naphthalene 73 BRL (<100) BRL (<50) BRL (<40) 

Phenanthrene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Phenol BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

Pyrene BRL (<50) BRL (<100) BRL (<50) BRL (<40) 

TPH by GC-FID (8015) (GRO) (ug/L) (ug/L) (ug/L) (ug/L) 

Gasoline Range Organics 220,000 4,600 5,400 6,000 

TPH by GC-FID (8015B) 

(DRO) 
(ug/L) (ug/L) (ug/L) (ug/L) 

Extractable Total Petroleum 

Hydrocarbons 1,933,333 1,028,571 165,517 446,667 

Total TPH (mg/kg) 2,153,333 1,033,171 170,917 452,667 
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Table 9 – Soil Column Tests (Task 4) 

 

Task 4: Soil Column Experiments Day 28 

Sample Type Soil Soil Soil Soil Soil Soil Soil 

MitKem ID J0222-06 J0222-07 J0222-08 J0222-09 J0222-10 J0828-03 J0828-04 

VeruTEK ID UDEJ-T4A-S-D28 UDEJ-T4B-S-D28 UDEJ-T4C-S-D28 UDEJ-T4D-S-D28 UDEJ-T4E-S-D28 UDEJ-T4F-S-D28 UDEJ-T4G-S-D28 

Test Conditions 

Day 28 Column 

Soil                    

Control 

Day 28 Column 

Soil                          

ISCO                                   

Fe-EDTA 

activated SP 

Day 28 Column Soil       

S-ISCO                                       

Fe-EDTA activated 

SP  + VS-3 

Day 28 Column 

Soil        ISCO                                        

Alkaline activated 

SP                 

Day 28 Column 

Soil                          

S-ISCO                               

Alkaline activated 

SP + VS-3 

Day 28 Column Soil                 

ISCO                                             

FeTAML activated HP 

Day 28 Column Soil      

S-ISCO                   

FeTAML activated HP     

+ VS-3 

VOCs (SW846 8260B) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) 

1,2,4-Trimethylbenzene 9,900 4,700 BRL (<3,900) 8,900 5,900 21,000 530 

1,3,5-Trimethylbenzene 5,800 2,800 BRL (<3,900) 5,300 3,200 15,000 470 

1,2,4-Trichlorobenzene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

2-Butanone BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

2-Chlorotoluene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

4-Isopropyltoluene 11,000 6,100 3,600 11,000 5,000 14,000 460 

Acetone BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) 310 

cis-1,2-Dichloroethene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

trans-1,2-Dichloroethene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

Ethylbenzene 21,000 2,700 BRL (<3,900) 14,000 9,600 12,000 530 

Benzene BRL (<9,700) 1,300 BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) 280 

Chlorobenzene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

Chloroethane BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

Chloroform BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

Chloromethane BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

m&p-Xylene 190,000 33,000 2,800 150,000 94,000 270,000 5,800 

o-Xylene 42,000 6,400 BRL (<3,900) 35,000 23,000 70,000 1,500 

n-Butylbenzene BRL (<9,700) 1,400 BRL (<3,900) BRL (<9,400) 970 2,500 170 

n-Propylbenzene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) 1,500 BRL (<360) 

Methylene chloride BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700)  BRL (<360) 



27 

 

VeruTEK ID UDEJ-T4A-S-D28 UDEJ-T4B-S-D28 UDEJ-T4C-S-D28 UDEJ-T4D-S-D28 UDEJ-T4E-S-D28 UDEJ-T4F-S-D28 UDEJ-T4G-S-D28 

Test Conditions 

Day 28 Column 

Soil                    

Control 

Day 28 Column 

Soil                          

ISCO                                   

Fe-EDTA 

activated SP 

Day 28 Column Soil       

S-ISCO                                       

Fe-EDTA activated 

SP  + VS-3 

Day 28 Column 

Soil                   

ISCO                                        

Alkaline activated 

SP                 

Day 28 Column 

Soil                          

S-ISCO                                

Alkaline activated 

SP + VS-3 

Day 28 Column Soil                 

ISCO                                             

FeTAML activated HP 

Day 28 Column Soil       

S-ISCO                   

FeTAML activated HP     

+ VS-3 

VOCs cont. (8260B) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) 

Naphthalene BRL (<9,700) 3,000 BRL (<3,900) BRL (<9,400) 1,700 3,100 260 

Isopropylbenzene 4,400 1,900 BRL (<3,900) 3,900 2,300 13,000 230 

sec-Butylbenzene BRL (<9,700) 1,500 BRL (<3,900) BRL (<9,400) BRL (<4,500) 5,100 140 

p-Isopropyltoluene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

tert-Butylbenzene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

Styrene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

Toluene BRL (<9,700) 1,400 BRL (<3,900) BRL (<9,400) 1,300 3,600 170 

Total Xylenes 230,000 40,000 2,800 180,000 120,000 340,000 7,400 

Trichloroethene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

Tetrachloroethene BRL (<9,700) BRL (<4,600) BRL (<3,900) BRL (<9,400) BRL (<4,500) BRL (<3,700) BRL (<360) 

Total VOCs 284,100 66,200 6,400 228,100 146,970 430,800 10,540 

TPH by GC-FID (8015) 

(GRO) 
(ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) 

Gasoline Range Organics 640,000 110,000 2,300,000 260,000 270,000 -- -- 

TPH by GC-FID (8015B) 

(DRO) 
(ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) 

Extractable Total 

Petroleum Hydrocarbons 1,000,000 590,000 7,000,000 440,000 1,400,000 -- -- 

Total TPH 1,640,000 700,000 9,300,000 700,000 1,670,000 -- -- 
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Figures
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Figure 1a – Soil Desorption/Solubilization Enhancement Tests 
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Figure 1b – Soil Desorption/Solubilization Enhancement Tests 
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Figure 1c – Soil Desorption/Solubilization Enhancement Tests 
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Figure 2a – Destruction of VOCs in the Emulsion Phase 
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Figure 2b – Destruction of Target VOCs in the Emulsion Phase 
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Figure 2c – Destruction of TPH in the Emulsion Phase 
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Figure 3a – Soil Column Tests (Task 4) 
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Figure 3b – Soil Column Tests (Task 4) 
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URS Corporation Essex Jamestown Site
UST Area ISCO

Pore Volume Estimates

Table C-1

Treatment Area Pore Volume Estimates
Area

Area, SF Area, SF
Porosity: 0.3 0.2 0.3 0.2

West 1 2125 19074 12716 2125 38148 25432
West 2 2550 22889 15259 3400 61037 40691
West 3 0 6700 120278 80186
Subtotal West 41963 27975 219463 146309

East 1 650 5834 3890 650 11669 7779
East 2 7600 136435 90957
Subtotal East 5834 3890 148104 98736
Total Site 47797 367567 415364 Gallons

Injection Point Pore Volume Estimates
Injection 

Spacing ft
Total 

Volume, 
gal

Vadose Saturated
total per ft per/sf/ft total per ft per/sf/ft total per ft per/sf/ ft

10 4 8 8976 3590 299 2.99 2693 224 2.24 1795 150 1.5
10 4 10 10472 4189 299 2.99 3142 224 2.24 2094 150 1.5

20 4 8 35904 14362 1197 2.99 10771 898 2.24 7181 598 1.5
20 4 10 41888 16755 1197 2.99 12566 898 2.24 8378 598 1.5

30 4 8 80784 32314 2693 2.99 24235 2020 2.24 16157 1346 1.5
30 4 10 94248 37699 2693 2.99 28274 2020 2.24 18850 1346 1.5

Notes:
1. Volume based on an assumed injection area of influence of (2r*2r), square area > circular injection area (conservative estimate)
2. Formation is a fine-coarse sand and gravel with interspersed clayey-silt lenses, Porosity estimated to be 0.3.

Thickness of 
Treatment Zone,ft

Injection Point Pore Volume by Porosity, gal

Vadose (4-8 ft BGS) Groundwater (8-16 ft BGS)
Pore Volume, gal Pore Volume, gal

0.4 0.3 0.2

3. Site-specific design injection spacing is 10 ft based on site soil lithology.

6/10/2011



URS Corporation Essex Jamestown Site
UST Area ISCO

Injection Pressure to Prevent Ground Uplift

TABLE C-2

Theoretical Injection Pressure to Prevent Ground Uplift
Injection Depth, ft Dw, lb/cf

Vadose Saturated Vadose Sat psf psi
6 120 125 6 0 62.4 720 5.0
10 120 125 6 4 62.4 970.4 6.7
15 120 125 6 9 62.4 1283.4 8.9

Ref:Subsurface Injection of ISRRs within the the LA RWQC Board Jurisdiction, Sept, 2009. Sec 4.1.
Where:
P= Injection pressure, insitu
Dv- Density vadose soil
Dsat-Density saturated zone
Hv- Height or thickness of vadose zone above injection point
Hw- Height or thickness of saturated zone above injection point
Dw- density of water, 62.4 pcf

Notes:
1. Fine to coarse sand and gravel- 120-125 pcf
2. Depth to saturated zone average 6 ft. Thickness of saturated zone average 9 ft.
3. Calculation of P neglects soil bending resistance (tensile) - conservative approach.

Density of Treatment Zone, 
lb/cf (Note 1)

Static Head, ft (Note 2)

P= [(Dv x Hv + Dsat x Hsat) - Dw x Hsat] psf

Injection Pressure

6/10/2011



URS Corporation Essex Jamestown Site
UST Area ISCO

Injection Time vs Injection Pressure

TABLE C-3

Injection Time vs Injection Pressures

Spacing ft Radius, ft ft/d ft/sec 5 10 20 50
10 5 2.69 0.0000311 695.2 347.6 173.8 69.5
20 10 2.69 0.0000311 2780.9 1390.4 695.2 278.1
40 20 2.69 0.0000311 11123 5562 2781 1112

Darcy's Law, Vs = K*i/n
Where:
Vs = seepage velocity (during presurized injection)
Kv- Vertical hydraulic conductivity (use 2.69 ft/d based on shallow zone slug tests Kavg = 20.1 gal/day- sf)
I = hydraulic gradient= H/L, or (psi x 144) / (62.4 x 0.5 R)
n = formation porosity, = 0.3

Note:
1. Injection time is the estimated time to reach the radius of influence for 1 pore volume (PV) of injected solution

Kv Injection Time (min) vs Pressure (psi),  Note (1)Injection Plan
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URS Corporation Essex Jamestown Site
UST Area ISCO

Oxidant Delivery Acceptance Rate to Minimize Groundwater Mounding 

TABLE C-4

Injection Hydraulic Acceptance Rate to Minimize Groundwater Mounding
Kv, ft/d Mound 

Head, ft 
Injection 
Depth, ft

P, lb/sf Dw, lb/cf

Spacing, ft Radius, ft Area, sf gal/d/sf gal/d gal/min/inj

10 5 100 2.69 6 6 720 62.4 18.6 1858 1.3
10 5 100 2.69 6 10 970 62.4 32.0 3202 2.2
10 5 100 2.69 6 15 1283 62.4 48.8 4884 3.4
10 5 100 2.69 4 6 720 62.4 37.9 3793 2.6
10 5 100 2.69 4 10 970 62.4 58.1 5809 4.0
10 5 100 2.69 4 15 1283 62.4 83.3 8333 5.8
10 5 100 2.69 2 6 720 62.4 96.0 9599 6.7
10 5 100 2.69 2 10 970 62.4 136.3 13631 9.5
10 5 100 2.69 2 15 1283 62.4 186.8 18678 13.0

Q/A = Kv (P - Dw* H)/H Ref:Subsurface Injection of ISRRs within the the LA RWQC Board Jurisdiction, Sept, 2009. Sec 4.1.
Where:
Q/A- Injection flow rate applied over the area of interest (area a function of injection plan)
Kv- Vertical hydraulic conductivity (use 2.69 ft/d based on shallow zone slug tests Kavg = 20.1 gal/day- sf)
P= Injection pressure, (See Table C-2)
H- Groundwater mound height above saturated zone (max 6 ft at ground surface)
Dw- density of water, 62.4 pcf

Notes:
1. Depth to saturated zone average 6 ft. Thickness of saturated zone average 9 ft.

Acceptance Flow RateInjection Plan

6/10/2011



URS Corporation Essex Jamestown Site

UST Area ISCO

Treatment Area Bulk Oxidant Estimate

Table C‐5

Treatment Area Bulk Dry Oxidant Estimate 
Area

Avg Conc, 

ppm

Area, SF Mass, lbs Avg Conc, 

ppm

Area, SF Mass, lbs Vadose Groundwater Vadose Groundwater

West 1 500 2125 357 100 2125 31.8 1371 122 21090 1880

West 2 500 2550 428.4 1 3400 0.5 1645 8 25309 125

West 3 0 0 0 1 6700 1.0 0 16 0 247

Subtotal West 785.4 33.3 3016 146 46399 2252

East 1 10 650 2.18 1 650 0.1 8 1.6 129 24

East 2 0 0 0 1 7600 1.1 0 18 0 280

Subtotal East 2.2 1.2 8.4 20 129 304

Total Site 788 35 3024 166 46528 2557

Volume, cy: 24.6 1.4

 @ 70 pcf

Notes:
1. Treatment zones are shown on Drawing C‐3

2. Oxygen equivalents based on:           

    Xylene oxidation stoichiometry = 3.2 lbs Oxygen/lb VOC

    NOD factor of 5.0 x for low VOC groundwater zones (1‐10 ppm), and

    NOD/TPH factor of 1.2 x for vadose zones and high VOC groundwater zones (100 ppm)

3. Oxidant bulk dry weight requirements based on 6.5% available oxygen in sodium persulfate product. 

VOC Mass by Zone (See Note 1)
Vadose (4‐8 ft BGS) Groundwater (8‐16 ft BGS) See Note (3)

Oxygen Equivalent, lbs Bulk Oxidant Req't, lbs
See Note (2)

URS 41568097



URS Corporation Essex Jamestown Site

UST Area ISCO

Treatment Area Oxidant Solution Estimate

Table C‐6

Treatment Area Oxidant Solution Estimate   
Area

See Note (1)

Vadose Groundwater

10% 20% 1% 10% 1% 0.10% 0.05%

West 1 21090 1880 25108 12554 251077 2238 22382 223817 447634

West 2 25309 125 30129 15065 301292 149 1492 14921 29842

West 3 0 247 0 0 0 294 2940 29403 58807

Subtotal West 46399 2252 55237 27619 552369 2682 26814 268142 536283

East 1 129 24 154 77 1536 29 285 2853 5705

East 2 0 280 0 0 0 334 3335 33353 66706

Subtotal East 129.0 304.1 154 77 1536 362 3621 36206 72411

Total Site 46528 2557

Notes:
1. Treatment zones are shown on Drawing C‐3

2. Oxidant requirements are minimum required for VOC treatment (summarized on Table C‐5.)

3. Bulk ddry oxidant requirements based on 6.5% available oxygen in sodium persulfate product. 

4. Sodium persulfate solutions at 100g/L (10%), 200g/L (20%) and 10g/L (1%) ~ 8.4 lbs/gal. Max solubility of NaSO ~ 730g/L at 25 deg C

Vadose

Bulk Dry Oxidant 

Requirement, lbs

See Notes (2, 3)

 Oxidant Solutions, gal by % solution (by weight)

See Note (4)

Groundwater

URS 41568097



URS Corporation Essex Jamestown Site

UST Area ISCO

 Unit Area Oxidant Solution Estimates

Table C‐7

Unit Area Oxidant Solution Estimates 

Treatment Area Bulk Dry Oxidant Estimate 

Vadose Groundwater  Vadose Groundwater Vadose Groundwater

West 1 500 100 NA 37 3.5 NA
West 2 500 1 NA 1.5 3.5 NA
West 3 0 1 NA 1.5 NA NA

East 1 10 1 NA 1.5 0.07 NA

East 2 0 1 NA 1.5 NA NA

Groundwater Zone Oxidant Solutions

Area 1% PVs 10% PVs 0.1% PVs 0.05% PVs

West 1 442 2.0 44.2 0.2 4420 19.7 8840 39.5
West 2 18 0.08 1.8 0.008 184 0.8 368 1.6
West 3 18 0.08 1.8 0.008 184 0.8 368 1.6

East 1 18 0.08 1.8 0.008 184 0.8 368 1.6
East 2 18 0.08 1.8 0.008 184 0.8 368 1.6

Vadose Zone Oxidant Solutions

Area 1% PVs 5% PVs 10% PVs 20% PVs
West 1 42.5 19.0 8.5 3.79 4.3 1.90 2.1 0.9
West 2 42.5 19.0 8.5 3.79 4.3 1.90 2.1 0.9
West 3

East 1 0.9 0.4 0.2 0.08 0.1 0.04 0.04 0.02
East 2

Notes:
1. Treatment zones are shown on Drawing C‐3

3. Oxidant requirements based on 6.5% available oxygen in sodium persulfate product. 

5.Infiltration application based on per square foot of surface area. PV= Pore volume of formation at porosity = 0.3 (See Table C‐1)

Treatment 

Zone Area, See 
Note (1)

VOC Average Conc., ppm Injection Dry Oxidant Req't, 

lbs/ft, See Notes (2, 3, 4)

Infiltration Dry Oxidant Req't, 

lbs/sf, See Notes (2, 3, 5)

 Oxidant Solution Volume per Infiltration Area (gal/sq‐ft/ft by % solution) and Pore Volume, See Notes (5 and 6)

 Oxidant Solution Volume per Injection Point (gal/ft by % solution) and Pore Volume, See Notes (4 and 6)

2. Oxygen requirements summarized on Table C‐5.

4. Injection point based on injections at 10 ft centers (5 ft radius of influence). Use 100 sf/ft injection. PV= 1 Pore volume of formation at porosity = 0.3 = 2.24 gal/cf = 224 

gal/100 sf‐ft (See Table C‐1)

6. Oxidant requirements calculated at injected persulfate solutions of 10g/L (1%), 50g/L (5%), 100g/L (10%), 200g/L (20%) and 1g/L (0.1%). Density ~ 8.4 lbs/gal. Max solubility of 

NaSO ~ 730g/L at 25 deg C

groundwater injection only

groundwater injection only

URS 41568097



URS Corporation Essex Jamestown Site

UST Area ISCO

 Unit Area Oxidant Delivery Plan

Table C‐8

Oxidant Solution Delivery Plan

INJECTION PLAN‐ GROUNDWATER

Fe‐EDTA, 

0.35%

VeruSol 3, 

1%

Oxidant 

Solution

PVs Fe‐EDTA, 

0.35%

VeruSol 3, 0.2‐

1%

Oxidant. 

NaSO
Area % gal/ft Total lbs

West 1 5 88 1.5 11 1061 0.4 1.5 10 417

West 2 0.5 37 0.1 4 442 0.16 0.15 2 42

West 3 0.5 37 0.1 4 442 0.16 0.15 2 42

East 1 0.5 37 0.1 4 442 0.16 0.15 2 42

East 2 0.5 37 0.1 4 442 0.16 0.15 2 42

INFILTRATION PLAN‐ VADOSE ZONES

Fe‐EDTA, 

0.35%

VeruSol 3, 

1%

Oxidant 

Solution

PVs Fe‐EDTA, 

0.35%

VeruSol 3, 0.2‐

1%

Oxidant. 

NaSO

Area % gal/sq ft/ft Total lbs

West 1 20 2.1 105 181 18063 0.95 5.8 10 1667

West 2 20 2.1 126 217 21676 0.95 5.8 10 1667

West 3

East 1 0.5 1.7 0.6 44 4420 0.76 0.15 2 42

East 2

Notes:

1. Injection dosing based on an average 16 foot deep injection point and a treatment zone from 4‐16 ft BGS. 

2. Injection point at 10 ft centers (5 ft radius of influence). Use 100 sf/ft injection. PV= Pore volume (1) = 2.24 gal/cf = 224 gal/100 sf‐ft 

3. Infiltration application based on per square foot of surface area. PV= 2.24 gal/sf/ft

Oxidant Mix per Injection Point (10 ft spacings) Bulk Dry Mixtures

Total Gallons  lbs/1000 gal

Oxidant Solution

groundwater‐injection only

Total Gallons 

Bulk Dry Mixtures

lbs/1000 gal

Oxidant Solution

Oxidant Mix per Infiltration Area

groundwater‐injection only

URS 41568097
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Oxidant and Additives Chemical Properties and MSDSs 































































No. TYPE SIZE
dia/mat'l Invert EL dia/mat'l Invert EL

J1 Junction/Inlet  3 x 3 ft 8-in STL tbd 8-in HDPE tbd
J2 Junction/Inlet  3 x 3 ft 8-in STL tbd 8-in HDPE tbd
J3 Junction/Inlet  3 x 3 ft 8-in STL tbd 8-in HDPE tbd
J4 Junction/MH 5 ft dia. 8-in HDPE tbd 16-in HDPE tbd

8-in HDPE tbd
8-in HDPE tbd

J5 Junction/Inlet 3 x 4 ft 16-in HDPE tbd
16-in CPM existing 16-in CPM existing

Notes:
1. See Details 1 and 2, Drawing C-6.

STORMWATER STRUCTURES SCHEDULE

INLET PIPE OUTLET PIPE



Oxidant Solution Delivery Plan

INJECTION PLAN- GROUNDWATER

Fe-EDTA, 
0.35%

VeruSol 3, 
1%

Oxidant 
Solution

PVs Fe-EDTA, 
0.35%

VeruSol 3, 
0.2-1%

Oxidant. 
NaSO

Area % gal/ft Total lbs
West 1 5 88 1.5 11 1061 0.4 1.5 10 417
West 2 0.5 37 0.1 4 442 0.16 0.15 2 42
West 3 0.5 37 0.1 4 442 0.16 0.15 2 42

East 1 0.5 37 0.1 4 442 0.16 0.15 2 42
East 2 0.5 37 0.1 4 442 0.16 0.15 2 42

INFILTRATION PLAN- VADOSE ZONES

Fe-EDTA, 
0.35%

VeruSol 3, 
1%

Oxidant 
Solution

PVs Fe-EDTA, 
0.35%

VeruSol 3, 
0.2-1%

Oxidant. 
NaSO

Area % gal/sq ft/ft Total lbs
West 1 20 2.1 105 181 18063 0.95 5.8 10 1667
West 2 20 2.1 126 217 21676 0.95 5.8 10 1667
West 3

East 1 0.5 1.7 0.6 44 4420 0.76 0.15 2 42
East 2

Notes:
1. Injection dosing based on an average 16 foot deep injection point and a treatment zone from 4-16 ft BGS. 
2. Injection point at 10 ft centers (5 ft radius of influence). Use 100 sf/ft injection. PV= Pore volume (1) = 2.24 gal/cf = 224 gal/100 sf-ft 
3. Infiltration application based on per square foot of surface area. PV= 2.24 gal/sf/ft

Oxidant M ix per Injection Point (10 ft spacings) Bulk Dry M ixtures

Total Gallons lbs/1000 gal

Oxidant Solution

Groundwater-injection only

Groundwater-injection only

Total Gallons 

Bulk Dry M ixtures

lbs/1000 gal

Oxidant Solution
Oxidant M ix per Infiltration Area

Treatm ent Area Bulk Dry Oxidant Estimate 
Area

Avg Conc, 
ppm

Area, SF Mass, lbs Avg Conc, 
ppm

Area, SF Mass, lbs Vadose Groundwater Vadose Groundwater

West 1 500 2125 357 100 2125 31.8 1371 122 21090 1880
West 2 500 2550 428.4 1 3400 0.5 1645 8 25309 125
West 3 0 0 0 1 6700 1.0 0 16 0 247

Subtotal West 785.4 33.3 3016 146 46399 2252

East 1 10 650 2.18 1 650 0.1 8 1.6 129 24
East 2 0 0 0 1 7600 1.1 0 18 0 280

Subtotal East 2.2 1.2 8.4 20 129 304
Total Site 788 35 3024 166 46528 2557

24.6 1.4
Notes:
1. Treatment zones are shown on Drawing C-3
2. Oxygen equivalents based on:           

    Xylene oxidation stoichiometry = 3.2 lbs Oxygen/lb VOC
    NOD factor of 5.0 x for low VOC groundwater zones (1-10 ppm), and
    NOD/TPH factor of 1.2 x for vadose zones and high VOC groundwater zones (100 ppm)

3. Oxidant bulk dry weight requirements based on 6.5% available oxygen in sodium persulfate product. 

See Note (3)
Oxygen Equivalent, lbs Bulk Oxidant Req't, lbs

See Note (2)
VOC Mass by Zone (See Note 1)

Vadose (4-8 ft BGS) Groundwater (8-16 ft BGS)

Volume, cy @ 70 pcf:





Work Phase Objective Monitoring Locations Parameters Frequency
Pre-Operations Measure Groundwater 

Levels and Water Quality 
Indicators and VOCs to 
establish baseline 
conditions.

Wells- HW-9, MWs- 20, 23S, 24S, 
26S, 27S and 28S, and PZ-5S

VOCs (EPA 8260), pH, cond, 
ORP, DO, sulfate, alkalinity, 
iron, and water levels

Within 2 weeks prior to the start 
of site oxidant applications

Operations Measure Groundwater 
Levels, Water Quality 
Indicators and VOCs to 
assess ongoing operations 
and short-term effects of 
ISCO.

Wells- HW-9, MWs- 20, 23S, 24S, 
26S, 27S and 28S, and PZ-5S (use 
selected monitoring wells closest to 
weekly ISCO activities)

VOCs (EPA 8260), pH, cond, 
ORP, DO, sulfate, alkalinity, 
iron, and water levels

Chemical Parameters- Weekly 
during oxidant application 
periods. Well water levels- daily 
and increased to 2x/day min. 
for wells < 50 ft from injection 
points.

Post-Operations Groundwater- Measure Well 
Water Levels, Water Quality 
Indicators and VOCs to 
evaluate ISCO performance.   
Soils- Measure soil organic 
constituents to evaluate 
ISCO performance.

Wells- HW-9, MWs- 20, 23S, 24S, 
26S, 27S and 28S, and PZ-5S.             
Soils- maximum 20 ft grid continuous 
samples, 4 ft to water table. Select 
sample based on VOC headspace 
(HS) result. Sample vadose soils in 
west and east treatment areas on 20ft 
center grid, east areas on centerlines 
at 10ft spacing.

Groundwater- VOCs (EPA 
8260), pH, cond, ORP, DO, 
sulfate, alkalinity, iron and 
water levels.                       
Soils- Field HS, VOCs and 
TPH.

Wells- Quarterly for 1-year after 
the end of site operations 
monitoring. Soils- 30 and 180 
days after treatment

ISCO Performance Monitoring Summary
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