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1.0 INTRODUCTION 

1.1 Scope 

This Supplemental Feasibility Study (SFS) presents the evaluation of three alternatives 

for remediation at the Robeson Industries Site (Site No. 9-61-008).  This work is being performed 

for the New York State Department of Environmental Conservation (NYSDEC) under Task 15 of 

Work Assignment D003825-6.5. 

1.2 Current Remediation 

The Robeson site remediation construction was completed by the Tyree Organization in 

February 1998.  Tyree operated the remediation systems from February 1998 to February 1999.  

URS has operated the system from February 1999 to the present.   

The remediation, installed in 1998, includes a Soil Vapor Extraction/Treatment (SVET) 

system and Groundwater Extraction/Treatment (GWET) system.  Major components of the SVET 

system include the following:  1) eleven vapor extraction wells with total depths ranging from 9.5 

to 17 feet; 2) an air/moisture separator; 3) two ten-horsepower vacuum blowers for extracting soil 

gas; 4) carbon adsorption units for air treatment; and 5) associated piping and instrumentation.  

The major components of the GWET system include the following:  1) ten 4-inch diameter 

groundwater extraction wells constructed to depths ranging from 39 to 56 feet with pumps; 2) an 

approximately 1,200 gallon storage tank that is used to store water pumped from the wells prior 

to treatment; 3) a chemical addition system that adds a sequestering agent (Calsperse) to reduce 

scale build-up on equipment and piping; 4) two air strippers to remove VOCs – each with a 

capacity of 20 gallons per minute; 5) a catalytic oxidizer to treat air emissions from the air 

strippers; and 6) process pumps, piping, and instrumentation. 

The number of soil vapor extraction wells used to extract soil gas has been reduced over 

the operating period because operating data showed that some areas of the vadose zone were 

clean.  Currently, only two wells (I-4 and I-5) are being used to extract soil gas (See Figure 2-1).   

Air emissions control units, both the catalytic oxidizer and carbon adsorption units, were 

taken off line in June 2000 because the quantity of contaminants removed by the SVET and 
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GWET systems decreased.  URS performed an analysis showing that air emissions were in 

compliance without any air emissions control.  On this basis, the Department directed URS to 

take the air emissions control units off line. 

Although there are two air strippers on site, only one air stripper has been used.  The total 

groundwater extraction rate has never exceeded 10 gallons per minute, so one air stripper has 

been adequate for treatment. 

A summary of operating data for the period of February 1998 to February 2004 (the date 

of the last operating report) is presented below.  Data for the GWET system is summarized as 

follows: 

1. About 8.1 million gallons of contaminated groundwater were extracted over the 

period. 

2. The average extraction rate over the entire (six year) period was 2.6 gallons per 

minute. 

3. Generally, the extraction rate was the highest during the first month of operation.  The 

extraction during this period was about 8 gallons per minute. 

4. Over the six year period, about 320 pounds (4.4 lbs./month) of VOCs were removed.  

About 98% of the VOC mass removed was trichloroethene (TCE).  Mass removal 

estimates were based on analysis of VOCs in samples from the groundwater 

extraction wells and groundwater flow measurements.   

Data for the SVET system is summarized as follows: 

1. Approximately 3,500 pounds of VOCs were removed over the six year period.  

About 94% of the VOC mass removed was TCE.  Mass removal estimates were 

based on analysis of VOCs in samples of extracted soil gas from SVET system 

extraction wells and soil gas flow measurements.   

2. Removal rates have decreased over time.  About 150 lbs/month of VOCs were 

removed during the first year of operation.  About 25 lbs/month of VOCs were 

removed during the sixth year of operation.   
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3. Removal rates have decreased partly because data has shown that some areas of 

treatment were clean.  Eleven extraction wells were used from February 1998 to May 

2002, six wells were used from May 2002 to October 2003, and two wells have been 

used since October 2003. 

The system performance has also been evaluated by monitoring downgradient (west of 

the onsite building) monitoring wells and the seep (Figure 2-2).  Over the period, the data has 

shown, that in general, the downgradient groundwater quality has remained relatively static while 

the seep water quality has improved with respect to VOC concentrations.   

1.3 Remedial Goals 

The remedial goals for the site stated in the March 1995 Record of Decision (ROD) 

include the following:  “1) eliminate the threat of surface water by eliminating any future 

discharges of contaminated groundwater (e.g. seeps) from the site; 2) mitigate the impacts of 

contaminated groundwater to the environment; 3) eliminate the potential for direct human or 

animal contact with the contaminated soils and groundwater on-site which act as a source of 

contamination to groundwater and surface water leaving the site; and 4) provide to the extent 

practicable attainment of Standards, Criteria, and Guidance (SCGs) for groundwater quality.”   

1.4 Approach 

As stated in Section 1.2,  Remediation at the Robeson site began in 1998.  In accordance 

with NYSDEC policy, the site must undergo a five-year review to evaluate remedial progress.  As 

part of the review process, a meeting was held in the NYSDEC Albany office on January 27, 

2005.  One of the purposes of this meeting, was to discuss and select alternatives to the existing 

remedy that could improve remedial progress.  As a result of this meeting, five alternatives will 

be evaluated as follows: 

1. Minor Modifications to Existing Remediation.  The existing system will be modified 

to make it more efficient and less costly to operate.   

2. Enhancement of Existing Remediation:  A trench will be installed to dewater the 

seep.  Additional wells will be installed in the contaminated area under the building.  

These wells will be used to lower the water table and to extract soil gas from the 
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zone dewatered by pumping from the wells.  A total of 40 gallons per minute of 

groundwater will be extracted from existing extraction wells, and the new trench and 

wells.  The extracted water will be treated in the existing treatment system.   

3. In-Situ Chemical Oxidation (ISCO):  A chemical oxidant (sodium permanganate) 

will be injected into the saturated zone in the source area to destroy contamination 

including contamination in groundwater, adhering to soil, and in the form of DNAPL 

(See Section 2.0 for a discussion of DNAPL).   

4. No Action:  The existing remediation will cease and the site will continue to be 

monitored. 

5. Source Removal:  The existing building will be demolished and soil in the source 

area will be excavated to a depth of approximately 50 feet.  Soil will be disposed of 

offsite.   

As agreed to in the meeting of January 27, alternatives 4 and 5 will be evaluated by 

NYSDEC while URS will evaluate alternatives 1, 2 and 3.  A final evaluation of all alternatives 

will be performed by NYSDEC and they will select the preferred remedial alternative.  URS’s 

evaluation of the three alternatives is presented in Sections 3.0 and 4.0. 
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2.0 EXTENT OF CONTAMINATION 

Design of the existing remediation system was based on data presented in the Design 

Analysis Report (URS 1997).  The conceptual model developed from this data included the 

following:  1) an approximately 26,000 square foot area (Figure 2-1) of soil contamination in the 

unsaturated zone (extending about 15 feet below the floor of the on-site building); and 2) a 

dissolved phase groundwater plume extending about 400 – 500 feet downgradient (west) of the 

vadose zone soil contamination considered the source area of contamination (Figure 2-2). 

Data collected during the remediation and a recent (September 2004) supplemental 

investigation indicate that the extent of the source contamination is greater than that used to 

design the existing remediation system.  Six borings were installed in September 2004 (Figure 2-

3) to further define the extent of the contamination source.  The data from these borings are 

summarized on Table 2-1.  The data show that there is significant contamination below the water 

table.  Furthermore, elevated (above 100 ppm) PID readings from these borings (Appendix A) 

along with TCE concentrations (Table 2-2) in groundwater near or above 1% of the solubility 

limit of 12,800 µg/L (USEPA 2005) suggest that there is residual DNAPL in the saturated zone.  

Since the recent investigation was limited in scope, the extent of soil contamination and 

residual DNAPL is unknown.  It is expected that the extent of contamination in the saturated zone 

would be at least the extent of contamination identified in the unsaturated zone (Figure 2-1).  

Since DNAPL is subjected to the forces of groundwater flow once it reaches the saturated zone it 

is likely that the DNAPL has migrated downgradient, and/or sidegradient from the original source 

area.  For the purpose of this SFS, it is assumed that the contamination in the saturated zone is 

somewhat larger than in the unsaturated zone, as shown on Figure 2-4. 

The quantity of contamination in the saturated zone is nearly impossible to estimate 

accurately since DNAPL can exist in seams or pools that may never be detected by conventional 

drilling techniques.  However, using data from the recent investigation, it seems possible that 

upwards of 5,000 pounds of contamination (mainly trichloroethylene) could be present in the 

saturated zone at the Robeson site (Appendix B). 

The SVET system has been operating for seven years.  During that time over 3,500 

pounds of contamination has been removed from the vadose zone.  Removal rates have decreased 
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over time.  Currently, the SVET system is removing about 10 – 20 pounds of contamination per 

month.  Based on air and soil sampling the vadose zone (to a depth of 15 feet) is relatively clean.  

Remaining soil contamination in the vadose zone seems to be limited to the area around SVET 

extraction wells I-4 and I-5 (Figure 2-1).   
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3.0 EVALUATION OF ALTERNATIVES 

3.1 Alternative 1 – Minor Modifications to Existing Remediation 

3.1.1 Description 

Under this alternative, the remediation system would remain largely the same.  Some 

small modifications would be implemented to reduce the operator time on site, and thus reduce 

operating cost.  Proposed modifications include the following: 

1. Revise PLC programming so that all groundwater pumps operate on a timer/flow 

cycle rather than on signals from the in-well level transducer.  This will reduce 

maintenance costs associated with the level transducers. 

2. Replace discharge pumps with a gravity discharge line. 

3. Reinstitute the use of Calsperse, a proprietary chemical sequesterant, to reduce 

mineral deposition on air stripper trays.  This will reduce maintenance time for 

cleaning trays. 

4. Redevelop wells on regular basis.  This will reduce pump maintenance and sustain a 

higher pumping rate in the wells. 

In addition, to the above sampling frequencies and parameters would be reduced to 

further reduce O&M costs.  

3.1.2 Technical Analysis 

In the first six years of operation, about 320 pounds of contamination (53/lbs/year) were 

removed by groundwater extraction.  By making system improvements and increasing the 

frequency of extraction well cleaning, the rate of contaminant extraction could be increased to 

100 to 150 pounds per year – assuming that the average extraction rate will double or triple and 

that the concentration of VOCs in extracted groundwater remains the same.  However, although 

the amount of contamination in the saturated zone is unknown, it is likely that several thousand 

pounds of contamination are present in the saturated zone.  On this basis, it will take several 

decades (50 – 100 years) to effectively remove the source contamination in the saturated zone.  
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This estimate is in keeping with the original estimate (60 years) presented in the Design Analysis 

Report (URS 1997). 

Based on data collected over six years of operation, groundwater contamination does not 

appear to be migrating, and the groundwater quality at the seep has improved.  The existing 

remediation system is generally meeting the site remedial objectives except that the system has 

not effectively eliminated the seep located downgradient (west) of the site.  

The effectiveness of alternative 1 is summarized as follows: 

1. Alternative 1 is reducing the volume of contamination over time, but only very 

slowly.  Residual contamination will remain onsite for several decades. 

2. Alternative 1 is containing groundwater contamination. 

3. Alternative 1 is generally meeting the remedial objectives for the site, except it has 

not effectively eliminated the downgradient seep.  It has, however, improved water 

quality at the seep.  

3.1.3 Cost 

Cost analysis for Alternative 1 is presented in Appendix C.  The capital cost for 

Alternative 1 is estimated at $18,000, and the estimated O&M cost is $69,000 per year.  

Assumptions with regard to capital cost were as follows: 1) the existing discharge forcemain is 

not sufficient in size or slope for gravity discharge so an entire new gravity discharge line will be 

installed; and 2) PLC programming and reinstating the Calsperse chemical addition system will 

be completed with monies already appropriated under the existing contract so no cost is included 

in the SFS.  For O&M costs, it is assumed that SVE operations will be terminated in the near 

future so no air analysis costs were included in the SFS estimate.  A comparison of costs for 

Alternative 1 to other alternatives is presented in Section 4.7.   
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3.2 Alternative 2 – Enhancement of Existing Remediation 

3.2.1 Description 

Under this alternative, the existing remediation system would remain in-place; however, 

significant new components would be added to the remediation.  Additional components would 

include the following: 

1. Seep Dewatering System:  A system would be installed at the seep located 

downgradient (west) of the site to dewater the seep and better meet remedial 

objective 1 (Section 1.3) for the site (Appendix D).  The system would include the 

following:  (a) Collection Trench:  A trench consisting of a small slot size well 

screen surrounded by compatible sand pack material.  The estimated, dimensions are 

100' long x 2.5' wide x 15' deep.  (b) Collection Sump:  A twenty foot deep sump 

consisting of a 4 foot diameter concrete manhole, dual-submersible pumps on 

guiderails with control panel, and (c) Forcemain:  A 2" diameter buried PVC 

forcemain estimated at 400 feet in length.  A design extraction rate from the seep is 

estimated at 10 gallons per minute (Appendix D).  Because the gradient is seep and 

the permeability is low, a trench was considered more feasible than wells for the FS.  

A pump test in the seep area would be used to evaluate the feasibility of extraction 

using wells in the seep area.  The pump test could be performed during design, if this 

alternative is implemented at the site.  Using wells instead of a collection trench 

would probably reduce the capital cost of Alternative 2 by $20,000 to $40,000.   

2. Enhanced Extraction System:  Twelve additional wells would be installed in the 

building to further lower the water table and enhance remediation by using soil vapor 

extraction in the dewatered zone (Appendix E).  The new wells would be 

approximately 50 feet deep and would be used to extract groundwater and soil vapor.  

The total estimated extraction rate from the twelve new wells is 20 gallons per 

minute.  The estimated drawdown using these wells is 5 feet.   

3.2.2 Technical Analysis 

Installing a trench in the seep will effectively dewater the seep and completely meet 

remediation objective 1 for the site.  To date, extracting groundwater upgradient of the seep near 
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the building has not effectively dewatered the seep, although data indicate the contaminant 

concentrations at the seep have been reduced.  It is expected that dewatering the seep will have 

little effect on improving groundwater quality at the site since it will not be removing 

contamination at the source under the building. 

The enhanced extraction system in the building should have a positive impact on 

groundwater quality.  Contamination will be removed by both groundwater extraction and soil 

vapor extraction.  In addition, control of contaminant migration will be greatly enhanced.  During 

the first six years of operation, the existing soil vapor extraction system removed over 3,500 

pounds of contaminants in the 15 to 20 foot deep vadose zone. It is expected that additional 

hundreds, if not more, pounds of contaminants can be removed by soil vapor extraction system 

once the water table is lowered below the current level. 

The effectiveness of Alternative 2 is summarized as follows:  

1. Alternative 2 will further reduce the source of contamination.  Contamination now 

within the top 5 feet of the saturated zone will be removed by soil vapor extraction 

after the area is dewatered.  However, contamination (both DNAPL and soil 

contamination) in the remainder of the saturated zone will remain largely intact.  It 

will be removed slowly over time by dissolution into the groundwater.  It is expected 

that several decades would still be required to meet groundwater standards.   

2. Alternative 2 includes additional wells to more effectively contain the source and 

prevent groundwater contaminant migration. 

3. Alternative 2 will eliminate the downgradient seep. 

4. Alternative 2 meets all the site remedial objectives. 

3.2.3 Cost 

Cost analysis for Alternative 2 is presented in Appendix C.  The estimated capital cost for 

Alternative 2 is $330,000.  The capital cost is based on the assumption there will be no capital 

improvements to the existing treatment equipment.  Two annual O&M costs have been calculated 

for Alternative 2.  It is assumed that the twelve additional SVE/groundwater extraction wells 

located in the building will be operated only for 5 years.  It is assumed, that after 5 years, 
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remediation by SVE will be complete-meaning the 12 new wells inside the building will cease 

operation.  During the first 5 years of operation, the estimated O&M cost is $140,000 per year.  

After the first 5 years, it is assumed that only the ten existing extraction wells outside the 

building, and the proposed seep collection trench will continue to operate.  The estimated O&M 

cost for years 6 and beyond is $74,000 per year.  A comparison of costs for Alternative 2 to other 

alternatives is presented in Section 4.7.  

3.3 Alternative 3 – In-Situ Chemical Oxidation (ISCO) 

3.3.1 Description 

Under this alternative, sodium permanganate will be injected into the saturated zone to 

destroy contaminants.  More specifically, this alternative would include the following: 

• Injection of sodium permanganate solution at approximately 552 injection points 

(based on a 5 foot radius of influence). 

• Injection of about 70 gallons of 40% sodium permanganate solution along with 

approximately 800 gallons of dilution water at each injection point. 

• Soil and groundwater sampling and analysis both before and after injection. 

More details regarding this alternative are provided in Appendix F. 

3.3.2 Technical Analysis 

Theoretically, oxidation will destroy all or most contamination at source under the 

buildings.  If this is accomplished, groundwater quality should be returned to pre-spill conditions 

very quickly.  It would probably take 6 months to a year to complete the oxidation program. 

However, actual successful remediation by oxidation is limited by a number of factors 

which are discussed briefly below. 

1. Subsurface Heterogeneity: Oxidation is dependent on achieving adequate contact 

between oxidants (in this case sodium permanganate) and contaminants.  Subsurface 

heterogeneities (such as found at the Robeson site), preferential flow paths, and poor 

mixing in the subsurface can result in extensive pockets of untreated contaminants.   
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2. Natural Oxidation Demand (NOD):  Oxidizing reagents such as sodium 

permanganate are consumed by other oxidizable substrates (e.g. natural organic 

compounds or dissolved iron), limiting the efficiency of treatment by oxidation.  In 

the estimate for the Robeson site (Appendix F), most of the sodium permanganate to 

be injected is consumed by the NOD.  It should be noted that the NOD was 

approximated, and that installation of additional borings, and soil sampling and 

analysis would be required to accurately determine a value for NOD necessary for 

design.  A value of 5 g/kg was assumed for NOD at the Robeson site.  The NOD was 

measured at another Superfund site in New York – the Hillcrest site in the Town of 

Frenton, Broome County.  At the Hillcrest site, the NOD was estimated to be 

between 0.7 and 2.2 g/kg.   

3. Experience:  In-situ chemical oxidation (ISCO) technology has been commercially 

practiced for about 10 years.  Although the technology is becoming better 

understood, it is still evolving.  Because of the relative lack of experience with ISCO, 

greater amounts of time are required for site investigations, and bench or pilot-scale 

are recommended prior to implementing this technology.   

The effectiveness of Alternative 3 is summarized as follows: 

• Successful implementation of ISCO would allow remedial objectives to be met 

quickly so a “clean” site closure would be possible. 

• There are many uncertainties associated with implementation of ISCO.  Success is 

not guaranteed.  Additional remedial measures might have to be implemented if 

ISCO is unsuccessful. 

3.3.3 Cost 

Cost analysis for Alternative 3 is presented in Appendix C.  The estimated cost for 

implementing ISCO is $2,200,000.  The cost is based on the assumption that dilution water can 

be obtained from the onsite production well.  If this is not possible, the cost would be increased 

by about $50,000 to $100,000. 
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As mentioned above, the amount of sodium permanganate, and therefore, the cost of 

ISCO depends on the NOD of the soil.  If a NOD of 2 g/kg, similar to Hillcrest is assumed, the 

cost of ISCO is reduced to about $1,200,000 (Appendix C).   

The NOD could be higher than 5 g/kg which would increase cost.  The cost would also 

increase if retreatment of some areas were required because of complicated geology or 

unexpectedly high levels of contamination or NOD.  Under these scenarios, the cost of ISCO 

could escalate to $3,000,000 or more. 

Uncertainties associated with implementing ISCO lead to uncertainties in estimating the 

cost.  The estimated range of cost for ISCO is $1,000,000 to $3,000,000.  A value of $2,200,000 

was used for this SFS which represents a mid range estimate of the cost.  This estimate assumes 

that all or nearly all contamination is oxidized.  If only partial success is achieved, additional 

remediation (e.g. continued pump and treat) would be required which would increase the cost.   
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4.0 COMPARISON OF ALTERNATIVES 

This section includes a comparison of the three alternatives discussed in Section 3.0 

which are Alternative 1 – Minor Modifications to the Existing Remediation, Alternative 2 – 

Enhancement of Existing Remediation, and Alternative 3 – In Situ Chemical Oxidation.  The 

comparison is based on the criteria for evaluating alternatives described in 6 NYCRR Part 375. 

4.1 Overall Protection of Human Health and the Environment 

All three alternatives are protective of human health and the environment.  Alternative 1 

meets all remedial objectives except with regard to eliminating the downgradient seep.  Although 

the existing system has not effectively dewatered this seep, concentrations of VOCs at the seep 

have been greatly reduced.  Because of this reduction, the threat to public health and the 

environment is minimal.   

Alternative 2 includes measures to dewater the seep and remove additional contamination 

from the source using soil vapor extraction.  This alternative eliminates potential exposure at the 

seep and reduces the residual contamination remaining on site. 

Alternative 3 eliminates or significantly reduces the source of contamination in about 1 

year.  In this way, it is more effective than the other alternatives which will require several 

decades or longer to eliminate the source of contamination.   

4.2 Compliance with SCGs 

Theoretically, Alternative 3 will comply with SCGs very quickly.  Alternatives 1 and 2 

will take several decades if not longer to achieve SCGs.  However, there are uncertainties 

associated with ISCO which is included in Alternative 3.  It is highly likely that not all 

contamination will be removed by this technology.  Therefore, compliance with SCGs could still 

take many years.  Nevertheless, by removing the majority of contamination at the source, 

Alternative 3 will significantly reduce the time required to achieve SCGs.   

4.3 Short-Term Impacts and Effectiveness 

Alternative 1 includes very little construction so short term impacts will be minimal.  

Alternative 2 includes well and trench construction so there are some small potential impacts to 



 
N:\11173790.00000\WORD\Supplemental FS Robeson.doc 

 4-2 

workers from VOCs; however, these should easily be controlled by a properly administered 

health and safety program.  Alternative 3 includes the most intrusive work so potential short-term 

impacts are the greatest with this alternative.  The potential short-term impacts are primarily for 

workers and not the community since the site is in an isolated rural area.  As with Alternative 2, 

potential impacts from Alternative 3 could be controlled by a properly administered health and 

safety program. 

4.4 Long-Term Effectiveness and Permanence 

Both Alternatives 1 and 2 require many decades of operation so they are not short-term 

permanent remedies.  However, both include hydraulic control of contamination using mostly 

existing infrastructure.  Based on existing data, these systems will be effective in managing the 

contamination remaining in place.  Alternative 3 includes removal or at least significant reduction 

of source contamination; therefore, it, is a more permanent remedy.   

4.5 Reduction of Toxicity, Mobility and Volume (TMV) 

The reduction of Toxicity, Mobility, and Volume (TMV) is the greatest for Alternative 3.  

Oxidation will destroy contaminants.  The effectives of oxidation depends on many factors, e.g. 

site geology, however, it is believed that oxidation will remove between 50 and 100% of the 

contamination.  Alternative 2 includes additional soil vapor extraction after lowering the water 

table.  Alternative 2 will remove additional contamination rather quickly, but reduction of TMV 

by Alternative 2 will be significantly less than Alternative 3 because it addresses only about 15 – 

20% of the contaminated saturated zone.  Alternative 1 reduces TMV very slowly over time as 

contamination dissolves into the groundwater. 

4.6 Implementability 

Alternative 1 includes very little construction and would be easy to implement.  

Alternative 2 would be somewhat more difficult to implement because well construction for soil 

vapor and groundwater extraction is necessary; however, the technologies for alternative 2 are 

well understood.  Construction should be completed within about a month.  Alternative 3 would 

be much more difficult to implement than the other two alternatives.  Although oxidation has 

been commercially available for about 10 years, actual experience with this technology is limited 

and the technology is not completely understood.  At the Robeson site, further field investigations 
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and a pilot scale study would probably be required before implementing ISCO at the site.  As 

with other in-situ technologies, the quantity of bidders on the project would be small because not 

many companies would have the experience to qualify for the bid.  It is also possible that ISCO 

would not be successful on the first try, and that the Contractor would have to remobilize and 

retreat portions of the site where contaminant concentration did not reach acceptable levels. 

4.7 Cost 

A summary of costs for all three alternatives is presented in Table 3-1.  On the basis of 

total present worth cost, Alternative 1 – Minor Modifications to the Existing Remediation is the 

least costly alternative.  Alternative 2 – Enhancement of Existing Remediation is about 50% more 

costly than Alternative 1, and Alternative 3 – ISCO is about 100% more costly than Alternative 1. 

The present worth cost is comprised of capital and O&M costs.  Alternatives 1 and 2 are 

low in capital cost, but higher in O&M cost since the systems will continue to operate for many 

years.  For Alternative 3, the cost is incurred in a short period of time (approximately 1 year). 

The costs presented in Table 3-1 are based on an O&M period of 30 years – the 

conventional time period used for feasibility studies.  Table 3-2 presents costs on a present worth 

basis for an O&M period of 100 years since it is possible that systems included in Alternatives 1 

and 2 would need to continue to operate well beyond 30 years (Sections 3.1.2 and 3.2.2).  When 

using  a 100 year O&M period, Alternative 3 is still the most costly alternative.  On a present 

worth basis, Alternative 3 is about 50% more costly then Alternative 1 and about 5% more costly 

than  Alternative 2. 
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5.0 SUMMARY 

In this summary, the three alternatives are evaluated with respect to the three fundamental 

evaluation criteria, namely, effectiveness, implementability (constructability), and cost.  The 

evaluation is based on a five-year period of operation.  A five-year period is used because budget 

uncertainties as well as potential modifications to the superfund program could impact the 

evaluation of the site remediation at the next 5 year review. 

1. Effectiveness:  Alternatives 1 and 2 will meet remedial objectives and contain 

contamination, but will be less effective than Alternative 3 in removing 

contamination.  Over a 5 year period, contaminant reduction will probably be 5 – 

10% or less with Alternative 1, 15 – 25% with Alternative 2, and probably 50% or 

greater with Alternative 3.   

2. Implementability (Constructability):  Alternatives 1 and 2 are conventional 

approaches to remediation, and there is little uncertainty with respect to their 

constructability or cost.  Alternative 3 includes a technology (ISCO) which is not 

well understood and would be more difficult to implement. 

3. Cost:  Based on a 5 year period of operation, Alternative 1 will cost $320,000 

Alternative 2 will cost $940,000, and Alternative 3 will cost $2,200,000. 

It should be noted, that because Alternative 3 includes ISCO, which is a less well 

understood than the other remedial approaches considered, there is a higher degree of uncertainty 

with regard to effectiveness and cost than for other two alternatives.   
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TABLE 2-1 

ANALYTICAL RESULTS SUMMARY 

FOR SEPTEMBER 2004 INVESTIGATION 

 

BORING LOCATION AND 
DEPTH 

TRICHLOROETHENE 
CONCENTRATION (µg/kg) 

VOC CONCENTRATION  
(µg/kg) 

DB-1 (25 - 27') 11,000 11,094 

DB-2 (25 - 27') 170 195 

DB-2 (30 – 32') 6,100 6,157 

DB-2 (35 - 37) 43,000 45,724 

DB-3 (15 - 17') 1,500 1,521 

DB-3 (25 - 27') 8,100 8,129 

DB-4 (10 – 12') 41 46 

DB-4 (25 –27') 3,400 3,436 

DB-5 (25 – 27') 6,300 6,348 

DB-5 (30 – 32') 6,100 6,148 

DB-5 (40 – 42') 19,000 20,457 

DB-6 (20 – 22') 3,500 4,368 

DB-6 (30 – 32') 18,000 19,112 
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TABLE 2-2 

TCE CONCENTRATIONS IN GROUNDWATER 

NEAR OR ABOVE 1% OF THE SOLUBILITY LIMIT 

 

Location (1) Date Concentration (µg/L) 

GWEW-05 and 09 8/10/00 14,000 

GWEW-08 1/22/02 12,000 

GWEW-05 and 09 5/29/03 27,000 

GWEW-05 and 09 9/18/03 17,000 

GWEW-05 and 09 12/10/03 20,000 

GWEW-05 and 09 10/13/04 10,000 

GWEW-05 and 09 12/16/04 25,000 
 
Notes: 
 
1. Locations are shown on Figure 2-1.   
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TABLE 3-1 

COST SUMMARY FOR  

ALL ALTERNATIVES 30 YEAR O&M PERIOD 

 

Alternative Capital 
Cost 

Annual 
O&M Cost 

Present 
Worth of 
O&M (1) 

Total 
Present 
Worth 

1.  Minor Modifications to Existing Remediation $18,000 $69,000 $1,100,000 $1,100,000

2.  Enhancement of Existing Remediation $330,000 $140,000(2) 
$74,000(2) 

$1,400,000 $1,700,000

3.  In-Situ Chemical Oxidation (ISCO) $2,200,000 $0 $0 $2,200,000

 

Notes: 
 
(1)  Present Worth of O&M based on a 5% discount rate and a 30 year O&M period. 
 
(2)  Annual O&M cost for Alternative 2 is $140,000 for first 5 years and $74,000 for remaining 

25 years of O&M period. 
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TABLE 3-2 

COST SUMMARY FOR ALL ALTERNATIVES 

100 YEAR O&M PERIOD 

 

Alternative Capital 
Cost 

Annual 
O&M Cost 

Present 
Worth of 
O&M (1) 

Total 
Present 
Worth 

1.  Minor Modifications to Existing Remediation $18,000 $69,000 $1,400,000 $1,400,000

2.  Enhancement of Existing Remediation $330,000 $140,000(2) 
$74,000(2) 

$1,800,000 $2,100,000

3.  In-Situ Chemical Oxidation (ISCO) $2,200,000 $0 $0 $2,200,000

 

Notes: 
 
(1)  Present Worth of O&M based on a 5% discount rate and a 100 year O&M period. 
 
(2)  Annual O&M cost for Alternative 2 is $138,000 for first 5 years and $70,000 for first 5 years 

and $70,000 remaining 95 years of O&M period. 
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APPENDIX A 

PID DATA FROM SEPTEMBER 2004 INVESTIGATION 





URS Corporation TEST BORING LOG
BORING NO: DB-1

PROJECT: Robeson Site SHEET: 1 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 24' so.of north wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED:9/10/04

DIA. DATE FINISHED: 9/10/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

1 x 11 Medium Concrete floor (0-0.5') Fill: Regraded local
11 12 Brown material-silty fine to coarse sand and gravel
12 15
17 12

5 13 17
16 14
10 9
8 8 Silty fine sand with faint layering
5 7 and fine round gravel

10 8 10

15
        14 10 Light -predominantly fine gravel (15-16')

8 4 Gray
Brown

20
6 12 Medium
14 15 Brown trace fine gravel

25
6 13 Sandy silt-very fine sand
15 16

30
6 10
14 14 appearance

Silty very fine-fine  sand
35 10 23 WOR WOH 100% Very Loose 2-6

COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 25-27' for VOCs analysis DB-1

95%

80%8 28

6 18

7 26

Wet at 16'

Silty fine sand with

 30"

Dense

Dense

SAMPLER
Split-spoon

2"
140#

70%
Dense

45%

60%
Medium

1 22

70%
Medium

5 15 75%

Moist
0

0

0

Moist

REVIEWED BY: Duane Lenhardt

PID REMARKS

Slightly

55%

20-30

10

9 24

(continues on page 2)

100% Fine sand, well graded salt and pepper

4

2

33

17

3

32

0

0

0

0
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URS Corporation TEST BORING LOG
BORING NO: DB-1

PROJECT: Robeson Site SHEET: 2 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 24' so.of north wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED:9/10/04

DIA. DATE FINISHED: 9/10/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

36 10 23 5 10 100% Light Silty very fine-fine quartz sand 2-6
Brown

40
6 18 Very fine sandy silt
25 22

45
WOR 5

14 15

50
        4 5

7 5
End of boring at 52 feet

55

60

65

70
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 25-27' for VOCs analysis DB-1

90%13 12

11 43 100%

12 19 100%

SAMPLER
Split-spoon

2"
140#
 30"

Medium Dense

Dense

Dense 
Medium

REVIEWED BY: Duane Lenhardt

PID REMARKS

Wet

0

0

0
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URS Corporation TEST BORING LOG
BORING NO: DB-2

PROJECT: Robeson Site SHEET: 1 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 60' so.of north wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED:9/13/04

DIA. DATE FINISHED: 9/13/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

1 x 15 Medium Concrete floor (0-0.5') Fill: Regraded local
13 15 Brown material-silty sandy gravel
14 16
21 22

5 13 13
11 11
11 11
16 15 Silty sand  fine to medium with fine gravel
10 20 -gravel becomes fine to coarse

10 16 20

15
        19 18 Light -predominantly fine gravel (15-16')

11 10 Gray
Brown

20
2 2 Medium
3 4 Brown

25
9 11
13 15

30
9 13 Gray
16 19

- trace gravel
35 10 20 3 8 100% 210

COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 25-27' , 30-32' and 35-37'for VOCs analysis DB-2

2-3

0

0

0.7

2-3

Wet at 16'

4

2

24

27

3

37

9 29

20%

(continues on page 2)

70% 4-16

Silt85%

Medium

Loose

Medium
Dense

REVIEWED BY: Duane Lenhardt

PID REMARKS

Slightly
Moist

0

0

0

Moist

5 36 60%
Dense

40%
Medium

1 28

Medium

40%
Dense

45%
Dense

50%
Dense

SAMPLER
Split-spoon

2"
140#
 30"

Dense

50%

8 24

6 29

7 5 Silty coarse gravel

Fine to coarse sandy gravel
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URS Corporation TEST BORING LOG
BORING NO: DB-2

PROJECT: Robeson Site SHEET: 2 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 24' so.of north wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED:9/13/04

DIA. DATE FINISHED: 9/13/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

36 10 23 12 12 100% Gray Silty  fine sand 210

40
5 9 Gray Silty very fine-fine sand
11 19 Brown

45
6 13 Gray Silty fine to coarse angular gravel
11 11

50
        7 11 Silty fine sand

10 10
End of boring at 52 feet

55

60

65

70
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 25-27' , 30-32' and 35-37'for VOCs analysis DB-2

0.5

5.4

0

REVIEWED BY: Duane Lenhardt

PID REMARKS

Wet

SAMPLER
Split-spoon

2"
140#
 30"

Medium Dense

13 21

11 20 100%

12 24 75%

35%

N:\11173344.00000\excel\Robeson logs 2004 4/28/2005 DB- 2 pg 2 



URS Corporation TEST BORING LOG
BORING NO: DB-3

PROJECT: Robeson Site SHEET: 1 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 98' so.of north wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED :9/14/04

DIA. DATE FINISHED: 9/14/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

1 x 9 Medium Concrete floor (0-0.5') Fill: Regraded local
12 13 Brown material-silty sandy gravel
15 19
24 29

5 11 11
11 9
12 15
15 15
15 11 Silty fine sand, trace fine-coarse gravel

10 9 9

15
        9 23

30 32

20
3 10
13 13

25
9 14
14 16

30
5 9 Gray
10 11

35 10 6 2 2 100% 4-29
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 15-17' and 25-27' for VOCs analysis DB-3

Fine to coarse gravel with silty sand

Wet at 20'

8 28

6 53

7 23

85%
Dense

SAMPLER
Split-spoon

2"
140#
 30"

Dense

50%

Medium

65%
Dense

35%
Dense

70%
Medium

1 21

5 20 75%

Moist
0

0

0

REVIEWED BY: Duane Lenhardt

PID REMARKS

Slightly

85%

Very

Dense
Medium

Silt with very fine sand

(continues on page 2)

75% Silty fine sand 1-10

Loose

9 19

55%

4

2

22

30

3

43
Moist

0

5.2 
(peak)

210 
(peak)

30-50

30 
(peak)
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URS Corporation TEST BORING LOG
BORING NO: DB-3

PROJECT: Robeson Site SHEET: 2 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 24' so.of north wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED:9/13/04

DIA. DATE FINISHED: 9/13/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

36 10 6 4 7 100% Gray Silty  very fine - fine sand 4-29

40
wh 3
6 7

45
9 12 Fine sandy silt with fine gravel
13 13

50
        33 39

11 100/2
End of boring at 52 feet

55

60

65

70
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 15-17' and 25-27' for VOCs analysis DB-3

85%13 50 Dense

11 9 100%

12 25 60%

SAMPLER
Split-spoon

2"
140#
 30"

Loose

Dense
Medium

REVIEWED BY: Duane Lenhardt

PID REMARKS

Wet

0.5

5.4

0
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URS Corporation TEST BORING LOG
BORING NO: DB-4

PROJECT: Robeson Site SHEET: 1 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 137' s.of n. wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED : 9/14/04

DIA. DATE FINISHED: 9/15/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

1 x 5 Medium Concrete floor (0-0.5') Fill: Regraded local
15 9 Brown material- sandy silt with gravel
13 13
16 16

5 13 15
17 19
23 27 Silt with fine sand and fine gravel
29 30
12 17

10 21 22
11 18
26 30

15
        12 20

22 15 gravel

20
13 16
20 10

25
6 12 Gray
12 10

30
3 4
6 8

35 11 4 1 1 90% 2
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 10-12' and 25-27' for VOCs analysis DB-4

75%6

85%

4

2

32

56

3

29

10 10 60% Silty fine sand 5-12

75%
Medium
Dense

REVIEWED BY: Duane Lenhardt

PID REMARKS

Slightly

44

Moist
0

0

0.6 
(peak)

Moist

2-6

1-380%
Dense

1 20

5 38

 30"

Dense

80%

50%

80%
Dense

55%
Medium

Very Dense

SAMPLER
Split-spoon

2"
140#

55% 2-11

9 24

7 42

8 36 Silt, trace gravel

Silty fine to coarse sand and fine to coarse

1-5

Loose (continues on page 2)

Silt with very fine sand

5-20

6-12
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URS Corporation TEST BORING LOG
BORING NO: DB-4

PROJECT: Robeson Site SHEET: 2 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 137' s.of n. wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED: 9/14/04

DIA. DATE FINISHED: 9/15/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

36 11 4 3 5 90% Gray Sand- very fine - fine with 'salt and pepper 4-29
appearance

40
Ended boring at 40 feet due to 
heaving sand problem

45

50
        

55

60

65

70
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 10-12' and 25-27' for VOCs analysis DB-4

REVIEWED BY: Duane Lenhardt

PID REMARKS

Wet

SAMPLER
Split-spoon

2"
140#
 30"

Loose
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URS Corporation TEST BORING LOG
BORING NO: DB-5

PROJECT: Robeson Site SHEET: 1 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 137' s.of n. wall, 49' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED : 9/15/04

DIA. DATE FINISHED: 9/15/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

1 x 3 Medium Concrete floor (0-0.5') Fill: Regraded local
16 60 Brown material- sandy silt with gravel
10 11
11 11

5 7 6
5 6
3 7 Fine sand 
12 17
16 16 - becomes silty

10 18 25 - with fine to coarse gravel at 8.5'

15
        11 10

9 9 gravel

20
6 13
9 9

25
14 15
18 18

30
9 14
12 11 Gray

35 10 31 7 14 75% 20-45
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 25-27', 30-32' and 40-42' for VOCs analysis DB-5

0*

Dense (continues on page 2)

Medium

1-3

20-508 33

6 19

7 22

5% 1Silty fine to coarse sand and fine to coarseMedium
Dense

Medium

SAMPLER
Split-spoon

2"
140#

5 34

 30"

Dense

50%

55%

90%

65%

Dense

0*

0*

REVIEWED BY: Duane Lenhardt

PID REMARKS

Moist

85%

35% Wet at 20'

Silt 

Silty gravel

9 26 75%
Dense

30

4

2

11

19

3

22

19

55%

1 0*

0*

0*

Silty fine sand

Dense
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URS Corporation TEST BORING LOG
BORING NO: DB-5

PROJECT: Robeson Site SHEET: 2 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 81' s.of n. wall, 15' east of w. wall
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED: 9/15/04

DIA. DATE FINISHED: 9/15/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

36 10 31 17 19 75% Gray Very fine - fine sand, 20-45
fluid, heaving consistency

40
WOR WOR

2 2
Ended boring at 42 feet due to 
heaving sand problem

45

50
        

55

60

65

70
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 25-27', 30-32' and 40-42' for VOCs analysis DB-5

SAMPLER
Split-spoon

2"
140#
 30"

Dense

Loose

REVIEWED BY: Duane Lenhardt

PID REMARKS

Wet

11 2 100% 30-50
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URS Corporation TEST BORING LOG
BORING NO: DB-6

PROJECT: Robeson Site SHEET: 1 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 11' n.of n. wall, 42' east of w.cor.
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED : 9/16/04

DIA. DATE FINISHED: 9/16/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

1 8 7 Medium Asphalt paving (0-0.2') Fill: Regraded local
4 3 Brown material- sandy silt with gravel
3 2
3 5

5 14 10
9 5
8 14
16 17
9 16 Silty fine sand with fine-coarse gravel

10 12 8

15
        3 5

10 10

20
3 4
10 6

25
3 4
6 7

30
4 9 Gray
9 9

35 10 11 1 4 80% 0
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 25-27' for VOCs analysis DB-6

65%

1 0.5 
(peak)

0

0

4

2

19

30

3

5

11

9 18 85% 50-177

Silt

REVIEWED BY: Duane Lenhardt

PID REMARKS

Moist

0

05 28

 30"

Dense

70%

80%
Loose

70%
Medium

70%
Medium

SAMPLER
Split-spoon

2"
140#

10% 40-115 Wet6 15

7 14 20-50

20-548 10 85%

80%

(continues on page 2)

Dense
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URS Corporation TEST BORING LOG
BORING NO: DB-6

PROJECT: Robeson Site SHEET: 2 of 2
CLIENT: New York State Department of Environmental Conservation JOB NO.: 11173791
BORING CONTRACTOR: Nothnagle Drilling LOCATION: 11' n.of n. wall, 42' east of w.cor.
GROUNDWATER: CAS. TUBE GROUND ELEVATION: 
DATE TIME LEVEL TYPE TYPE DATE STARTED: 9/16/04

DIA. DATE FINISHED: 9/16/04
WT. DRILLER: Neil Short
FALL GEOLOGIST: Tim Burmeier

SAMPLE DESCRIPTION
DEPTH "S" "N" BLOWS REC% CONSISTENCY MATERIAL
FEET STRATA NO. NO. PER 6" COLOR HARDNESS DESCRIPTION

36 10 6 7 7 80% Gray Silt 0

40
WOR 5 Brown Silty very fine sand with fluid heaving

7 8 consistency

45
WOR WOR Fine sandy silt with fine gravel

1 1

50
        5 6 Fine sandy silt with fine to coarse gravel

7 4
End of boring at 52 feet

55

60

65

70
COMMENTS: Boring advanced with Gus Pech 750 rig using 2 1/4" ID hollow-stem augers. 
Sampling with 2-inch diameter split spoon samplers. All samples were screened inside plastic baggies 
with a Mini-Rae 2000 PID. WOR=weight of rods, WOH = weight of hammer Boring No.

Sampled 20-22' and 30-32' for VOCs analysis DB-6

0

Medium

Loose

REVIEWED BY: Duane Lenhardt

PID REMARKS

Wet

0

0

Dense

SAMPLER
Split-spoon

2"
140#
 30"

Loose

11 12 100%

12 1 100%

13 13
Dense

Medium100%
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APPENDIX B 

ESTIMATE OF CONTAMINATION IN SATURATED ZONE
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PURPOSE:  Estimate the quantity of contamination in the saturated zone at the Robeson site. 

CONTAMINATION IN SOIL: 

Area of Contamination (Figure 2-4) ≅ 43,600 Ft.2 

Depth of Contamination (Appendix A) ≅ 30 Ft. 

Volume of Contamination = 43,600 Ft.2 x 30 Ft. 
     = 1,308,000 Ft.3 

Avg. Conc. In Saturated Zone  ≅ 10 ppm (Table 2-1) 

Quantity of Contamination = Lb308,11010x
Ft
Lb100xFt000,308,1 6

3
3 =−x  

Residual DNAPL Contamination:   
 
Assume Porosity = 0.4 
 
Pore Volume = 0.4 x 1,308,000 Ft.3 

                      = 523,200 Ft.3 

 

Assume Residual DNAPL Occupies 10 ppm to 1,000 ppm (0.001 – 0.1%) of the Pore Volume 
 
DNAPL Volume  ≅ 5 – 500 Ft.3 

 

Assume Contamination is all TCE Density TCE =  1.46 g/cm3 = 91.1 Lb/Ft.3 

 

Quantity of Contamination = 5 – 500 Ft.3 x 91.1 Lb/Ft.3 
        = 455.5 – 45,555 Lb. 
 
Total Contamination  
  = 1,308 Lb + (450 – 45,000 Lb) 
  ≅ 1,750 Lb – 46,300 Lb. 
 
To date about 3,000 Lb has been removed from the vadose zone by SVE.  It is likely that more 
contamination is present in the saturated zone than in the vadose zone. 
 
If it is assumed the quantity of residual contamination in the saturated zone is in the mid range 
(100 ppm – 200 ppm), the total amount of contamination in the saturated zone would be 
estimated in the range of 5,000 – 10,000 Lb.   
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APPENDIX C 

COST ESTIMATES 
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APPENDIX D 

SEEP DEWATERING 
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APPENDIX E 

LOWERING WATER TABLE BENEATH THE BUILDING 
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APPENDIX F 

IN SITU CHEMICAL OXIDATION
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PROJECT: Robeson Industries Site Remediation 
SUBJECT: Conceptual Level Design of Chemical Oxidation Remediation System 
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1. PURPOSE 

The purpose of this conceptual level design is to identify the scope of work and cost to 

implement site remediation at the Robeson Industries site through in-situ chemical 

oxidation using sodium permanganate.  In order to accomplish this objective, an estimate 

of the mass of sodium permanganate required to oxidize the volatile organic compounds 

(VOCs) present in the saturated zone was prepared.  In addition to the mass required, an 

injection grid to deliver the sodium permanganate was developed and the estimated costs 

to implement the injection of this material and monitor effectiveness were evaluated.   

2. PROBLEM STATEMENT 

The Robeson Industries site has been impacted by a release of chlorinated solvents while 

the site was operated as a manufacturing facility between 1953 and 1989.  Impacted 

media primarily include vadose zone soils, saturated soils, and groundwater.  Since the 

mid-1990s remediation of the impacted soil and groundwater has been accomplished 

using a soil vapor extraction and groundwater extraction and treatment system.  Soil and 

soil gas sampling completed indicate that the vadose zone soil remediation has been 

successful (approximately 3,000 pounds of VOCs have been removed).  However, 

concentrations of trichloroethene and other VOCs remain significantly above remediation 

goals in several groundwater monitoring/extraction wells.  Therefore, evaluation of the 

feasibility of in-situ chemical oxidation as an alternative remediation technology for the 

saturated zone was merited.  Remediation of the vadose zone will not be included as part 

of this chemical oxidation conceptual level design.   

3. APPROACH 

The approach taken to identifying the scope of work and associated cost of chemical 

oxidation is summarized below: 

1. Determine the contamination and site characteristics such as impacted area, 

contaminant type and concentration, and aquifer characteristics. 

 

2. Estimate the mass of sodium permanganate required to oxidize the VOCs 

present using software provided by Carus Chemical Company of Peru, 

Illinois (Carus is a supplier of sodium permanganate). 
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PROJECT: Robeson Industries Site Remediation 
SUBJECT: Conceptual Level Design of Chemical Oxidation Remediation System 
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3. Determine an injection boring arrangement and injection duration based on 

the estimated mass of sodium permanganate required, aquifer characteristics, 

and actual data from the ongoing groundwater extraction system. 

 

4. Identify the components of the baseline and post-injection monitoring 

program. 

 

5. Estimate the cost to implement the scope of work. 

4. DETERMINATION OF MASS OF SODIUM PERMANGANATE 
REQUIRED 

Carus developed software to estimate the mass of sodium permanganate required to 

oxidize a variety of organic contaminants.  The software is intended to be a guide to 

estimate the mass of sodium permanganate required; however, it should be considered a 

tool with an uncertain degree of accuracy considering the number of site-specific 

variables that affect chemical oxidation.  The mass of sodium permanganate required is 

calculated based on a stoichiometric relationship to oxidize the estimated mass of 

contaminants present in the dissolved-phase.  The spreadsheet used to calculate the 

estimated mass of sodium permanganate required for complete oxidation of the 

contaminants is presented as Attachment A. 

The following input parameters were used to estimate the mass of sodium permanganate 

required: 

Treatment Area:  The impacted area was calculated based on the length and width of 

the proposed treatment zone.  For the purposes of this conceptual level design, the 

treatment area was based on the estimated extent of soil impacts, but slightly larger (as 

illustrated in Attachment B).  Although there is evidence that the groundwater plume 

extends further west of the proposed treatment area, this area is not included since it is 

beyond the limits of the property and the terrain is not conducive to oxidant injection (a 

steep slope is present).  The overall aerial extent of proposed chemical oxidation was 

estimated to be 43,320 square feet.  Although the area is irregularly shaped, it was 

approximated to be equivalent to a rectangle measuring 285 feet long and 152 feet wide 

for input parameters to the software. 
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Treatment Horizon:  The treatment horizon was determined through an evaluation of 

site stratigraphy and groundwater levels.  The geologic zone targeted for treatment has 

been identified as a glacial end moraine unit which is comprised of brown sand/silt tills 

and grey silty sand/sandy silt soils.  The average depth to groundwater beneath the 

treatment area was assumed to be 18 feet below ground surface based on available water 

level data.  A dense grey till confining unit underlies the water-bearing zone at depths 

ranging from approximately 40 to 60 feet below ground surface.  Since this confining 

layer was not present at several borings located within or near the proposed remediation 

area that terminated at depths of 50 feet, it is assumed that this confining layer is present 

at 55 feet below ground surface (refer to Attachment C for rationale).  Therefore, the 

treatment horizon is assumed to be from 18 to 55 feet below ground surface (a 37 foot 

thickness).   

Porosity:  The volume of the groundwater and soil requiring treatment was calculated 

using the porosity of the aquifer.  The porosity was assumed to be 30 percent.   

Contaminant Mass:  The mass of sodium permanganate required was determined based 

on a stoichiometeric relationship for the oxidation of the site organic contaminants.  The 

mass of organic contaminants present is assumed to be the dissolved-phase mass plus the 

non-aqueous phase mass.  The average groundwater VOC concentration of 5 milligrams 

per liter (mg/L) was calculated by averaging the total VOC levels in samples collected 

from the ten site groundwater extraction wells in December 2004.  The mass of organic 

contaminants in the dissolved-phase was calculated to be 152 pounds and was based on 

the volume of groundwater requiring treatment (3,597,485 gallons) and the average 

groundwater concentration (5 mg/L).   

The non-aqueous phase mass is assumed to be sorbed to the soil and that from dense non-

aqueous phase liquid (DNAPL) present in the pore spaces.  The average saturated soil 

total VOC concentration based on the soil sampling and analysis completed in September 

2004 was 9.9 milligrams per kilogram (mg/kg).  The sorbed-phase mass of organic 

contaminants was calculated to be 1,746 pounds and was based on the mass of saturated 

soils requiring treatment (80,142,000 kg) and the average groundwater concentration (9.9 

mg/kg).   
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There were no investigations completed to evaluate the presence of DNAPL.  Therefore, 

for purposes of this conceptual level design, it was assumed that DNAPL is present in 

0.01 percent of the pore volume (or 100 parts per million of volume).  The DNAPL mass 

was calculated to be 4,381 pounds based on the pore volume (3,597,485 gallons) and the 

density of TCE (91.1 pounds/cubic feet). 

In summary, the total mass of organic contaminants present was calculated to be 6,279 

pounds and was comprised of 152 pounds from the dissolved phase, 1,746 pounds from 

the sorbed-phase, and 4,381 pounds from DNAPL. 

Natural Oxidant Demand:  The natural oxidant demand (NOD) is a measure of the 

naturally occurring oxygen demand in the aquifer and may be significant if organic 

matter is present such as a peat layer.  This parameter should be determined through 

sampling and analysis and can vary between 1 and 50.  Since NOD was not determined 

through laboratory analysis, an aquifer NOD of 5 was assumed based on discussions with 

Carus and a review of boring logs (no significant organic matter was noted).  A total 

natural oxidant demand was calculated to be 88,156 pounds and was based on an 

effective NOD equal to ten percent of the aquifer NOD.  It should be noted that the mass 

of sodium permanganate required is very sensitive to the NOD and, therefore this 

calculation has limited accuracy without actual site-specific NOD data. 

Average Stoichiometric Oxidant Demand:  The average stoichiometeric oxidant 

demand is based on the stoichiometric relationship corresponding to the oxidation of 

VOCs in the presence of sodium permanganate.  It is assumed that the all of the VOCs 

present are trichloroethene (the major component of VOCs in site media).  Using an 

average stoichiometeric oxidant demand of 2.3 obtained from the Carus spreadsheet 

resulted in a theoretical chemical oxidant demand of 14,442 pounds.  The resulting 

theoretical oxidant demand was calculated to be 102,598 pounds (the sum of natural 

oxidant demand and contaminant oxidant demand).  

Factor of Safety:  The factor of safety is an arbitrary number between 1 and 10 used to 

build in a contingency related to uncertainties inherent in the data and assumptions made 

as well as the general unpredictability of the chemical oxidation process.  A factor of 

safety of 2 was used for this site.  The calculated oxidant demand based on a factor of 

safety of 2 was 205,196 pounds. 
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Carus recommended that the injection solution be comprised of 5 percent oxidant and 95 

percent dilution water.  The resulting mass of oxidant required was calculated to be 

451,431 pounds of 40 percent sodium permanganate solution (39,599 gallons) with 

437,948 gallons of dilution water for a total of 477,547 gallons of oxidant solution. 

5. DETERMINE INJECTION BORING ARRANGEMENT 

The injection boring arrangement was based on the volume of oxidant required, aquifer 

characteristics, and actual site-specific groundwater extraction rates.  The total volume of 

sodium permanganate solution and dilution water required was estimated to be 477,547 

gallons.  Based on data collected during operation of the existing groundwater extraction 

and treatment system, current extraction rates average between 7 and 8 gallons per 

minute (gpm).  Therefore, for purposes of this conceptual level design it was assumed 

that the oxidant solution could be pumped into the aquifer at an average rate of 5 gpm.   

A radius of influence of 5 feet was selected to maximize the potential for the oxidant to 

be uniformly distributed into the subsurface.  Based on the proposed treatment area of 

43,320 square feet and a radius of influence of 5 feet, the total number of injection 

borings was calculated to be 552.   

Assuming a one-time injection event, a total of 866 gallons of oxidant solution will be 

pumped into each injection boring.  The injection time for each boring is calculated to be 

approximately 3 hours based on a 5 gpm rate.  Assuming a 37 foot treatment horizon, the 

injection time per linear foot of boring is approximately 4.7 minutes.  The total number of 

working days to complete the injection program is calculated to be 199 or approximately 

9.5 calendar months (using 5 day work weeks).  This time frame is considered 

conservative since in all likelihood, the contractor will inject into multiple borings 

simultaneously using a manifold system and two or more direct push drill rigs.    

6. BASELINE AND POST-INJECTION MONITORING PROGRAM   

A baseline and post-injection monitoring program will be completed to evaluate and 

document the effectiveness of the sodium permanganate.  The primary components of the 

monitoring program consist of baseline sampling, post-injection monitoring, and 

reporting.   
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Baseline Sampling and Analysis:  One soil and groundwater sampling and analysis 

event will be performed to establish baseline conditions prior to oxidant injection.  The 

purpose of the baseline sampling is to document soil and groundwater conditions within 

the remediation area prior to oxidant injection.  The baseline sampling data will allow 

evaluation of the effect of the oxidant on contaminant levels. 

Baseline soil sampling will be completed at four proposed soil borings located within the 

remediation area (see Attachment D for locations).  Each soil boring location will be 

prepared as a multiple sampling point to enable repeated access (as many as five times) to 

subsurface soils in that area during post-injection monitoring as shown in (Attachment 

D).  Each boring will be advanced to a depth of 32 feet below ground surface.  

Continuous soil sampling will be completed during advancement of the baseline soil 

borings.  A geologist will conduct field screening of soil samples retrieved during drilling 

and prepare a boring log to document subsurface conditions.  Volatile organic vapors will 

be measured using a photoionization detector (PID) and recorded on the boring log as 

well as physical evidence of petroleum impacts (odors, staining, or free product). 

Two soil samples will be collected from each boring from depths of 25 to 27 and 30 to 32 

feet below ground surface.  These depth intervals were similar to those used during the 

2004 soil investigation.  Each soil sample will be analyzed for VOCs by USEPA Method 

8260.   

Four additional two-inch-diameter groundwater monitoring wells will be installed within 

the remediation area to facilitate collection of baseline and post-injection groundwater 

samples (see Attachment D).  No soil sampling or field screening will be conducted since 

the wells will be located adjacent to the baseline/post-injection soil boring locations.     

Each well will be set at a depth of 60 feet below ground surface and will be constructed 

of two-inch-diameter, schedule 40 polyvinyl chloride (PVC).  The well screen will be 45 

feet long with 0.020-inch slots and installed from the bottom of the well to 15 feet below 

ground surface.  A locking flush-mounted protective casing will be installed over the well 

and set in concrete. 

Baseline groundwater samples will be collected from each well and analyzed for VOCs 

by USEPA Method 8260.  In addition, groundwater samples will be analyzed for pH, 
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temperature, oxidation-reduction potential, dissolved-oxygen and sodium permanganate 

using a hand held spectrophotometer.   

Post-Injection Sampling and Analysis:  Post-injection sampling and analysis will be 

conducted to evaluate the effectiveness of the sodium permanganate.  Soil and 

groundwater sampling will be performed after the sodium permanganate injection.  The 

soil and groundwater sampling locations and procedures will be the same as those used 

during the baseline sampling event. 

7. ESTIMATED COST   

The estimated costs associated with chemical oxidation by injection of sodium 

permanganate is comprised of the following major components: 

1. Cost for sodium permanganate. 

2. Cost for injection of sodium permanganate. 

3. Cost for baseline and post-injection monitoring program. 

4. Cost for engineering and contractor oversight. 

The cost for the sodium permanganate is calculated to be approximately $1,020,234 

based on the estimated total reagent requirement of 451,431 pounds and a $2.26/pound 

cost.  The cost for injection is estimated to be $298,500 based on 199 injection days and a 

daily rig cost of $1,500/day (assuming a direct-push type rig). 

The cost for the baseline and post-injection monitoring program consists of drilling and 

analytical costs.  The estimated cost to drill and install four groundwater monitoring wells 

is $8,000.  The estimated cost to drill and sample a total of 36 baseline and post-injection 

soil borings is $27,000.  A total of 108 soil and groundwater samples will be analyzed for 

VOCs by USEPA method 8260.  The estimated cost for sample analyses is $21,600 based 

on a unit cost of $200/analysis.  Therefore, the total cost for the monitoring program is 

estimated to be $56,600. 
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