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1.0 INTRODUCTION  

URS conducted a soil vapor extraction / air sparge (SVE/SP) pilot study at the former Klink 

Cosmo Cleaners Site (Site No. 224121) in Brooklyn, New York, between November 16th and 

19th, 2015.  This report summarizes the results of the pilot study, and assesses the effectiveness of 

SVE/SP as a viable remedial alternative for treating subsurface contaminants. 

1.1 Objectives 

The objectives of the SVE Pilot Study were to: 

• Demonstrate mass reduction of tetrachloroethene (PCE) and trichloroethene (TCE) and 

estimate PCE and TCE mass removal rates via semi-quantitative and quantitative means. 

• Develop SVE design parameter values including radius of influence (ROI), intrinsic 

permeability (ki), locations and depths of extraction wells, system and extraction flow 

rates, and vacuum pressures. 

The objectives of the SP Pilot Study were to: 

• Develop SP design parameter values, locations and depths of sparge wells, including air 

injection flow rates and pressures. 
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2.0 PILOT PROGRAM 

The pilot study was conducted between November 16th through 19th, 2015, along the south 

side of Richardson Street near the intersection of Vandervoort Avenue.  Step and constant rate 

tests were performed at various vacuum pressures to determine its impact on the formation.  The 

pilot study generally followed the procedures provided in the New York State Department of 

Environmental Protection (NYSDEC) approved SVE/SP Pilot Study Work Plan, dated September 

2015 (included in Attachment A as a compact disk).  Deviations to the approved plan are 

presented in Sections 3.1 and 3.2. 

As part of the pilot study, two SVE wells (4-inch diameter), three SP wells (2-inch diameter), 

and four pairs of soil vacuum observation wells (OWs, 1-inch diameter) were constructed.  The 

locations of the pilot study wells are shown on Figure 1.  Boring logs and well construction 

diagrams for these wells are provided in Attachment A. 

A trailer mounted SVE/SP treatment system (Unit 75), rented from ProAct Services 

Corporation of Southbury, Connecticut and was used for the pilot study.  Components of the 

SVE/SP treatment system included: 

• SVE – a 15 horsepower (HP) rotary claw blower, capable of 300 actual cubic feet per 

minute (acfm) with a maximum vacuum of 23 inches of mercury (Hg) 

• SVE vacuum manifold equipped with vacuum and flow indicators, throttling valves, 

hoses and cam-lock connectors 

• SP – a 15 HP rotary claw blower, capable of 125 standard cubic feet per minute (scfm) at 

22 pounds per square inch (psi) 

• SP manifold equipped with pressure and flow indicators, throttling valves, hoses and 

cam-lock connectors 

A vapor-phase carbon adsorption system, installed outside near the treatment unit, was used 

to treat collected soil vapors prior to discharge to the atmosphere.  The vapor phase system 

consisted of two parallel trains of two 200 pound (lb) 55-gallon drums constructed in series, with 
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sampling points.  Evoqua Water Technologies of Elizabeth, New Jersey provided the vapor phase 

carbon drums.  

The treatment unit required a three-phase 230V, 200A electrical service.  This was provided 

by a commercial 75 kilowatt (kW) trailer-mounted diesel generator rented from a local vendor.  A 

plan view of the treatment system, equipment specifications, piping and instrumentation diagrams 

(P&IDs) for the SVE and SP systems are included in Attachment A. 

2.1 SVE Scope of Work 

A series of fifteen 30-minute stepped-vacuum tests were to be performed at various pressures 

followed by a 2-hour constant-vacuum test at the maximum achievable vacuum pressure.  The 

stepped-vacuum testing was to be performed on well SVE-1 first, SVE-2 second, and finally, 

SVE-1 and SVE-2 simultaneously, until the maximum obtainable vacuum pressure was achieved 

(design maximum vacuum was 23 inches Hg).   

The constant-rate test was to be performed on wells SVE-1 and SVE-2 simultaneously, at the 

maximum achievable vacuum pressure. 

Soil vapor samples were to be collected in summa canisters before carbon treatment at the 

beginning and end of each stepped and constant flow rate test for laboratory analysis to 

quantitatively determine contaminant removal.   

The planned sequence for conducting the SVE pilot study is detailed in the SVE/SP Pilot 

Study Work Plan.  Because of system operating issues and time constraints not all sequences 

were performed.   

2.2 SP Scope of Work 

The SP pilot study was to be conducted following the SVE pilot study.  A series of twenty-six 

30-minute stepped-flow rate tests were to be performed at various air flow rates followed by a 2-

hour constant-rate test at a single flow rate.  Air was to be introduced through SP wells while 

SVE-1 and SVE-2 were both operating simultaneously at their maximum achievable vacuums.   
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Air sparge was to be initially applied in one SP well at a time.  SP-1 was to be applied first, 

followed by SP-2, and then SP-3.  Air sparge was then to be applied to two wells at a time.  Wells 

SP-1 and SP-2 were to be applied first, followed by SP-1 and SP-3, and then SP-2 and SP-3.  

Finally, air sparge was to be introduced through wells SP-1, SP-2, and SP-3 simultaneously.   

Constant-flow rate air sparge testing was to be performed through SP wells SP-1, SP-2, and 

SP-3 simultaneously while wells SVE-1 and SVE-2 were simultaneously operating at their 

maximum achievable vacuum pressures.  

The planned sequence for conducting the SP pilot study is detailed in the SVE/SP Pilot Study 

Work Plan.  Because of health/safety concerns for employees working in the adjacent building, 

time constraints, system operating issues, and unknown radius of influence created by the SVE 

system, not all sequences were performed.   
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3.0 PILOT STUDY 

URS mobilized to the site on Monday, November 16th, 2015.  The treatment unit was set up 

on the south side of Richardson Street between monitoring wells DEC-031 and DEC-044D.  An 

initial start-up and shortened SVE step test was conducted at SVE-2 beginning at 1720 hours to 

see how the unit performed.  Following set up, step tests were performed by incrementally raising 

the vacuum pressure by opening the valve at the vacuum manifold.  Data collected during the 

pilot study that was used in the calculations is presented in Attachment B – SVE/SP Pilot Study 

Calculations. 

3.1 SVE Pilot Study Procedures  

Field data collected during the pilot study is presented in Table 1 – Pilot Study Field Data 

Summary.  A total of five SVE step tests (Tests 1, 2, 3, 9, and 10) were performed.  Test 1 was 

conducted at SVE-1 between 1930 and 2210 on November 16th.  The initial test, performed on 

SVE-2 at 1720 on November 16th, appears as Test 2 in Table 1.2 - Pilot Study Field Data 

Summary.  Test 3, performed on SVE-2 on November 16th was conducted between 2225 and 

0044 (November 17).  Tests 9 and 10, conducted on November 19th, were performed on SVE-1 

and SVE-2, respectively. 

During these tests, vacuum pressures were increased four times by throttling the valve inside 

the treatment system’s vacuum manifold.  Vacuum pressure measured inside the treatment unit at 

the vacuum extraction manifold that induced a vacuum at the SVE wells ranged between 2 inches 

Hg to 7.5 inches Hg (the maximum achievable vacuum) depending on the SVE well location and 

combined operation.  The maximum vacuum pressure observed at the vacuum extraction 

manifold was well under the rated maximum value (23 inches Hg) of the SVE blower; possibly 

due to leaking hoses, piping, manifold connections and/or constraints attributed to the 

stratigraphy of the formation. 

During the SVE tests, four rounds of data were collected at 10 to 12 minute intervals.  

Vacuum pressures were monitored and recorded inside the treatment unit at the vacuum 

extraction manifold, extraction wells (SVE-1 & SVE-2), observation wells (OW-1, OW-1D, OW-
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2, OW-2D, OW-3, OW-3D, OW-4, & OW-4D), and monitoring wells (DEC-31, DEC-44, & 

DEC-141).   

The volume of air extracted (standard cubic feet per minute – scfm) was also recorded during 

each monitoring interval.  A planned step test with SVE-1 and SVE-2 was not performed as the 

throttling valve used to bring the vacuum pressure up incrementally could not be adjusted in 

small enough increments to balance the system and accurately record vacuum pressures; even 

while manipulating the make-up air.   

Constant rate tests (Tests 7 and 11) were performed with SVE-1 and SVE-2 under full 

vacuum.  Data were collected at approximately10-minute intervals only during Test 11.  No 

incremental gauge readings were collected during Test 7 a purge run prior to initiating SP.  Gauge 

readings were only collected at the beginning and end of Test 7 for use in the mass removal 

estimate.   

While conducting the constant rate test on November 18, 2015, vacuum pressures at SVE-1 

ranged from 2.5 to 3 inches Hg and from 0.5 to 2 inches Hg in SVE-2.  During the constant rate 

test performed on November 19, 2015, the vacuum pressures in SVE-1 ranged from 1.25 to 1.5 

inches Hg and from 2.5 to 2.75 inches Hg in SVE-2. 

Summa canisters were collected near the beginning and end of each test, shipped to Pace 

Analytical Services, Inc. of Melville, NY, and analyzed for volatile organic compounds (VOCs) 

following USEPA Method TO-15.   

Analytical data collected during the pilot study are presented in Table 2 – Soil Vapor 

Extraction Pilot Test Analytical Data.  Semi-quantitative measurements of VOCs in the extracted 

soil gas were also made periodically with a photoionization detector (PID) and flame ionization 

detector (FID).  PID/FID readings are provided on Table 1 – Pilot Study Field Data Summary. 

3.2 SP Pilot Study Procedures  

Three air sparge step-tests (Tests 4, 5 and 6) were performed on November 17th.  Step tests 

were performed with SP-2 (Test 4) and SP-3 (Test 5) online separately and then SP-2 and SP-3 

together (Test 6).  At the time of the SP study, the capture zone (radius of influence) provided by 
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operating SVE-1 and SVE-2 at their maximum capacity was unknown.  As such, SP-1 was not 

brought online due to its proximity to the source area (northeast corner of the warehouse 

building) and health/safety concerns regarding potential fugitive PCE and TCE vapors entering 

the adjacent warehouse building affecting workers.   

During the step tests, the air flow rates (scfm) were to be increased incrementally by 25 scfm 

every 30 minutes by opening the valve inside the treatment system’s air supply manifold until the 

maximum flow rate produced by the compressor (125 scfm at 22 psi) was achieved.  Four rounds 

of data were to be collected at each interval.  As such, flow rates were to range between 25 and 

125 scfm during each interval for each of the step tests.  However, the air sparge compressor 

could not be adjusted to achieve the planned sequences.  

The step test with SP-2 and SP-3 (Test 4 and Test 5) operating separately was not performed 

as the throttling valve used to increase the air flow could not be adjusted in small enough 

increments to balance the system and accurately record flow rate; even while manipulating the 

make-up air.  As such, Tests 4 and 5 were conducted using approximately the same air flow rate. 

The step test using both SP-2 and SP-3 (Test 6) was somewhat successful as the air flow rate 

was able to be raised evenly in increments of 5 to 10 scfm.  However, pressure readings in the SP 

wells did not provide sufficient data for use in the calculations.  It is unlikely that steady-state 

conditions were achieved during the pilot study.  

The constant rate test was performed on November 18th with SP-2 and SP-3 (Test 8) 

operating together.  Data was collected at approximately 10 minute intervals.   

Summa canisters were collected near the beginning and end of each test, shipped to Pace 

Analytical Services, Inc. of Melville, NY, and analyzed for volatile organic compounds (VOCs) 

following USEPA Method TO-15.   

Semi-quantitative measurements of VOCs in the extracted soil gas were also made periodically 

with a PID and FID.  PID/FID readings are provided on Table 1. 
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4.0 CALCULATIONS 

Calculations were performed to determine the following parameters: 

• Mass reduction of PCE and TCE 

• PCE and TCE mass removal rates 

• ROI created by the SVE system 

• Intrinsic permeability 

• SVE well extraction rates  

• SVE well vacuum pressures 

• SP injection flow rates 

• SP injection pressures 

 Each parameter is discussed in further detail in the paragraphs below.  The data, rationale, 

and references used to calculate mass removal rates, ROI, ki, flow rates and pressures are 

presented in Attachment B. 

4.1 Mass Reduction 

The mass of VOCs removed during the Pilot Study was calculated quantitatively based on the 

concentration of VOCs detected at the beginning and end of each test (Table 2), the average flow 

rate (Table 1), and operating duration recorded during each of the 11 tests (Table 1).  

Table 3 – Estimate of Mass Removed during the Pilot Test provides a summary of the data 

and calculation used to determine the volume of VOCs removed during each of the 11 tests.  The 

total mass removed over the 1476 minutes the treatment unit was operated was 5.13 pounds.  The 

rate of removal = (5.13 lb / 1476 mins) x (60 min/hr) = 0.21 lb/hr, or 5 lb/day.   
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The percentage of PCE and TCE existing in the average total VOC concentration was 

calculated for each of the 11 tests and used to determine their mass reduction and mass removal 

rates.  The mass of PCE removed during the pilot study was 5.1 lbs and the mass of TCE 

removed was 0.017 lbs.   

The rate of removal was 4.95 pound/day (or 0.21 lb/hour) for PCE and 0.016 lb/day (or 6.8 x 

10-4 lb/hour) for TCE.  Removal rates are anticipated to decrease over time as contaminant mass 

is reduced.   

Removal rates for VOCs increased approximately 5.9% when the SP system was online as 

shown on Table 3. 

4.2 Radius of Influence (ROI)  

The ROI is the furthest distance from the extraction well that soil and soil gas can be 

successfully treated by SVE.  It is determined by placing a vacuum on the extraction well and 

measuring the vacuum that is achieved in nearby monitoring points, and then extrapolating the 

distance to a point where there is a slight vacuum.  For the purposes of the calculation (Table 4 in 

Attachment B), the pressure at the farthest ROI distance was set at 1% of the vacuum pressure 

measured in the operating SVE wells. 

Average ROIs, using SVE-1 as the extraction well, range between 31.3 ft to 31.9 ft.  The 

average ROI induced by SVE-1 is approximately 32 ft.  Average ROIs, using SVE-2 as the 

extraction well, range between 37.3 ft to 38.9 ft.  The average ROI induced by SVE-2 is 

approximately 38 ft.   

The vacuum contours shown on Figure 2 in Attachment B (SVE-1 operating at 45 inches 

H2O) indicate that the ROI extends approximately 64 feet to the west and at least 26 feet to the 

east with a vacuum pressure of 0.75 inches H2O at the fringe of the ROI.  Figure 3 in Attachment 

B (SVE-2 operating at 39.5 inches H2O) indicates that the ROI extends approximately 39 feet to 

the west and 66 feet to the east with a vacuum pressure of 1 inches H2O at the fringe of the ROI.  

If the contours were extrapolated to reflect the 1% SVE well vacuum pressures used in the 

calculations the line would significantly extend the ROI in both cases. 
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A graphical estimate was developed in an attempt to predict the limits of the ROI based on 

gauge readings and distances from the SVE wells.  The shaded data presented on Tables 1.9 and 

1.10 was used to graphically determine the ROI created by SVE-1 and SVE-2, respectively.  

Vacuum gauge readings (inches H2O – y axis) collected from the vacuum pressure monitoring 

wells (SVE, OW, and DEC wells) were plotted on a semi-log graph with the distance from the 

extraction well to the monitoring wells (x-axis).  Graphically, the ROI is the intersection of the 

regressed vacuum distribution line, plotted exponentially, and the distance where the vacuum 

approaches atmospheric conditions.  A horizontal line that reflects 1% of the vacuum observed in 

the extraction well was selected as the point where the vacuum in the formation approaches 

atmospheric conditions.  As shown on the graphs the ROI created by SVE-1 (Figure 2) ranges 

between 65 and 75 feet and the ROI created by SVE-2 (Figure 3) ranges between 90 and 143 feet. 

Based on the vacuum gauge pressure contours presented on Figures 2 and 3 in Attachment B, 

the calculated values shown in Table 4 in Attachment B, and graphs presented on Figures 2 and 3, 

URS believes that the ROI developed while operating the SVE system was at least 40 feet. 

4.3 Intrinsic Permeability (ki) 

The intrinsic permeability is the measurement for the ability of fluids (groundwater and air) 

to pass through soils, and is typically used as an indicator to determine the effectiveness of SVE.  

Intrinsic permeability is a function of soil properties only, whereas hydraulic conductivity is a 

function of both soil and fluid properties.  Using the hydraulic conductivity values provided in the 

Remedial Investigation Phase II Report, and as shown in Attachment B, ki was calculated to be 

5.55 x10-8 cm2.  This corresponds to the permeability expected for fill, sand, gravel, and a sandy 

silt layer observed in the formation above the water table and corresponds to an environment that 

would be conducive to SVE remediation. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

Based on the location of the contaminant source, the nature and extent of contamination, and 

results of the pilot study, SVE is the preferred remedial technology for source contaminant 

reduction and URS recommends that it should be evaluated further in combination with other 

technologies, as part of a feasibility study prepared for this site.   

5.2 Recommendations 

5.2.1 Conceptual Design Layout for Source Perimeter Treatment 

Figure 4 provides a conceptual design layout of SVE and SP wells for treating the 

contaminant source along the perimeter of the warehouse building.  The following paragraphs and 

Attachment B provide the basis, assumptions, calculations and references used to develop the 

conceptual design.  

5.2.2 Recommended Locations and Depths of Extraction Wells 

Based on an ROI of 40 feet, four additional extraction wells will be installed on the sidewalk 

adjacent to the former Klink Cosmo building to remediate the source area.  One of the additional 

extraction wells will be installed near the intersection of Richardson Street and Vandervoort 

Avenue, two additional extraction wells will be installed south of the intersection approximately 

40 feet away from each other, and the remaining additional extraction well will be installed on 

Richardson Street between a SVE-1 and SVE-2, drilled on an approximately 15-degree angle to 

extend beneath the warehouse building (extending approximately 20 feet from the building 

perimeter).  Figure 4 provides the locations of the existing and proposed extraction wells. 

The screened interval of the new extraction wells will be increased from 10 to 15 feet as 

discussed in Attachment B. 
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5.2.3 Extraction Well Flow Rates 

The total treatment area encompassed by the six SVE wells will total approximately 19,175 

ft2 (see Figure 4).  Groundwater exists approximately 32 feet below grade.  As such the treatment 

volume is 613,600 cubic feet (ft3).  At a soil porosity of 0.24 and extracting at least two pore 

volumes per day the vacuum extraction rate is 213 ft3/ minute.  

Assuming that the subsurface conditions are relatively homogenous, each SVE well will be 

designed to have an extraction flow rate of approximately 35 scfm.  At 35 scfm per well, the total 

extraction rate would be 210 scfm.   

5.2.4 Determination of Extraction Well Vacuum 

The intrinsic permeability of 5.55x10-8 cm2 was used to determine the vacuum pressure at the 

SVE wells.  As shown in Table 5 (Attachment B), the vacuum in the extraction wells should be at 

least 50.2 inches H2O. 

5.2.5 Air Sparge Flow Rate 

As described in Attachment B, the SP system should consist of eight 2-inch diameter wells 

spaced between 15 to 20 feet.  A 3 foot screen length should be used for design of the additional 

sparge wells since subsurface conditions are relatively uniform in the treatment zone. 

Assuming a one pore exchange rate and an SVE extraction rate equal to two times the 

sparging injection rate, the air sparging flow rate is 100 ft3/ minute. 

Operation of the air sparge system can vary from having all eight wells online or pulsing the 

system with a few wells online at one time.  With all eight wells online, the air sparging rate per 

well would be 12.5 ft3/ minute 

5.2.6 Sparging Air Pressure 

The data shows that the contamination was detected approximately 40 below ground surface 

(bgs) in wells the shallow aquifer to a maximum of approximately 80 feet bgs the deep aquifer.  

The air sparging pressure should be maintained between the minimum pressure necessary to 
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induce flow and the pressure at which fracturing occurs.  Because contaminants exist in both the 

shallow and deep aquifers beneath the site, air should be injected in two different zones. 

As shown in Attachment B, an acceptable pressure range for the shallow aquifer is 5.4 to 32.8 

psig.  Injection pressures in the deep aquifer range between 22.6 and 62.0 psig.  This exceeds the 

acceptable pressure range provided in the reference documents.   

If the well screen is placed at 75 feet bgs, at the midpoint of DEC-031D, Pmin would be 18.3 

psig and Pfracture would be 54.8 psig.  The range of Pmin for treating the shallow and deep aquifer is 

5.4 to 18.3 psi (top of screen for deep aquifer set at 75 feet bgs).  This is in the range of 

acceptable values for air sparge pressure.  Actual operation of the air sparge system would 

warrant treatment of the shallow and deep aquifer to be conducted separately due to the fracture 

pressure when treating the shallow aquifer. 
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Table  1.1 - PILOT STUDY FIELD DATA SUMMARY

Well:
Date: 11/16/2015
Personnel: MG, JL

Time Flow Rates
Manifold Ambient

To At Manifold AS-2 AS-2 Before After Air
Extraction Extraction To Well At At At At At At At At At At At At Carbon Carbon At Before 
Well SVE-1 Well SVE-1 SVE-1 OW-1 OW-1D OW-4 OW-4D OW-3 OW-3D OW-2 OW-2D DEC-44 DEC-141 DEC-31 SVE-2 PID/FID (PID/FID) SVE-1 Carbon

Units (scfm) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (ppm) (⁰F) (⁰F)

1930 58 -2 -2 0 0 0 0 -0.2 0 0 0 0 0 0 -0.2 >1000 1 60 55
1940 58 -2.5 -2 0 0 0 -0.2 -0.2 -0.5 0 0 -0.2 0 0 -0.2 60 55
1950 59 -2.5 -2 0 0 0 -0.2 -0.2 0 0 -0.2 -0.2 0 0 0 60 55
2000 59 -2.5 -2 0 0 0 -0.2 -0.2 -0.2 0 -0.2 0 0 0 0 60 55
2010 60 -2 -2 0 0 0 -0.2 -0.2 -0.2 0 0 -0.2 0 0 -0.2 60 55
2012 60 -3 -4 0 0 0 -0.25 0 0 0 0 0 0 0 0 60 55
2022 60 -3 -4 0 0 0 0 -0.2 0 0 -0.2 0 0 0 -0.2 60 55
2032 60 -3 -4 0 0 0 -0.2 0 0 0 -0.25 0 0 0 -0.2 60 55
2042 60 -3.5 -4 0 0 0 -0.2 -0.2 0 0 0 0 0 0 0 60 55
2044 60 -4 -6 0 0 0 -0.25 0 0 0 -0.2 0 0 0 0 60 55
2054 62 -4 -6 0 0 0 -0.2 0 0 0 -0.2 0 0 0 0 60 55
2104 61 -4 -6 0 0 0 -0.2 -0.2 0 -0.2 0 0 0 0 0 60 55
2114 60 -4 -6 0 0 0 -0.2 -0.2 0 0 0 0 0 0 0 60 55
2116 60 -4.5 -7.5 0 0 0 -0.2 -0.2 0 0 -0.2 0 0 0 0 60 55
2126 61 -4.5 -7.5 0 0 0 -0.2 0 0 0 -0.2 0 0 0 0 55
2136 61 -4 -7.5 0 0 0 0 -0.2 0 0 -0.2 0 0 0 0 55
2210 60 -4.5 -7 0 0 0 0 0 0 0 -0.2 0 0 0 0 55

Run Time 
(min)
160

Average 60

^ Lost Power

Temperature Vacuums / Pressures PID Readings

SVE-1    Stepped Rate Test

Test 1
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Tables  1.2 & 1.3 - PILOT STUDY FIELD DATA SUMMARY

Time Flow Rates
Ambient

Manifold To At Manifold AS-2 AS-2 Before After Air
Extraction Extraction to Well At At At At At At At At At At At At Carbon Carbon At Before 
Well SVE-2 Well SVE-2 SVE-2 OW-1 OW-1D OW-4 OW-4D OW-3 OW-3D OW-2 OW-2D DEC-44 DEC-141 DEC-31 SVE-1 PID/FID (PID/FID) SVE-2 Carbon

Units (scfm) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (ppm) (⁰F) (⁰F)

1720 33 -2 -2.5 0 0 0 -0.2 -0.2 0 0 0 0 0 0 0 52 50
1749 38 -3.5 -2 0 0 0 -0.2 -1.5 0 0 0 0 0 0 0 723 60 50
1815 70 -0.4 -2 0 0 0 -0.2 -2 0 0 0 0 0 0 0 60 50
1826 70 -0.3 -2 0 0 0 -0.2 -2 0 0 0 0 0 0 -0.2 >1000 2/ 60 50
1835 75 -0.4 -3 0 0 0 -0.2 -2 0 0 0 0 0 0 -0.2 60 50
1844 75 -0.3 -4.5 0 0 0 -0.2 -2.5 0 0 0 0 0 0 -0.2 60 50

Run Time
(min)

84

Average 60

2225 70 -2 -1.5 0 0 0 -0.2 -0.2 0 -0.2 0 0 0 0 0 50
2235 70 -2 -1.5 0 0 0 -0.25 0 0 0 0 0 0 0 0
2245 70 0 -1.5 0 0 0 -0.25 -0.2 0 -0.2 0 0 0 0 0
2255 70 -0.2 -1.5 0 0 0 -0.2 0 0 -0.2 -0.2 0 0 0 -0.2
2300 68 -0.2 -2.5 0 0 0 -0.2 0 0 0 -0.2 0 0 0 -0.2
2310 70 -0.2 -2.5 0 0 0 0 0 0 0 0 0 0 0 0
2320 70 0 -2.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2330 70 -0.2 -2.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2335 71 -0.2 -3.5 0 0 0 0 0 0 0 0 0 0 0 0
2345 70 0 -3.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2355 70 0 -3.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2405 70 0 -3.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2410 70 -0.2 -4.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2420 69 -0.2 -4.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2430 -0.2 -4.5 0 0 0 -0.2 -0.2 0 0 0 0 0 0 0
2444 69 -0.2 -4.5 0 0 0 -0.2 -0.2 0 0 0 0 0 0 0

Run Time 
(min)
139

Average 70

Test 2

RESTART SYSTEM FOR SVE -2 STEP TEST

Vacuums / Pressures PID Readings Temperature

Test 3
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Table  1.4 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Air Sparge Pilot Test
NOTES: SVE-2 on @ Max Throttle 1019 reset 1131 shutdown

Well: SP-2   Stepped Rate Test 0945 shutdown 1031 shutdown and reset 1136 shutdown

Date: 11/17/2015 0952 reset 1037 shutdown 1221 shutdown

Personnel: MG, JL 1014 shutdown 1038 reset 1237 stop

Time
 Manifold

Manifold Manifold To Manifold AS-2 AS-2 Before After Ambient
To To Air Sparge At Well To At At At At At At At At At At At At Carbon Carbon At At Before 

SP-2 Well SVE-2 SP-2 SVE-2 AS-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (psi) (in Hg) (psi) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

930 20 63 13.5 -2.5 0.5 -2.7 0 0 -2 -0.5 -1 0 0 -2 -1 -1 0 0 >15000/- 0 45 45 55
956 24 60 12.5 -0.5 0 -3.5 0 0 -1 0 -1 -0.5 -0.5 -1.5 -0.75 -0.75 0 0 >15000/- 0 45 45 55

1005 26 60 12 -2.5 0 -4 0 0 -1 0 -1 0 -0.5 -1.5 -0.5 -0.75 0 0 >15000/- 0 45 45 55
1015 21 60 11.5 -2.5 0.5 -4 0 0 -1 0 -1 0 -0.5 -2 -0.75 -1 0 0 >15000/- 0 45 45 55
1027 40 60 14.5 -2.5 0 -4 0 0 -1 0 -0.5 0 -0.5 -2 -1 -1 0 0 >15000/- 0 45 45 55
1035 40 60 11 -2.5 -4.5 0 0 -0.75 0 SP-2 PVC/FERNCO slipped off -0.5 0 1040 glued new 45 45 55
1123 40 61 17.5 -2.5 0 -4 0 0 -1 -0.5 -1 -1 -0.5 -1.5 -1 -1.5 0 0 -/315 0 45 47 55
1132 43 60 17 -2.5 0 -4 NA NA -1 -0.5 -1 -1 -0.5 -1.5 -0.5 -1.5 NA -0.5 NA NA 45 46 55
1139 40 60 19 -2.5 0 -4 0 0 -1 -0.5 -1 -1 -0.5 -1.5 -1 -1 0 0 >15000/574 0 45 46 55
1215 70 60 26.5 -2.5 0 -4 0 0 -0.75 0 -1 -1 -0.5 -1.75 -0.75 -1 0 0 -/680 0 45 46 55
1234 80 60 23.5 -2.5 0 -4 NA NA -0.75 0 -1.5 -1 -0.5 -1.75 -0.5 -1 NA 0 >15000/650 0 45 46 55
1237

Run Time 
(min)
187

Average 40 60

TemperatureFlow Rates Vacuums / Pressures

Stopped System

Test 4
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Table  1.5 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Air Sparge Pilot Test
NOTES: Compressor shut off @ > 40 scfm - Max limit of formation Shut down @ 4:03 pm for installation of sample tap

Well: SP-3   Stepped Rate Test Tried increasing flow but motor repeatedly cut out Restart at 4:15 pm

Date: 11/17/2015 Per final sample w/summa can at 540pm Shut down @ 5:45 pm

Personnel MG, JL 21 psi @ SP-3 manifold during sample Retool for SP-2 & SP-3

Time

Manifold Manifold Manifold Manifold AS-2 AS-2 Ambient
To To At To At Back To At At At At At At At At At At At At At At At Before 

SP-3 SVE-2 SP-2 SP-3  SP-3 Gauge SVE-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (psi) (psi) (psi) (psi) (in Hg) (Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (⁰F) (⁰F) (⁰F)

1532 16 60 0.5 15 3 -4 -2.5 0 -0.5 -1 0 -1 -0.5 -0.5 -1.75 -1 -0.5 -0.25 0 890 50 800 540 48 49 45
1542 18 60 0 16 3 -4 -2.5 0 -0.75 -1.5 0 -1 0 -0.25 -1.75 -1 -1 -0.25 0 NA NA NA 0 48 49 45
1550 18 60 0 15 3 -4.5 -2.5 0 -0.5 -1 0 -1.5 0 0 -1.75 -1.5 -0.5 -0.25 0 NA NA NA 0 48 49 45
1555 18 60 0 14.5 3 -4.5 -2.75 0 -0.5 -1 0 -1 -0.25 -0.25 -1.75 -1.5 -0.75 -0.25 -0.25 805 685 850 0 48 49 45
1603 System shut down due to high pressure
1615 30 61 0 24 2.5 -4.5 -2.5 0 -0.5 -1.5 0 -1 -0.25 -0.25 -2 -1.5 -1.5 -0.25 0 490 490 0 0 48 49 45
1625 30 61 0 16 2.6 18.5 -4.5 -2.5 0 -0.5 -1.5 0 -1 -0.5 -0.25 -1.75 -1.5 -1 -0.5 0 470 320 0 0 48 49 45
1639 30 62 0 15 2.6 20 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 0 480 415 0 0 48 49 45
1645 30 61 0 14.5 2.6 21.5 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 0 480 1700 0 0 49 49 45
1650 40 60 0 18.5 2.6 22 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1.25 -0.5 0 420 1900 0 0 48 48 45
1657 41 61 18 2.6 22 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 -0.25 620 740 0 0 48 48 45
1703 40 61 0 17 3 22 -5 -2.5 0 -0.25 -1.5 -0.5 -1.5 -0.25 0 -1.5 -1.5 -1 -0.5 0 470 610 0 0 48 48 45
1709 40 61 0 17 3 22 -5 -2.5 0 -0.25 -1.25 -0.5 -1 -0.25 0 -1.5 -1 -1 -0.5 0 680 720 0 0 47 49 45
1730 40 System shut down due to high pressure
1740 21 Restarted system to collect sample
1745 21 Collected sample & shutdown system

Average 29 61

Test 5

TemperatureFlow Rates
Trains A & B

Vacuums / Pressures

Before
Carbon
PID/FID

(ppm)

Trains A & B
After

Carbon
(PID/FID)

(ppm)
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Table  1.6 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Air Sparge Pilot Test
NOTES: Summa collected at 2020

Well: SVE on max throttle
Date:
Personnel: David Coulter, Mike Gutman, John Lysiak

Time
Manifold

To Manifold At AS-2 AS-2 After Ambient
SVE-2 To Well Back Well At At At At At At At At At At At At Carbon At At Before 
(scfm) SVE-2 Gauge SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 (PID/FID) SVE-1 SVE-2 Carbon

Units SP-2 SP-3 SP-2 SP-3 (in Hg) SP-2 SP-3 (psi) (Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (⁰F) (⁰F) (⁰F)

1800 10 10 62 8.9 14 -4.5 0.5 2.5 14 -2.25 0 0 -1 -0.5 -0.5 0 -0.5 -1 -0.5 -1 -0.5 0 620 480 0 45 48 45
1819 10 10 61 9.5 12.5 -4.5 0.5 3 14 -2.25 0 0 -1.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 720 560 0 45 47 45
1830 10 10 61 9 11.5 -5 1 3 13.5 -2.25 0 0 -1.5 0 -0.5 0 -0.5 -2 -0.5 -0.5 -0.5 0 710 0 45 48 45
1837 10 10 63 9 11 -5 0.5 3 13.5 -2.25 0 0 0 -0.5 -0.5 0 -0.5 -1 -0.5 -0.5 -0.5 0 710 530 0 45 48 45
1845 15 15 62 9 12 -5 0.5 3 16 -2.5 0 0 0 -0.5 -0.5 0 -0.5 -1 -0.5 -0.5 -0.5 0 740 516 0 45 48 45
1853 15 15 63 9 11.5 -5 0.5 3 16 -2.25 0 0 0 -0.5 -0.75 0 -0.5 -1 -0.5 -0.5 -0.5 0 800 680 0 45 48 44
1902 15 15 63 8.5 11.5 -5 0.5 3 16 -2.25 0 0 0 -0.5 -0.75 0 -0.5 -1 -0.5 -0.5 -0.5 0 720 590 0 45 50 44
1906 15 15 62 8.5 11 -5 0.5 3 16 -2.25 0 0 -0.25 -0.5 -0.5 0 -0.5 -1.5 -0.5 -0.5 -0.5 0 840 700 0 45 49 44
1915 20 20 62 9 12.5 -5 0.5 3 17 -2.25 0 0 -0.25 -0.5 -0.5 0 0 -1.5 -0.5 -0.5 -0.5 0 780 725 0 45 49 45
1921 20 20 63 8.5 12 -5 0.5 3 17 -2.25 0 0 -0.25 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 820 780 0 45 49 45
1928 20 20 62 8.5 11.5 -5 0.5 3 17 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 850 748 0 45 48 44
1934 20 20 63 8.5 11.5 -5 0.5 3 17 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.75 -0.75 -1 -0.5 0 840 730 0 45 49 41
1940 25 25 63 8.5 12.5 -5 0.5 3 18 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.75 -1 -0.5 0 770 620 0 45 48 44
1945 25 25 62 8.5 12.5 -5 0.5 3 18 -2.75 0 0 -0.5 -0.5 -1 0 -0.5 -1.5 -0.5 -1 -0.5 0 700 570 0 45 48 43
1950 25 25 63 8.5 12.5 -5 0.5 3 18 -3 0 0 -0.5 0 -1 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 750 530 0 45 47 43
1954 25 25 62 8 12.5 -5 0.5 3 18 -3 0 0 -0.5 0 -1 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 740 530 0 45 47 43
2003 35 35 62 9.5 15 -4.5 0.5 3 20.75 -3 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 800 590 0 45 48 43
2008 35 35 62 9.5 15 -4.5 0.5 3.5 20.6 -3 0 0 -0.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 850 640 0 45 48 43
2014 35 35 63 9 15.5 -4.5 0.5 3.5 20.6 -3 0 -0.5 -0.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.1 850 640 0 45 48 43
2019 35 35 62 9 14.5 -4.5 0.5 3.5 20.6 -3 0 -0.5 -0.5 -0.25 -0.75 -0.1 -0.5 -1.5 -0.5 -1 -0.5 -0.1 45 48 43

Run Time (Min)
139

Average 21 21 62.3

Test 6
Temperature

Outside At
PID ReadingsFlow Rates

Manifold 
Vacuums / Pressures

SP-2 & SP-3   
11/17/2015

Manifold 
To

(ppm)

Air Sparge

(psi)

To
SP Wells

(psi)
SP Wells

Before
Carbon

(scfm)
Wells 

PID/FID
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Tables 1.7 & 1.8 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test
NOTES:

Well: SVE-1 & SVE-2    Constant Rate Test
Date: 11/18/2015 6:54 Purging SVE-1 and SVE-2
Personnel: MG, JL

Time

At Manifold to Manifold to At AS-2 AS-2
Extraction Well Well Well At At At At At At At At At At At At At At At Ambient
Well SVE-1 SVE-1  SVE-2 SVE-2 AS-3 AS-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-31 DEC-141 SVE-1 SVE-2

Units (scfm) (psi) (scfm) (psi) (in Hg) (scfm) (scfm) (in Hg) (psi) (psi) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (⁰F) (⁰F) (⁰F)

2010 27 28 -2.5 70 61 -0.5 0 0 0 -0.5 -0.5 -0.25 -0.5 -0.25 -0.5 -1.75 -0.5 -0.5 0 490 350 57 60 57

2044 35 11 35 8 -2.5 70 60 -0.5 0 0 -0.25 0 -0.5 0 -0.5 -0.5 0 -2 -0.5 -0.5 0 900 1014 58 60 59

2054 35 11 35 8 -3 69 60 -2 0 0 -0.5 0.25 -0.5 0 -0.25 0 -0.5 -1 -0.5 -0.5 -1.5 900 1013 60 60 60

2104 36 10.5 35 7 -3 70 61 -2 0 0 -0.5 0.5 0.5 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 1140 960 60 60 60

2114 36 10.5 35 8 -3 70 61 -2 0 0 -0.5 0 -0.5 -0.25 -0.5 -0.25 0 -2 -0.5 -0.5 -2.5 60 60 60

2124 36 10.5 35 8 -3 69 61 -2 0 0 0 0.25 -0.25 0 -0.25 0 -0.25 -1.5 -0.25 -0.5 -2.5 1015 900 60 60 60

2134 36 10.5 35 8 -3 70 61 -2 0 0 -0.5 0.25 -0.5 -0.25 -0.25 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 900 800 60 60 60

2144 37 10.5 35 7.5 -2.75 69 61 -2 0 0 -0.5 0 -0.25 -0.25 -0.5 -0.25 -0.25 -2 -0.5 -0.5 -2.5 800 1300 60 60 60

2154 36 10.5 35 7.5 -2.75 70 60 -2 0 0 -0.25 0 -0.25 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 890 1500 60 60 60

2204 37 10.5 35 8 -3 70 61 -2 0 0 -0.25 0 -0.5 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 890 940 60 60 60

2214 37 10.5 35 7.5 -2.75 70 61 -2 0 0 0 0 -0.5 -0.25 -0.5 -0.25 -0.5 -1.75 -0.5 -0.5 -1.5 880 1480 60 60 60

2224 37 10.5 34 7.5 -2.5 69 60 -2 0 0 0 0 -0.25 -0.25 -0.25 -0.25 -0.25 -1.75 -0.5 -0.5 -1.5 870 1100 60 60 60

2234 37 10.5 35 7.5 -2.75 67 61 -2 0 0 0 0 -0.25 -0.25 -0.25 -0.25 -0.75 -1.75 -0.5 -0.5 -1.5 950 1450 61 60 60

2244 45 12 45 9 70 61

Run Time 
(min)
154

Average 36 35 70 61

Temperature

Gauge calibration not low enough
Max Vac 0 w/ both SVE 1 &2 at Max Flow

PID Readings

Manifold

Flow Rates / Pressures Vacuums / Pressures
Tests 7 & 8

Purge duration at Max Flow = 2010-1854 = 76 Minutes (Test 7)

SP-1

After
Carbon

(PID/FID)

Manifold

SP-2
To To

(ppm)

Before
Carbon
PID/FID

(ppm)
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Table  1.9 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test
NOTES: Collected summa @ 1033

Well:
Date: 11/19/2015
Personnel: DC, MG, JL, GK

Time Flow Rates
 Manifold

To At Manifold AS-2 AS-2 After
Extraction Extraction to Well At At At At At At At At At At At At Carbon Before After Ambient
Well SVE-1 Well SVE-1 SVE-1 OW-1 OW-1D OW-4 OW-4D OW-3 OW-3D OW-2 OW-2D DEC-44 DEC-141 DEC-31 SVE-2 SP-2 SP-3 (PID/FID) Carbon Carbon Carbon

Units (scfm) (in H2O) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in Hg) (in H2O) (in Hg) (in Hg) (in Hg/ H2O) (in H2O) (Hg) (Hg) (ppm) (⁰F) (⁰F) (⁰F)

1007 67 -8 -1.5 0 -1 0 -0.5 0 0 -0.25 -1.5 0 -1 0 0 0 0 65 64 64
1017 66 -30.5 -1.5 0 -1.5 0 -0.75 -0.5 -0.5 -0.25 -2 0 -1.25 0 -0.5 0 0 65 64 64
1027 67 -30.5 -1.5 0 -1.5 0 -0.75 -0.5 -0.5 -0.25 -2 0 -1.5 0 -0.5 0 0 890 634 0 65 64 64
1037 66 -30.5 -1.5 0 -1.5 0 -0.8 -0.5 -0.5 -0.25 -5 -0.25 -1.5 0 -1 0 0 1150 940 0 65 64 64
1047 68 -35 -3 0 -2 0 -1 -0.5 -0.75 -0.1 -2.2 0 -1.6 0 -0.6 0 0 1080 1213 0 65 65 64
1057 68 -34 -3 0 -1.75 0 -1 -0.5 -0.8 -0.1 -2.1 0 -1.5 0           -1.5 -0.6 0 0 1020 1213 0 70 65 64
1107 67 -33.5 -3 -0.1 -2 0 -1.5 -0.5 -0.8 0 -2.2 0 -1.5 0           -1.5 -1.6 0 0 1100 1410 70 65 65

(scfm) (in H2O) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O)
1117 68 -32 -3 -1.5 -2 -1 -1 -0.8 -0.5 -2.1 -2.2 -0.5 -1.5 -1.6 -0.6 0 0 1170 1300 70 66 65
1127 69 -39.5 -4.5 -1.6 -2.1 -1.1 -1.6 -0.5 -0.8 -2.25 -2.3 -0.5 -1.5 -1.6 -0.75 0 0 1110 1320 69 66 64
1137 69 -39.5 -4.5 -1.75 -2.2 -1.1 -1.1 -0.6 -1 -2.4 -2.25 -0.75 -1.5 -1.75 -0.75 0 0 1100 1320 69 65 63
1147 68 -39.5 -4.5 -1.6 -2.1 -1 -1.1 -0.6 -0.9 -2.3 -2.5 -0.7 -1.6 -1.6 -0.75 0 0 1100 1370 69 65 63
1157 68 -39.5 -4.5 -1.6 -2.1 -1.2 -1 -0.6 -0.9 -2.4 -2.4 -0.7 -1.5 -1.6 -0.75 0 0 1180 1420 69 66 63
1202 69 -45 -6.25 -1.8 -2.5 -1.4 -1.3 -0.7 -1 -2.5 -2.5 -0.75 -1.6 -1.75 -0.75 0 0 1220 1470
1212 69 -45 -6.25 -1.9 -2.4 -1.5 -1.4 -0.75 -1 -3.1 -2.5 -0.8 -1.7 -1.9 -0.9 0 0 1200 1560 90 80 63
1222 68 -45 -6.25 -1.7 -2.3 -1.4 -1.3 -0.6 -1 -3.1 -3.2 -0.75 -1.75 -1.8 -0.75 0 0 1210 1420 90 81 64
1232 68 -45 -6.25 -1.75 -2.5 -1.3 -1.4 -0.75 -1 -3.1 -3.1 -0.75 -1.75 -1.9 -0.75 0 0 1250 1530 89 80 64

FINAL --> 95 85
Run Time

(Min)
145

Average 68.4

NOTE: Shaded data, the last reading of the increment, was used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach steady-state conditions.
Data used in the 4 and 5 series ofcalculation tables.

Temperature Vacuums / Pressures

PID/FID
(ppm)

EVERYTHING FORWARD IS IN INCHES H2O

SVE-1    Stepped Rate Test

PID Readings

Before
Carbon

Test 9
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Table 1.10 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test

Well: SVE-2    Stepped Rate Test NOTES:

Date: 11/19/2015  
Personnel: MG, JL

Time Flow Rates

Manifold To At Manifold AS-2 AS-2 After
Extraction Extraction to Well At At At At At At At At At At At At Carbon Before After Ambient
Well SVE-2 Well SVE-2 SVE-2 OW-1 OW-1D OW-4 OW-4D OW-3 OW-3D OW-2 OW-2D DEC-44 DEC-141 DEC-31 SVE-1 SP-2 SP-3 (PID/FID) Carbon Carbon Carbon

Units (scfm) (in H2O) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in Hg) (ppm) (⁰F) (⁰F) (⁰F)

1245 60 -19 -1.5 -0.75 -0.75 -1.4 -1.3 -1.2 -1.6 -2.3 -2.5 -0.9 -1.6 -1 -0.5 0 0 620 698 0 97 87 61
1255 60 -19 -1.5 -0.75 -0.9 -1.5 -1.25 -1.1 -1.4 -2.4 -2.5 -0.9 -1.5 -0.8 -0.5 0 0 606 590 0 98 87 62
1305 60 -19 -1.5 -0.75 -0.75 -1.4 -1.4 -1.1 -1.5 -2.4 -2.6 -0.9 -1.6 -0.75 -0.5 0 0 570 690 0 103 89 61
1315 60 -19 -1.5 -0.75 -0.75 -1.2 -1.25 -1.3 -1.6 -2.5 -2.5 -1 -1.6 -0.75 -0.5 0 0 560 642 0 104 90 61
1317 60 -26 -3 -0.8 -0.8 -1.5 -1.75 -1.6 -2 -2.6 -3 -1 -2 -0.8 -0.6 0 0 530 795 0 105 90 62
1327 60 -26.5 -3 -1 -0.9 -1.6 -1.7 -1.7 -2.1 -2.6 -2.7 -1.25 -2 -0.9 -0.6 0 0 500 770 0 105 90 63
1337 60 -27 -3 -1 -1.1 -1.6 -1.7 -1.6 -2 -2.6 -2.7 -1.7 -2 -0.9 -0.6 0 0 490 780 0 105 90 62
1343 61 -27 -3 -1 -1 -1.75 -1.6 -1.75 -2 -2.6 -2.7 -1.4 -2.1 -1 -0.6 0 0 450 630 0 105 90 63
1345 60 -34.5 -4.5 -1 -1.25 -2 -2.1 -2 -2.25 -2.9 -3.1 -1.25 -2.4 -1 -0.7 0 0 430 550 0 104 92 64
1355 60 -34.5 -4.5 -1 -1.1 -2.1 -2.1 -2 -2.4 -2.9 -3.1 -1.4 -2.5 -1 -0.6 0 0 380 670 0 105 92 62
1405 61 -34.5 -4.5 -1 -1.25 -2.1 -2.2 -2 -2.4 -2.8 -3.1 -1.4 -2.4 -1 -0.6 0 0 360 580 0 100 90 62
1415 61 -34.5 -4.5 -1.1 -1.1 -2 -2.1 -2 -2.4 -2.8 -3.1 -1.4 -2.4 -2.5 -0.6 0 0 380 560 0 85 87 62
1416 60 -39.5 -5.5 -2.5 -2.6 -2.3 -2.25 -2.3 -2.5 -3 -3.1 -1.5 -2.5 -2.5 -0.75 0 0 390 790 0 97 95 62
1426 61 -39.5 -5.5 -2.5 -2.5 -2.2 -2.25 -2.4 -2.5 -3 -3.1 -1.6 -2.5 -2.4 -0.75 0 0 380 450 0 97 95 61
1436 61 -39.5 -5.5 -2.5 -2.5 -2.5 -2.3 -2.25 -2.4 -3.1 -3.3 -1.5 -2.6 -2.4 -0.75 0 0 370 400 0 100 92 62
1446 61 -39.5 -5.5 -2.6 -2.5 -2.25 -2.4 -2.3 -2.4 -3 -3.25 -1.4 -2.5 -2.4 -0.75 0 0 370 400 0 100 95 62

Run Time (min)
121

Average 60.4

NOTE: Shaded data, the last reading of the increment, was used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach steady-state conditions.
Data used in the 4 and 5 series ofcalculation tables.

Before
Carbon
PID/FID

(ppm)

Vacuums / Pressures TemperaturePID Readings

All well readings in H2O

Test 10
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Klink Cosmo - Soil Vapor Extraction Pilot Test
Table  1.11 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test

Well: SVE-1 & SVE-2    Constant Rate Test
Date: 11/19/2015
Personnel: MG, JL

Time

Manifold to Manifold to At Manifold to At Manifold to AS-2 AS-2 After
Extraction Well Extraction Well Extraction Well At At At At At At At At At At At Carbon Before After Ambient
Well SVE-1 SVE-2 Well SVE-1 SVE-1 Well SVE-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-31 DEC-141 (PID/FID) Carbon Carbon

Units (scfm) (scfm) (in H2O) (in Hg) (in H2O) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (⁰F) (⁰F) (⁰F)

1450 69 61 -21 -1.5 -24.5 -2.5 -3.1 -3.6 -3.5 -3.6 -2.1 -2.1 -2.4 -2.5 -0.9 -3.1 -2.5 720 730 0 100 92 62
1500 67 61 -21.1 -1.5 -24.5 -2.5 -3.3 -3.6 -3.6 -3.7 -2.2 -2.1 -2.6 -2.4 -1.5 -3.1 -2.5 630 800 97 92 62
1510 68 61 -21.1 -1.5 -24.5 -2.5 -3.25 -3.5 -3.5 -3.75 -2.1 -2.1 -2.3 -2.4 -1.4 -3.1 -2.5 940 840 90 95 62
1520 66 61 -21.1 -1.5 -24.5 -2.5 -3.4 -3.5 -3.5 -3.6 -2.1 -2.1 -2.5 -2.5 -1.4 -3.25 -2.5 900 710 95 90 62
1530 70 60 -21.1 -1.5 -24.5 -2.75 -3.2 -3.4 -3.5 -3.6 -2.1 -2.1 -2.4 -2.5 -1.4 -3.25 -2.5 900 710 95 90 62
1540 70 61 -21.1 -1.5 -24.5 -2.75 -3.4 -3.5 -3.6 -3.6 -2 -2 -2.4 -2.5 -1.4 -3.2 -2.5 780 800 95 90 62
1550 68 61 -21.1 -1.4 -24.5 -2.5 -3.1 -3.6 -3.1 -3.7 -2.1 -2.1 -2.4 -2.5 -1.4 -3.1 -2.5 840 920 95 90 62
1600 68 61 -21.1 -1.25 -24.5 -2.5 -3.4 -3.5 -3.5 -3.6 -2.1 -2.1 -2.25 -2.4 -1.3 -3.25 -2.5 700 1100 90 89 62
1610 68 61 -21.1 -1.25 -24.5 -2.5 -3.25 -3.6 -3.5 -3.6 -2 -2.1 -2.5 -2.5 -1.4 -3.1 -2.5 850 1280 92 87 62
1618 68 61 -21.1 -1.25 -24.5 -2.5 -3 -3.5 -3.6 -3.5 -2.1 -2.1 -2.4 -2.6 -1.6 -3.25 -2.5 100 90 62

Run Time (Min)
138

Average 68.2 61.9

PID Readings Temperature

(ppm)

Test 11

Flow Rates Vacuums / Pressures

Carbon
PID/FID

Before
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Table 2     Soil Vapor Extraction Pilot Test Analytical Data - Detections Over Laboratory Reporting Limits

SVE-01 SVE-01 SVE-02 SVE-02 SVE-02 SVE-02

SVE-01-START SVE-01-END SVE-02-START-R1 SVE-02-END-R1 SVE-02-START-R2 SVE-02-END-R2

Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas
- - - - - -

11/16/15 11/16/15 11/16/15 11/16/15 11/16/15 11/17/15

Parameter Units (2-2) (3-3) (4-4)

Volatile Organic Compounds

1,2-Dichloroethene (cis) µg/M³ 5,960 6,520 1,430 666 J 952 J 1,190 J

Acetone µg/M³ 6,560 18,400 3,760 1880

Carbon tetrachloride µg/M³ 554 J

Chloroform µg/M³ 703J 293 J

Methyl ethyl ketone (2-Butanone) µg/M³ 7,390 3,080 22,200 3,930 2020 743 J

Tetrachloroethene µg/M³ 1,420,000 D 1,610,000 D 550,000 D 718,000 D 773,000 D 848,000 D

Toluene µg/M³

Trichloroethene µg/M³ 8,430 9,800 3,160 1,480 2580 3290

Total VOCs µg/M³ 1,448,894 1,630,103 595,483 727,836 780,432 853,223

Average Total VOCs µg/M³

PID / FID Measurements ppm

Flags assigned during chemistry validation are shown.

Test 3
Location ID
Sample ID

1,539,499 661,660 816,828

Matrix
Depth Interval (ft)

Date Sampled

Test 1 Test 2
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Table 2     Soil Vapor Extraction Pilot Test Analytical Data - Detections Over Laboratory Reporting Limits (Continued)

SVE-02/AS-02 SVE-02/AS-02 SVE-02/AS-03 SVE-02/AS-03 SVE-02/AS-03 SVE02/SP02/SP03 SVE02/AS02/AS03

Location ID SVE-02/AS-02 
START

SVE-02/AS-02 END SVE-02/AS-03A 
START

SVE-02/AS-03B 
START

SVE-02/AS-03 END SVE-02/SP-02/SP-03 
START

SVE-02/AS-02/AS-03 END

Sample ID Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas

Matrix - - - - - - -
Depth Interval (ft) 11/17/15 11/17/15 11/17/15 11/17/15 11/17/15 11/17/15 11/17/15

Date Sampled Units (2-2) (2-2) (3-3)

Volatile Organic Compounds

1,2-Dichloroethene (cis) µg/M³ 1,430 J 1,520 1,670 1,310 1,470 2,050 412 J

Acetone µg/M³ 812

Carbon tetrachloride µg/M³

Chloroform µg/M³ 527 J 410 J 469 J 674

Methyl ethyl ketone (2-Butanone) µg/M³ 708 J 708 J 602 J 301 J

Tetrachloroethene µg/M³ 1,520,000 D 975,000 D 1,020,000 D 647,000 D 670,000 D 1,210,000 D 301,000 D

Toluene µg/M³                               610                                   1,990 

Trichloroethene µg/M³ 3,870 3,350 3,870 2,970 3,390 5,090 946

Total VOCs µg/M³ 1,526,008 980,578 1,027,481 651,991 675,939 1,219,804 302,358

Average Total VOCs µg/M³

PID / FID Measurements ppm 890 / 50 490 / 490 680 / 720 620 / 480 850 / 640

Flags assigned during chemistry validation are shown.

1,253,293 785,137 761,081

Test 4 Test 5 Test 6
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Table 2     Soil Vapor Extraction Pilot Test Analytical Data - Detections Over Laboratory Reporting Limits (Continued)

Test 7

SVE-01/SVE-02 SVE1&2/AS2&3 SVE1&2/AS2&3

Location ID SVE-01/SV-02 PRE 
SPARGE

SVE-01/SV-02/AS-02/AS-
03 START

SVE-01/SV-02/AS-
02/AS-03 END

Sample ID Soil Gas Soil Gas Soil Gas

Matrix - - -
Depth Interval (ft) 11/18/15 11/18/15 11/18/15

Date Sampled Units (2-2)

Volatile Organic Compounds

1,2-Dichloroethene (cis) µg/M³ 698 J 730 J 603 J

Acetone µg/M³

Carbon tetrachloride µg/M³

Chloroform µg/M³

Methyl ethyl ketone (2-Butanone) µg/M³

Tetrachloroethene µg/M³ 348,000 D 366,000 D 421,000 D

Toluene µg/M³ 542 J

Trichloroethene µg/M³ 1,030 1,250 946

Total VOCs µg/M³ 349,728 368,522 422,549

Average Total VOCs µg/M³ 349,728

PID / FID Measurements ppm 490 / 350 950 / 1450

Flags assigned during chemistry validation are shown.

395,536

Test 8
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Table 2     Soil Vapor Extraction Pilot Test Analytical Data - Detections Over Laboratory Reporting Limits (Continued)

SVE-01 SVE-01 SVE-02 SVE-02 SVE-01/SVE-02 SVE-01/SVE-02
Location ID SVE-01 START SVE-01 END SVE-02 START SVE-02 END SVE-01/SVE-02 

START
SVE-01/SVE-02 END

Sample ID Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas

Matrix - - - - - -
Depth Interval (ft) 11/19/15 11/19/15 11/19/15 11/19/15 11/19/15 11/19/15

Date Sampled Units (2-2) (2-2) (2-2) (3-3)

Volatile Organic Compounds

1,2-Dichloroethene (cis) µg/M³ 983 888 539 J 571 J

Acetone µg/M³

Carbon tetrachloride µg/M³

Chloroform µg/M³

Methyl ethyl ketone (2-Butanone) µg/M³

Tetrachloroethene µg/M³ 846,000 D 529,000 D 372,000 D 253,000 D 468,000 D 416,000 D

Toluene µg/M³

Trichloroethene µg/M³ 1550 1380 688 J 731 J 1070 946

Total VOCs µg/M³ 848533 531268 372688 253731 469609 417517

Average Total VOCs µg/M³

PID / FID Measurements ppm 890 / 634 1250 / 1530 620 / 700 370 / 400 720 / 730 850 /1280

Flags assigned during chemistry validation are shown.

443563

Test 11

689901

Test 9 Test 10

313209.5
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Klink Cosmo  ‐  Pilot Study
Table 3  ‐  Estimate of Detectable VOC Mass Removal During Soil Vapor Extraction Pilot Test

11/16/2015 1
11/16/2015 2
11/16/2015 3
11/17/2015 4
11/17/2015 5
11/17/2015 6
11/18/2015 7
11/18/2015 8
11/19/2015 9
11/19/2015 10
11/19/2015 11

Total

Mass Removed = ((Average Concentration(µg/M³))*(g/1,000,000 µg)*(M³/35.315 Ft³)*((Average Flowrate(Ft³/Min) )*((Operating Duration (Min))*(Lb/453.16 g)

Average Emission Rate = Mass Removed / Operating Duration = 0.0035 Lbs/Min
0.2084 Lbs/Hr
5.0023 Lbs/Day

Average Removal Rate using SVE Only (Tests 1, 2, 3, 7, 9, 10, 11) = (0.0058+0.0025+0.0036+0.0029+0.0029+0.0012+0.0039)/7
 = 0.00326 lbs/min

Average Removal Rate using SVE & SP (Tests 4, 5, 6, 8) = (0.0047+0.0029+0.0030+0.0032)/4
 = 0.00345 lbs/min

Increase with SP Online =  (0.00345‐0.00326/0.00326) *100%
 = 5.9%

If the removal rate from Test 1 (initial slug of VOCs removed) is eliminated, the increase with SP online is 22.5%

0.0029
0.0012
0.0039

0.0047
0.0029
0.0030
0.0029
0.0032

Removal Rate
(Lbs/Min)
0.0058
0.0025
0.0036

1476 5.1274

349,728 131 76 0.2176

60
140

761,081

395,536
689,901
313,209
443,563

Date Test No.

62

131
68

1,539,499
661,660
816,828
1,253,293

60
60
70
60
60785,137

(µg/M³)

139

154
145
121
138

0.4099

0.4986
0.4251
0.1421
0.5355

160
84
139
187
133

0.9235
0.2084
0.4966
0.8787
0.3915

Average VOC Concentration 
(CFM) (Min) (Lbs)

Mass RemovedOperating DurationAverage System Flowrate
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FIGURE 2

FORMER KLINK COSMO

CLEANERS SITE

SVE-1 GRAPHICAL DETERMINATION OF ROI

NOTE: Shaded vacuum gauge data from Table 1.9 was used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach steady-
state conditions under that increment setting.
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FIGURE 3

FORMER KLINK COSMO

CLEANERS SITE

SVE-2 GRAPHICAL DETERMINATION OF ROI

NOTE: Shaded vacuum gauge data from Table 1.10 was used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach steady-
state conditions under that increment setting.
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SVE/SP PILOT STUDY WORK PLAN
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1.0 INTRODUCTION 

Chlorinated solvents including tetrachloroethene (PCE) and trichloroethene (TCE) have been 

detected in soil vapor, soil, and groundwater samples at concentrations significantly above New York 

State Standards, Criteria, and Guidance (SCGs) values in the vicinity of the Former Klink Cosmo 

Cleaners Site, in Brooklyn NY (Site).  The remedial action goal for the Site is to eliminate or mitigate all 

significant threats to human health and/or the environment, to the extent practicable, caused by the release 

of PCE from the former onsite dry cleaners.   

 

In accordance with Task 5 of Amendment Request #1 to Work Assignment (WA) # C007540-4.1 

and as stated in our April 28, 2015 correspondence to the New York State Department of Environmental 

Conservation (NYSDEC), included as Attachment A, URS will perform a pilot study adjacent to the Site 

to obtain data that will be used to evaluate and assess the effectiveness of soil vapor extraction (SVE) and 

air sparge (SP) technologies to remediate and mitigate contaminants at the Site.  This data will also be 

used to develop full-scale treatment for further consideration in the feasibility study (FS) along with other 

remedial alternatives. This document presents the work plan for the pilot study. 

2.0 BACKGROUND  

The Former Klink Cosmo Cleaners Site is located in the Greenpoint/East Williamsburg Industrial 

Area section of the Borough of Brooklyn, New York. The Site is located within the Meeker Avenue 

Plume Trackdown Site (NYSDEC Site Number 224121) investigation area.  Data gathered during 

investigations at the Meeker Avenue Plume Trackdown Site, between May 2007 and July 2009, and a 

groundwater sampling event in November 2009, indicated that a source of groundwater contamination 

was originating near the buildings housing the Former Klink Cosmo Cleaners, which was located at 368 

Richardson Street (Tax District of Brooklyn, Block 02860, Lot 0001).  In January 2009, the above 

mentioned source of groundwater contamination was listed as a Class 2 Inactive Hazardous Waste 

Disposal Site (Site Number 224130).  A site location map is presented in Figure 1. 

 
Groundwater is approximately 32 feet below ground surface (bgs).  Analytical data collected 

from soil vapor implants (SG-049, SG-058, SG-084, and SG-085), monitoring wells (DEC-031, DEC-

031D, DEC-031TC, DEC-044, and DEC-044D), and soil borings (SB-15, SB-16, SB-18, and SB-22) 

were evaluated and used to select the area where the pilot study will be performed. The pilot study will be 
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conducted along the south side of Richardson Street near the intersection of Vandervort Avenue between 

monitoring wells DEC-031 and DEC-044D.  Three SP, two SVE, and four pairs of soil vacuum 

monitoring points [i.e., observation wells (OW)] were constructed in April 2015 as part of the pilot study 

program.  A site plan showing the pilot study program wells is presented as Figure 2.  Well construction 

diagrams are included in Attachment B.  Soil boring logs are included in Attachment C. 

3.0 RATIONALE 

SVE/SP is a proven technology for effectively reducing concentrations of volatile organic 

compounds (VOCs) in groundwater, such as the PCE and TCE present at this site.  The locations of the 

wells installed for the pilot study program were selected based on the contaminant levels in the soil vapor 

and groundwater. 

 

Elevated concentrations of PCE and TCE were detected at monitoring wells DEC-031 and DEC-

044, which are adjacent to the site and screened from 30 to 45 feet bgs.  To mitigate the potential 

migration of PCE and TCE during the pilot study, the sparge wells were installed in areas where lower 

dissolved concentrations of PCE and TCE are present compared to DEC-031.  The dissolved phase 

contaminants are believed to extend below 45 feet bgs.  The sparge wells are screened from 57 to 60 feet 

bgs to introduce air 15 feet below the screened interval of monitoring wells DEC-031 and DEC-044. 

 

The SVE wells are screened from 17 to 27 feet bgs.  They have been set 5 feet above the water 

table to minimize entrainment of water into the treatment system. 

 

The observation wells were installed at variable distances from the SVE wells, depending on 

which SVE well is online, to adequately determine the radius of influence (ROI) in the formation.  The 

ROI is the furthest distance from an extraction well that soil and soil vapor can effectively be treated by 

SVE.  It is determined by placing a vacuum on an extraction well, measuring the vacuum that is achieved 

in nearby monitoring points, and then projecting the distance where the well no longer has an influence.  

The observation wells were installed in pairs with one well extending 17 feet bgs and the second well 

extending 30 feet bgs.  The shallow observation well is screened from 7 feet to 17 feet bgs.  The deep 

observation well is screened from 20 feet to 30 feet bgs.  The well pairs will be used to determine the 

effect of depth on the ROI.  VOC concentrations will be measured with a photoionization detector (PID) 

during SVE and air sparging.  



 

3 
J:\Projects\11176390\WORD\DRAFT\Klink Cosmo Pilot Test\Klink Cosmo Pilot Test Work Plan 

 

 Intrinsic permeability (k) is the measure of a soil’s ability to transmit fluids (i.e. groundwater and 

air) and is typically used as an indicator for the effectiveness of SVE remediation.  Data collected during 

the pilot test will be used to determine the intrinsic permeability. 

4.0 NATURE AND EXTENT OF CONTAMINATION 

4.1 Soil Vapor 
 

Soil vapor samples were collected to the north and northeast of the Former Klink Cosmo Cleaners 

Site during the Site Characterization Phase VI Field Investigation conducted in June 2011.  In general, the 

concentrations found within the area of the Former Klink Cosmo Cleaners Site showed no discernible 

trend as compared to previously sampled locations.  Concentrations at some locations were different from 

the previous sampling events by up to three orders of magnitude.  For example, SG-042 was sampled in 

June 2011 and a PCE concentration of 803,000 micrograms per cubic meter (µg/m3) was detected.  When 

this location was re-sampled on September 29, 2011, a concentration of 540 µg/m3 was detected.  Soil 

vapor sample locations are shown on Figure 3. 

4.2 Soil 
 

 There have been no exceedances for Unrestricted Use or Protection of Groundwater Soil Cleanup 

Objectives in soil samples collected from soil borings or monitoring well borings along the perimeter of 

the Former Klink Cosmo Cleaners Site.   

4.3 Groundwater 
 

PCE and its degradation compounds were detected in numerous groundwater monitoring wells in 

both the shallow and deep groundwater as well as in downgradient top of clay monitoring wells.  Results 

of the Phase II Former Klink Cosmo Cleaner Site Remedial Investigation (URS, November 2012) 

indicate high concentrations of PCE were detected at DEC-031 in the shallow groundwater at a 

concentration of 5,800 micrograms per liter (µg/L); and downgradient of the site to the northeast in DEC-

014R at a concentration of 46,000 µg/L; DEC-029/029D/029TC had concentrations of 4,400, 27 and 

4,400  µg/L, respectively; DEC-007/007D had concentrations of 1,400 and 400 µg/L, respectively, and 

DEC-006D/006DD had concentrations of 8,000 and 440 µg/L, respectively; to the north DEC-008 had a 

concentration of 3,000 µg/L, and DEC-028 had a concentration of 3,100 µg/L.  TCE and cis-1, 2-DCE 
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were generally detected above criteria where PCE was detected.  Vinyl chloride (VC) was detected above 

criteria only in DEC-009 (36 µg/L).  Benzene, toluene, ethyl benzene, and xylene (BTEX) and/or fuel-

related compounds were generally not detected within the Former Klink Cosmo Cleaners Site.  

Monitoring well locations are shown on Figure 4.  

Based upon the observed concentrations of VOCs in groundwater, a dissolved chlorinated solvent 

plume appears to originate at the Klink Cosmo Site.  The horizontal extent of chlorinated solvents has 

been mostly delineated.  It appears that the chlorinated solvents in the shallow and deep overburden have 

higher concentrations of PCE immediately north and east of the Klink Cosmo site.  The extent of PCE has 

a larger footprint in the shallow groundwater compared to the deep groundwater and appears to be 

moving to the northeast and comingles with the dissolved chlorinated solvent plume originating within 

the nearby ACME Steel Areas.  The horizontal extent of PCE impacted groundwater in the deep 

overburden near the top of the Raritan Formation has not been fully been delineated.  The impacted 

groundwater appears to be migrating to the northeast and extends into the ACME Steel Areas in the 

vicinity the intersection of Porter Avenue and Lombardy Street.  The vertical extent of PCE and TCE 

impacted groundwater was determined to extend down to the top of the Raritan Formation; however, it is 

not expected to migrate below the top of the Raritan Formation, approximately 110 feet bgs, due to its 

vast areal extent and low permeability. 

5.0 GOALS/OBJECTIVES 

5.1  Soil Vapor Extraction 
 

The primary objectives of the SVE Pilot Test are: 
 

   
 Demonstrate PCE and TCE mass reduction and estimate PCE and TCE mass removal 

rates via semi-quantitative and quantitative means. 

 Develop full-scale SVE design parameter values, including ROI, locations and depths 

of extraction wells, intrinsic permeability, system and wellhead flowrates, and vacuum 

pressures. 
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5.2 Air Sparge 

  

The primary objectives of the Air Sparge Pilot Test are:  

 

 Determine the most effective configuration for contaminant removal using a 

combination of SVE and air sparge wells. 

 Develop full-scale air sparge design parameter values, locations and depths of sparge 

wells, including system and wellhead flowrates and pressures. 

6.0 SOIL VAPOR EXTRACTION SYSTEM CONSTRUCTION 

 The wellheads of the SVE, observation, and air sparge wells installed in April 2015 and existing 

groundwater monitoring wells will be modified as shown on Figures 5 through 7 for the Pilot Study.  The 

wells will be connected to the SVE system via 2-inch hoses and camlock fittings.  There are sufficient 

vacuum ports in the SVE system to accommodate each SVE well. 

  
 The SVE system is a trailer-mounted dual-phase vacuum extraction unit.  It includes a 15 

horsepower (HP) vacuum pump that is rated at a maximum vacuum of 23 inches of mercury (in Hg).  The 

system is equipped with a knockout tank, oil/water separator, air stripper, bag filters, and granular 

activated carbon for extracted groundwater.  The system will be rented from ProAct Services Corporation 

in Southbury, Connecticut (to be confirmed).  Two sets of two, 55-gallon drums of vapor-phase carbon 

will be connected in parallel to the vacuum pump discharge to treat collected soil vapor prior to discharge 

to the atmosphere.  Each pair of 55-gallon drums is connected in series (lead/lag configuration).  Mass 

removal calculations indicate that approximately 160 pounds of PCE and TCE will be removed and 

treated during the pilot study (calculations presented in Attachment D).  However, there is always 

uncertainty regarding the behavior of the subsurface formation, potential for extracting more concentrated 

vapors near the source area, and the possibility of treating other VOCs.  As such, four spare drums will be 

kept onsite for insertion into the treatment stream in the event of breakthrough is detected after the lead 

carbon adsorber; at which point the lag adsorber will be moved to the lead position and an unused spare 

adsorber will be placed in the lag position.   

 

The spent carbon adsorber will be taken offsite for proper recycling/disposal.  Carbonair will 
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provide the vapor phase carbon drums (to be confirmed).  

 

A plan view of the SVE system appears in Figure 8.  A piping and instrumentation diagram 

(P&ID) for the SVE system appears in Figure 9.  Electrical power will be supplied from a commercial 75 

kilowatt (kW) trailer-mounted diesel generator rented from a local vendor.  The SVE Unit requires three-

phase 230V, 200A power.  A complete SVE Pilot Test Equipment and Materials List and the 

specifications for the SVE system are included in Attachment D.  

7.0 AIR SPARGE SYSTEM CONSTRUCTION 

 The air sparge wellheads will be modified as shown in Detail A on Figure 7 for the Pilot Study. 

The wells will be connected to the Air Sparge system via 1-inch hoses and camlock fittings.  There are 

sufficient blower ports in the air sparge system to accommodate each air sparge well. 

 

 The Air Sparge system consists of a trailer-mounted blower unit.  It is housed in the same trailer 

as the SVE system.  The 15 HP blower is rated at a maximum flow of 125 standard cubic feet per minute 

(scfm) at 22 pounds per square inch (psi).  A P&ID for the air sparge unit appears in Figure 10.  Electrical 

power will be supplied from the same commercial 75 kW trailer-mounted diesel generator as the SVE 

system.  A complete Air Sparge Pilot Test Equipment and Materials List and the specifications for the 

blower unit are included in Attachment E. 

8.0 SOIL VAPOR EXTRACTION PILOT STUDY PROCEDURES 

 The soil vapor extraction pilot study will be conducted over a 12-hour period after the SVE/Air 

Sparge trailer has been mobilized to the site and connected to the SVE wellheads.  

8.1 Monitoring Requirements  
 
 VOC levels, flowrate, vacuum, and VOC concentrations will be monitored during the pilot study 

before carbon treatment.  Vacuum will be monitored at the observation wells and select monitoring wells 

during the pilot study.  Data will be recorded on the field forms in Attachment F. 

 

 Summa canisters of soil vapor will also be collected before carbon treatment at the beginning and 

end of each stepped-rate test and constant rate test for laboratory analysis to allow a quantitative analysis 

of contaminant removal to be performed.   
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8.2  Sequence of Operation 
 
 A series of 30 minute stepped-rate tests will be performed at various vacuums followed by a 2-

hour constant-rate test at the maximum achievable vacuum.  The stepped-rate testing will be performed 

on well SVE-1 first, SVE-2 second, and finally, SVE-1 and SVE-2 simultaneously, until the maximum 

obtainable vacuum pressure is achieved (design maximum vacuum is 23 in Hg).  For the purposes of this 

study, we have conservatively planned for a total of 15 individual stepped-rate tests.  Constant-rate testing 

will be performed on wells SVE-1 and SVE-2 simultaneously.  The steps of each phase of testing are 

summarized in Table 1 and are described in detail below. 

 

8.2.1  Stepped-Rate Testing 

 

Step 1  Mobilize the generator and ProAct Unit 75 SVE/Air Sparge trailer to the site and make electrical 

connections with the assistance of the ProAct Representative (provider of SVE/Air Sparge trailer 

to be confirmed). 

 

Step 2  Modify the wellheads at soil vapor extraction wells SVE-1 and SVE-2 as shown in Detail B on 

Figure 7.  Modify the wellheads at observation wells OW-1, OW-1D, OW-2, OW-2D, OW-3, 

OW-3D, OW-4, OW-4D as shown in Detail C on Figure 7.  Modify the wellheads at monitoring 

wells DEC-044, DEC-044D, DEC-031, DEC-031D as shown in Detail D on Figure 7.  Make 2-

inch diameter camlock connections with hoses at SVE-1 and SVE-2 and run the hoses to two 

separate ports at the SVE manifold inside of the trailer.  Make the camlock connections at the 

piping manifold inside the trailer. 

 

Step 3 Open the valve at the SVE manifold that leads to soil vapor extraction well SVE-1.  Turn on 

vacuum pump VLR-500 and throttle the valve at the port on the SVE manifold leading to SVE-1 

until the gauge there reads 5 in Hg.  Connect a summa canister to the sample port immediately 

before the vapor phase carbon vessels using Tygon® tubing and collect a vapor sample by 

opening the sample port valve.  Transport the sample canister to an analytical laboratory for 

analysis.  
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Step 4 Measure the flowrate at the flowmeter at the SVE manifold that leads to soil vapor extraction well 

SVE-1.  Record it on the field form in Attachment F.  Repeat every 10 minutes.  Measure the 

flowrate at the flowmeter after the vapor-phase activated carbon vessels.  Record it on the field 

form in Attachment F.  Repeat every 10 minutes. 

 

Step 5  Measure the vacuum on the gauges at wells SVE-1, OW-1, OW-1D, OW-2, OW-2D, OW-3, 

OW-3D, OW-4, OW-4D, DEC-044, DEC-044D, DEC-031, and DEC-031D and gauges at the 

SVE manifold.  Measure the temperature at SVE-1 and after the vacuum pump.  Record the data 

on the field form in Attachment F.  Repeat every 10 minutes. 

 

Step 6 Connect the combination photoionization/flame ionization detector (PID/FID) to the sample port 

immediately before the vapor-phase activated carbon vessels using Tygon® tubing.  Open the 

valve at the sample port.  Measure the VOC concentration in both PID mode and FID mode.  

Record them on the field form in Attachment F.  Repeat every 10 minutes. 

 

Step 7 Connect the combination PID/FID to the sample port in between each the vapor-phase activated 

carbon trains (vessels connected in series) using Tygon® tubing.  Open the valve at the sample 

port.  Measure the VOC concentration in both PID mode and FID mode.  Record them on the 

field form in Attachment F.  Repeat every 10 minutes. 

 

Step 8 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valve at the port 

on the SVE manifold leading to SVE-1 until the gauge there reads 10 in Hg.   

 

Step 9 Repeat steps 4 through 7. 

 

Step 10 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valve at the port 

on the SVE manifold leading to SVE-1 until the gauge there reads 15 in Hg.   

 

Step 11 Repeat steps 4 through 7. 

 

Step 12 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valve at the port 

on the SVE manifold leading to SVE-1 until the gauge there reads 20 in Hg.   
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Step 13 Repeat steps 4 through 7. 

 

Step 14 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valve at the port 

on the SVE manifold leading to SVE-1 to maximize the vacuum pressure (design maximum 

vacuum is 23 in Hg).   

Step 15 Repeat steps 4 through 7. 

 

Step 16 After the readings are taken at 30 minutes (recording 4 rounds of data), connect a summa canister 

to the sample port immediately before the vapor phase carbon vessels using Tygon® tubing and 

collect a vapor sample by opening the sample port valve.  Transport the sample canister to an 

analytical laboratory for analysis.  After collecting the sample turn off vacuum pump VLR-500.  

Close the valve at the SVE manifold that leads to soil vapor extraction well SVE-1.  Open the 

valve at the SVE manifold that leads to soil vapor extraction well SVE-2. 

 

Step 17 Turn on vacuum pump VLR-500 and throttle the valve at the port on the SVE manifold leading to 

SVE-2 until the gauge there reads 5 in Hg.  Connect a summa canister to the sample port 

immediately before the vapor phase carbon vessels using Tygon® tubing and collect a vapor 

sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis. 

 

Step 18 Measure the flowrate at the flowmeter at the SVE manifold that leads to soil vapor extraction well 

SVE-2.  Record it on the field form in Attachment F.  Repeat every 10 minutes.  Measure the 

flowrate at the flowmeter after the vapor-phase activated carbon vessels.  Record it on the field 

form in Attachment F.  Repeat every 10 minutes. 

 

Step 19 Measure the vacuum on the gauges at wells SVE-2, OW-1, OW-1D, OW-2, OW-2D, OW-3, 

OW-3D, OW-4, OW-4D, DEC-044, DEC-044D, DEC-031, and DEC-031D.  Measure the 

temperature at SVE-2 and after the vacuum pump.  Record the data on the field form in 

Attachment F.  Repeat every 10 minutes. 
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Step 20 Connect the combination PID/FID to the sample port immediately before the vapor-phase 

activated carbon vessels using Tygon® tubing.  Open the valve at the sample port.  Measure the 

VOC concentration in both PID mode and FID mode.  Record them on the field form in 

Attachment F.  Repeat every 10 minutes. 

 

Step 21 Connect the combination PID/FID to the sample port in between each the vapor-phase activated 

carbon trains (vessels connected in series) using Tygon® tubing.  Open the valve at the sample 

port.  Measure the VOC concentration in both PID mode and FID mode.  Record them on the 

field form in Attachment F.  Repeat every 10 minutes. 

 

Step 22 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valve at the port 

on the SVE manifold leading to SVE-2 until the gauge there reads 10 in Hg.   

 

Step 23 Repeat steps 18 through 21. 

 

Step 24 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valve at the port 

on the SVE manifold leading to SVE-2 until the gauge there reads 15 in Hg.   

 

Step 25 Repeat steps 18 through 21. 

 

Step 26 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valve at the port 

on the SVE manifold leading to SVE-2 until the gauge there reads 20 in Hg.   

 

Step 27 Repeat steps 18 through 21. 

 

Step 28 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valve at the port 

on the SVE manifold leading to SVE-2 to maximize the vacuum pressure (design maximum 

vacuum is 23 in Hg).   

 

Step 29 Repeat steps 18 through 21. 

 



 

11 
J:\Projects\11176390\WORD\DRAFT\Klink Cosmo Pilot Test\Klink Cosmo Pilot Test Work Plan 

Step 30 After the readings are taken at 30 minutes (recording 4 rounds of data), connect a summa canister 

to the sample port immediately before the vapor phase carbon vessels using Tygon® tubing and 

collect a vapor sample by opening the sample port valve.  Transport the sample canister to an 

analytical laboratory for analysis.  After collecting the sample turn off vacuum pump VLR-500.  

Open the valve at the SVE manifold that leads to soil vapor extraction well SVE-1. 

 

Step 31 Turn on vacuum pump VLR-500 and throttle the valves at the ports on the SVE manifold leading 

to SVE-1 and SVE-2 until the gauges at each port read 5 in Hg.  Connect a summa canister to the 

sample port immediately before the vapor phase carbon vessels using Tygon® tubing and collect 

a vapor sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis. 

 

Step 32 Measure the flowrates at the flowmeters at the SVE manifold that lead to soil vapor extraction 

wells SVE-1 and SVE-2.  Record them on the field form in Attachment F.  Repeat every 10 

minutes.  Measure the flowrate at the flowmeter after the vapor-phase activated carbon vessels. 

Record it on the field form in Attachment F.  Repeat every 10 minutes. 

 

Step 33 Measure the vacuum on the gauges at wells SVE-1, SVE-2, OW-1, OW-1D, OW-2, OW-2D, 

OW-3, OW-3D, OW-4, OW-4D, DEC-044, DEC-044D, DEC-031, and DEC-031D.  Measure the 

temperature at SVE-1, SVE-2 and after the vacuum pump.  Record the data on the field form in 

Attachment F.  Repeat every 10 minutes. 

 

Step 34 Connect the combination photoionization/flame ionization detector (PID/FID) to the sample port 

immediately before the vapor-phase activated carbon vessels using Tygon® tubing.  Open the 

valve at the sample port.  Measure the VOC concentration in both PID mode and FID mode.  

Record them on the field form in Attachment F.  Repeat every 10 minutes. 

 

Step 35 Connect the combination PID/FID to the sample port in between each the vapor-phase activated 

carbon trains (vessels connected in series) using Tygon® tubing.  Open the valve at the sample 

port.  Measure the VOC concentration in both PID mode and FID mode.  Record them on the 

field form in Attachment F.  Repeat every 10 minutes. 
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Step 36 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valves at the ports 

on the SVE manifold leading to SVE-1 and SVE-2 until the gauges at each port read 10 in Hg.   

 

Step 37 Repeat steps 32 through 35. 

 

Step 38After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valves at the ports 

on the SVE manifold leading to SVE-1 and SVE-2 until the gauges at each port read 15 in Hg.   

 

Step 39 Repeat steps 32 through 35. 

 

Step 40 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valves at the ports 

on the SVE manifold leading to SVE-1 and SVE-2 until the gauges at each port read 20 in Hg.   

 

Step 41Repeat steps 32 through 35. 

 

Step 42 After readings are taken at 30 minutes (recording 4 rounds of data), throttle the valves at the ports 

on the SVE manifold leading to SVE-1 and SVE-2 to maximize the vacuum pressure (design 

maximum vacuum is 23 in Hg).   

 

Step 43Repeat steps 32 through 35. 

 

Step 44 After the readings are taken at 30 minutes (recording 4 rounds of data), connect a summa canister 

to the sample port immediately before the vapor phase carbon vessels using Tygon® tubing and 

collect a vapor sample by opening the sample port valve.  Transport the sample canister to an 

analytical laboratory for analysis.  After collecting the sample turn off vacuum pump VLR-500.  

Close the valves at the SVE manifold that lead to soil vapor extraction wells SVE-1 and SVE-2.  

Prepare for constant-rate testing. 

 

8.2.2  Constant-Rate Testing 

 

Step 1 Open the valves at the SVE manifold that lead to soil vapor extraction well SVE-1 and SVE-2. 
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  Turn on vacuum pump VLR-500 and throttle the valves at the ports on the SVE manifold leading 

to SVE-1 and SVE-2 to maximize the vacuum pressure (each gauge approximately reads 23 in 

Hg).  Connect a summa canister to the sample port immediately before the vapor phase carbon 

vessels using Tygon® tubing and collect a vapor sample by opening the sample port valve.  

Transport the sample canister to an analytical laboratory for analysis. 

 

Step 2 Measure the flowrates at the flowmeters at the SVE manifold that lead to soil vapor extraction 

wells SVE-1 and SVE-2. Record them on the field form in Attachment F.  Measure the flowrate 

at the flowmeter after the vapor-phase activated carbon vessels.  Record it on the field form in 

Attachment F. 

 

Step 3 Measure the vacuum on the gauges at wells SVE-1, SVE-2, OW-1, OW-1D, OW-2, OW-2D, 

OW-3, OW-3D, OW-4, OW-4D, DEC-044, DEC-044D, DEC-031, and DEC-031D.  Measure the 

temperature at SVE-1, SVE-2 and after the vacuum pump.  Record the data on the field form in 

Attachment F.   

 

Step 4 Connect the combination PID/FID to the sample port immediately before the vapor-phase 

activated carbon vessels using Tygon® tubing.  Open the valve at the sample port.  Measure the 

VOC concentration in both PID mode and FID mode.  Record them on the field form in 

Attachment F.   

 

Step 5 Connect the combination PID/FID to the sample port in between each the vapor-phase activated 

carbon trains (vessels connected in series) using Tygon® tubing.  Open the valve at the sample 

port.  Measure the VOC concentration in both PID mode and FID mode.  Record them on the 

field form in Attachment F.  Repeat every 10 minutes. 

 

Step 6 Repeat steps 2 through 5 every 10 minutes. 

 

Step 7 After 120 minutes, connect a summa canister to the sample port immediately before the vapor 

phase carbon vessels using Tygon® tubing and collect a vapor sample by opening the sample port 

valve.  Transport the sample canister to an analytical laboratory for analysis. 
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Step 8 Turn off vacuum pump VLR-500.  Close the valves at the ports on the SVE manifold that lead to 

wells SVE-1 and SVE-2.  Prepare for air sparge testing. 

9.0 AIR SPARGE PILOT STUDY PROCEDURES 

 The air sparge pilot study will be conducted over a 22-hour period after the SVE pilot testing.  

9.1 Monitoring Requirements  
 
 VOC levels, flowrate, vacuum, and VOC concentrations will be monitored during the pilot study 

at the SVE wells and before carbon treatment.  Pressure and flowrate will be measured at the SP wells.  

Pressure/vacuum will be monitored at the observation wells and select groundwater monitoring wells 

during the pilot study.  Data will be recorded on the field forms in Attachment G.  

 

 Summa canisters of soil vapor will also be collected before carbon treatment at the beginning and 

end of each stepped-rate test and constant rate test for laboratory analysis to allow a quantitative analysis 

of contaminant removal to be performed.   

 
9.2  Sequence of Operation 
 

 A series of 30 minute stepped-rate tests will be performed at various flowrates followed by a 2-

hour constant-rate test at a single flowrate.  The testing will be completed over one, 24-hour period.  Air 

sparge will be introduced while SVE-1 and SVE-2 are simultaneously under maximum vacuum.  Air 

sparge will initially be applied in one SP well at a time.  SP-1 will be applied first, followed by SP-2, and 

then SP-3.  Air sparge will then be applied two wells at a time.  Wells SP-1 and SP-2 will be applied first, 

followed by SP-1 and SP-3, and then SP-2 and SP-3.  Finally, air sparge will be introduced through wells 

SP-1, SP-2, and SP-3 simultaneously.  For the purposes of this study, we have conservatively planned for 

a total of 26 individual stepped-rate tests.  Constant-rate air sparge testing will be performed through SP 

wells SP-1, SP-2, and SP-3 simultaneously while wells SVE-1 and SVE-2 are simultaneously under 

maximum vacuum.  The steps of each phase of testing are summarized in Table 2 and are described in 

detail below. 

 

 The stepped-rate testing will be performed on well SVE-1 first, SVE-2 second, and finally, SVE-

1 and SVE-2 simultaneously, until the maximum obtainable vacuum pressure is achieved (design 



 

15 
J:\Projects\11176390\WORD\DRAFT\Klink Cosmo Pilot Test\Klink Cosmo Pilot Test Work Plan 

maximum vacuum is 23 in Hg).  Constant-rate testing will be performed on wells SVE-1 and SVE-2 

simultaneously.   

 

9.2.1  Stepped - Rate Testing 

 

Step 1 Make 1-inch diameter camlock connections with hoses at SP-1, SP-2, and SP-3 and run the hoses 

to three, separate ports at the SP manifold inside of the trailer. Make the camlock connections at 

the piping manifold. 

 

Step 2 Open the valve at the SVE manifold that leads to soil vapor extraction well SVE-1.  Open the 

valve at the SVE manifold that leads to soil vapor extraction well SVE-2.  Turn on vacuum pump 

VLR-500 and throttle the valves at the ports on the SVE manifold leading to SVE-1 and SVE-2 

until the gauges at each port read the maximum obtainable value observed during the SVE 

testing. 

 

Step 3 Turn on air compressor DLR-250 and throttle the valve at the port on the SP manifold leading to 

SP-1 until the flowmeter there reads 25 scfm.  Connect a summa canister to the sample port 

immediately before the vapor phase carbon vessels using Tygon® tubing and collect a vapor 

sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis. 

 

Step 4 Measure the pressure at the gauge at the SP manifold that leads to air sparge well SP-1.  Record it 

on the field form in Attachment G. 

 

Step 5 Measure the flowrate at the flowmeter at the SP manifold and after the vapor-phase activated 

carbon vessels.  Record it on the field form in Attachment G. 

 

Step 6 Measure the vacuum on the gauges at wells SVE-1 and SVE-2.  Record them on the field form in 

Attachment G.  Measure the pressure/vacuum on the gauges OW-1, OW-1D, OW-2, OW-2D, 

OW-3, OW-3D, OW-4, OW-4D, DEC-044, DEC-044D, DEC-031, and DEC-031D.  Measure the 

temperature at SVE-1, SVE-2 and after the vacuum pump.  Record the data on the field form in 

Attachment G. 
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Step 7 Connect the combination PID/FID to the sample port immediately before the vapor-phase 

activated carbon vessels using Tygon® tubing.  Open the valve at the sample port.  Measure the 

VOC concentration in both PID mode and FID mode.  Record them on the field form in 

Attachment G.   

 

Step 8 Connect the combination PID/FID to the sample port in between each the vapor-phase activated 

carbon trains (vessels connected in series) using Tygon® tubing.  Open the valve at the sample 

port.  Measure the VOC concentration in both PID mode and FID mode.  Record them on the 

field form in Attachment G.  Repeat every 10 minutes. 

 

Step 9 Repeat steps 4 through 8 every 10 minutes. 

 

Step 10 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-1 until the flowmeter reads 50 scfm.    Repeat step 9. 

 

Step 11 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-1 until the flowmeter reads 75 scfm.    Repeat step 9. 

 

Step 12 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-1 until the flowmeter reads 100 scfm.    Repeat step 9. 

 

Step 13 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-1 until the flowmeter reads 125 scfm.    Repeat step 9. 

  

Step 14  After 30 minutes (recording 4 rounds of data), connect a summa canister to the sample port 

immediately before the vapor phase carbon vessels using Tygon® tubing and collect a vapor 

sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis.  After collecting the sample turn off the air compressor DLR-250 first, 

followed by the vacuum pump VLR-500.  Close the valve at the SP manifold that leads to air 

sparge well SP-1.  Close the valves on the SVE manifold that lead to soil vapor extraction wells 

SVE-1 and SVE-2.  Open the valve at the SP manifold that leads to air sparge well SP-2. 
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Step 15 Repeat step 2. 

 

Step 16 Turn on air compressor DLR-250 and throttle the valve at the port on the SP manifold leading to 

SP-2 until the flowmeter reads 25 scfm.  Connect a summa canister to the sample port 

immediately before the vapor phase carbon vessels using Tygon® tubing and collect a vapor 

sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis.  Repeat steps 5 through 8. 

 

Step 17 Measure the pressure at the gauge at the SP manifold that leads to air sparge well SP-2.  Record it 

on the field form in Attachment G. 

 

Step 18 Repeat steps 5 through 8 and 17 every 10 minutes. 

 

Step 19 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-2 until the flowmeter reads 50 scfm and repeat step 18.    Repeat step 18. 

   

Step 20 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-2 until the flowmeter there reads 75 scfm.    Repeat step 18. 

 

Step 21  After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-2 until the flowmeter reads 100 scfm.  Repeat step 18 

 

Step 22 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-2 until the flowmeter reads 125 scfm.    Repeat step 18. 

 

Step 23 After 30 minutes (recording 4 rounds of data), connect a summa canister to the sample port 

immediately before the vapor phase carbon vessels using Tygon® tubing and collect a vapor 

sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis.  After collecting the sample turn off the air compressor DLR-250 first, 

followed by the vacuum pump VLR-500.  Close the valve at the SP manifold that leads to air 
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sparge well SP-2.  Close the valves on the SVE manifold that lead to soil vapor extraction wells 

SVE-1 and SVE-2.  Open the valve at the SP manifold that leads to air sparge well SP-3. 

 

Step 24 Repeat step 2. 

 

Step 25 Turn on air compressor DLR-250 and throttle the valve at the port on the SP manifold leading to 

SP-3 until the flowmeter reads 25 scfm.  Connect a summa canister to the sample port 

immediately before the vapor phase carbon vessels using Tygon® tubing and collect a vapor 

sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis.   

 

Step 26 Measure the pressure at the gauge at the SP manifold that leads to air sparge well SP-3.  Record it 

on the field form in Attachment G. 

 

Step 27 Repeat steps 5 through 8 and 26 every 10 minutes. 

 

Step 28 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-3 until the flowmeter reads 50 scfm.  Repeat step 27. 

 

Step 29 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-3 until the flowmeter reads 75 scfm.    Repeat step 27. 

 

Step 30 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-3 until the flowmeter reads 100 scfm.    Repeat step 27. 

 

Step 31 After 30 minutes (recording 4 rounds of data), throttle the valve at the port on the SP manifold 

leading to SP-3 until the flowmeter reads 125 scfm.    Repeat step 27. 

 

Step 32 After 30 minutes (recording 4 rounds of data), connect a summa canister to the sample port 

immediately before the vapor phase carbon vessels using Tygon® tubing and collect a vapor 

sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis.  After collecting the sample turn off the air compressor DLR-250 first, 
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followed by the vacuum pump VLR-500.  Close the valve at the SP manifold that leads to air 

sparge well SP-3.  Close the valves on the SVE manifold that lead to soil vapor extraction wells 

SVE-1 and SVE-2.  Open the valves at the SP manifold that lead to air sparge wells SP-1 and SP-

2. 

 

Step 33 Repeat step 2. 

 

Step 34 Turn on air compressor DLR-250 and throttle the valves at the ports on the SP manifold leading 

to SP-1 and SP-2 until the flowmeters at each port read 25 scfm.   

 

Step 35 Measure the pressure at the gauges at the SP manifold that lead to air sparge wells SP-1 and SP-2.  

Record it on the field form in Attachment G. 

 

Step 36 Repeat steps 5 through 8 and 35 every 10 minutes. 

 

Step 37 After 30 minutes (recording 4 rounds of data), throttle the valves at the ports on the SP manifold 

leading to SP-1 and SP-2 until the flowmeters at each port read 50 scfm.    Repeat step 36. 

 

Step 38 After readings are taken at 30 minutes, throttle the valves at the ports on the SP manifold leading 

to SP-1 and SP-2 until the flowmeters at each port read approximately 62.5 scfm.  Repeat step 36. 

 

Step 39 After 30 minutes (recording 4 rounds of data), turn off the air compressor DLR-250 first, 

followed by the vacuum pump VLR-500.  Close the valves at the SP manifold that lead to air 

sparge wells SP-1 and SP-2.  Close the valves on the SVE manifold that lead to soil vapor 

extraction wells SVE-1 and SVE-2.  Open the valves at the SP manifold that lead to air sparge 

wells SP-1 and SP-3. 

 

Step 40 Repeat step 2. 

 

Step 41 Turn on air compressor DLR-250 and throttle the valves at the ports on the SP manifold leading 

to SP-1 and SP-3 until the flowmeters at each port read 25 scfm.   
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Step 42 Measure the pressure at the gauges at the SP manifold that lead to air sparge wells SP-1 and SP-3.  

Record it on the field form in Attachment G. 

 

Step 43 Repeat steps 5 through 8 and 42 every 10 minutes 

 

Step 44 After 30 minutes (recording 4 rounds of data), throttle the valves at the ports on the SP manifold 

leading to SP-1 and SP-3 until the flowmeters at each port read 50 scfm.    Repeat step 43. 

 

Step 45 After 30 minutes (recording 4 rounds of data), throttle the valves at the ports on the SP manifold 

leading to SP-1 and SP-3 until the flowmeters at each port read approximately 62.5 scfm.  Repeat 

step 43. 

 

Step 46 After 30 minutes (recording 4 rounds of data), turn off the air compressor DLR-250 first, 

followed by the vacuum pump VLR-500.  Close the valves at the SP manifold that lead to air 

sparge wells SP-1 and SP-3.  Close the valves on the SVE manifold that lead to soil vapor 

extraction wells SVE-1 and SVE-2.  Open the valves at the SP manifold that lead to air sparge 

wells SP-2 and SP-3. 

 

Step 47 Repeat step 2. 

 

Step 48 Turn on air compressor DLR-250 and throttle the valves at the ports on the SP manifold leading 

to SP-2 and SP-3 until the flowmeters at each port read 25 scfm.   

 

Step 49 Measure the pressure at the gauges at the SP manifold that lead to air sparge wells SP-2 and SP-3.  

Record it on the field form in Attachment G. 

 

Step 50 Repeat steps 5 through 8 and 49 every 10 minutes. 

 

Step 51 After 30 minutes (recording 4 rounds of data), throttle the valves at the ports on the SP manifold 

leading to SP-2 and SP-3 until the flowmeters at each port read 50 scfm.    Repeat step 50. 
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Step 52 After 30 minutes (recording 4 rounds of data), throttle the valves at the ports on the SP manifold 

leading to SP-2 and SP-3 until the flowmeters at each port read approximately 62.5 scfm.  Repeat 

step 50. 

 

Step 53 After 30 minutes (recording 4 rounds of data), turn off the air compressor DLR-250 first, 

followed by the vacuum pump VLR-500.  Close the valves at the SP manifold that leads to air 

sparge wells SP-2 and SP-3.  Close the valves on the SVE manifold that lead to soil vapor 

extraction wells SVE-1 and SVE-2.  Open the valves at the SP manifold that lead to air sparge 

wells SP-1, SP-2, and SP-3. 

 

Step 54 Repeat step 2. 

 

Step 55 Turn on air compressor DLR-250 and throttle the valves at the ports on the SP manifold leading 

to SP-1, SP-2, and SP-3 until the flowmeters at each port read 25 scfm.  Connect a summa 

canister to the sample port immediately before the vapor phase carbon vessels using Tygon® 

tubing and collect a vapor sample by opening the sample port valve.  Transport the sample 

canister to an analytical laboratory for analysis.   

 

Step 56 Measure the pressure at the gauges at the SP manifold that lead to air sparge wells SP-1, SP-2, 

and SP-3.  Record it on the field form in Attachment G. 

 

Step 57 Repeat steps 5 through 8 and 56 every 10 minutes. 

 

Step 58 After 30 minutes (recording 4 rounds of data), throttle the valves at the ports on the SP manifold 

leading to SP-1, SP-2, and SP-3 until the flowmeters at each port read approximately 42 scfm.    

Repeat step 57. 

 

Step 59 After 30 minutes (recording 4 rounds of data), connect a summa canister to the sample port 

immediately before the vapor phase carbon vessels using Tygon® tubing and collect a vapor 

sample by opening the sample port valve.  Transport the sample canister to an analytical 

laboratory for analysis.  After collecting the sample turn off the air compressor DLR-250 first, 

followed by the vacuum pump VLR-500.  Close the valves at the SP manifold that leads to air 
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sparge wells SP-1, SP-2, and SP-3.  Close the valves on the SVE manifold that lead to soil vapor 

extraction wells SVE-1 and SVE-2.  Prepare for constant-rate testing. 

 

9.2.2  Constant - Rate Testing 

 

Step 1 Open the valves at the SVE manifold that lead to soil vapor extraction well SVE-1 and SVE-2. 

 

Step 2 Turn on vacuum pump VLR-500 and throttle the valves at the ports on the SVE manifold leading 

to SVE-1 and SVE-2 until maximum vacuum pressure is obtained in both legs. 

 

Step 3 Turn on air compressor DLR-250 Open the valves at the SP manifold that lead to air sparge wells 

SP-1, SP-2, and SP-3 and throttle the valves at the ports on the SP manifold leading to SP-1, SP-

2, and SP-3 until the flowmeters at each port read a maximum flowrate of approximately 42 scfm. 

 

Step 4 Connect a summa canister to the sample port immediately before the vapor phase carbon vessels 

using Tygon® tubing and collect a vapor sample by opening the sample port valve.  Transport the 

sample canister to an analytical laboratory for analysis.   

 

Step 5 Measure the pressure at the gauges at the SP manifold that lead to air sparge wells SP-1, SP-2, 

and SP-3.  Record it on the field form in Attachment G. 

 

Step 6 Measure the flowrate at the flowmeters at the SP manifold and after the vapor-phase activated 

carbon vessels. Record it on the field form in Attachment G. 

 

Step 7 Measure the vacuum on the gauges at the SVE manifold and at wells SVE-1 and SVE-2.  Record 

them on the field form in Attachment G. 

 

Step 8 Measure the pressure/vacuum on the gauges OW-1, OW-1D, OW-2, OW-2D, OW-3, OW-3D, 

OW-4, OW-4D, DEC-044, DEC-044D, DEC-031, and DEC-031D.  Record them on the field 

form in Attachment G. 
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Step 9 Connect the combination PID/FID to the sample port immediately before the vapor-phase 

activated carbon vessels using Tygon® tubing.  Open the valve at the sample port.  Measure the 

VOC concentration in both PID mode and FID mode.  Record them on the field form in 

Attachment G.  

 

Step 10 Connect the combination PID/FID to the sample port in between each the vapor-phase activated 

carbon trains (vessels connected in series) using Tygon® tubing.  Open the valve at the sample 

port.  Measure the VOC concentration in both PID mode and FID mode.  Record them on the 

field form in Attachment G.  Repeat every 10 minutes. 

 

Step 12 Repeat steps 5 through 10 every 10 minutes. 

 

Step 14 After 120 minutes, connect a summa canister to the sample port immediately before the vapor 

phase carbon vessels using Tygon® tubing and collect a vapor sample by opening the sample port 

valve.  Transport the sample canister to an analytical laboratory for analysis.   

 

Step 15 Turn off the air compressor DLR-250 first, followed by the vacuum pump VLR-500.  Close the 

valves at the SP manifold that leads to air sparge wells SP-1, SP-2, and SP-3.  Close the valves on 

the SVE manifold that lead to soil vapor extraction wells SVE-1 and SVE-2.  Prepare for 

demobilization. 

10.0 SUBCONTRACTORS 

 ProAct Services Corporation in Southbury, Connecticut will be subcontracted to provide the 

SVE/SP unit (to be confirmed).  Catalog cuts of equipment are presented in Attachment D. 

 Con-Test Laboratories, Inc. will be subcontracted to provide analytical services for the vapor 

samples and waste characterization sampling, if required. 

 Pine Environmental Services will be subcontracted to provide the combination FID/PID. 

 Carbonair will provide eight 250 pound vapor phase activated carbon canisters (GPC 3.85), and 

will transport and dispose of spent vapor phase carbon canisters (to be confirmed). Catalog cuts of 

equipment are presented in Attachment D. 
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 GT Power Systems, Inc. will be subcontracted to provide and transport the electrical generator, 

and two temporary exterior portable light towers.  Catalog cuts of equipment are presented in Attachment 

D. 

 Johnny on the Spot, Inc. will provide the portable temporary fencing Attachment D. 

 AARCO Environmental Services will be subcontracted to transport and dispose of waste 

materials generated during the pilot test. 

11.0 HEALTH AND SAFETY PLAN 

 A health and safety plan has been prepared for the site and will be stored in the SVE/SP trailer 

during the pilot test. 

12.0 PERMITTING 

 A New York City Department of Transportation (NYCDOT) permit will be required prior to 

commencing the pilot study.   

13.0 INVESTIGATION DERIVED WASTES (IDW) 

 All IDW including personal protective equipment, entrained groundwater, etc., will be contained 

in DOT-approved containers with tight fitting lids.  Provisions for the proper handling, testing, and 

disposal of IDW materials will be arranged prior to commencement of field activities.  Filled containers 

will be removed from the Site on a daily basis. 

14.0 CONCLUSIONS/ RECOMMENDATIONS 

 A SVE/SP Pilot Study Report will be developed to present the procedures used for the stepped- 

rate and constant-rate tests.  The report will include a summary of our findings, recommendations and 

conclusions.  Data collected during the study will be used to determine the following:  

 If SVE/SP is effective for removing VOC constituents and should be developed further as part of 

a feasibility study.   

 The optimum extraction rate and vacuum pressure 
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 Determine the radius of influence created under optimum conditions 

 Removal rates of VOC constituents 

 The intrinsic permeability of the media 

 The most effective configuration for removing VOC constituents using a combination of SVE 

and air sparge wells.  Locations, depths, diameters, and screen lengths for SVE and SP wells will 

be identified. 

 Full-scale SVE design parameters values, including equipment sizing, system and wellhead 

flowrates, vacuum, and pressures. 

 



 

 

 

 

 

TABLES 

 

 

  



Extraction Extraction Target Air Sample 
Well SVE-1 Well SVE-2 Vacuum Summa Canisters

(in Hg)
1 X 5 X
2 X 10
3 X 15
4 X 20
5 X maximum X
6 X 5 X
7 X 10
8 X 15
9 X 20
10 X maximum X
11 X X 5 X
12 X X 10
13 X X 15
14 X X 20
15 X X maximum X

16 (Constant Rate) X X maximum XX

Sequence No.

Table 1 - Soil Vapor Extraction Testing Summary
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Air Sparge Air Sparge Air Sparge
Well-SP-1 Well-SP-2 Well-SP-3 Air Sample

Target Flowrate Target Flowrate Target Flowrate Summa Canisters
(scfm) (scfm) (scfm)

1 25 X
2 50
3 75
4 100
5 125 X
6 25 X
7 50
8 75
9 100
10 125 X
11 25 X
12 50
13 75
14 100
15 125 X
16 25 25
17 50 50
18 62.5 62.5
19 25 25
20 50 50
21 62.5 62.5
22 25 25
23 50 50
24 62.5 62.5
25 25 25 25 X
26 42 42 42 X

27 (Constant Rate) 42 42 42 XX

Table 2 - Air Sparge Testing Summary

Sequence No.
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FORMER KLINK COSMO CLEANERS SITE
GROUNDWATER MONITORING WELL LOCATIONS

FIGURE 4

Legend
&< ExxonMobil Monitoring Well
&< NYSDEC Monitoring Well Location
% Soil Boring Location

Source:  Bing Maps Aerial © 2010 Microsoft Corporation
200 0 200 Feet
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ATTACHMENT A 

APRIL 28, 2015 

NYSDEC CORRESPONDENCE 

  





















 

 

 

 

 

 

 

ATTACHMENT B 

WELL CONSTRUCTION DIAGRAMS 

  



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 37.37 ft amsl Ground Level
Driller: Elevation 37.10 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 50 feet length
8140LS Sonic Rig
Date:
4/13/15 - 4/21/15  

 
D PVC CASING
 2 inch dia.

Depth(ft.) Description E 25 feet length
See Boring Log for  22'

Lithologic Description P 25'
 
T
 
H

 
 
 PVC SCREEN
 2 inch dia.

20 feet length

45'

50'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #2 Sand      Setting: 22 - 45'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite      Setting: 1 - 22' and
45-50'

COMMENTS:

  Bentonite Chip Seal

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

URS Corporation

GEOLOGIC LOG

WELL DESIGN

SEAL MATERIAL

         NYSDECClient:

 MONITORING WELL CONSTRUCTION 
DETAILS Well Number:       DEC-033R

LEGEND

Former Klink Cosmo Cleaners Project No.:       11176390.00005
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Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 33.34 ft amsl Ground Level

Driller: Elevation 32.99 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 41 feet length
8140LS Sonic Rig
Date:
4/13/15 - 4/17/15  

 
D PVC CASING
 22' 2 inch dia.

Depth(ft.) Description E 26 feet length
See Boring Log for  24'

Lithologic Description P 26'
 
T
 
H

 
 
 PVC SCREEN
 2 inch dia.

15 feet length

41'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #2 Sand      Setting: 24-41'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite pellets 22-24'
Bentonite slurry 3-22'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

Former Klink Cosmo Cleaners

SEAL MATERIAL

         NYSDECClient:

 MONITORING WELL CONSTRUCTION 
DETAILS Well Number:       DEC-140

LEGEND

Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - DEC-140



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 33.57 ft amsl Ground Level

Driller: Elevation 33.22 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 80 feet length
8140LS Sonic Rig
Date:
4/13/15 - 4/16/15  

 
D PVC CASING
 65' 2 inch dia.

Depth(ft.) Description E 70 feet length
See Boring Log for  68'

Lithologic Description P 70'
 
T
 
H

 
 
 PVC SCREEN
 2 inch dia.

10 feet length

80'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #2 Sand      Setting: 68-80'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite pellets 65-68'
Bentonite slurry 2-65'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

Former Klink Cosmo Cleaners

SEAL MATERIAL

         NYSDECClient:

 MONITORING WELL CONSTRUCTION 
DETAILS Well Number:       DEC-140D

LEGEND

Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - DEC-140D



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 36.23 ft amsl Ground Level

Driller: Elevation 35.87 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 44 feet length
8140LS Sonic Rig
Date:
4/14/15 - 4/21/15  

 
D PVC CASING
 2 inch dia.

Depth(ft.) Description E 29 feet length
See Boring Log for  27'

Lithologic Description P 29'
 
T
 
H

 
 
 PVC SCREEN
 2 inch dia.

15 feet length

44'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #2 Sand      Setting: 27-44'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite chips 1-27'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

Former Klink Cosmo Cleaners

SEAL MATERIAL

         NYSDECClient:

 MONITORING WELL CONSTRUCTION 
DETAILS Well Number:       DEC-141

LEGEND

Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - DEC-141



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 36.10 ft amsl Ground Level
Driller: Elevation 35.45 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 80 feet length
8140LS Sonic Rig
Date:
4/14/15 - 4/20/15  

 
D PVC CASING
 66' 2 inch dia.

Depth(ft.) Description E 70 feet length
See Boring Log for  68'

Lithologic Description P 70'
 
T
 
H

 
 
 PVC SCREEN
 2 inch dia.

10 feet length

80'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #2 Sand      Setting: 68-80'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite pellets 66-68'
Bentonite slurry 3-66'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

Former Klink Cosmo Cleaners

SEAL MATERIAL

         NYSDECClient:

 MONITORING WELL CONSTRUCTION 
DETAILS Well Number:       DEC-141D

LEGEND

Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - DEC-141D



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 37.22 ft amsl Ground Level
Driller: Elevation 36.90 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 45 feet length
8140LS Sonic Rig
Date:
4/13/15 - 4/15/15  

 
D PVC CASING
 2 inch dia.

Depth(ft.) Description E 30 feet length
See Boring Log for  27'

Lithologic Description P 30'
 
T
 
H

 
 
 PVC SCREEN
 2 inch dia.

15 feet length

45'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #2 Sand      Setting: 27-45'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite chips 1-27'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

Former Klink Cosmo Cleaners

SEAL MATERIAL

         NYSDECClient:

Well Number:       DEC-142 MONITORING WELL CONSTRUCTION 
DETAILS

LEGEND

Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - DEC-142



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 36.94 ft amsl Ground Level
Driller: Elevation 36.45 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 80 feet length
8140LS Sonic Rig
Date:
4/13/15 - 4/15/15  

 
D PVC CASING
 66' 2 inch dia.

Depth(ft.) Description E 70 feet length
See Boring Log for  68'

Lithologic Description P 70'
 
T
 
H

 
 
 PVC SCREEN
 2 inch dia.

10 feet length

80'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #2 Sand      Setting: 68-80'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite pellets 66-68'
Bentonite slurry 3-66'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

Former Klink Cosmo Cleaners

SEAL MATERIAL

         NYSDECClient:

Well Number:       DEC-142D MONITORING WELL CONSTRUCTION 
DETAILS

LEGEND

Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - DEC-142D



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 35.70 ft amsl Ground Level
Driller: Elevation 35.32 ft amsl AUGERHOLE
Mark Schock 8.25 inch dia.
Rig Make/Model: 27 feet length
8140LS Sonic Rig
Date:
4/15/15 - 4/29/15  

 
D PVC CASING
 14' 4 inch dia.

Depth(ft.) Description E 17 feet length
See Boring Log for  16'

Lithologic Description P 17'
 
T
 
H

 
 
 PVC SCREEN
 4 inch dia.

10 feet length

27'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #1 Sand      Setting: 16-27'

Surface: Steel grade box Type: 4" PVC

Riser: 4" PVC Slot Size: .020" Type: Bentonite pellets 14-16'
Bentonite slurry 1-14'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

SEAL MATERIAL

         NYSDECClient:

Well Number:       SVE-01 SOIL VAPOR EXTRACTION WELL 
CONSTRUCTION DETAILS

LEGEND

Former Klink Cosmo Cleaners Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - SVE-01



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 36.52 ft amsl Ground Level

Driller: Elevation 36.12 ft amsl AUGERHOLE
Mark Schock 8.25 inch dia.
Rig Make/Model: 27 feet length
8140LS Sonic Rig
Date:
4/15/15 - 4/29/15  

 
D PVC CASING
 14' 4 inch dia.

Depth(ft.) Description E 17 feet length
See Boring Log for  16'

Lithologic Description P 17'
 
T
 
H

 
 
 PVC SCREEN
 4 inch dia.

10 feet length

27'

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #1 Sand      Setting: 16-27'

Surface: Steel grade box Type: 4" PVC

Riser: 4" PVC Slot Size: .020" Type: Bentonite pellets 14-16'
Bentonite slurry 1-14'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

SEAL MATERIAL

         NYSDECClient:

Well Number:       SVE-02 SOIL VAPOR EXTRACTION WELL 
CONSTRUCTION DETAILS

LEGEND

Former Klink Cosmo Cleaners Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - SVE-02



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 35.72 ft amsl Ground Level
Driller: Elevation 35.29 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 60 feet length
8140LS Sonic Rig
Date:
4/23/2015  

 
D PVC CASING
 2 inch dia.

Depth(ft.) Description E 57 feet length
See Boring Log for  

Lithologic Description P
 
T
 
H

 
 54'
 
 56'

57' PVC SCREEN
2 inch dia.

60' 3 feet length

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #3 Sand      Setting: 56-60'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite pellets 54-56'
Bentonite slurry 1-54'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

SEAL MATERIAL

         NYSDECClient:

Well Number:         AS-01 AIR SPARGE WELL CONSTRUCTION 
DETAILS

LEGEND

Former Klink Cosmo Cleaners Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - SP-01



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 36.13 ft amsl Ground Level
Driller: Elevation 35.84 ft amsl AUGERHOLE
Mark Schock 8.25 inch dia.
Rig Make/Model: 6' 60 feet length
8140LS Sonic Rig 7'
Date:
4/27/2015 and 4/28/2015 AIR SPARGE WELL PVC SCREEN

17' 1 inch dia.
18' 10 feet length
19'

Depth(ft.) Description 20'
See Boring Log for

Lithologic Description PVC CASING
30' 2 inch dia.

57 feet length

D
 
E 54' PVC SCREEN
 56' 2 inch dia.
P 57' 3 feet length
 60'
T
 
H

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
AS-02:    No. 3 sand 

Surface: Steel grade box Air Sparge Well:     2" PVC OW-04:   No. 1 sand

Air Sparge Well:      2" PVC Observation Well:   1" PVC Type:
Bentonite pellets 18-19' and 54-56'

Observation Well:    1" PVC Slot Size: .020" Bentonite chips 1-6' and 30-54'

COMMENTS:

  Bentonite Chip Seal

  Bentonite Pellet Seal

  Silica Sandpack

URS Corporation

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

            NYSDECClient:

Well Number:  SP-02 & OW-04 AIR SPARGE & OBSERVATION 
WELL CONSTRUCTION DETAILS

Former Klink Cosmo Cleaners

SEAL MATERIAL

LEGEND

Project No.:     11176390.00005

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - SP-02 & OW-4



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 36.33 ft amsl Ground Level

Driller: Elevation 35.57 ft amsl AUGERHOLE
Mark Schock 6.25 inch dia.
Rig Make/Model: 60 feet length
8140LS Sonic Rig
Date:
4/27/2015  

 
D PVC CASING
 2 inch dia.

Depth(ft.) Description E 57 feet length
See Boring Log for  

Lithologic Description P
 
T
 
H

 
 54'
 
 56'

57' PVC SCREEN
2 inch dia.

60' 3 feet length

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type: #3 Sand      Setting: 56-60'

Surface: Steel grade box Type: 2" PVC

Riser: 2" PVC Slot Size: .020" Type: Bentonite pellets 54-56'
Bentonite slurry 1-54'

COMMENTS:

  Bentonite Slurry

  Bentonite Pellet Seal

  Silica Sandpack

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

Former Klink Cosmo Cleaners

SEAL MATERIAL

         NYSDECClient:

Well Number:         SP-03 AIR SPARGE WELL CONSTRUCTION 
DETAILS

LEGEND

Project No.:       11176390.00005

URS Corporation

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - SP-03



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 35.31 ft amsl Ground Level

Driller: Elevation 34.57 ft amsl AUGERHOLE
Mark Schock 5' 6.25 inch dia.
Rig Make/Model: 6' 30 feet length
8140LS Sonic Rig 7'
Date:
4/22/2015 PVC SCREEN

1 inch dia.
10 feet length

Depth(ft.) Description 17'
See Boring Log for 18'

Lithologic Description 19'
20'

D PVC SCREEN
 1 inch dia.
E 30' 10 feet length
 
P
 
T
 
H

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type:

Surface: Steel grade box Observation Well: 1" PVC No. 1 sand 6-18' and 19-30'

Type:
Riser: 1" PVC Slot Size: .020" Bentonite pellets 5-6' and 18-19'

Bentonite chips 2-5'

COMMENTS:

  Bentonite Chip Seal

  Bentonite Pellet Seal

  Silica Sandpack

URS Corporation

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

         NYSDECClient:

Well Number:        OW-01 OBSERVATION WELL 
CONSTRUCTION DETAILS

Former Klink Cosmo Cleaners

SEAL MATERIAL

LEGEND

Project No.:    11176390.00005

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - OW-01



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 36.00 ft amsl Ground Level

Driller: Elevation 35.80 ft amsl AUGERHOLE
Mark Schock 5' 6.25 inch dia.
Rig Make/Model: 6' 30 feet length
8140LS Sonic Rig 7'
Date:
4/22/2015 PVC SCREEN

1 inch dia.
10 feet length

Depth(ft.) Description 17'
See Boring Log for 18'

Lithologic Description 19'
20'

D
 
E 30' PVC SCREEN
 1 inch dia.
P 10 feet length
 
T
 
H

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type:

Surface: Steel grade box Observation Well: 1" PVC No. 1 sand 6-18' and 19-30'

Type:
Riser: 1" PVC Slot Size: .020" Bentonite pellets 5-6' and 18-19'

Bentonite chips 2-5'

COMMENTS:

  Bentonite Chip Seal

  Bentonite Pellet Seal

  Silica Sandpack

URS Corporation

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

         NYSDECClient:

Well Number:       OW-02

SEAL MATERIAL

Former Klink Cosmo Cleaners

 OBSERVATION WELL 
CONSTRUCTION DETAILS

LEGEND

Project No.:    11176390.00005

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - OW-02



Geologist: Flush Mount  

John Boyd Protective Casing and Lockable Cap

Drilling Company:  
Glacier Drilling Co. Elevation 36.73 ft amsl Ground Level
Driller: Elevation 36.59 ft amsl AUGERHOLE
Mark Schock 5' 6.25 inch dia.
Rig Make/Model: 6' 30 feet length
8140LS Sonic Rig 7'
Date:
4/24/2015 PVC SCREEN

1 inch dia.
10 feet length

Depth(ft.) Description 17'
See Boring Log for 18'

Lithologic Description 19'
20'

D
 
E 30' PVC SCREEN
 1 inch dia.
P 10 feet length
 
T
 
H

 

CASING MATERIAL SCREEN MATERIAL FILTER MATERIAL
Type:

Surface: Steel grade box Observation Well: 1" PVC No. 1 sand 6-18' and 19-30'

Type:
Riser: 1" PVC Slot Size: .020" Bentonite pellets 5-6' and 18-19'

Bentonite chips 2-5'

COMMENTS:

  Bentonite Chip Seal

  Bentonite Pellet Seal

  Silica Sandpack

URS Corporation

DRILLING SUMMARY

GEOLOGIC LOG

WELL DESIGN

         NYSDECClient:

Well Number:        OW-03

SEAL MATERIAL

 OBSERVATION WELL 
CONSTRUCTION DETAILS

Former Klink Cosmo Cleaners

LEGEND

Project No.:     11176390.00005

J:\Projects\11176390\EXCEL\Klink Pilot Test\Klink Cosmo Well Construction Logs April-May 2015.xls - OW-03



 

 

 

 

 

 

 

ATTACHMENT C 

SOIL BORING LOGS 

  



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    1

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/13/15

4/17/15

33.34 ft amsl

201730.751 1001917.916

DEC-140

Mark Schock

Glacier Drilling

DEC-140

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample DEC-140 (31-31.5).

0-41' stratigraphic profile described on
log for DEC-140D.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    3

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/13/15

4/16/15

33.57 ft amsl

201736.719 1001915.797

DEC-140D

30.92 ft bgs

Mark Schock

Glacier Drilling

DEC-140D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil samples DEC-140D (4-4.5), DEC-140D (8.5-9') and DEC-140D (25-26').

Vactron
cleared boring

0-5.0'

Moist

0.0

1.8

4.6

7.3

13.6

0.9

0.8

0.3

0.1

0.2

1.6

0.4

0.5

0.7

0.5

15.8

5.1

5.9

4.3

39.2

FILL

FILL

SW

SM

SW

SW

SW

Gray
Light

brown

Brown

100

100

80

80

1

2

3

Hard
Medium dense

Dense

Loose

Concrete

Medium to coarse SAND, some fine to
medium gravel and cinders (fill).

Fine to coarse SAND and SILT, trace
fine gravel (fill).

Fine to medium SAND, some to trace silt
and fine to medium gravel.

SILT and fine to medium SAND, trace
fine to medium gravel.

Cobble

Fine to coarse SAND, some fine to
medium gravel, trace fine sand.

Cobble

Fine to medium SAND, some silt and fine
to medium gravel.

Fine to medium SAND.



Corporation

OF    3SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

DEC-140D

DEC-140D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil samples DEC-140D (4-4.5), DEC-140D (8.5-9') and DEC-140D (25-26').

Very moist

Wet

26.6

5.1

4.7

4.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.3

0.7

1.1

0.5

0.6

0.8

0.4

0.5

SW

SW50

100

4

5

6

Fine to medium SAND, some coarse
sand and fine gravel, trace silt.

No Recovery

Fine to medium SAND, trace to some
coarse sand and fine to medium gravel.



Corporation

OF    3SHEET:   3

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-60

-65

-70

-75

-80

-85

-90

DEC-140D

DEC-140D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil samples DEC-140D (4-4.5), DEC-140D (8.5-9') and DEC-140D (25-26').

0.2

0.2

0.0

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

SW

Yellow
  brown

100

100

7

8

Medium to coarse SAND, some to trace
fine sand and fine to medium gravel.

Boring completed at 80 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    1

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/14/15

4/21/15

36.23 ft amsl

201750.786 1001846.149

DEC-141

Mark Schock

Glacier Drilling

DEC-141

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

0-44' stratigraphic profile described on
log for DEC-141D.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    3

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/14/15

4/20/15

36.10 ft amsl

201752.260 1001850.879

DEC-141D

Mark Schock

Glacier Drilling

DEC-141D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample DEC-141D (33-45')

Moist0.0

0.6

0.4

0.5

0.7

2.3

2.0

0.1

0.2

0.5

0.0

5.7

3.8

3.5

5.7

6.1

10.6

3.2

3.3

3.1

2.2

2.1

0.8

FILL

FILL

SM

SW

SM

GM

Gray
Brown

Dark
brown

Brown

Light
brown

Brown

100

100

100

86

100

100

1

2

3

4

5

6

Hard
Medium dense

Loose

Concrete

Fine to medium SAND, some silt and fine
to medium gravel (fill).

SILT, some fine to medium sand, trace
coarse sand and fine gravel (fill).

SILT and fine to medium SAND, some
fine to medium gravel, trace cobbles.

Fine to medium SAND, trace fine to
medium gravel.

SILT and fine to medium SAND, some
fine to medium gravel, trace cobbles.

Fine to medium SAND, some silt and fine
to medium gravel.



Corporation

OF    3SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

DEC-141D

DEC-141D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample DEC-141D (33-45')

Wet

0.8

2.0

2.1

0.6

2.1

2.2

6.8

25.9

8.4

8.3

0.0

0.0

0.3

0.3

0.3

0.2

0.2

0.1

SW

GW

SW

SW

SW

GM

SW

SW

60

50

60

7

8

9

Medium dense

Loose

Fine to medium SAND, some coarse
sand and fine gravel.

Medium to coarse SAND and fine to
medium gravel, trace to some fine sand.

Fine to medium SAND, trace fine gravel
and silt.

No recovery

Medium to coarse SAND and fine to
medium GRAVEL.

Fine to medium SAND, trace to some
fine sand and fine gravel.

Fine to medium SAND, some silt, trace
coarse sand and fine gravel.

Medium to coarse SAND, some fine sand
and fine gravel.

No recovery



Corporation

OF    3SHEET:   3

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-60

-65

-70

-75

-80

-85

-90

DEC-141D

DEC-141D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample DEC-141D (33-45')

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

SP

SW

GWDark
brown

Brown

100

100

10

11

Medium to coarse SAND, some fine sand
and fine gravel.

Medium SAND, trace fine to medium
gravel.

Fine to medium SAND, some fine to
medium gravel, trace silt.

Fine to coarse SAND and fine to medium
GRAVEL, trace silt.

Boring completed at 80 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    1

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/13/15

4/15/15

37.22 ft amsl

201801.075 1001845.34

DEC-142

Mark Schock

Glacier Drilling

DEC-142

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

0-45' stratigraphic profile described on
log for DEC-142D.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    3

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/13/15

4/15/15

36.94 ft amsl

201802.744 1001850.364

DEC-142D

36 ft bgs

Mark Schock

Glacier Drilling

DEC-142D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample DEC-142D (36-36.5').

Moist0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.7

2.9

0.5

0.4

FILL

FILL

SM

SW

SW

SW

Dark
brown

Light
brown

Brown

100

90

100

100

100

100

80

1

2

3

4

5

6

7

Medium dense
SILT, some fine to medium sand, trace
glass, roots and fine gravel (FILL).

Fine to medium SAND, some silt,
tracefine gravel and cobbles (FILL).

Fine to medium SAND and SILT, some
fine gravel.

Fine to coarse SAND, and fine gravel,
some silt, trace medium gravel.

Fine to medium SAND, some coarse
sand, fine gravel, silt and cobbles.

Medium to coarse SAND, some to trace
fine sand, fine to medium gravel, trace
silt



Corporation

OF    3SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

DEC-142D

DEC-142D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample DEC-142D (36-36.5').

Wet

0.4

1.0

0.8

0.7

2.0

0.7

1.3

2.2

1.3

8.9

0.8

0.5

1.0

1.1

1.2

1.0

3.2

0.6

0.2

0.1

0.1

0.1

0.1

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

SW

SW

SW

100

80

100

8

9

10

Loose

Fine to medium SAND, some to trace
coarse sand and fine gravel.

Fine to medium SAND.

Fine to medium SAND, some coarse
sand and rounded fine gravel.



Corporation

OF    3SHEET:   3

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-60

-65

-70

-75

-80

-85

-90

DEC-142D

DEC-142D

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample DEC-142D (36-36.5').

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

SW

SW

SW

Yellow
   brown

Brown

100

100

11

12

Fine to medium SAND, trace fine gravel.

Fine to coarse SAND, some to trace fine
to medium gravel and silt.

Fine to medium SAND.

Boring completed at 80 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    2

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/22/15

4/22/15

35.31 ft amsl

201762.620 1001880.897

OW-1

Not Encountered

Mark Schock

Glacier Drilling

OW-1

Boring advanced with GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil samples OW-1 (8-9') and OW-1 (29-30').

Moist6.1

5.1

6.3

17.8

---

11.3

12.4

10.1

9.1

9.6

---

8.8

18.3

2.4

8.7

2.9

4.2

3.4

3.2

5.2

6.7

GM

GM

SW

SP

SW

SW

Brown100

100

100

100

100

1

2

3

4

5

Medium dense

Loose

Vactron cleared boring 0-5'.

Fine to medium SAND, some silt, trace
fine to medium gravel. Cobble 9-10'.

Fine to medium SAND, some silt and fine
to medium gravel, trace cobbles.

Fine to coarse SAND, some fine to
medium gravel. Cobble 15-16'.

Fine SAND

Fine to coarse SAND and fine to medium
gravel, some to trace silt.

Fine to medium SAND, some coarse
sand and fine to medium gravel, trace to
some silt.



Corporation

OF    2SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

OW-1

OW-1

Boring advanced with GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil samples OW-1 (8-9') and OW-1 (29-30').

39.1

8.3

68.1

286.5

SPMedium SAND, trace coarse sand and
fine gravel.

Boring completed at 30 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    2

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/22/15

4/22/15

36.00 ft amsl

201753.213 1001857.253

OW-2

Not Encountered

Mark Schock

Glacier Drilling

OW-2

Boring advanced with GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample OW-2 (25-26').

Moist3.1

3.7

4.1

1.9

3.8

11.6

0.0

0.7

4.4

0.8

22.8

2.7

9.7

5.7

5.9

18.5

13.7

15.6

6.1

5.9

42.5

SM

ML

SW

SW

SW

SW

Brown100

100

100

100

100

100

1

2

3

4

5

6

Medium dense

Loose

Vactron cleared boring 0-5'.

SILT and fine to medium SAND, some
fine to medium gravel and coarse sand.

SILT, trace fine sand.  Rock from 8-8.5'
bgs.

Medium to coarse SAND, some fine sand
and fine to medium gravel.

Fine to medium SAND, trace fine gravel.

Medium to coarse SAND, some fine sand
and fine to medium gravel, trace silt and
cobbles. Rock 16-17' bgs.

Fine to medium SAND, some fine to
medium gravel, some to trace silt, trace
cobbles.



Corporation

OF    2SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

OW-2

OW-2

Boring advanced with GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample OW-2 (25-26').

30.5

26.0

14.2

11.9

SP
Medium SAND, some to trace fine and
coarse sand and fine gravel.

Boring completed at 30 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    2

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/24/15

4/24/15

36.73 ft amsl

201744.669 1001828.478

OW-3

Not Encountered

Mark Schock

Glacier Drilling

OW-3

Boring advanced with GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Moist0.5

0.1

0.2

0.8

3.0

2.3

2.3

5.1

2.5

1.1

0.8

0.7

1.1

1.0

0.9

1.6

1.3

1.0

ML

SW

SW

SW

Brown

Red
brown

Brown

100

100

100

100

100

100

1

2

3

4

5

6

Medium dense

Loose

Vactron cleared boring 0-5'.

SILT and very fine SAND, trace fine
gravel. Cobbles 6-7'.

Fine to medium SAND, some silt and fine
to medium gravel.

Medium to coarse SAND, some fine to
medium gravel, trace silt.

Fine to coarse SAND, some fine to
medium grave, some to trace silt and
cobbles. Cobble 14-16'.



Corporation

OF    2SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

OW-3

OW-3

Boring advanced with GeoProbe 8140 LS Sonic drilling rig using 6" casing.

3.3

5.7

7.3

2.8

SWFine to medium SAND, trace fine gravel.

Boring completed at 30 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    3

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/23/15

4/23/15

35.72 ft amsl

201759.575 1001864.629

SP-1

33 ft bgs

Mark Schock

Glacier Drilling

SP-1

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample AS-1 (24-25') and AS-1 (30-31').

Moist

15.1

3.3

0.7

0.4

0.4

0.3

0.2

---

0.1

0.1

0.0

0.0

0.0

1.0

2.1

2.7

1.2

0.7

1.3

96.2

20.2

SM

SW

SW

ML

Brown100

100

100

100

100

1

2

3

4

5

Medium dense

Loose

Medium dense

Vactron cleared boring 0-5'.

SILT and fine to medium SAND, trace
fine to medium gravel.

Fine to medium SAND, some coarse
sand, fine to medium gravel and silt,
trace cobbles. Cobbles 12-13.5 and 15-
18'.

Fine to medium SAND,some fine to
medium gravel, trace silt and cobbles.

SILT.  Faint PCE odor.



Corporation

OF    3SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

SP-1

SP-1

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample AS-1 (24-25') and AS-1 (30-31').

Wet

18.3

1.2

2.0

42.2

48.4

3.2

3.9

1.8

2.2

2.0

3.2

0.7

3.1

3.4

---

---

---

---

---

6.9

17.4

5.3

1.0

0.6

0.4

0.4

0.7

0.8

0.8

0.1

0.2

0.2

SW

SP

GW

SW

SW

50

100

100

6

7

8

Loose Fine to medium SAND, some coarse
sand and fine to medium gravel, trace to
some silt and cobbles.

Medium SAND, trace fine gravel.

Medium to coarse SAND and fine to
medium GRAVEL, trace silt and fine
sand.

Medium SAND, some fine sand and fine
gravel.

Sample lost.

Fine to medium SAND, some to trace
fine to medium gravel, trace coarse sand.



Corporation

OF    3SHEET:   3

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-60

-65

-70

-75

-80

-85

-90

SP-1

SP-1

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample AS-1 (24-25') and AS-1 (30-31').

0.1

0.1

0.1

0.1

0.1

0.1

0.1

GW

9

Coarse SAND and fine to medium
GRAVEL, some fine to medium sand.

Boring completed at 65 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    3

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/27/15

4/27/15

36.13 ft amsl

201753.504 1001847.748

SP-2

33 ft bgs

Mark Schock

Glacier Drilling

SP-2

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 8" casing.

Collected soil sample AS-2 (28-29').

Moist

3.6

3.3

1.1

1.1

3.6

3.7

1.8

5.1

3.7

3.4

3.5

2.2

5.4

7.1

5.8

9.5

3.3

7.2

32.6

3.0

9.5

ML

SW

SW

SW

SW

Brown100

100

100

100

100

1

2

3

4

5

Medium dense

Medium dense

Loose

Medium dense

Vactron cleared boring 0-5'.

SILT, some fine sand, trace fine gravel.

Fine to medium SAND trace to some silt
and fine to medium gravel and cobbles.

Medium to coarse SAND, some fine sand
and fine to medium gravel, trace
cobbles.

Fine to medium SAND. Faint PCE-like
odor.

Fine to coarse SAND, some fine to
medium gravel, trace silt and cobbles.



Corporation

OF    3SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

SP-2

SP-2

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 8" casing.

Collected soil sample AS-2 (28-29').

Wet

1.7

60.3

42.9

11.1

10.4

2.7

2.2

---

---

---

---

---

---

---

3.2

1.5

1.1

1.3

0.3

---

---

---

---

---

1.7

1.2

1.0

4.0

2.8

0.6

0.2

0.1

SW

SW

SW

SW

SW

SW

30

50

100

6

7

8

Loose PCE-like odor.

Fine to medium  SAND, trace fine gravel.

Fine to coarse SAND, some fine to
medium gravel and silt.

Fine to medium SAND, some fine to
medium gravel.

Lost sample out of casing.

Fine to medium SAND, some to trace
fine to medium gravel.

Lost sample out of casing.

Fine to medium SAND, trace fine gravel.

Medium to coarse SAND, trace fine to
medium gravel.



Corporation

OF    3SHEET:   3

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-60

-65

-70

-75

-80

-85

-90

SP-2

SP-2

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 8" casing.

Collected soil sample AS-2 (28-29').

0.0

0.0

Boring completed at 60 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    3

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/27/15

4/27/15

36.33 ft amsl

201750.915 1001840.711

SP-3

34 ft bgs

Mark Schock

Glacier Drilling

SP-3

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample AS-3 (34-35').

Moist

2.0

3.2

1.3

2.1

1.8

4.5

6.7

2.4

0.6

0.2

0.3

0.6

1.1

6.4

8.9

14.6

1.6

2.8

6.0

22.2

10.3

ML

GM

SW

SW

SW

Light
brown

Brown

100

100

100

100

100

1

2

3

4

5

Medium dense

Loose

Vactron cleared boring 0-5'.

SILT, some fine sand, trace fine gravel.

Fine to medium SAND, some silt, fine to
medium gravel and cobbles.

Fine to medium SAND, trace to some
fine gravel and silt.

with some cobbles 15-20' bgs.

Fine to medium SAND, trace to some silt,
fine to medium gravel and cobbles.
PCE-like odor 23.5-25' bgs.



Corporation

OF    3SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

SP-3

SP-3

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample AS-3 (34-35').

Wet

1.5

14.4

9.1

24.9

8.1

9.2

10.4

12.0

122.9

113.6

2.7

2.8

8.8

6.3

0.0

0.1

0.1

1.2

0.3

---

---

---

---

---

0.0

0.0

0.0

0.0

0.0

0.1

0.0

0.0

SW

SW

SW

SW

SW

SW

100

50

100

6

7

8

Medium dense

Loose

Fine to medium SAND, trace fine gravel.

Fine to medium SAND, trace to some silt,
fine to medium gravel and cobbles.

Fine to medium SAND, some fine and
coarse sand, trace fine gravel.

Fine to medium SAND.

Fine to medium SAND, trace fine gravel.

Lost sample out of casing.

Fine to medium SAND, trace coarse
sand and fine to medium gravel



Corporation

OF    3SHEET:   3

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-60

-65

-70

-75

-80

-85

-90

SP-3

SP-3

Boring advanced with a track-mounted GeoProbe 8140 LS Sonic drilling rig using 6" casing.

Collected soil sample AS-3 (34-35').

0.0

0.0

SWMedium to coarse SAND, trace fine to
medium gravel.

Boring completed at 60 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    2

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/29/15

4/29/15

35.70 ft amsl

201757.595 1001870.573

SVE-1

Not Encountered

Mark Schock

Glacier Drilling

SVE-1

Boring advanced withGeoProbe 8140 LS Sonic sdrilling rig using 6" casing.

Collected soil samples SVE-1 (8-9') and SVE-1 (23-24').

Moist28.2

27.3

32.9

56.4

15.1

6.0

15.5

7.2

9.6

5.3

4.1

8.3

3.6

13.3

15.5

86.9

166.7

86.0

362.0

211.3

167.7

FILL

SW

SW

SW

Yellow
brown

Brown

100

100

100

100

100

100

100

1

2

3

4

5

6

Medium dense

Loose

Vactron cleared boring 0-5'.

SILT and fine SAND, trace fine to
medium gravel (fill). Cobble 8-8.5'.

Fine to coarse SAND, trace to some silt
and fine to medium gravel.

Fine to medium SAND, trace fine gravel.

Fine to medium SAND, some fine to
medium gravel, trace silt and cobbles.



Corporation

OF    2SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

SVE-1

SVE-1

Boring advanced withGeoProbe 8140 LS Sonic sdrilling rig using 6" casing.

Collected soil samples SVE-1 (8-9') and SVE-1 (23-24').

120.2

Boring completed at 27 ft bgs.



* POCKET PENETROMETER READING

TEST BORING LOG

PROJECT/PROJECT LOCATION:

CLIENT:

BORING CONTRACTOR:

DEPTH

SHEET:   1 OF    2

Corporation

FEET NO.
USCS

GROUNDWATER:

DATE TIME LEVEL TYPE TYPE

DIA.

WT.

FALL

CAS. SAMPLER CORE TUBE

STRATA BLOW

COUNT

REC%

RQD%
COLOR

CONSISTENCY

HARDNESS

MATERIAL

DESCRIPTION
REMARKSPID

SOIL

ROCK

SAMPLE

11176390.00005

BORING NO. :

JOB NO. :

NORTHING: EASTING:

GROUND ELEVATION:

DATE STARTED:

DATE FINISHED:

DRILLER:

GEOLOGIST:

REVIEWED BY: T. Burmeier

New York State Department of Environmental Conservation

Former Klink Cosmo Cleaners - Pilot Study

BORING NO. :

COMMENTS:

0

-5

-10

-15

-20

-25

J. Boyd

4/28/15

4/28/15

36.52 ft amsl

201747.807 1001836.494

SVE-2

Not Encountered

Mark Schock

Glacier Drilling

SVE-2

Boring advanced withGeoProbe 8140 LS Sonic sdrilling rig using 6" casing.

Moist4.3

5.7

1.5

--

--

0.3

1.7

1.4

0.9

0.8

1.7

5.4

3.0

2.0

3.4

2.2

2.8

3.4

4.7

4.9

5.1

FILL

SW

SW

Brown60

100

100

100

1

2

3

4

Medium dense

Loose

Vactron cleared boring 0-5'.

SILT and fine SAND, trace fine gravel
(fill).

Fine to coarse SAND, trace to some silt,
fine to medium gravel and cobbles. Lost
the 8-10' sample.

Fine to medium SAND, some fine to



Corporation

OF    2SHEET:   2

JOB NO. :

BORING NO. :

CLIENT:

TEST BORING LOG

USCS
MATERIAL

REC %

NO.

DEPTH

FEET
STRATA

SAMPLE

BLOW

COUNT
RQD %

COLOR
DESCRIPTION

SOIL

CONSISTENCY

ROCK

HARDNESS

PID REMARKS

New York State Department of Environmental Conservation 11176390.00005

Former Klink Cosmo Cleaners - Pilot StudyPROJECT:

BORING NO. :

COMMENTS:

-30

-35

-40

-45

-50

-55

SVE-2

SVE-2

Boring advanced withGeoProbe 8140 LS Sonic sdrilling rig using 6" casing.

10.2medium gravel.

Boring completed at 27 ft bgs.



 

 

 

 

 

ATTACHMENT D 

SVE PILOT TEST MATERIALS AND EQUIPMENT LIST AND 

SPECIFICATIONS 

  



SVE Pilot Test Equipment List 

 

One (1) Mobile Soil Vapor Extraction Unit 

Eight (8) Vapor-Phase Activated Carbon Vessels (55-gallon/250 pound drums) 

One (1) Combination Photoionization/Flame Ionization Detector 

Three (3) Temperature gauges w/ ½-inch NPT fitting 

Seventeen (17) Summa canisters 

Four-Hundred (400) feet of 2-inch hose 

Fourteen (14) compound vacuum/pressure gauges 

Fourteen (14) ¼-inch bronze threaded nipples 

Fourteen (14) ½-inch x ¼-inch bronze reducers 

Fourteen (14) ½-inch ball valves 

Twenty-eight (28) ½-inch bronze threaded nipples 

Twelve (12) 2-inch diameter well seals 

Twenty-eight (28) feet of ½-inch threaded bronze pipe 

Twelve (12) 1-1/4-inch PVC NFT plugs 

Eight (8) 2-inch x 1-inch rubber reducers 

Two (2) 2-inch diameter thread to 2-inch cam and groove f-adapters 

Two (2) 2-inch diameter threaded PVC couplings 

Two (2) 2-inch diameter threaded PVC Schedule 80; 90-degree elbows 

Two (2) ½-inch ball valves with hose barbs 

Four (4) 2-inch diameter threaded PVC Schedule 80 nipples 

Four (4) feet of 2-inch diameter Schedule 80 pipe 

Two (2) 4-inch diameter well seals 



























Construction

• Standard Restroom

• Porta-Water System

• Temporary Fencing

• Deluxe Restroom

• Hi Rise Restrooms

• Hitch-N-Go Trailers

• ADA Accessible Restroom

• Wastewater Holding Tanks

• Other Restroom Solutions

• Lookout Guard Stations

• Liquid Waste Hauling, Pumping and 
Maintenance

Special Events

• Standard Restroom

• Celebrity Restroom

• Luxury Restroom Trailers

• ADA Accessible Restroom

• Hand Washing Solutions

• Barricade Fencing

• Temporary Fencing

Additional Services

• Non-Potable Water Supply

• Trash Receptacle Boxes

• Hand Sanitizer Stands

• Hi Rise Slings

• Containment Trays

• RV & Boat Waste Removal

• Restroom Attendants

• Baby Changing Stations

Temporary Fencing for Construction Sites or Seasonal Businesses

Johnny On The Spot, leader in portable toilet rentals in NJ, NY and PA, now 
offers Temporary Fencing

NJ's finest portable restroom company now provides Temporary Fencing for security and safety 
at your construction site.

For Job Starts, choose the best Temporary Fencing in NJ and make it a one-
stop with Johnny On The Spot.

• Choose from 6'X12' and 8'X10' surface mounted panels (all required hardware included) with or 
without sand bags, privacy screens and/or gates

• Our durable high-quality chain link fencing minimizes customer liability damage risk*

• Not sure what you need? One of our representatives will conduct a no cost inspection** of your 
site and advise you on the best Temporary Fencing solution for your unique situation

Our Temporary Fencing rentals

save you money without 
sacrificing quality or service.

• Receive amazing bundle 
discounts on portable restrooms 
with Temporary Fencing at the 
same site!

• No long-term contracts for 
rentals; one month minimums 
with pay-as-you-go pricing means 
you never pay for more than you 
need - no lump sum quotes, no surprises

• Save money with a 15% discount on 12 month pre-paid rentals

• Fair rental policies: 50% final month rent refunded if fencing removed before the 15th

• Free site inspection/measurement performed by a Johnny On The Spot technician**

*No damage waiver offered on Temporary Fencing

**Free site inspection/measurement applies only if order is 
placed

Customers who use our Temporary Fencing also use: 

• Standard Restrooms

• ADA Restrooms

• Portable Water Systems for Trailers

Page 1 of 2Temporary Fencing Rentals in NJ NY & PA

7/29/2015http://www.johnnyonthespot.com/temporary_fencing.php



PCE TCE

Well No. Soil Vapor Concentration (µg/M
3
) Soil Vapor Concentration (µg/M

3
)

 6/2011  3/2012 Average  6/2011  3/2012 Average

SG-49 13100000 5140000 9120000 230000 70700 150350

SG-116 23600000 23600000 67600 67600

SG-84 282000 66200 174100 0 300 150

SG-58 176000 8800 92400 114 8.4 61.2

Average 8246625 54540.3

SVE-1 is approximately 30 feet east from the NE corner of the building

SVE-2 is approximately 70 feet east from the NE corner of the building

SG-116 is approximately 50 south of the NE corner of the building

SG-58 is approximately 220 feet east of the NE corner of the building

If we assume a radius of influence (ROI) of approximately 30 feet, SG-116 and SG-58 are well outside of our ROI.

Therefore, the concentrations at these monitoring points will not be used to determine carbon useage.

PCE TCE

Well No. Soil Vapor Concentration (µg/M
3
) Soil Vapor Concentration (µg/M

3
)

 6/2011  3/2012 Average  6/2011  3/2012 Average

SG-49 13100000 5140000 9120000 230000 70700 150350

SG-84 282000 66200 174100 0 300 150

Average 4647050 75250

Parameter Units

inches HG 5 10 15 20 23

SVE-1 SCFM 360 345 330 320 300

PCE 3.133 3.003 2.872 2.785 2.611 14.404 (lbs)

MW=166 

TCE 0.051 0.049 0.047 0.045 0.042 0.233 (lbs)

MW=131.4

Total Mass Removed during SVE-1 Step Test ( ~ 2 hours) 14.637 (lbs)

PCE 10.444 (lbs)

MW=166 

TCE 0.169 (lbs)

MW=131.4

Total Mass Removed during SVE-1 & SVE -2 Constant Rate Test ( ~ 2 hours) 10.613 (lbs)

Total Mass Removed during SVE-1 Step Test ( ~ 2.5 hours) 14.637 (lbs)

Assume Step Test for SVE-2 will be the same as SVE-1 (~ 2.5 hours) 14.637 (lbs)

Assume SVE-1 and SVE-2 combined Step Test is the same as SVE-1 (~2.5 hours) 14.637 (lbs)

Total Mass Removed During Constant Rate Test (2 hours) 10.613 (lbs)

Total Mass Removed During SVE Pilot (over ~ 9.5 hours) 54.524 (lbs)

Parameter Units

inches HG 23 23 23 23 23

SVE-1 & -2 SCFM 300 300 300 300 300

SP Air Flow 25 50 75 100 125

PCE 2.611 2.611 2.611 2.611 2.611 13.055 (lbs)

MW=166 

TCE 0.042 0.042 0.042 0.042 0.042 0.211 (lbs)

MW=131.4

Total Mass Removed during SP-1 Step Test ( ~ 2.5 hours) 13.266 (lbs)

PCE 10.444 (lbs)

MW=166 

TCE 0.169 (lbs)

MW=131.4

Total Mass Removed during SP Constant Rate Test ( ~ 2 hours) 10.613 (lbs)

Total Mass Removed during SP-1 Step Test ( ~ 2.5 hours) 13.266 (lbs)

Assume SP-2 Step Test will yield the same as SP-1 (~ 2.5 hours) 13.266 (lbs)

Assume SP-3 Step Test will yield the same as SP-1 (~ 2.5 hours) 13.266 (lbs)

Assume SP-1 & SP-2 Combined Step Test will yield the same as SP-1 (~ 2.5 hours) 13.266 (lbs)

Assume SP-1 & SP-3 Combined Step Test will yield the same as SP-1 (~ 2.5 hours) 13.266 (lbs)

Assume SP-2 & SP-3 Combined Step Test will yield the same as SP-1 (~ 2.5 hours) 13.266 (lbs)

Assume SP-1, SP-2, & SP-3 Combined Step test is the same as SP-1 (~ 2.5 hours) 13.266 (lbs)

Total mass removed during SP-1, SP-2, SP-3 Constabt Rate Test (2 hours) 10.613 (lbs)

Total Mass Removed During SP Pilot (over ~ 19.5 hours) 103.476 (lbs)

Total Anticipated Mass Removal During Pilot Study 157.999 (lbs)

SVE Step Test - - Mass recovered/30 min. intervals = (µg/M
3
)(g/1000000 µg)*(M

3
/35.315 ft

3
)*(SCFM*60 mim/hr/2)/(453.59 g/lb)

SVE Constant Rate Test - - Mass recovered/120 min. intervals = (µg/M
3
)(g/1000000 µg)*(M

3
/35.315 ft

3
)*(SCFM*60 mim/hr*2)/(453.59 g/lb)

SP Step Test - - Mass recovered/30 min. intervals = (µg/M
3
)(g/1000000 µg)*(M

3
/35.315 ft

3
)*(SCFM*60 mim/hr/2)/(453.59 g/lb)

SP Constant Rate Test - - Mass recovered/120 min. intervals = (µg/M
3
)(g/1000000 µg)*(M

3
/35.315 ft

3
)*(SCFM*60 mim/hr*2)/(453.59 g/lb)

SP Constant Rate Tests @ 300 SCFM

Mass 

Recovered 

(lb/120 min)

Mass 

Recovered 

(lb/120 min)

Anticipated Performance of Pilot Study

Anticipated Performance of Pilot Study

SP Step Tests @ 300 SCFM

Mass 

Recovered 

(lb/30 min)

Mass 

Recovered 

(lb/30 min)

SVE Constant Rate Tests @ 300 SCFM

Mass 

Recovered 

(lb/120 min)

Mass 

Recovered 

(lb/120 min)

Soil Vapor Concentrations in Area of Pilot Study

Former Klink Cosmo Site

Contaminant Concentration to Determine Carbon Useage

Mass 

Recovered 

(lb/30 min)

Mass 

Recovered 

(lb/30 min)

SVE Step Tests

Contaminant (PCE& TCE) Mass Removal During Pilot Study



 

 

 

 

 

ATTACHMENT E 

AIR SPARGE PILOT TEST MATERIALS AND EQUIPMENT 

LIST AND SPECIFICATIONS 

  



AS Pilot Test Equipment List 

 

One (1) Mobile Air Sparge Unit 

Twenty-eight (28) Summa canisters 

Six-Hundred (600) feet of 1-inch hose 

Three (3) 1-inch diameter thread to 1-inch cam and groove f-adapters 

Three (3) 1-inch diameter threaded PVC Schedule 80; 90-degree elbows 

Three (3) 1-inch diameter threaded Schedule 80 PVC nipples 

Three (3) 1-1/4-inch x 1-inch PVC reducers  

Six (6) feet of 1-1/4-inch diameter Schedule 80 PVC pipe 

Three (3) compound vacuum/pressure gauges   

Three (3) ¼-inch bronze threaded nipples 

Three (3) ½-inch x ¼-inch bronze reducers 

Three (3) ½-inch ball valves 

Six (6) ½-inch bronze threaded nipples 

Three (3) 2-inch diameter well seals 

Six (6) feet of ½-inch threaded bronze pipe 

 







 

 

 

 

ATTACHMENT F 

SVE FIELD FORMS 

  



Klink Cosmo - Soil Vapor Extraction Pilot Test

Well:
Date:
Personnel:

Time
Manifold At At

To Vapor At Manifold Before After
Extraction Phase Extraction to Well At At At At At At At At At At At At Carbon Carbon At Before 

Well Carbon Well SVE-1 SVE-1 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 Carbon
Units (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F)

Temperature Flow Rates Vacuum/Pressure

SVE-1    Stepped Rate Test

PID Readings



Klink Cosmo - Soil Vapor Extraction Pilot Test

Well:
Date:
Personnel:

Time
Manifold At At

To Vapor At Manifold Before After
Extraction Phase Extraction to Well At At At At At At At At At At At At Carbon Carbon At Before 

Well Carbon Well SVE-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-2 Carbon
Units (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F)

Flow Rates

SVE-2    Stepped Rate Test

Vacuum/Pressure PID Readings Temperature



Klink Cosmo - Soil Vapor Extraction Pilot Test

Well: SVE-1 & SVE-2    Stepped Rate Test
Date:
Personnel:

Time PID Readings
Manifold At At At

To Vapor At Manifold to At Manifold to Before After
Extraction Phase Extraction Well Extraction Well At At At At At At At At At At At At Carbon Carbon At At Before 

Well Carbon Well SVE-1 SVE-1 Well SVE-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (in Hg) (in Hg) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

Flow Rates Vacuum/Pressure Temperature



Klink Cosmo - Soil Vapor Extraction Pilot Test

Well: SVE-1 & SVE-2    Constant Rate Test
Date:
Personnel:

Time PID Readings
Manifold At At At

To Vapor At Manifold to At Manifold to Before After
Extraction Phase Extraction Well Extraction Well At At At At At At At At At At At At Carbon Carbon At At Before 

Well Carbon Well SVE-1 SVE-1 Well SVE-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (in Hg) (in Hg) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

Flow Rates Vacuum/Pressure Temperature



 

 

 

 

 

ATTACHMENT G 

SP FIELD FORMS 

 

  



Klink Cosmo - Air Sparge Pilot Test

Well:
Date:
Personnel:

Time
At

Manifold Vapor At Manifold Manifold Before After
To Phase Air Sparge At Well At Well At At At At At At At At At At At At Carbon Carbon At At Before 

SP-1 Well Carbon Well SP-1 SVE-1 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

Vacuum/Pressure

SP-1   Stepped Rate Test

TemperatureFlow Rates



Klink Cosmo - Air Sparge Pilot Test

Well:
Date:
Personnel:

Time
At

Manifold Vapor At Manifold Manifold Before After
To Phase Air Sparge At Well At Well At At At At At At At At At At At At Carbon Carbon At At Before 

SP-2 Well Carbon Well SP-2 SVE-1 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

SP-2   Stepped Rate Test

TemperatureFlow Rates Vacuum/Pressure



Klink Cosmo - Air Sparge Pilot Test

Well:
Date:
Personnel:

Time
At

Manifold Vapor At Manifold Manifold Before After
To Phase Air Sparge At Well At Well At At At At At At At At At At At At Carbon Carbon At At Before 

SP-3 Well Carbon Well SP-3 SVE-1 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

SP-3   Stepped Rate Test

TemperatureFlow Rates Vacuum/Pressure



Klink Cosmo - Air Sparge Pilot Test

Well: SP-1 & SP-2   Stepped Rate Test
Date:
Personnel:

Time
Manifold At At

To Vapor Air Sparge Manifold Manifold Before After
SP Wells Phase Wells At Well At Well At At At At At At At At At At At At Carbon Carbon At At Before 
SP-1/SP-2 Carbon SP-1/SP-2 SVE-1 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon

Units (scfm) (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

PID Readings TemperatureFlow Rates Vacuum/Pressure



Klink Cosmo - Air Sparge Pilot Test

Well: SP-1 & SP-3   Stepped Rate Test
Date:
Personnel:

Time
Manifold At At

To Vapor Air Sparge Manifold Manifold Before After
SP Wells Phase Wells At Well At Well At At At At At At At At At At At At Carbon Carbon At At Before 
SP-1/SP-3 Carbon SP-1/SP-3 SVE-1 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon

Units (scfm) (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

PID Readings TemperatureFlow Rates Vacuum/Pressure



Klink Cosmo - Air Sparge Pilot Test

Well: SP-2 & SP-3   Stepped Rate Test
Date:
Personnel:

Time
Manifold At At

To Vapor Air Sparge Manifold Manifold Before After
SP Wells Phase Wells At Well At Well At At At At At At At At At At At At Carbon Carbon At At Before 
SP-2/SP-3 Carbon SP-2/SP-3 SVE-1 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon

Units (scfm) (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

PID Readings TemperatureFlow Rates Vacuum/Pressure



Klink Cosmo - Air Sparge Pilot Test

Well: SP-1, SP-2 & SP-3   Stepped Rate Test
Date:
Personnel:

Time
Manifold At At

To Vapor Air Sparge Manifold Manifold Before After
SP Wells Phase Wells At Well At Well At At At At At At At At At At At At Carbon Carbon At At Before 

SP-1/SP-2/SP-3 Carbon SP-1/SP-2/SP-3 SVE-1 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

PID Readings TemperatureFlow Rates Vacuum/Pressure



Klink Cosmo - Air Sparge Pilot Test

Well: SP-1, SP-2 & SP-3   Constant Rate Test
Date:
Personnel:

Time
Manifold At At

To Vapor Air Sparge Manifold Manifold Before After
SP Wells Phase Wells At Well At Well At At At At At At At At At At At At Carbon Carbon At At Before 

SP-1/SP-2/SP-3 Carbon SP-1/SP-2/SP-3 SVE-1 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-44D DEC-31 DEC-31D PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (scfm) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

PID Readings TemperatureFlow Rates Vacuum/Pressure



 

 

 

 

 

ATTACHMENT H 

SCHEDULE 

 

 

 



ID Task Name Duration

1 Klink Cosmo Pilot Test 5 days

2 Mobilization 2 days

3 Soil Vapor Extraction Stepped and Constant-Rate Testing 1 day

4 Air Sparging Stepped and Constant-Rate Testing 1 day

5 Demobilization 1 day

Day -2 Day -1 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Week 1

Task

Split

Milestone

Summary

Project Summary

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration-only

Manual Summary Rollup

Manual Summary

Start-only

Finish-only

External Tasks

External Milestone

Deadline

Progress

Manual Progress

KLINK COSMO PILOT TEST SCHEDULE



ATTACHMENT B 

 

 

SVE/SP PILOT STUDY CALCULATIONS 
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PROJECT: 
SUBJECT: 

Problem: 

J OB NO.: _ 6.:....:0_4......;13=1.:....:26;......_ __ _ 

Klink Cosmo Pilot Study 

MADE BY: J. Lysiak 
CHECKED-----a_ 

BY: · I VY 
- v-1--------

Determine VOC Mass Removal & Radius of Influence 

DA TE: _2=/.:....:9/~2.;;..:0l:c.:6 __ 

DATE: 1/t"!/tr, 
------

Chlorinated solve nts including tetrachloroethylene (PCE) and trichloroethylene (TCE) have 

been detected in soil vapor, soil, and groundwater samples at concentrations significantly above New York State 

SCG values in the vicinity of the Fonner Klink Cosmo Cleaners Site, in Brooklyn, NY. URS performed a soil 

vapor extraction/air sparge (SVE/AS) pilot study adjacent to the Site to obtain data that will be used to determine 

if thjs technology is suitable for fu11her consideration as part of a feasibility study prepared for this Site. 

Background: The Former Klink Cosmo Cleaners Site is located within the Meeker Avenue Plume 

Trackdown Site in vestigation area. Data gathered during investigations indicated that a source of groundwater 

contamination was originating near buildings formerly used by Klink Cosmo Cleaners. Adjacent to the Site, in 

the area where the pilot study was performed, PCE soil gas concentrations exceeded 13,000,000 micrograms per 

cubic meter (µg/M3). 

Objectives : The primary objectives of the SVE/ AS Pilot Test were to: 

Pilot Study: 

• De monstrate PCE and TCE mass reduction and estimate PCE and TCE mass removal rates 

• Develop full-scale SYE design parameter values including radius of influence (ROI), locations 

and depths of extraction wells, intrinsic permeability (k;), system and wellhead tlowrates, and 

vacuum pressures. 

The pi lot swdy was conducted from November 16 through 19, 2015, along the south side of 

Richardson Street near the intersection of Vandervort Avenue between monitoring wells DEC-031 and DEC-

044D. The pilot study generally followed the procedures provided in the New York State Department of 

Environmental Protection (NYSDEC) approved SVE/SP Pilot Study Work Plan dated September 2015. 

Deviations to the approved plan are presented in the Pi/01 Study Reporl. 

As part of the pilot study, two SVE wells (4-inch diameter), three AS wells (2-inch diameter), and four pairs of 

soil vacuum observation wells (OWs, 1-inch diameter) were constructed. Figure I provides the well locations. 

A mobile trailer mounted SYE/AS treatment system (Unit 75), provided by ProAct Services Corporation of 

Southbury, Connecticut was used for the pilot test. Components of the SVE/AS treatment system include: 

• SVE rotary claw blower, capable of 300 acrual cubic feet per minute (acfm) and up to 22-

inches of mercury (Hg) 

• SVE vacuu m manifold equipped with vacuum and flow indicators. throllling valves, and hoses 

C:\Users\John_lysiak\Documents\Mass Removal ROI Cale - Klink Cosmo 2.2016.rev.docx 
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Determine VOC Mass Removal & Radius of Influence 

AS compressor, capable of 125 standard cubic feet per minute (scfm) at 22 psi 

AS manifold equipped with pressure and flow indicators, throttling valves, and hoses 

Two parallel trains of vapor phase carbon vessels, each containing two 200 pound drums 

construct in lead-lag configurat.ion, with sampling points 

SVE Pilot Test Procedures: Step and constant rate tests were performed at various vacuum pressures to 

determine its impact on the formation. Step tests were performed with only SVE-1 online, only SVE-2 online, 

and then both SVE-1 and SVE-2 online at the same time. During these step tests the vacuum pressures were 

increased four times by throuling the valve inside the treatment system's vacuum manifold. Vacuum pressure 

ranged between 2 inches of mercury (Hg) to 7.5 inches Hg (the maximum achievable vacuum) depending on the 

SVE well location and combined operation. 

Four rounds of vacuum pressure measurements were collected at JO to 12 minute intervals at each vacuum 

interval. Vacuum pressures were monitored and recorded inside the treatment unit at the vacuum manifold, 

extraction wells (SVE-1 & SVE-2), observation wells (OW- I , OW- ID, OW-2, OW-20, OW-3, OW-3D, OW-4, 

& OW-4D), and monitoring wells (DEC-31 , DEC-44, & DEC-141). The locations of these wells are shown on 

Figure I . 

The volume of air extracted (standard cubic feet per minute - scfm) was also recorded during each monitoring 

interval. The step test with SVE-1 and SVE-2 was not performed as the throlll ing valve used to bring the 

vacuum pressure up incremental ly could not be adjusted in small enough increments to balance the system and 

accurately record vacuum pressures; even wh ile manipulating the make-up air. 

The constant rate test was performed wi th SVE- l and SVE-2 under full vacuum. Data were collected at 

approximatelylO minute intervals. Vacuum pressures were monitored and recorded inside the treatment unit at 

the vacuum manifold, extraction well s (SVE-l & SVE-2), observation wells (OW- I, OW-ID, OW-2, OW-2D, 

OW-3, OW-3D, OW-4, & OW-4D), and monitoring wells (DEC-3 1, DEC-44, & DEC-J 4 l ). The volume of air 

ex tracted (scfm) was also recorded during each monitoring interval. While conducting the constant rate test on 

November 18, 2015. vacuum pressures at SVE-J ranged from 2.5 to 3 inches Hg and from 0.5 to 2 inches Hg in 

SVE-2. During the constant rate test performed on November 19, 2015, vacuum pressures in SVE-1 ranged 

from 1.25 to 1.5 inches Hg and 2.5 10 2.75 inches Hg in SVE-2. 

C:\Users\John_lysiak\Documents\Mass Removal ROI Cale - Klink Cosmo 2.2016.rev.docx 
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Summa canisters were collected near the beginning and end of each test and analyzed for VOCs using USEPA 

Compendium Method T0-15 .. Field data collected during pilot test is presented on Table 2 - Pilot Study Field 

Data Summary. 

Data Usability: Data collected from each of the 11 tests were used to calculate the mass of VOCs removed. 

However due to equipment malfunctions and intermittent operation of the treatment un it, experienced during the 

first three days of the study, the ROI was based o n field data collected the last day of the study (November 19, 

20 15 - Tests 9, I 0, and 11 ). Figures 2, 3, and 4 present vacuum pressure readings collected in the field during 

the last day of the study. Contours presenting vacuum gauge readings were added to indicate the area influenced 

during the SVE-l and SVE-2 step tests and constant rate test with SVE- 1 and SVE-2 operating at the same time. 

Assumptions: 

• The treatment area surface is impermeable (i.e., no leakage or short circuiting) 

• The stratigraphy o f the formation is relati vely homogeneous 

• The formation has reached equilibrium (i.e., steady-state) during the pilot study 

• Groundwater is at 32 feet bgs 

1. Determination of Mass Removal 

The total mass of voes removed during the Pilot Study can be calculated based on the following equation: 

Mass Re11101·ed = Average Co11ce111ratio11 x Average Floll'ra/e x Opera1ing D11ra1ion 

Table I - Soil Vapor Extraction Pilot Test Analytical Data, is an Excel spreadsheet that presents the results of 

the samples collected during each of the l l field tests. Only compounds that had detectable concentrations are 

included in Table I. The spreadsheet calculates the average concentration for each test by summing the voe 

concentrations, measured in ~tgfM3, from each sample collected during Lhac test divided by the number of test 

samples collected during that test. 

Table 2 - Pilot Study Field Data Summary is an Excel spreadsheet that presents the field data collected during 

each of the 11 tests. The spreadsheet was also used to calculate the average flow rate induced by each extraction 

well by summing the flow flowrates (ft3/min) recorded during each monitoring event and dividing it by the 

number of monitoring events. 

C:\Users\John_lysiak\Documents\Mass Removal ROI Cale - Kl ink Cosmo 2.2016.rev.docx 
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Table 2 was also used to determine the -Operating duration. The start rime and end time for each test is provided 

on the spreadsheets including lapses in operation. The difference between the end and start times for each test, 

including any intermittent lapses in operation, yields the operating duration (minutes). 

T able 3 - Estimate of Mass Removed during the Soil Vapor Extraction Pilot Test, is an Excel spreadsheet that 

provides a summary of the data and calculation used to determine the volume of VOCs removed during each 

test. 

As an example, data generated for Test 1 wi ll be used to present the logic used to develop Table 3. 

Mass Re11101·ed =Average Co11ce11tra1io11 x A 1·erage Flowrate x Operating Duration 

Where: 

Mass Remol'ed (pounds - lb) 

A 1•erage Co11centration (,ug/M3) 

A1•erage Flowrate ifr1!111i11) 

Operating Duration (111i11) 

The average concentration was derived from data presented on Table l. The sum of the detectable VOCs near 

the start of Test I was 1,448,894 µg!M3 and 1,630, 103 µg/M3 near the end of Test I . The average concentration 

of VOCs from samples collected near the start and end of Test I == ( I ,448,894 ~tg/M3 + 1,630, I 03 ~tg/M 3) I 2 == 

1,539,499 ~LgfM3, 

The average flowrate was calculated by summing the flowrates (scfm or fl3/minute) recorded on Table 2. 1 during 

each monitoring event recorded during Test I and dividing it by the total number of monitoring events; 

(58+58+59+59+60+60+60+60+60+60+62+6 l +60+60+6 I +6 1 +60) I 17 == 59.94 ft3/min; say 60 ft3/min. 

Also as shown on Table 2.1 , Test I started at J 930 and ended at 2210, when the power was lost. As such, T est 

1 ·s operating duration is the di fference between the start and end times= 160 minutes. 

The concentration units need to be converted from µg/M3 to Jb/fl3 . Converti ng units: ( 1,539,499 µg/M3) x 

(g/1,000,000 ~1g) x (M3/35.3 I 5 ft3) x (Jb/453.6 g) == 9.6lxl0·5 lb/ ft3. 

The mass of VOCs removed during Test I == (9.6 1 x I 0·5 lb/ft3
) x (60 fl3/min) x ( 160 min) = 0.92 lb 

The mass of VOCs removed during each of the 11 tests was calculated following the logic described for Test I. 

As shown on Table 3, the total mass removed over the 1476 minutes the treatment unit was operated was 5.13 
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pounds. The rate of removal = (5. 13 lb I 1476 mins) x (60 min/hr) = 0.21 lb/hr, or (0.2 1 lb/hr) x 24 hr/day = 5 

lb/day. 

The percentage that PeE and TeE existed in the average total voe concentration was calculated for each of the 

11 tests and used to determine their mass reduction and mass removal rates. The concentration of PeE near the 

start of Test I was 1,420,000 µg/M 3 and 1,610,000 µg/M 3 near the end of Test I. The percentage that PeE 

existed in the average total voe concentration = ( 1,420,000 µg/MJ + 1,6 10,000 µg/M 3 /2 x ( I /1 ,539,499 µg/M 3) 

x 100% = 98.41 %. 

Likewise, the concentration of TeE near the sta1t of Test I was 8,430 µgfM3 and 9,800 µg!M3 near the end of 

Test I. The percentage that TeE existed in the average total voe concentration = (8,430 µg/MJ + 9,800 µg/M3) 

/2 x (1/1.539,499 µgfM3) x 100% = 0.59%. 

The average percentage that PeE and TeE existed in the total average voe concentration was derived by 

adding the percent that each compound existed in the total average concentration for each test d ivided by 11 (the 

total number of tests. The average percentage that PCE was detected in the total average VOC concentration is 

(98.41+95.82+99.22+99.54+99.22+99.27+99.50+99.48+99.65+99.77+99.65)/ 11 x 100% = 99%. 

Likewise, the average percentage that TeE was detected in the total average VOC concentration is 

(0.59+0.35+0.36+0.29+0.43+0.40+0.29+0.28+0.21 +0.23+0.23) I 11 x I 00% = 0.33%. 

Using these average percentages, the total mass of PeE removed during the pilot study is 5.13 lb x 99% = 5. l 

lbs. The total mass of TeE removed during the pilot study is 5.13 lb x 0.33% = 0.017 lbs. 

The rate of removal for PeE is 5 lb/day x 99% = 4.95 pound/day (or 0.21 lb/hour) and the rate of removal for 

TCE is 5 lb/day x 0.33% = 0.016 lb/day (or 6.8 x I 0-1 lb/hour). 

2. Deterntination of Radius of Influence (ROI) 

The ROI is the furthest distance from the extraction well that soil and soil gas can be successfully treated by 

SVE. l t is determined by placing a vacuum on the extraction well and measuring the vacuum that is achieved in 

nearby monitoring points. and then extrapolating the distance to a point where there is no influence. For the 

purposes of this calculation, !he pressure at the farthest ROI dis tance was set at I % of the vacuum measured in 

the SVE wells. 

The ROI (Ri) can be be calculated by solving the following equation for R;: 
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(Ref l - Eq. V./.2) 

Data presented on Tables 2.9 and 2.10 js believed to be the most reliable and more closely reflects steady-state 

conditions when compared to other data. As shown on Tables 2.9 and 2. 10 vacuum pressures were increased 

over four increments by throttling a valve inside the treatment unit. Four sets of data were collected, at 

approximately ten minute intervals, at each of the four increments. Data collected from the last round for each 

increment (shaded data) was used to estimate the ROI as it reflects the greatest amount of time that the formation 

had 10 reach steady-state conditions. 

Calculated ROI Estimation: 

The following equation was used to calculate the ROI. 

Pr1 - P,.J = (PR/1 - Al) (In (r I Rw)/ /11 (Ri I Rw) (Ref l -Eq. V.1.2) 

Where: 

Pr= Pressure at distance r from the extraction well (atm) 

Pw = Pressure at the extraction well (atm) 

PR/ = Pressure at radius of innuence (atm) 

r = radial distance from extraction well moni toring point (fl) 

Ri = Radius of influence (ft) - to be determined 

Rw = Rad ius of extraction well (ft) 

Vacuum pressure gauge readings collected at the monitoring points (SVE, OW, and DEC wells) during the last 

round of each increment on November 19, 2015 (shown on Tables 2.9 and 2.JO - shaded) were converted to 

atmospheric pressures (shown as Pr Values on the 4 series tables). This was done by multiplying the gauge 

vacuum pressure ( inches H 20 ) by (0.00246 atmospheres/ inch H20) then subtracting the result from l 

atmosphere. Vacuum pressure gauge readings collected at the SVE wells were also converted to atmospheric 

pressures (Pw) using the same calculation. 

PRI pressure at the radius of influence was assumed to be l % of the vacuum pressure at the SVE well ; derived 

by multiplying the gauge reading at SVE ((inches H20) by (0.00246 atmospheres/ inch H20) and (0.0J) then 

subtracting the result from I atmosphere. 
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Tables 4. I through 4.3 present the data and the results for calculating the ROI using SVE- I as an extraction point 

at vacuu m pressures of 32, 40, and 45 inches of H20, respectfu lly. T ables 4.4 through 4.7 present the data and 

the results for calcu lating the ROI using SVE-2 as an extraction point at vacuum pressures of I 9, 27, 35, and 40 

inches of H20, respectively. 

Using the attached spreadsheets (series 4 tables - Calcu lation of ROI at SVEs) the above equation was solved for 

Ri. This was an iterative process. Various values of Ri were substituted in the equation until the right side of the 

equation approximately equaled the left side of the equation. As shown on the 4 series tables, an Ri was 

calcu lated for each of the eleven tests except for Test 1 where the vacuum pressure in SVE-1 was 30.5 inches 

H20. 

Average ROis, using SVE-1 as the extraction well, range between 31.3 ft to 31.9 ft. The average ROI induced 

by SYE- I is approximately 32 ft. 

Average ROls, using SVE-2 as the extraction well, range between 37 .3 ft to 38.9 ft. The average ROI induced 

by SVE-2 is approximately 38 ft. 

ROis extrapolated using data collected from the monitoring wells closest to the extraction wells (OW-I and OW-

2 for SVE-1 and OW-3 and OW-4 for SVE-2) provided the lowest ROis. Conversely, ROis extrapolated from 

data collected from monitoring wells the farthest from the extrnction wells (DEC-44 for SYE-1 and DEC-31 for 

SYE-2) provided the greatest ROis. 

Eliminating OW-I and OW-2 wells from the SVE-l calculations raises the average ROI from 32 ft to 40 ft. The 

average ROI induced by SYE-2 is approximately 38 ft. Eliminating OW-3 and OW-4 data from the SYE-2 

calculations, Tables 4.4 through 4.7, raises the average ROJ from 38 ft to 48 ft. 

The vacuum contours shown on Figures 2 (SYE-1 operating at 45 inches H20) indicate that the ROI extends 

approximately 64 feet to the west and at least 26 feet to the east wi th a vacuum pressure of 0.75 inches H20 at 

the fringe of the ROI. Figure 3 (SVE-2 operating at 39.5 inches H20) indicates that the ROI extends 

approximately 39 feet to the west and 66 feet to the east w ith a vacuum pressure of I inches H20 at the fringe of 

lhe ROI. The calculation used to estimate the ROJ uses l % of the vacuum pressure observed in the SYE well as 

the outer limit of the ROJ. This would provide a vacuum pressure at the fringe of the ROI created by SVE-J of 

0.45 inches H20 and 0.40 inches 1-1 20 for SYE-2, extending the limits of the ROI in both cases. 

Based on the vacuum pressure contours presented on Figures 2 and 3 and the calculated values, an ROJ of 40 ft 

wi ll be used to design the SVE/AS treatment system. 
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3. P reliminary Locations and Depths of Perimeter Source Area Extraction Wells 

Since the treatment area in the warehouse building is not yet defined, we modeled the design criteria to provide 

treatment only around the perimeter of the source area (north-east section of the warehouse building). Based on 

an ROI of 40 feet, three additional extraction well s will be installed on the sidewalk adjacent t.o the former Klink 

Cosmo building co remediate the Site. One of the additional extraction wells will be installed near the 

intersection of Richardson Street and Vandervort Avenue and the remaining two extraction wells wil l be 

installed south of the intersection approximately 40 feet away from each other . Figure S provides the locations 

of the existing and proposed extraction v.'el Is. 

The screened interval of the new extraction wells will be increased from IO to IS feet. 

4. Determination of the Intrinsic Permeability (k) 

The intrinsic permeability, the measurement for the abiliry of fluids to pass through soils, will be obtained from 

the definition of sa!Urated hydraulic conductivity using the following equation: 

Where: 

K = k; (pg)/ p 

K = Hydraulic Conductivi ty (emfs) 

k; = Intrinsic Permeability (cm2
) 

p = Fluid Density (g/cm3
) 

g = Acceleration due lo gravity (cm/sec2) 

11 = Viscosity of fluid (g/s-cm) 

Air permeabi lity and intrinsic permeability is expressed as: 

Where: 

Where: 

k = k; * k,.,, 

k = Air Permeability (cm/s) 

k; = Intrinsic Permeability (cm2
) 

k,,, = Relative Permeability to A ir 

k"' = ( 1-S,)2 * ( 1-S, 2+;/;) 

Se= Effecti ve Water Saltlration 
C:\Users\John_lysiak\Documents\Mass Removal ROI Cale · Kl ink Cosmo 2.2016.rev.docx 
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A= Brooks-Corey Pore Size Distribution Index 

The effective water saturation observed during the pilot test was 0.0. No moisture was detected in the piping or 

the treatment unit's knock-out tank. As such. kra = I and k = k;. 

With the estimate of water content, residual water saturation, capillary pressure head-saturation and saturated 

hydraulic conductivity, air permeability can be calculated as: 

k; = ( I-SJ* ( 1-S, l+i!L) * (Kp I pg) (Ref2 - Appendix D, Eq. D-5) 

or k; = Kp I pg 

The hydraulic conductivity in the shallow overburden soi l ranged from 2.69 x I 0·5 to 4.77 x 10·3 emfs (Ref 3 - RI 

Phase II). The tluid density of water at 60°F is 0.9991 g/cm3 and the viscosity of water at 60°F is l. 14xl0.2 

g/cm-s. Acceleration due to gravity is 980.6 cm/s2 (9.806 mis\ 

Using the upper and lower limits of hydraulic conductivities in the shallow overburdens soils, the intrinsic 

permeability are: 

Using the upper K value k; = ((2.69 x I 0·5 cnlfs) ( l . I 4x 10·2 g/cm-s) I (0.9991 g/cm3
) (980.6 cm/s2

)) 

= 3.13 xJO· IO cm2 

Using the lower K value ki = (( 4.77 x I 0·3 emfs) ( l. l 4x I 0-2 g/cm-s) I (0.999 1 g/cm3
) (980.6 cm/s2)) 

= 5.55 x I o·8 cn,2 

Intrinsic permeability ranges between 3.13 x10·10 cni and 5.55 x10·8 cm2• 

5. Determination of Extraction Well Flowrates 

The treatment area in the warehouse build ing is not yet defined. We modeled the design criteria to provide 

treatment only around the perimeter of the source area (north-east section of the warehouse building). Since the 

site has an impermeable cover the extraction tlow rate can be calculated as (based on Ref 2 -Eq. 4-2) 

Q,. = Areaxlm. 

'('' 

Where: 

Q1· = volumetric tlow rate at atmospheric pressure, to be determined. 
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Area = desired extent of treatment. The area to be treated is that created by the ROI (n*ROl 2
) = 5,024 

ft2. T he ROi s will intersect each other as the SYE wells will be spaced 40 apart. As such the total 

treatment area encompassed by the five SVE wel Is wi 11 total approximate! y 18, I 00 ft2 (see Figure 5). 

b = vadose zone thickness which represents distance from the surface to the water table; 32 feet. 

11a = air-fil led porosi ty of the soil. The subsurface of the site is mainly compri sed of fine, medium, and 

course sand, with some gravel. A clayey silt layer exists near the surface. For a poorly graded sand 

mixture, an average ai r-filled porosity of 0.24 was assumed. (Reference 4) 

t,x = time required for one pore volume exchange 

An extraction rate of two pore volumes per day will be assumed. Therefore. t0 , == 12 hours= 720 minutes. 

Substituting into the equation: 

Q = (18,l00ft
2
X}2ft)(0.24) = 193ji .1 /min 

' (720min) 

This w il l be the total flow rate from five extraction wells. Assuming that the subsurface condi tions are relatively 

homogenous, the flow from the wells is assumed to be proportional to the length of screen in each well. 

The screen length in the additional wells will be increased from 10 to 15 feet. The flow from each well is 

estimated to be: 

( IO fl I 65 ft total)( 193 scfm) = 30 scfm 

( l 5 ft I 65 ft total)( 193 scfm) = 45 scfm 

To be conservati ve, all wells will be designed for an extraction flow rate of 45 scfm. SYE systems and controls 

are typically not precise enough to more accurately control the flow from individual wel ls. At 45 scfm per well, 

the total extraction rate is 225 scfm. 

6. Determination of Extraction Well Vacuum 

Ref. I (eq. V.1.5) presents the following equation that will be used to estimate wel l vacuum: 

Q = H(!lk. J[ P,,, ][,-(PR, )
2

] 

'' µ ln(R., IR,) P.. 
(Ref 1 - Eq. V. /.5) 
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Where: 

Qw = flow rate from the well, assumed to be 45 scfm 

H = the screened interval of the extraction well, assumed to be 15 ft screen 

k = intrinsic permeabi lity. calculated between 3.13 x I 0·10 cm2 and 5.55 x I o·8 cnl 

p = viscosity of air, 0.0 181 centipoise 

Pw = absolute pressure at the extraction well , value to be determined (g/cnrs2
) 

PR, = absolute pressure at the ROI, assumed to be 0.5 inches H20 

R ... = Radius of the vapor extraction wel l. 2 inches 

R1 = Radius of influence where the vacuum is equal to 0.5 inches H20 , assumed to be 40 ft 

Converting uni ts: 

Qw = (45 ft3/min) (min/60 s) (28,3 l 7cnl lft3
) = 2 1,238 cmJ/s 

H = ( 15 ft) (30.48 cm/ft) = 457 cm 

µ = (0.0 181 centipoise) (0.01 g/cm s/centipoise) = 1.81 x l0-4g/cm-s 

P R, = 1.0 Ix I 06 g/cm·s2 
- (0.5 inches H20 )(ft/12 inches)( l .Ol x I 06 g/cm s2

) I 33.91 ft H20 ) 

= 1.008.759 g/cm·s2 

Rw = (2 inches) (2.54cm/inch) = 5.08 cm 

R1 = ( 40 ft) (30.94 cm/ft) = 1,21 9 cm 

The intrinsic permeabil ity of 5.55x I 0-8 cm2 was used to determine the pressure at the SVE well as it appears to 

be more in the range of acceptable publ ished values for semi-pervious soils (mi xture of sand , gravel silt, loam). 

(Ref 5- Wikipedia). 

21.238 = 457(3.14(5.55x l0-s )J[ P,.. J[i-( l,008,759J
2

] 

1.8 l x l o-~ I n(5.08 I 1.219) P .. 

Using the attached spreadsheet (Table 5 - SVE Well Vacuum) the above equation was used to solve for Pw; an 

iterative process. Various values of Pw were substituted in the equation unti l the right side of the equation 
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approximately equaled the left side of the equation. As shown on Table 5 this yields a result of 885, 100 g/cm·s2. 

Now, converting back to vacuum: l.Ol0xl06 
- 885,100 = 124,900 g/cm·s2 

Converting units: ( 124,900 g/cm·s2
) x (33 .91 ft H20 I l.010xl06 g/cnrs2

) x ( 12 in. H20/ft) = 50.2inches H20 

The vacuum in the extraction wells wil l be at least 50.2 inches, say 50 inches H20. 

7. SVE System - Conceptual Design 

The design of the SVE system will be based on published values and equations for the estimation of SYE design 

parameters. 

A total of live SVE wells will be used to remediate the area. As with the two existing SYE wells, the three 

add itional wells will be constructed of 4-inch diameter slotted PVC and extend to a depth of approximately 27 

feet below grade (approximately 5 feet above the water table) to minimize infiltration of water. Proposed well 

locations are shown on the Figure 5. 

The screened interval of the new extraction wells will be increased from LO to 15 feet. 

Based on the above calculations, the design parameters for the SYE system are a total flow rate of 225 scfm and 

a vacuum of250 inches H20. 
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Table 1     Soil Vapor Extraction Pilot Test Analytical Data - Detections Over Laboratory Reporting Limits

SVE-01 SVE-01 SVE-02 SVE-02 SVE-02 SVE-02

SVE-01-START SVE-01-END SVE-02-START-R1 SVE-02-END-R1 SVE-02-START-R2 SVE-02-END-R2

Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas
- - - - - -

11/16/15 11/16/15 11/16/15 11/16/15 11/16/15 11/17/15

Parameter Units (2-2) (3-3) (4-4)

Volatile Organic Compounds

1,2-Dichloroethene (cis) µg/M³ 5,960 6,520 1,430 666 J 952 J 1,190 J

Acetone µg/M³ 6,560 18,400 3,760 1880

Carbon tetrachloride µg/M³ 554 J

Chloroform µg/M³ 703J 293 J

Methyl ethyl ketone (2-Butanone) µg/M³ 7,390 3,080 22,200 3,930 2020 743 J

Tetrachloroethene µg/M³ 1,420,000 D 1,610,000 D 550,000 D 718,000 D 773,000 D 848,000 D

Toluene µg/M³

Trichloroethene µg/M³ 8,430 9,800 3,160 1,480 2580 3290

Total VOCs µg/M³ 1,448,894 1,630,103 595,483 727,836 780,432 853,223

Average Total VOCs µg/M³

PID / FID Measurements ppm

Flags assigned during chemistry validation are shown.

Test 3
Location ID
Sample ID

1,539,499 661,660 816,828

Matrix
Depth Interval (ft)

Date Sampled

Test 1 Test 2
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Table 1     Soil Vapor Extraction Pilot Test Analytical Data - Detections Over Laboratory Reporting Limits (Continued)

SVE-02/AS-02 SVE-02/AS-02 SVE-02/AS-03 SVE-02/AS-03 SVE-02/AS-03 SVE02/SP02/SP03 SVE02/AS02/AS03

Location ID SVE-02/AS-02 
START

SVE-02/AS-02 END SVE-02/AS-03A 
START

SVE-02/AS-03B 
START

SVE-02/AS-03 END SVE-02/SP-02/SP-03 
START

SVE-02/AS-02/AS-03 END

Sample ID Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas

Matrix - - - - - - -
Depth Interval (ft) 11/17/15 11/17/15 11/17/15 11/17/15 11/17/15 11/17/15 11/17/15

Date Sampled Units (2-2) (2-2) (3-3)

Volatile Organic Compounds

1,2-Dichloroethene (cis) µg/M³ 1,430 J 1,520 1,670 1,310 1,470 2,050 412 J

Acetone µg/M³ 812

Carbon tetrachloride µg/M³

Chloroform µg/M³ 527 J 410 J 469 J 674

Methyl ethyl ketone (2-Butanone) µg/M³ 708 J 708 J 602 J 301 J

Tetrachloroethene µg/M³ 1,520,000 D 975,000 D 1,020,000 D 647,000 D 670,000 D 1,210,000 D 301,000 D

Toluene µg/M³                               610                                   1,990 

Trichloroethene µg/M³ 3,870 3,350 3,870 2,970 3,390 5,090 946

Total VOCs µg/M³ 1,526,008 980,578 1,027,481 651,991 675,939 1,219,804 302,358

Average Total VOCs µg/M³

PID / FID Measurements ppm 890 / 50 490 / 490 680 / 720 620 / 480 850 / 640

Flags assigned during chemistry validation are shown.

1,253,293 785,137 761,081

Test 4 Test 5 Test 6
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Table 1     Soil Vapor Extraction Pilot Test Analytical Data - Detections Over Laboratory Reporting Limits (Continued)

Test 7

SVE-01/SVE-02 SVE1&2/AS2&3 SVE1&2/AS2&3

Location ID SVE-01/SV-02 PRE 
SPARGE

SVE-01/SV-02/AS-02/AS-
03 START

SVE-01/SV-02/AS-
02/AS-03 END

Sample ID Soil Gas Soil Gas Soil Gas

Matrix - - -
Depth Interval (ft) 11/18/15 11/18/15 11/18/15

Date Sampled Units (2-2)

Volatile Organic Compounds

1,2-Dichloroethene (cis) µg/M³ 698 J 730 J 603 J

Acetone µg/M³

Carbon tetrachloride µg/M³

Chloroform µg/M³

Methyl ethyl ketone (2-Butanone) µg/M³

Tetrachloroethene µg/M³ 348,000 D 366,000 D 421,000 D

Toluene µg/M³ 542 J

Trichloroethene µg/M³ 1,030 1,250 946

Total VOCs µg/M³ 349,728 368,522 422,549

Average Total VOCs µg/M³ 349,728

PID / FID Measurements ppm 490 / 350 950 / 1450

Flags assigned during chemistry validation are shown.

395,536

Test 8
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Table 1     Soil Vapor Extraction Pilot Test Analytical Data - Detections Over Laboratory Reporting Limits (Continued)

SVE-01 SVE-01 SVE-02 SVE-02 SVE-01/SVE-02 SVE-01/SVE-02
Location ID SVE-01 START SVE-01 END SVE-02 START SVE-02 END SVE-01/SVE-02 

START
SVE-01/SVE-02 END

Sample ID Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas Soil Gas

Matrix - - - - - -
Depth Interval (ft) 11/19/15 11/19/15 11/19/15 11/19/15 11/19/15 11/19/15

Date Sampled Units (2-2) (2-2) (2-2) (3-3)

Volatile Organic Compounds

1,2-Dichloroethene (cis) µg/M³ 983 888 539 J 571 J

Acetone µg/M³

Carbon tetrachloride µg/M³

Chloroform µg/M³

Methyl ethyl ketone (2-Butanone) µg/M³

Tetrachloroethene µg/M³ 846,000 D 529,000 D 372,000 D 253,000 D 468,000 D 416,000 D

Toluene µg/M³

Trichloroethene µg/M³ 1550 1380 688 J 731 J 1070 946

Total VOCs µg/M³ 848533 531268 372688 253731 469609 417517

Average Total VOCs µg/M³

PID / FID Measurements ppm 890 / 634 1250 / 1530 620 / 700 370 / 400 720 / 730 850 /1280

Flags assigned during chemistry validation are shown.

443563

Test 11

689901

Test 9 Test 10

313209.5
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Tables 2.2 & 2.3 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test

Well: SVE-2    Stepped Rate Test NOTES:

Date: 11/16/2015  
Personnel: MG, JL

Time Flow Rates
Ambient

Manifold To At Manifold AS-2 AS-2 Before After Air
Extraction Extraction to Well At At At At At At At At At At At At Carbon Carbon At Before 
Well SVE-2 Well SVE-2 SVE-2 OW-1 OW-1D OW-4 OW-4D OW-3 OW-3D OW-2 OW-2D DEC-44 DEC-141 DEC-31 SVE-1 PID/FID (PID/FID) SVE-2 Carbon

Units (scfm) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (ppm) (⁰F) (⁰F)

1720 33 -2 -2.5 0 0 0 -0.2 -0.2 0 0 0 0 0 0 0 52 50
1749 38 -3.5 -2 0 0 0 -0.2 -1.5 0 0 0 0 0 0 0 723 60 50
1815 70 -0.4 -2 0 0 0 -0.2 -2 0 0 0 0 0 0 0 60 50
1826 70 -0.3 -2 0 0 0 -0.2 -2 0 0 0 0 0 0 -0.2 >1000 2/ 60 50
1835 75 -0.4 -3 0 0 0 -0.2 -2 0 0 0 0 0 0 -0.2 60 50
1844 75 -0.3 -4.5 0 0 0 -0.2 -2.5 0 0 0 0 0 0 -0.2 60 50

Run Time
(min)

84

Average 60 -1.15 -2.7 0 0 0 -0.2 -1.7 0 0 0 0 0 0 -0.1 59 50

2225 70 -2 -1.5 0 0 0 -0.2 -0.2 0 -0.2 0 0 0 0 0 50
2235 70 -2 -1.5 0 0 0 -0.25 0 0 0 0 0 0 0 0
2245 70 0 -1.5 0 0 0 -0.25 -0.2 0 -0.2 0 0 0 0 0
2255 70 -0.2 -1.5 0 0 0 -0.2 0 0 -0.2 -0.2 0 0 0 -0.2
2300 68 -0.2 -2.5 0 0 0 -0.2 0 0 0 -0.2 0 0 0 -0.2
2310 70 -0.2 -2.5 0 0 0 0 0 0 0 0 0 0 0 0
2320 70 0 -2.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2330 70 -0.2 -2.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2335 71 -0.2 -3.5 0 0 0 0 0 0 0 0 0 0 0 0
2345 70 0 -3.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2355 70 0 -3.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2405 70 0 -3.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2410 70 -0.2 -4.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2420 69 -0.2 -4.5 0 0 0 -0.2 0 0 0 0 0 0 0 0
2430 -0.2 -4.5 0 0 0 -0.2 -0.2 0 0 0 0 0 0 0
2444 69 -0.2 -4.5 0 0 0 -0.2 -0.2 0 0 0 0 0 0 0

Run Time 
(min)
139

Average 70

RESTART SYSTEM FOR SVE -2 STEP TEST

Vacuums / Pressures PID Readings Temperature

shutdown
Lead 145, Lag 135

Lead 160, Lag 126

Test 2

Test 3

J:\Projects\11176390\EXCEL\Klink Pilot Test\Pilot Test Results Nov15 jl.xlsx Tests 2 & 3



Table  2.4 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Air Sparge Pilot Test
NOTES: SVE-2 on @ Max Throttle 1019 reset 1131 shutdown

Well: SP-2   Stepped Rate Test 0945 shutdown 1031 shutdown and reset 1136 shutdown

Date: 11/17/2015 0952 reset 1037 shutdown 1221 shutdown

Personnel: MG, JL 1014 shutdown 1038 reset 1237 stop

Time
 Manifold

Manifold Manifold To Manifold AS-2 AS-2 Before After Ambient
To To Air Sparge At Well To At At At At At At At At At At At At Carbon Carbon At At Before 

SP-2 Well SVE-2 SP-2 SVE-2 AS-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (psi) (in Hg) (psi) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

930 20 63 13.5 -2.5 0.5 -2.7 0 0 -2 -0.5 -1 0 0 -2 -1 -1 0 0 >15000/- 0 45 45 55
956 24 60 12.5 -0.5 0 -3.5 0 0 -1 0 -1 -0.5 -0.5 -1.5 -0.75 -0.75 0 0 >15000/- 0 45 45 55

1005 26 60 12 -2.5 0 -4 0 0 -1 0 -1 0 -0.5 -1.5 -0.5 -0.75 0 0 >15000/- 0 45 45 55
1015 21 60 11.5 -2.5 0.5 -4 0 0 -1 0 -1 0 -0.5 -2 -0.75 -1 0 0 >15000/- 0 45 45 55
1027 40 60 14.5 -2.5 0 -4 0 0 -1 0 -0.5 0 -0.5 -2 -1 -1 0 0 >15000/- 0 45 45 55
1035 40 60 11 -2.5 -4.5 0 0 -0.75 0 SP-2 PVC/FERNCO slipped off -0.5 0 1040 glued new 45 45 55
1123 40 61 17.5 -2.5 0 -4 0 0 -1 -0.5 -1 -1 -0.5 -1.5 -1 -1.5 0 0 -/315 0 45 47 55
1132 43 60 17 -2.5 0 -4 NA NA -1 -0.5 -1 -1 -0.5 -1.5 -0.5 -1.5 NA -0.5 NA NA 45 46 55
1139 40 60 19 -2.5 0 -4 0 0 -1 -0.5 -1 -1 -0.5 -1.5 -1 -1 0 0 >15000/574 0 45 46 55
1215 70 60 26.5 -2.5 0 -4 0 0 -0.75 0 -1 -1 -0.5 -1.75 -0.75 -1 0 0 >15000/680 0 45 46 55
1234 80 60 23.5 -2.5 0 -4 NA NA -0.75 0 -1.5 -1 -0.5 -1.75 -0.5 -1 NA 0 >15000/650 0 45 46 55
1237

Run Time 
(min)
187

Average 40 60

TemperatureFlow Rates Vacuums / Pressures

Stopped System

Test 4
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Table  2.5 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Air Sparge Pilot Test
NOTES: Compressor shut off @ > 40 scfm - Max limit of formation Shut down @ 4:03 pm for TAP

Well: SP-3   Stepped Rate Test Tried increasing flow but motor repeatedly cut out Restart at 4:15 pm

Date: 11/17/2015 Per final sample w/suma can at 540pm Shut down @ 5:45 pm

Personnel MG, JL 21 psi @ SP-3 manifold during sample Retool for SP-2 & SP-3

Time

Manifold Manifold Manifold Manifold AS-2 AS-2 Ambient
To To At To At Back To At At At At At At At At At At At At At At At Before 

SP-3 SVE-2 SP-2 SP-3  SP-3 Gauge SVE-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (psi) (psi) (psi) (psi) (in Hg) (Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (⁰F) (⁰F) (⁰F)

1532 16 60 0.5 15 3 -4 -2.5 0 -0.5 -1 0 -1 -0.5 -0.5 -1.75 -1 -0.5 -0.25 0 890 50 800 540 48 49 45
1542 18 60 0 16 3 -4 -2.5 0 -0.75 -1.5 0 -1 0 -0.25 -1.75 -1 -1 -0.25 0 NA NA NA 0 48 49 45
1550 18 60 0 15 3 -4.5 -2.5 0 -0.5 -1 0 -1.5 0 0 -1.75 -1.5 -0.5 -0.25 0 NA NA NA 0 48 49 45
1555 18 60 0 14.5 3 -4.5 -2.75 0 -0.5 -1 0 -1 -0.25 -0.25 -1.75 -1.5 -0.75 -0.25 -0.25 805 685 850 0 48 49 45
1603 System shut down due to high pressure
1615 30 61 0 24 2.5 -4.5 -2.5 0 -0.5 -1.5 0 -1 -0.25 -0.25 -2 -1.5 -1.5 -0.25 0 490 490 0 0 48 49 45
1625 30 61 0 16 2.6 18.5 -4.5 -2.5 0 -0.5 -1.5 0 -1 -0.5 -0.25 -1.75 -1.5 -1 -0.5 0 470 320 0 0 48 49 45
1639 30 62 0 15 2.6 20 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 0 480 415 0 0 48 49 45
1645 30 61 0 14.5 2.6 21.5 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 0 480 1700 0 0 49 49 45
1650 40 60 0 18.5 2.6 22 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1.25 -0.5 0 420 1900 0 0 48 48 45
1657 41 61 18 2.6 22 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 -0.25 620 740 0 0 48 48 45
1703 40 61 0 17 3 22 -5 -2.5 0 -0.25 -1.5 -0.5 -1.5 -0.25 0 -1.5 -1.5 -1 -0.5 0 470 610 0 0 48 48 45
1709 40 61 0 17 3 22 -5 -2.5 0 -0.25 -1.25 -0.5 -1 -0.25 0 -1.5 -1 -1 -0.5 0 680 720 0 0 47 49 45
1730 40 System shut down due to high pressure
1740 21 Restarted system to collect sample
1745 21 Collected sample & shutdown system

Average 29 61

Test 5

TemperatureFlow Rates
Trains A & B

Vacuums / Pressures

Before
Carbon
PID/FID

(ppm)

Trains A & B
After

Carbon
(PID/FID)

(ppm)
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Table  2.6 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Air Sparge Pilot Test
NOTES: Summa collected at 2020 800

Well: SVE on max throttle 720
Date:
Personnel: David Coulter, Mike Gutman, John Lysiak

Time
Manifold

To Manifold At AS-2 AS-2 After Ambient
SVE-2 To Well Back Well At At At At At At At At At At At At Carbon At At Before 
(scfm) SVE-2 Gauge SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 (PID/FID) SVE-1 SVE-2 Carbon

Units SP-2 SP-3 SP-2 SP-3 (in Hg) SP-2 SP-3 (psi) (Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (⁰F) (⁰F) (⁰F)

1800 10 10 62 8.9 14 -4.5 0.5 2.5 14 -2.25 0 0 -1 -0.5 -0.5 0 -0.5 -1 -0.5 -1 -0.5 0 620 480 0 45 48 45
1819 10 10 61 9.5 12.5 -4.5 0.5 3 14 -2.25 0 0 -1.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 720 560 0 45 47 45
1830 10 10 61 9 11.5 -5 1 3 13.5 -2.25 0 0 -1.5 0 -0.5 0 -0.5 -2 -0.5 -0.5 -0.5 0 710 0 45 48 45
1837 10 10 63 9 11 -5 0.5 3 13.5 -2.25 0 0 0 -0.5 -0.5 0 -0.5 -1 -0.5 -0.5 -0.5 0 710 530 0 45 48 45
1845 15 15 62 9 12 -5 0.5 3 16 -2.5 0 0 0 -0.5 -0.5 0 -0.5 -1 -0.5 -0.5 -0.5 0 740 516 0 45 48 45
1853 15 15 63 9 11.5 -5 0.5 3 16 -2.25 0 0 0 -0.5 -0.75 0 -0.5 -1 -0.5 -0.5 -0.5 0 800 680 0 45 48 44
1902 15 15 63 8.5 11.5 -5 0.5 3 16 -2.25 0 0 0 -0.5 -0.75 0 -0.5 -1 -0.5 -0.5 -0.5 0 720 590 0 45 50 44
1906 15 15 62 8.5 11 -5 0.5 3 16 -2.25 0 0 -0.25 -0.5 -0.5 0 -0.5 -1.5 -0.5 -0.5 -0.5 0 840 700 0 45 49 44
1915 20 20 62 9 12.5 -5 0.5 3 17 -2.25 0 0 -0.25 -0.5 -0.5 0 0 -1.5 -0.5 -0.5 -0.5 0 780 725 0 45 49 45
1921 20 20 63 8.5 12 -5 0.5 3 17 -2.25 0 0 -0.25 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 820 780 0 45 49 45
1928 20 20 62 8.5 11.5 -5 0.5 3 17 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 850 748 0 45 48 44
1934 20 20 63 8.5 11.5 -5 0.5 3 17 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.75 -0.75 -1 -0.5 0 840 730 0 45 49 41
1940 25 25 63 8.5 12.5 -5 0.5 3 18 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.75 -1 -0.5 0 770 620 0 45 48 44
1945 25 25 62 8.5 12.5 -5 0.5 3 18 -2.75 0 0 -0.5 -0.5 -1 0 -0.5 -1.5 -0.5 -1 -0.5 0 700 570 0 45 48 43
1950 25 25 63 8.5 12.5 -5 0.5 3 18 -3 0 0 -0.5 0 -1 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 750 530 0 45 47 43
1954 25 25 62 8 12.5 -5 0.5 3 18 -3 0 0 -0.5 0 -1 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 740 530 0 45 47 43
2003 35 35 62 9.5 15 -4.5 0.5 3 20.75 -3 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 800 590 0 45 48 43
2008 35 35 62 9.5 15 -4.5 0.5 3.5 20.6 -3 0 0 -0.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 850 640 0 45 48 43
2014 35 35 63 9 15.5 -4.5 0.5 3.5 20.6 -3 0 -0.5 -0.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.1 850 640 0 45 48 43
2019 35 35 62 9 14.5 -4.5 0.5 3.5 20.6 -3 0 -0.5 -0.5 -0.25 -0.75 -0.1 -0.5 -1.5 -0.5 -1 -0.5 -0.1 45 48 43

Run Time (Min)
139

Average 21 21 62.3

Test 6
Temperature

Outside At
PID ReadingsFlow Rates

Manifold 
Vacuums / Pressures

SP-2 & SP-3   
11/17/2015

Manifold 
To

(ppm)

Air Sparge

(psi)

To
SP Wells

(psi)
SP Wells

Before
Carbon

(scfm)
Wells 

PID/FID
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Tables 2.7 & 2.8 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test
NOTES:

Well: SVE-1 & SVE-2    Constant Rate Test
Date: 11/18/2015 6:54 Purging SVE-1 and SVE-2
Personnel: MG, JL

Time

At Manifold to Manifold to At AS-2 AS-2
Extraction Well Well Well At At At At At At At At At At At At At At At Ambient
Well SVE-1 SVE-1  SVE-2 SVE-2 AS-3 AS-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-31 DEC-141 SVE-1 SVE-2

Units (scfm) (psi) (scfm) (psi) (in Hg) (scfm) (scfm) (in Hg) (psi) (psi) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (⁰F) (⁰F) (⁰F)

2010 27 28 -2.5 70 61 -0.5 0 0 0 -0.5 -0.5 -0.25 -0.5 -0.25 -0.5 -1.75 -0.5 -0.5 0 490 350 57 60 57

2044 35 11 35 8 -2.5 70 60 -0.5 0 0 -0.25 0 -0.5 0 -0.5 -0.5 0 -2 -0.5 -0.5 0 900 1014 58 60 59

2054 35 11 35 8 -3 69 60 -2 0 0 -0.5 0.25 -0.5 0 -0.25 0 -0.5 -1 -0.5 -0.5 -1.5 900 1013 60 60 60

2104 36 10.5 35 7 -3 70 61 -2 0 0 -0.5 0.5 0.5 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 1140 960 60 60 60

2114 36 10.5 35 8 -3 70 61 -2 0 0 -0.5 0 -0.5 -0.25 -0.5 -0.25 0 -2 -0.5 -0.5 -2.5 60 60 60

2124 36 10.5 35 8 -3 69 61 -2 0 0 0 0.25 -0.25 0 -0.25 0 -0.25 -1.5 -0.25 -0.5 -2.5 1015 900 60 60 60

2134 36 10.5 35 8 -3 70 61 -2 0 0 -0.5 0.25 -0.5 -0.25 -0.25 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 900 800 60 60 60

2144 37 10.5 35 7.5 -2.75 69 61 -2 0 0 -0.5 0 -0.25 -0.25 -0.5 -0.25 -0.25 -2 -0.5 -0.5 -2.5 800 1300 60 60 60

2154 36 10.5 35 7.5 -2.75 70 60 -2 0 0 -0.25 0 -0.25 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 890 1500 60 60 60

2204 37 10.5 35 8 -3 70 61 -2 0 0 -0.25 0 -0.5 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 890 940 60 60 60

2214 37 10.5 35 7.5 -2.75 70 61 -2 0 0 0 0 -0.5 -0.25 -0.5 -0.25 -0.5 -1.75 -0.5 -0.5 -1.5 880 1480 60 60 60

2224 37 10.5 34 7.5 -2.5 69 60 -2 0 0 0 0 -0.25 -0.25 -0.25 -0.25 -0.25 -1.75 -0.5 -0.5 -1.5 870 1100 60 60 60

2234 37 10.5 35 7.5 -2.75 67 61 -2 0 0 0 0 -0.25 -0.25 -0.25 -0.25 -0.75 -1.75 -0.5 -0.5 -1.5 950 1450 61 60 60

2244 45 12 45 9 70 61

Run Time 
(min)
154

Average 36 35 70 61

Temperature

Gauge calibration not low enough
Max Vac 0 w/ both SVE 1 &2 at Max Flow

PID Readings

Manifold

Flow Rates / Pressures Vacuums / Pressures
Tests 7 & 8

Purge duration at Max Flow = 2010-1854 = 76 Minutes (Test 7)

SP-1

After
Carbon

(PID/FID)

Manifold

SP-2
To To

(ppm)

Before
Carbon
PID/FID

(ppm)
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Table  2.9 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test
NOTES: Collected summa @ 1033

Well:
Date: 11/19/2015
Personnel: DC, MG, JL, GK

Time Flow Rates
 Manifold

To At Manifold AS-2 AS-2 After
Extraction Extraction to Well At At At At At At At At At At At At Carbon Before After Ambient
Well SVE-1 Well SVE-1 SVE-1 OW-1 OW-1D OW-4 OW-4D OW-3 OW-3D OW-2 OW-2D DEC-44 DEC-141 DEC-31 SVE-2 SP-2 SP-3 (PID/FID) Carbon Carbon Carbon

Units (scfm) (in H2O) (in Hg) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in Hg) (in H2O) (in Hg) (in Hg) (in Hg/ H2O) (in H2O) (Hg) (Hg) (ppm) (⁰F) (⁰F) (⁰F)

1007 67 -8 -1.5 0 -1 0 -0.5 0 0 -0.25 -1.5 0 -1 0 0 0 0 65 64 64
1017 66 -30.5 -1.5 0 -1.5 0 -0.75 -0.5 -0.5 -0.25 -2 0 -1.25 0 -0.5 0 0 65 64 64
1027 67 -30.5 -1.5 0 -1.5 0 -0.75 -0.5 -0.5 -0.25 -2 0 -1.5 0 -0.5 0 0 890 634 0 65 64 64
1037 66 -30.5 -1.5 0 -1.5 0 -0.8 -0.5 -0.5 -0.25 -5 -0.25 -1.5 0 -1 0 0 1150 940 0 65 64 64
1047 68 -35 -3 0 -2 0 -1 -0.5 -0.75 -0.1 -2.2 0 -1.6 0 -0.6 0 0 1080 1213 0 65 65 64
1057 68 -34 -3 0 -1.75 0 -1 -0.5 -0.8 -0.1 -2.1 0 -1.5 0           -1.5 -0.6 0 0 1020 1213 0 70 65 64
1107 67 -33.5 -3 -0.1 -2 0 -1.5 -0.5 -0.8 0 -2.2 0 -1.5 0           -1.5 -1.6 0 0 1100 1410 70 65 65

(scfm) (in H2O) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O)
1117 68 -32 -3 -1.5 -2 -1 -1 -0.8 -0.5 -2.1 -2.2 -0.5 -1.5 -1.6 -0.6 0 0 1170 1300 70 66 65
1127 69 -39.5 -4.5 -1.6 -2.1 -1.1 -1.6 -0.5 -0.8 -2.25 -2.3 -0.5 -1.5 -1.6 -0.75 0 0 1110 1320 69 66 64
1137 69 -39.5 -4.5 -1.75 -2.2 -1.1 -1.1 -0.6 -1 -2.4 -2.25 -0.75 -1.5 -1.75 -0.75 0 0 1100 1320 69 65 63
1147 68 -39.5 -4.5 -1.6 -2.1 -1 -1.1 -0.6 -0.9 -2.3 -2.5 -0.7 -1.6 -1.6 -0.75 0 0 1100 1370 69 65 63
1157 68 -39.5 -4.5 -1.6 -2.1 -1.2 -1 -0.6 -0.9 -2.4 -2.4 -0.7 -1.5 -1.6 -0.75 0 0 1180 1420 69 66 63
1202 69 -45 -6.25 -1.8 -2.5 -1.4 -1.3 -0.7 -1 -2.5 -2.5 -0.75 -1.6 -1.75 -0.75 0 0 1220 1470
1212 69 -45 -6.25 -1.9 -2.4 -1.5 -1.4 -0.75 -1 -3.1 -2.5 -0.8 -1.7 -1.9 -0.9 0 0 1200 1560 90 80 63
1222 68 -45 -6.25 -1.7 -2.3 -1.4 -1.3 -0.6 -1 -3.1 -3.2 -0.75 -1.75 -1.8 -0.75 0 0 1210 1420 90 81 64
1232 68 -45 -6.25 -1.75 -2.5 -1.3 -1.4 -0.75 -1 -3.1 -3.1 -0.75 -1.75 -1.9 -0.75 0 0 1250 1530 89 80 64

FINAL --> 95 85
Run Time

(Min)
145

Average 68.4

Note: Shaded data, the last reading of the increment, was used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach steady state conditions.
Data used in the 4 and 5 series of calculation tables.

Temperature Vacuums / Pressures

PID/FID
(ppm)

EVERYTHING FORWARD IS IN INCHES H2O

SVE-1    Stepped Rate Test

PID Readings

Before
Carbon

Test 9
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Table 2.10 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test

Well: SVE-2    Stepped Rate Test NOTES:

Date: 11/19/2015  
Personnel: MG, JL

Time Flow Rates

Manifold To At Manifold AS-2 AS-2 After
Extraction Extraction to Well At At At At At At At At At At At At Carbon Before After Ambient
Well SVE-2 Well SVE-2 SVE-2 OW-1 OW-1D OW-4 OW-4D OW-3 OW-3D OW-2 OW-2D DEC-44 DEC-141 DEC-31 SVE-1 SP-2 SP-3 (PID/FID) Carbon Carbon Carbon

Units (scfm) (in H2O) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in Hg) (ppm) (⁰F) (⁰F) (⁰F)

1245 60 -19 -1.5 -0.75 -0.75 -1.4 -1.3 -1.2 -1.6 -2.3 -2.5 -0.9 -1.6 -1 -0.5 0 0 620 698 0 97 87 61
1255 60 -19 -1.5 -0.75 -0.9 -1.5 -1.25 -1.1 -1.4 -2.4 -2.5 -0.9 -1.5 -0.8 -0.5 0 0 606 590 0 98 87 62
1305 60 -19 -1.5 -0.75 -0.75 -1.4 -1.4 -1.1 -1.5 -2.4 -2.6 -0.9 -1.6 -0.75 -0.5 0 0 570 690 0 103 89 61
1315 60 -19 -1.5 -0.75 -0.75 -1.2 -1.25 -1.3 -1.6 -2.5 -2.5 -1 -1.6 -0.75 -0.5 0 0 560 642 0 104 90 61
1317 60 -26 -3 -0.8 -0.8 -1.5 -1.75 -1.6 -2 -2.6 -3 -1 -2 -0.8 -0.6 0 0 530 795 0 105 90 62
1327 60 -26.5 -3 -1 -0.9 -1.6 -1.7 -1.7 -2.1 -2.6 -2.7 -1.25 -2 -0.9 -0.6 0 0 500 770 0 105 90 63
1337 60 -27 -3 -1 -1.1 -1.6 -1.7 -1.6 -2 -2.6 -2.7 -1.7 -2 -0.9 -0.6 0 0 490 780 0 105 90 62
1343 61 -27 -3 -1 -1 -1.75 -1.6 -1.75 -2 -2.6 -2.7 -1.4 -2.1 -1 -0.6 0 0 450 630 0 105 90 63
1345 60 -34.5 -4.5 -1 -1.25 -2 -2.1 -2 -2.25 -2.9 -3.1 -1.25 -2.4 -1 -0.7 0 0 430 550 0 104 92 64
1355 60 -34.5 -4.5 -1 -1.1 -2.1 -2.1 -2 -2.4 -2.9 -3.1 -1.4 -2.5 -1 -0.6 0 0 380 670 0 105 92 62
1405 61 -34.5 -4.5 -1 -1.25 -2.1 -2.2 -2 -2.4 -2.8 -3.1 -1.4 -2.4 -1 -0.6 0 0 360 580 0 100 90 62
1415 61 -34.5 -4.5 -1.1 -1.1 -2 -2.1 -2 -2.4 -2.8 -3.1 -1.4 -2.4 -2.5 -0.6 0 0 380 560 0 85 87 62
1416 60 -39.5 -5.5 -2.5 -2.6 -2.3 -2.25 -2.3 -2.5 -3 -3.1 -1.5 -2.5 -2.5 -0.75 0 0 390 790 0 97 95 62
1426 61 -39.5 -5.5 -2.5 -2.5 -2.2 -2.25 -2.4 -2.5 -3 -3.1 -1.6 -2.5 -2.4 -0.75 0 0 380 450 0 97 95 61
1436 61 -39.5 -5.5 -2.5 -2.5 -2.5 -2.3 -2.25 -2.4 -3.1 -3.3 -1.5 -2.6 -2.4 -0.75 0 0 370 400 0 100 92 62
1446 61 -39.5 -5.5 -2.6 -2.5 -2.25 -2.4 -2.3 -2.4 -3 -3.25 -1.4 -2.5 -2.4 -0.75 0 0 370 400 0 100 95 62

Run Time (min)
121

Average 60.4

Note: Shaded data, the last reading of the increment, was used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach steady state conditions.
Data used in the 4 and 5 series of calculation tables.

Before
Carbon
PID/FID

(ppm)

Vacuums / Pressures TemperaturePID Readings

All readings in H2O

Test 10
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Table  2.11 - PILOT STUDY FIELD DATA SUMMARY

Klink Cosmo - Soil Vapor Extraction Pilot Test

Well: SVE-1 & SVE-2    Constant Rate Test
Date: 11/19/2015
Personnel: MG, JL

Time

Manifold to Manifold to At Manifold to At Manifold to AS-2 AS-2 After
Extraction Well Extraction Well Extraction Well At At At At At At At At At At At Carbon Before After Ambient
Well SVE-1 SVE-2 Well SVE-1 SVE-1 Well SVE-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-31 DEC-141 (PID/FID) Carbon Carbon

Units (scfm) (scfm) (in H2O) (in Hg) (in H2O) (in Hg) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (in H2O) (ppm) (⁰F) (⁰F) (⁰F)

1450 69 61 -21 -1.5 -24.5 -2.5 -3.1 -3.6 -3.5 -3.6 -2.1 -2.1 -2.4 -2.5 -0.9 -3.1 -2.5 720 730 0 100 92 62
1500 67 61 -21.1 -1.5 -24.5 -2.5 -3.3 -3.6 -3.6 -3.7 -2.2 -2.1 -2.6 -2.4 -1.5 -3.1 -2.5 630 800 97 92 62
1510 68 61 -21.1 -1.5 -24.5 -2.5 -3.25 -3.5 -3.5 -3.75 -2.1 -2.1 -2.3 -2.4 -1.4 -3.1 -2.5 940 840 90 95 62
1520 66 61 -21.1 -1.5 -24.5 -2.5 -3.4 -3.5 -3.5 -3.6 -2.1 -2.1 -2.5 -2.5 -1.4 -3.25 -2.5 900 710 95 90 62
1530 70 60 -21.1 -1.5 -24.5 -2.75 -3.2 -3.4 -3.5 -3.6 -2.1 -2.1 -2.4 -2.5 -1.4 -3.25 -2.5 900 710 95 90 62
1540 70 61 -21.1 -1.5 -24.5 -2.75 -3.4 -3.5 -3.6 -3.6 -2 -2 -2.4 -2.5 -1.4 -3.2 -2.5 780 800 95 90 62
1550 68 61 -21.1 -1.4 -24.5 -2.5 -3.1 -3.6 -3.1 -3.7 -2.1 -2.1 -2.4 -2.5 -1.4 -3.1 -2.5 840 920 95 90 62
1600 68 61 -21.1 -1.25 -24.5 -2.5 -3.4 -3.5 -3.5 -3.6 -2.1 -2.1 -2.25 -2.4 -1.3 -3.25 -2.5 700 1100 90 89 62
1610 68 61 -21.1 -1.25 -24.5 -2.5 -3.25 -3.6 -3.5 -3.6 -2 -2.1 -2.5 -2.5 -1.4 -3.1 -2.5 850 1280 92 87 62
1618 68 61 -21.1 -1.25 -24.5 -2.5 -3 -3.5 -3.6 -3.5 -2.1 -2.1 -2.4 -2.6 -1.6 -3.25 -2.5 100 90 62

Run Time (Min)
138

Average 68.2 61.9

PID Readings Temperature

(ppm)

Test 11

Flow Rates Vacuums / Pressures

Carbon
PID/FID

Before
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Table 3  ‐  Estimate of Mass Removed During Soil Vapor Extraction Pilot Test

11/16/2015 1
11/16/2015 2
11/16/2015 3
11/17/2015 4
11/17/2015 5
11/17/2015 6
11/18/2015 7
11/18/2015 8
11/19/2015 9
11/19/2015 10
11/19/2015 11

Total

Mass Removed = (Average Concentration)*(g/1,000,000 µg)*(M³/35.315 Ft³)*(Average Flowrate)*(Operating Duration)*(Lb/453.16 g)

Average Emission Rate = Mass Removed / Operating Duration = 0.0035 Lbs/Min
0.2084 Lbs/Hr
5.0023 Lbs/Day

1476 5.1274

349,728 131 76 0.2176

60
140

761,081

395,536
689,901
313,209
443,563

Date Test No.

62

131
68

1,539,499
661,660
816,828
1,253,293

60
60
70
60
60785,137

(µg/M³)

139

154
145
121
138

0.4099

0.4986
0.4251
0.1421
0.5355

160
84
139
187
133

0.9235
0.2084
0.4966
0.8787
0.3915

Average VOC Concentration 
(CFM) (Min) (Lbs)

Mass RemovedOperating DurationAverage System Flowrate
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Table 4.1 ‐ Calculation of ROI at SVE‐1 @ 32 inches H2O

SVE‐1 Monitoring Locations

SVE‐1 at 30.5 in 
H₂O

SVE‐1 at 32 in 
H₂O

SVE‐1 at 40 in 
H₂O

SVE‐1 at 45 in 
H₂O

 (atm)  (atm)  (atm)  (atm) (Pr²‐Pw²)      ~          (Pri²‐Pw²)*ln(r/Rw)/ln(Ri/Rw)   (ft)
1.0000 0.9963 0.9961 0.9957 0.1439 0.1439 13
0.9963 0.9970 0.9948 0.9939 0.1453 0.1452 12.5
0.9916 0.9948 0.9941 0.9924 0.1409 0.1404 18.5
0.9877 0.9946 0.9941 0.9924 0.1404 0.1404 18.5
0.9988 0.9980 0.9985 0.9982 0.1473 0.1479 52.5
0.9988 0.9988 0.9978 0.9975 0.1488 0.1481 52
1.0000 0.9975 0.9970 0.9968 0.1463 0.1463 25
0.9980 0.9975 0.9975 0.9966 0.1463 0.1463 25
1.0000 0.9961 0.9961 0.9953 0.1434 0.1433 26
0.9916 0.9988 0.9983 0.9982 0.1488 0.1487 67
0.9963 0.9963 0.9963 0.9957 0.1439 0.1433 31
0.9975 0.9985 0.9982 0.9982 0.1483 0.1483 42
0.9250 0.9213 0.9016 0.8893 0.0000

0.9992 0.9992 0.9990 0.9989 Average Ri (ft) 31.9

1 inch H₂O =  0.00246 atmosphere

Pr² ‐ Pw² = (Pri² ‐ Pw²) ln(r/Rw) / ln(Ri/Rw)

Pr = Pressue at r from the well (atm)
Pw = Pressure at the extraction well (atm)
Pri = Pressure at the ROI  = 1% of Pw (atm)
r = distance from the well (feet)
Ri = ROI (feet)
Rw = Extraction well radius = 2 inches

NOTE:

 DEC‐141 24.8
SVE‐2 40

 DEC‐31

Pressure at SVE ‐ 1 = 32" Ri
Monitoring Points Distance from 

SVE‐1
(ft)

r

OW‐3 49
OW‐3D 49

OW‐2 13.8
OW‐2D 13.8

Pr = Pressure at SVE‐1

Shaded data from Table 2.9 (Pr) was convert to atmospheres & used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach 
steady-state conditions under that increment setting.

OW‐1 11
OW‐1D 11

21
 DEC‐44 64.4

OW‐4 22.3
OW‐4D 22.3

Pw (SVE‐1) 0

Pri
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Table 4.2 ‐ Calculation of ROI at SVE‐1 @ 40 inches H2O

SVE‐1 Monitoring Locations

SVE‐1 at 30.5 in 
H₂O

SVE‐1 at 32 in 
H₂O

SVE‐1 at 40 in 
H₂O

SVE‐1 at 45 in 
H₂O

 (atm)  (atm)  (atm)  (atm) (Pr²‐Pw²)      ~          (Pri²‐Pw²)*ln(r/Rw)/ln(Ri/Rw)   (ft)
1.0000 0.9963 0.9961 0.9957 0.1793 0.1781 13
0.9963 0.9970 0.9948 0.9939 0.1768 0.1765 13.5
0.9916 0.9948 0.9941 0.9924 0.1753 0.1757 17.5
0.9877 0.9946 0.9941 0.9924 0.1753 0.1757 17.5
0.9988 0.9980 0.9985 0.9982 0.1842 0.1842 50.5
0.9988 0.9988 0.9978 0.9975 0.1827 0.1829 52.5
1.0000 0.9975 0.9970 0.9968 0.1812 0.1817 24.5
0.9980 0.9975 0.9975 0.9966 0.1822 0.1824 24
1.0000 0.9961 0.9961 0.9953 0.1793 0.1794 24.5
0.9916 0.9988 0.9983 0.9982 0.1837 0.1839 67
0.9963 0.9963 0.9963 0.9957 0.1798 0.1795 29
0.9975 0.9985 0.9982 0.9982 0.1834 0.1835 42
0.9250 0.9213 0.9016 0.8893 0.0000

0.9992 0.9992 0.9990 0.9989 Average Ri (ft) 31.3

1 inch H₂O =  0.00246 atmosphere

Pr² ‐ Pw² = (Pri² ‐ Pw²) ln(r/Rw) / ln(Ri/Rw)

Pr = Pressue at r from the well (atm)
Pw = Pressure at the extraction well (atm)
Pri = Pressure at the ROI  = 1% of Pw (atm)
r = distance from the well (feet)
Ri = ROI (feet)
Rw = Extraction well radius = 2 inches

NOTE:

Ri
Pr = Pressure at SVE‐1r

Pressure at SVE ‐ 1 = 40"
Monitoring Points Distance from 

SVE‐1

SVE‐2 40
Pw (SVE‐1) 0

(ft)
OW‐1 11

OW‐3D 49

OW‐2D 13.8
OW‐3 49

Shaded data from Table 2.9 (Pr) was convert to atmospheres & used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach
steady-state conditions under that increment setting

OW‐1D 11
OW‐2 13.8

OW‐4 22.3

 DEC‐44 64.4
 DEC‐141 24.8

OW‐4D 22.3
 DEC‐31 21

Pri
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Table 4.3 ‐ Calculation of ROI at SVE‐1 @ 45 inches H2O

SVE‐1 Monitoring Locations

r
Distance 
from SVE‐

SVE‐1 at 30.5 in 
H₂O

SVE‐1 at 32 in 
H₂O

SVE‐1 at 40 in 
H₂O

SVE‐1 at 45 in 
H₂O

(ft)  (atm)  (atm)  (atm)  (atm) (Pr²‐Pw²)      ~          (Pri²‐Pw²)*ln(r/Rw)/ln(Ri/Rw)   (ft)
11 1.0000 0.9963 0.9961 0.9957 0.2006 0.2008 12.5
11 0.9963 0.9970 0.9948 0.9939 0.1969 0.1973 13.5
13.8 0.9916 0.9948 0.9941 0.9924 0.1940 0.1930 19
13.8 0.9877 0.9946 0.9941 0.9924 0.1940 0.1941 18.5
49 0.9988 0.9980 0.9985 0.9982 0.2055 0.2069 49
49 0.9988 0.9988 0.9978 0.9975 0.2042 0.2045 52.5
22.3 1.0000 0.9975 0.9970 0.9968 0.2028 0.2022 25
22.3 0.9980 0.9975 0.9975 0.9966 0.2023 0.2022 25
21 1.0000 0.9961 0.9961 0.9953 0.1998 0.1997 25
64.4 0.9916 0.9988 0.9983 0.9982 0.2055 0.2056 67
24.8 0.9963 0.9963 0.9963 0.9957 0.2006 0.2007 29
40 0.9975 0.9985 0.9982 0.9982 0.2055 0.2042 43
0 0.9250 0.9213 0.9016 0.8893 0.0000

0.9992 0.9992 0.9990 0.9989 Average Ri (ft) 31.6

1 inch H₂O =  0.00246 atmosphere

Pr² ‐ Pw² = (Pri² ‐ Pw²) ln(r/Rw) / ln(Ri/Rw)

Pr = Pressue at r from the well (atm)
Pw = Pressure at the extraction well (atm)
Pri = Pressure at the ROI  = 1% of Pw (atm)
r = distance from the well (feet)
Ri = ROI (feet)
Rw = Extraction well radius = 2 inches

NOTE:

OW‐3D

OW‐2
OW‐2D

Shaded data from Table 2.9 (Pr) was convert to atmospheres & used to determine the radius of influence as it reflects the greatest amount of time that the formation had to reach 
steady-state conditions under that increment setting

Ri
Pr = Pressure at  SVE‐1

Monitoring Points

Pw (SVE‐1)

Pri

 DEC‐141
SVE‐2

 DEC‐31
 DEC‐44

OW‐4
OW‐4D

Pressure at SVE ‐ 1 = 45"

OW‐1
OW‐1D

OW‐3
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Table 4.4 ‐ Calculation of ROI at SVE‐2 @ 19 inches H2O

SVE‐2 Monitoring Locations

SVE‐2 at 19 in 
H₂O

SVE‐2 at 27 in 
H₂O

SVE‐2 at 35 in 
H₂O

SVE‐2 at 40 in 
H₂O

 (atm)  (atm)  (atm)  (atm) (Pr²‐Pw²)      ~      (Pri²‐Pw²)*ln(r/Rw)/ln(Ri/Rw)   (ft)
0.9982 0.9975 0.9973 0.9936 0.0876 0.0879 60
0.9982 0.9975 0.9973 0.9939 0.0876 0.0879 60
0.9939 0.9936 0.9931 0.9926 0.0790 0.0791 54
0.9939 0.9934 0.9924 0.9920 0.0790 0.0791 54
0.9968 0.9957 0.9951 0.9943 0.0849 0.0843 12
0.9961 0.9951 0.9941 0.9941 0.0834 0.0843 12
0.9970 0.9951 0.9951 0.9945 0.0854 0.0857 23
0.9969 0.9948 0.9948 0.9941 0.0852 0.0857 23
0.9982 0.9975 0.9939 0.9941 0.0876 0.0876 73
0.9975 0.9966 0.9966 0.9966 0.0864 0.0862 31
0.9961 0.9948 0.0059 0.9939 0.0834 0.0843 21
0.9988 0.9985 0.9985 0.9982 0.0888 0.0888 44
0.9533 0.9336 0.9139 0.9016 0.0000

0.9533 0.9336 0.9139 0.9016
0.9995 0.9993 0.9991 0.9990 Average Ri (ft) 38.9

1 inch H₂O =  0.00246 atmospheres

Pr² ‐ Pw² = (Pri² ‐ Pw²) ln(r/Rw) / ln(Ri/Rw)
Pr = Pressue at r from the well (atm)

Pri = Pressure at the ROI  = 1% of Pw (atm)
r = distance from the well (feet) Table 5.3 ‐ Calculation of ROI at SVE‐1 @ 45 inches H2O
Ri = ROI (feet)
Rw = Extraction well radius = 2 inches

NOTE:

Pressure at SVE ‐ 2 = 19" Ri
Monitoring Points

Distance from SVE‐2
(ft)

r Pr = Pressure at  SVE‐2

OW‐4D 17.8

Pri

Pw = Pressure at the extraction well (atm)

Pw (SVE‐2)

SVE‐1 40
Pw (SVE‐2)  0

 DEC‐31 60.8
 DEC‐44 24.4
 DEC‐141

Shaded data from Table 2.10 (Pr) was convert to atmospheres & used to determine the radius of influence as it reflects the greatest amount of time that the formation had to 
reach steady-state conditions under that increment setting.

OW‐1 51
OW‐1D 51
OW‐2 26.2
OW‐2D 26.2
OW‐3 9

15.2

OW‐3D 9
OW‐4 17.8
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Table 4.5 ‐ Calculation of ROI at SVE‐2 @ 27 inches H2O

SVE‐2 at 19 in 
H₂O

SVE‐2 at 27 in 
H₂O

SVE‐2 at 35 in 
H₂O

SVE‐2 at 40 in 
H₂O

 (atm)  (atm)  (atm)  (atm) (Pr²‐Pw²)      ~      (Pri²‐Pw²)*ln(r/Rw)/ln(Ri/Rw)   (ft)
0.9982 0.9975 0.9973 0.9936 0.1235 0.1236 60
0.9982 0.9975 0.9973 0.9939 0.1235 0.1236 60
0.9939 0.9936 0.9931 0.9926 0.1157 0.1158 43
0.9939 0.9934 0.9924 0.9920 0.1152 0.1153 44
0.9968 0.9957 0.9951 0.9943 0.1198 0.1186 12
0.9961 0.9951 0.9941 0.9941 0.1186 0.1186 12
0.9970 0.9951 0.9951 0.9945 0.1186 0.1185 25
0.9969 0.9948 0.9948 0.9941 0.1181 0.1185 25
0.9982 0.9975 0.9939 0.9941 0.1235 0.1236 72
0.9975 0.9966 0.9966 0.9966 0.1216 0.1213 31
0.9961 0.9948 0.0059 0.9939 0.1181 0.1186 21
0.9988 0.9985 0.9985 0.9982 0.1255 0.1254 43
0.9533 0.9336 0.9139 0.9016 0.0000

0.9533 0.9336 0.9139 0.9016
0.9995 0.9993 0.9991 0.9990 Average Ri (ft) 37.3

1 inch H₂O =  0.00246 atmospheres

Pr² ‐ Pw² = (Pri² ‐ Pw²) ln(r/Rw) / ln(Ri/Rw)
Pr = Pressue at r from the well (atm)
Pw = Pressure at the extraction well (atm)
Pri = Pressure at the ROI  = 1% of Pw (atm)
r = distance from the well (feet)
Ri = ROI (feet)
Rw = Extraction well radius = 2 inches

NOTE:

Pressure at SVE ‐ 2 = 27" Ri
Monitoring Points Distance from 

SVE‐2
(ft)

Pr = Pressure at  SVE‐2

OW‐4D 17.8

Pri

r

Pw (SVE‐2)

SVE‐1 40
Pw (SVE‐2)  0

 DEC‐31 60.8
 DEC‐44 24.4
 DEC‐141

Shaded data from Table 2.10 (Pr) was convert to atmospheres & used to determine the radius of influence as it reflects the greatest amount of time that the formation 
had to reach steady-state conditions under that increment setting.

OW‐1 51
OW‐1D 51
OW‐2 26.2
OW‐2D 26.2
OW‐3 9

15.2

OW‐3D 9
OW‐4 17.8
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Table 4.6 ‐ Calculation of ROI at SVE‐2 @ 35 inches H2O

SVE‐2 at 19 in 
H₂O

SVE‐2 at 27 in 
H₂O

SVE‐2 at 35 in 
H₂O

SVE‐2 at 40 in 
H₂O

 (atm)  (atm)  (atm)  (atm) (Pr²‐Pw²)      ~      (Pri²‐Pw²)*ln(r/Rw)/ln(Ri/Rw)   (ft)
0.9982 0.9975 0.9973 0.9936 0.1594 0.1590 59
0.9982 0.9975 0.9973 0.9939 0.1594 0.1590 59
0.9939 0.9936 0.9931 0.9926 0.1511 0.1512 39
0.9939 0.9934 0.9924 0.9920 0.1496 0.1498 41
0.9968 0.9957 0.9951 0.9943 0.1550 0.1553 11
0.9961 0.9951 0.9941 0.9941 0.1530 0.1521 12
0.9970 0.9951 0.9951 0.9945 0.1550 0.1546 23
0.9969 0.9948 0.9948 0.9941 0.1545 0.1546 23
0.9982 0.9975 0.9939 0.9941 0.1525 0.1529 90
0.9975 0.9966 0.9966 0.9966 0.1579 0.1576 29
0.9961 0.9948 0.9941 0.9939 0.1530 0.1537 20
0.9988 0.9985 0.9985 0.9982 0.1618 0.1616 42
0.9533 0.9336 0.9139 0.9016 0.0000

0.9533 0.9336 0.9139 0.9016
0.9995 0.9993 0.9991 0.9990 Average Ri (ft) 37.3

1 inch H₂O =  0.00246 atmospheres

Pr² ‐ Pw² = (Pri² ‐ Pw²) ln(r/Rw) / ln(Ri/Rw)
Pr = Pressue at r from the well (atm)

Pri = Pressure at the ROI  = 1% of Pw (atm)
r = distance from the well (feet)
Ri = ROI (feet)
Rw = Extraction well radius = 2 inches

NOTE:

r Pr = Pressure at  SVE‐2
Pressure at SVE ‐ 2 = 35" Ri

 DEC‐31 60.8

17.8
OW‐4D 17.8

Monitoring Points Distance from 
SVE‐2
(ft)

 DEC‐44 24.4
 DEC‐141

Pri

SVE‐1 40
Pw (SVE‐2)  0

Pw (SVE‐2)

Shaded data from Table 2.10 (Pr) was convert to atmospheres & used to determine the radius of influence as it reflects the greatest amount of time that the formation 
had to reach steady-state conditions under that increment setting.

Pw = Pressure at the extraction well (atm)

OW‐1 51
OW‐1D 51
OW‐2 26.2
OW‐2D 26.2
OW‐3 9

15.2

OW‐3D 9
OW‐4
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Table 4.7 ‐ Calculation of ROI at SVE‐2 @ 40inches H2O

r
Distance 
from SVE‐

SVE‐2 at 19 in 
H₂O

SVE‐2 at 27 in 
H₂O

SVE‐2 at 35 in 
H₂O

SVE‐2 at 40 in 
H₂O

(ft)  (atm)  (atm)  (atm)  (atm) (Pr²‐Pw²)      ~      (Pri²‐Pw²)*ln(r/Rw)/ln(Ri/Rw)   (ft)
51 0.9982 0.9975 0.9973 0.9936 0.1744 0.1742 73
51 0.9982 0.9975 0.9973 0.9939 0.1749 0.1746 72
26.2 0.9939 0.9936 0.9931 0.9926 0.1724 0.1725 38
26.2 0.9939 0.9934 0.9924 0.9920 0.1712 0.1716 39
9 0.9968 0.9957 0.9951 0.9943 0.1758 0.1763 11
9 0.9961 0.9951 0.9941 0.9941 0.1753 0.1763 11

17.8 0.9970 0.9951 0.9951 0.9945 0.1761 0.1755 23
17.8 0.9969 0.9948 0.9948 0.9941 0.1753 0.1755 23
60.8 0.9982 0.9975 0.9939 0.9941 0.1753 0.1755 84
24.4 0.9975 0.9966 0.9966 0.9966 0.1802 0.1802 28
15.2 0.9961 0.9948 0.0059 0.9939 0.1749 0.1745 20
40 0.9988 0.9985 0.9985 0.9982 0.1834 0.1835 42
0 0.9533 0.9336 0.9139 0.9016 0.0000

0.9533 0.9336 0.9139 0.9016
0.9995 0.9993 0.9991 0.9990 Average Ri (ft) 38.7

1 inch H₂O =  0.00246 atmospheres

Pr² ‐ Pw² = (Pri² ‐ Pw²) ln(r/Rw) / ln(Ri/Rw)

Pr = Pressue at r from the well (atm)
Pw = Pressure at the extraction well (atm)
Pri = Pressure at the ROI  = 1% of Pw (atm)
r = distance from the well (feet)
Ri = ROI (feet)
Rw = Extraction well radius = 2 inches

NOTE:

Pr = Pressure at  SVE‐2
Pressure at SVE ‐ 2 = 40" Ri

Monitoring Points

OW‐1

Shaded data from Table 2.10 (Pr) was convert to atmospheres & used to determine the radius of influence as it reflects the greatest amount of time that the formation had to 
reach steady-state conditions under that increment setting.

OW‐1D

Pw (SVE‐2)
Pri

Pw (SVE‐2) 

 DEC‐31
 DEC‐44

OW‐2D

OW‐3D

OW‐2

 DEC‐141
SVE‐1

OW‐4
OW‐4D

OW‐3
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Klink Cosmo Pilot Study

Table 5 ‐ SVE Well Vacuum Calculation

Q = H(πk/µ)*((Pw/ln(Rw/Ri))*((1‐(Pri/Pw)²)

Q = Flowrate from well 45 scfm 21240 (cm³/s)
H = Screen length of SVE well 15 ft 457.2 (cm)
k = Intrinsic permeability  5.55E‐08 (cm²)
µ = Viscosity of air 1.81E‐04 (g/cm‐s)
Pw = Pressure at SVE well to be determined (g/cm‐s²)
Rw = Radius of SVE well 2 inches 5.08 (cm)
Ri = Radius of influence 40 ft 1219.2 (cm)
Pri = Pressure at Ri assumed to be 0.5 inches H2O 1008759 (g/cm‐s²)

Solving for Pw
21240= H(πk/µ)*((Pw/ln(Rw/Ri))*((1‐(Pri/Pw)²)

Revised Q=21240
Resulting Q Potential Pw

18,519                                        900000
21,280                                        884900
21,262                                        885000

Very close to target Q 21,243                                        885100 (g/cm‐s²)

atmospheric = 1010000  g/cm‐s²
Convert back to Vacuum Pressure 124900 g/cm‐s²
Convert to inches H2O 50.17207108 inches H2O

4.181005923 ft H2O

J:\Projects\11176390\EXCEL\Klink Pilot Test\roi calc rev 2.2016.xlsx SVE Well Vacuum
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chapter five 

Vadose zone soil remediation 

This chapter illustrates important design calculations for commonly used in 
situ and above-ground soil remediation techniques. The treatment processes 
covered include soil vapor extraction, soil bioremediation, soil washing, and 
low-temperature heating. 

V1 Soil vapor extraction 
Vl.1 Introduction 

Description of the soil venting process 
Soil vapor extraction (SVE), also known as soil venting, in situ vacuum 
extraction, in si tu volatilization, or soil v.apor stripping, has become a very 
popular remediation technique for soiJ contaminated with VOCs. The process 
strips volatile organic constituents from contaminated soil by inducing an 
air flow through the contaminated zone. The air flow is created by a vacuum 
pump (often called a "blower") through a single well or network of wells. 

As the soil vapor is swept away from the voids of the vadose zone, fresh 
air is naturally (through passive venting wells or air infiltration) or mechan­
ically (through air injection wells) introduced and refills the voids. This flux 
of the fresh air will (1) disrupt the existing partition of the contaminants 
among the void, soil moisture, and soil grain surface by promoting volatil­
ization of the adsorbed and dissolved phase of contaminants, (2) provide 
oxygen to indigenous microorganisms for biodegradation of the contami­
nants, and (3) carry away the toxic metabolic by-products generated from 
the biodegradation process. The extracted air is usually laden with VOCs 
and brought to the ground surface by the vacuum blower. Treatment of the 
extracted vapor is normally required. Design calculations for the VOC-laden 
air treatment are covered in Chapter seven. 
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Disrnssion. The actual concentration of the extracted vapor would be 
lower than 13,200 ppm V due to the fact that not all the air flows through 
the contaminated zone and that limitations of mass transfer were not con­
sidered in the above calculations. 

V.1.3 Radius of influence and pressure profile 

Selecting the number and locations of vapor extraction wells is one of the 
major tasks in design of in situ soil vapor extraction systems. The decisions 
are typically based on the radius of influence (R1), which can be defined as 
the distance from the exitraction well where the pressure drawdown is very 
small (P @ R1 - 1 atm). The most accurate and site-specific R1 values should 
be determined from steady-state pilot testing. The pressure drawdown data 
at the extraction well and the observation wells can be plotted as a function 
of the radial distance from the extraction well on a semiJog plot to determine 
the R1 of that well. The approach is similar to the distance-drawdown method 
for aquifer tests, as described in Section II.3.3. The R1 is commonly chosen 
to be the distance where the pressure drawdown is less than 1% of the 
vacuum in the extraction well. 

The field test data can also be analyzed by using the flow equations, 
which describe the subsurface air flow. The subsurface is usually heteroge­
neous, and the air flow through it can be very complex. As a simplified 
approximation, a flow equation was derived for a fully confined radial gas 
flow system in a permeable formation having uniform and constant prop­
erties.3-6 References 3 through 6 are the basis for most of the sections on soil 
venting. 

For the steady-state radial flow subject to the boundary conditions (P = 
Pw@ r = Rw and P = P.1,.@ r = R,), the pressure distribution in the subsurface 
can be derived as 

pi _ p2 = (P2 _ p2 ) ln(r I R.., ) 
r w Rt ,v ln(R I R ) 

1 tu 

[Eq. V.1.2] 

P, = pressure at a radial distance r from the vapor extraction well 
P10 = pressure at the vapor extraction well 
PR1 = pressure at the radius of influence (= atmospheric pressure or a 

preset value) 
r = radial distance from the vapor extraction well 
R1 = radius of influence where pressure is equal to a preset value 
R,v = well radius of the vapor extraction well 

Eq. V.1.2 can be used to determine the R, of a vapor extraction well if 
the pressure drawdown data of the extraction well and a monitoring well 
(or data of two monitoring wells) are known. As shown, the flow rate and 
the permeability of the formation are not included in this equation. The R1 
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where u, is the vapor flow velocity at a radial distance "r" away from the 
well. The velocity at the wellbore, zt,., can be found by replacing r with Rw 
in the above equation as 

[Eq. V.1.4] 

The volumetric vapor flow rate entering the extraction well, Q,,,. can then 
be found as 

Q,. = 21tRW11WH 

\ = H( :~ lln(R:·/ R,}-( ~: n (Eq. V.1.5] \ 

where His the perforation interval of the extraction well. 
To convert the vapor flow rate entering the well to equivalent standard 

flow rates, Q.1111 (where P = P.,m = 1 atm), the following relationship can be 
used 

-(P,.oeu) Qatm - p Q,,.,/1 
atm 

[Eq. V.1.6] 

Example V1.4A Estimate the extracted vapor flow rate of a soil 
venting well 

A soil venting well was installed at a site. Determine the radius of influence 
of this soil venting well using the following information: 

Pressure at the extraction well = 0.9 atm 
Pressure at "' monitoring well 30 ft away from the venting well= 0.95 atm 
Diameter of the venting well = 4 in 

Calculate the steady-state flow rate entering the well per unit well screen 
length, vapor flow rate in the well, and the vapor rate at the extraction pump 
discharge by using the following additional information: 

Permeabi lity of the formation = 1 Darcy 
Well screen length = 20 ft 
Viscosity of air = 0.018 centipoise 
Temperature of the formation = 20°C 
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Appendix D 

Recommended Estimation Methods for Air Permeability 

D-1. Introduction 

Various methods used to estimate the air penneability of a given soil are summarized below. Air 
permeability estimates are required to predict or evaluate system performance using the available analytical 
and numerical models. Indirect, laboratory, and field methods for estimating air penneability are presented. 

D-2. Indirect Method 

Air penneability can be estimated as a function of saturated hydraulic conductivity. Intrinsic permeability 
can be obtained from the definition of saturated hydraulic conductivity as 

where 

k, = Kµ 
pg 

k, = intrinsic penneability, [L2
] 

K = saturated hydraulic conductivity, [LIT] 

µ=dynamic viscosity of water, [M/L-T] 

p = density of water, [MIL 3) 

g = gravitational constant, [Lff2
] 

a. The relationsh ip between air permeability and intrinsic permeability is typically expressed as 

k = k,*k,a 

where 

k= air permeability 

k1 = intrinsic permeability 

0-1 

0-2 

D-1 
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µa= viscosity of air (ML"1 T 1
] 

R,,. = radius of test vent [L] 

R1= radius of pressure influence for test vent [L] 

L = effective vent length [L] 

ka = estimated air penneabilit:y [L2
] 

PA= absolute atmospheric pressure [ML"1 T 2
] 

( 4) The target flow rate (Qr) should be high enough to remove the number of soil pore volumes from 
the contaminated zone required by the final SVE/BV design. The volume of soil that receives the required 
number of soi l volume exchanges in an acceptable timeframe is defined as "the zone of effective air 
exchange." Chapter 5 offers methods to estimate the necessary flow for various vent geometries. For 
example, if the target venting rate required to achieve sufficient removal of VOCs from a covered site with 
one vent were 3 soil pore volumes per day, then the target flow rate could be roughly estimated by 

Q = 3/day ·7tR~ b na 
r 1440 min/ day 

(4-2) 

where 

Rr;= extent of zone of effective air exchange of test vent (cm) 

b = unsaturated zone thickness (cm) 

Ila= effective (air-filled) soil porosity (dimensionless) 

(5) The zone of effective air exchange for the vent is generally unknown; however, a range of 5 to 15 
meters provides reasonable estimates for many cases. In general, shallow vents have less extensive areas of 
influence than deeper vents in similar soil and with similar surface and subsurface features. Further 
discussion of these concepts is found in paragraph 4-5}{20). 

(6) Air permeabilities can be roughly estimated based on soil texture; estimated to within 
approximately an order of magnitude based on moisture retention curves and saturated hydraulic 
conductivities measured in similar materials; or measured in laboratory or field tests. Likewise, effective 
(air-filled) soil porosities can be estimated from soil texture and moisture, or detennined from laboratory 
capillary pressure head-saturation tests. 

(7) The test blower should be selected using the anticipated vacuum and flow levels. The b lower 
should be selected so as to allow flexibility in accommodating some deviation in the site conditions. 

4-21 
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DEC-045/0450, were slightly negative, or upwards (-0.002 to-0.007 ft/ft) based upon the water level 

infonnation. Vertical hydraulic gradients in well pairs DEC-0060/00600, DEC-007/0070, DEC­

O 13/0130, DEC-030/0300, and DEC-044/0440 were also upwards but were greater in magnitude 

(-0.012 to -0.017 ft/ft). 

T he vertical hydrau lic grad ients in top of Raritan Fonnation well triplets were similar in 

direction and magnitude during RI Phase II field activities. Vertical hydraulic gradients between the 

shallow and top of Raritan Formation wells at DEC-029/029TC and DEC-031 /03 1 TC were slightly 

negative or upwards (-0.002 to -0.006 ft/ft, respectively). Vertical hydraulic gradients between the 

deep and top of Raritan Fonnation wells at DEC-029D/029TC and DEC-03 1 D/03 1 TC were slightly 

positive or downwards (0.004 to 0.003 ft/ft, respectively). 

3.6.1 Slug Test Results 

Representative slug test results are presented on Table 3-3. Horizontal hydraulic conductivity 

values fo r the shallow overburden range from 2.69 x 10·5 cm/sec to 4. 77 x I 0·3 cm/sec. Horizontal 

hydraulic conductivity values for the deep overburden range from 9.74 x I 0·3 ctn/sec to 2.48 x 10·2 

cm/sec. 

3.7 Surface Water and Hvdrologv 

The site slopes slightly to the east and south and is bounded by streets on the north, west and 

east. The surface of the site is entirely covered by buildings and/or pavement/sidewalks. There is a 

storm water drop inlet (DI) along Richardson Street near Vandervoort Avenue. 

The nearest surface water body is Newtown Creek located approximately 2,500 feet northeast 

of the site. Newtown Creek is classified as a Class SD (marine waters) surface water body by the 

NYSDEC. The best usage of Class SD waters is fishing. These waters shall be suitable for fish, 

shellfish, and wildlife survival. The classification may be g iven to those waters that, because of 

natural or man-made conditions, cannot meet the requirements of primary and secondary contact 

recreation and fi sh propagation. While Newtown Creek may not be suitable for swimming and other 

recreational activities that involve human contact with surface water, individuals use Newtown Creek 

for fishing and boating. Water is not withdrawn from Newtown Creek for potable use. Numerous 

stonn water drains from surrounding roadways and pennitted Spill Discharge Elimination System 

(SPDES) outfalls discharge into Newtown Creek, including those discharging groundwater collected 

and treated on the nearby ExxonMobil remediation site. 

3-7 
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Soil porosity 

Geotechdata.info - Updated 18 11 2013 

Soil porosity (n) is the ratio of the volume of voids to the total volume of the soil· 

n= (V v)/V 

Where v _ v is the volume of the voids (empty or filled with fluid). and V 1s the total volume of the soil 

Porosity is usually used in para llel with 11 ,old rat,o (t) , which is defined as the ratto of the volume of 
voids to the volume of solidsl. The posoity and the void ratio are inter-related as follows: 

e = n /(1-n) and n = e I (1 +e) 

The soil prosoity depends on the consistence and packing of the soil It 1s directly affacted by 
compaction 

Typical values of soil porosity for different soil s 

Some typical values of soil porosity are given below for d ifferent uses soil types at normally 
consolidated cond1t1on unless otheiv11se stated. These values should be used only as guidhne for 
geotechnical problems. however, specific conition of each engineering problem often needs to be 
considered for an appropriate choice of geotechnical parameters. 

Porosity(-) 
Descnphon uses Specific Reference 

min max value 

Well graded gravel, sandy gravel, 
GW 0 21 0.32 [1 ], w ith little or no fines 

Poorly graded gravel. sandy gravel, 
GP 0 21 032 [1J with httle or no fines 

Silty gravels. silty sandy gravels GM 0 .15 022 (1). 

Gravel (GW·GP) 023 0.38 [2J, 

Clayey gravels. clayey sandy 
GC 017 027 (1J. gravels 

Glatial 1111, very mixed grained (GC) . . 020 (4 cited in SJ 

Well graded sands, gravelly sands. 
SW 0 22 0.42 [1), [2J. with little or no fines 

Coarse sand (SW) 026 043 [2J 

Fine sand (SW) 029 0.46 [2J 

Poorly graded sands, gravelly 
SP 0 23 0.43 (1), (2). sands. with little or no fines 

Siity sands SM 025 049 (1) (2), 

Clayey sands SC 015 0 37 [t) . 

Inorganic sills, silty or clayey fine 
ML 021 0.56 [1J. sands. with slight plasticity 

Uniform inorganic silt (ML) 029 052 (3]. 

Inorganic clays silty clays. sandy 
CL 029 041 (1J, clays o f low plasllc1ty 

Organic sills and organic silty c lays 
OL 0 42 0.68 [1J, (3J. o f low plasticity 

Siity or sandy clay (CL-OL) 0 .20 064 [3J 

Inorganic sllts of high plasllcity MH 0 53 0.68 (1) . 

Inorganic clays of high plasticity CH 039 0.59 (1 ), 

Soft glacial clay . 0.55 (4 cited in 5 J 

Stiff glacial day . . . 0.38 (4 cited in SJ 

Organic clays of high plasticity OH 0.50 0 75 [1 ), (3). 
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Soft slightly organic clay (OH·OL) . . 0.66 [4] cited in [5] 

Peat and other highly organic soils Pt . . [4 cited in 5] 

soft very organic clay (Pt) . . 0.75 [41 cited in [51 
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Permeability (earth sciences) 
From Wikipedia, the free encyclopedia 

Permeability in fluid mechanics and the earth sciences (commonly symbolized as K, or k) is a measure of the ability of 
a porous material (often, a rock or an unconsolidated material) to allow fluids to pass through it. 

The permeability ofa medium is related to the porosity, but also to the shapes of the pores in the medium and their 
level of connectedness. 

1Contents 

I • L Permeability 
• 2 Units 
• 3 Applications 
• 4 Description 

• 4.1 Relation to hydraulic conductivity 
• 5 Determination 

• 5.1 Permeability model based on conduit flow 
• 6 Estimation of permeability distribution in subsurface reservoirs 
• 7 Intrinsic and absolute permeability 
• 8 Permeability to gases 
• 9 Tensor permeability 
• 10 Ranges of common intrinsic permeabilities 
• l I See also 
• 12 Footnotes 
• 13 References 
• 14 External I inks 

Permeability 

Penneability is the property of rocks that is an indication of the ability for fluids (gas or liquid) to flow through rocks. 
High permeability will allow fluids to move rapidly through rocks. Permeability is affected by the pressure in a rock. 
The unit of measure is called the darcy, named after Henry Darcy ( 1803-1858). Sandstones may vary in permeability 
from less than one to over 50,000 millidarcys (md). Permeabilities are more commonly in the range of tens to 
hundreds of millidarcies. A rock with 25% porosity and a permeability of 1 md will not yield a significant flow of 
water. Such "tight" rocks are usually artificially stimulated (fractured or acidized) to create permeability and yield a 
flow. 

Units 

The SI unit fo r permeability is m2
. A practical unit for permeability is the darcy (d), or more commonly the millidarcy 

(md) (I darcy::::::; I o-12m2). The name is in honor to the French Engineer Henry Darcy who first described the flow of 
water through sand filters for potable water supply. Permeability values for sandstones range typically from a fraction 

of a darcy to several darcys. The unit of cm2 is also sometimes used (1 cm2 = I 0-4 m2 ~ 108 d). 

Applications 

https://en. wikipedia.org/wiki/Penneability _( earth _sciences) 1/18/2016 
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The concept of permeability is of importance in determining the flow characteristics of hydrocarbons in oil and gas 
reservoirs, and of groundwater in aquifers. 

For a rock to be considered as an exploitable hydrocarbon reservoir without stimulation, its permeability must be 
greater than approximately I 00 md ( depending on the nature of the hydrocarbon - gas reservoirs with lower 
permeabil ities are still exploitable because of the lower viscosity of gas with respect to oil). Rocks with permeabilities 
s ignificantly lower than I 00 md can form efficient seals (see petroleum geology). Unconsolidated sands may have 
permeabilities of over 5000 md. 

The concept has a lso many practical applicat ions outside of geology, for example in chemical engineering ( e.g., 
filtration). 

Description 

Permeabili ty is part of the proportionality constant in Darcy's law which relates discharge (flow rate) and fluid 
physical properties (e.g . viscosity), to a pressure gradient applied to the porous media: 

ti, tlP 
·v= ---

J.t D.X 

Therefore: 

p.ilx 
fi:.=V--

flp 

where: 

v is the superficial fluid flow velocity through the medium (i.e., the average velocity calculated as if the fluid 
were the only phase present in the porous medium) (mis) 
n. is the permeability ofa medium (m2

) 

/tis the dynamic viscosity of the fluid (Pa·s) 
,6.P is the applied pressure difference (Pa) 
tlx is the thickness of the bed of the porous medium (m) 

In naturally occurring mate rials, permeability values range over many orders of magnitude (see table below for an 
example of this range). 

Relation to hydraulic conductivity 

The proportionality constant specifically for the flow of water through a porous media is called the hydraulic 
conductivity; permeability is a portion of this, and is a property of the porous media only, not the fluid. Given the 
value of hydraulic conductivity for a subsurface system, the permeabi lity can be calculated as follows: 

~ = J( .!!:_ 
pg 

where 

• ~ is the permeability, m2 

• K is the hydraulic conductivity, mis 
• µ is the dynamic viscosity of the fluid, kg/(m·s) 
• p is the density of the fluid, kg/m3 

• g is the acceleration due to gravity, m/s2
. 

https://en. wikipedia.org/wiki/Permeability _(earth_ sciences) 1/18/2016 
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Determination 

Penneability is typically dete1mined in the lab by application of Darcy's law under steady state conditions or, more 

generally, by application of various solutions to the diffusion equation for unsteady flow conditions_[IJ 

Permeability needs to be measured, either directly (using Darcy's law), or through estimation using empirically derived 
formulas. However, for some simple models of porous media, permeability can be calculated (e.g., random close 
packing of identical spheres). 

Permeability model based on conduit flow 

Based on the Hagen-Poiseui lle equation for viscous flow in a pipe, permeability can be expressed as: 

Ii[= 0 · d2 

where: 

fi.1 is the intrinsic permeability [length2
] 

C is a dimensionless constant that is related to the configuration of the flow-paths 
d is the average, or effective pore diameter [length]. 

Estimation of permeability distribution in subsurface reservoirs 

Permeability distribution in subsurface reservoirs is typically estimated using inverse problem theoryPl 

Intrinsic and absolute permeability 

The tenns intrinsic permeability and absolute permeability states that the permeability value in question is an intensive 
property (not a spatial average ofa heterogeneous block of material), that it is a function of the material structure only 
(and not of the fluid), and explicitly distinguishes the value from that of relative penneability. 

Permeability to gases 

Sometimes permeability to gases can be somewhat different that those for liquids in the same media. One difference is 

attributable to "slippage" of gas at the interface with the s0Jidl3l when the gas mean free path is comparable to the pore 
size (about 0.0 I to 0.1 µmat standard temperature and pressure). See also Knudsen diffusion and constrictivity. For 

example, measurement of permeability through sandstones and shales yielded values from 9.0x I 0- 19 m2 to 

2.4x 10- 12 m2 for water and between l .7x I 0- 17 m2 to 2.6x10-12 m2 for nitrogen gas.(41 Gas penneability of reservoir 
rock and source rock is important in petroleum engineering, when considering the optimal extraction of shale gas, tight 
gas, or coal bed methane. 

Tensor permeability 

To model permeabi lity in anisotropic media, a permeability tensor is needed. Pressure can be applied in three 
directions, and for each direction, permeability can be measured (via Darcy's law in 30 ) in three directions, thus 
leading to a 3 by 3 tensor. The tensor is realised using a 3 by 3 matrix being both symmetric and positive defin ite (SPD 
matrix): 

• The tensor is symmetric by the Onsager reciprocal relations. 

https://en. wikipedia.org/wiki/Permeability _(earth_ sciences) 1/1 8/2016 
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• The tensor is positive definite as the component of the flow parallel to the pressure drop is always in the same 
direction as the pressure drop. 

The permeability tensor is always diagonalizable (being both symmetric and positive definite). The eigenvectors will 
yield the principal directions of flow, meaning the directions where flow is parallel to the pressure drop, and the 
eigenvalues representing the principal penneabilities. 

Ranges of common intrinsic permeabilities 

These values do not depend on the fluid properties; see the table derived from the same source for values of hydraulic 
conductivity, which are specific to the material through which the fluid is flowing. 

!Permeability II Pervious II Semi-Pervious !! Impervious I ::=======::;;===:::;;;:='-!::::====;;;:=========~==::;;::==============~ 
Well Sorted . . I I Unconsolidated Well Sorted Sand or Sand & Very F111e Sand, Silt, 

Sand & Gravel Gravel Loess, Loam Gravel 
::=================~! 

Unconsolidated I IG 
Clay & '-===========: Peat Layered Clay 
Organic ~ . 

Unweathered Clay 

Consolidated 
Rocks 

Highly Fractured 
Rocks 

Source: modified from Bear, 1972 

See also 

• Hydraulic conductivity 
• Hydrogeology 
• Permeation 
• Petroleum geology 
• Relative penneability 
• Klinkenberg correction 

Oil Reservoir 
Rocks 

• Electrical resistivity measurement of concrete 

Footnotes 

Fresh 
Fresh Fresh 

Limestone, Sandstone Granite 
Dolomite 

I. "CalcTool: Porosity and permeability calculator". www.calctool.org. Retrieved 2008-05-30. 
2. "History matching production data and uncertainty assessment with an efficient TSVD parameterization algorithm". Journal 

of Petroleum Science and Engineering 113: 54-71. doi: 10.1016/j.petrol.2013.11.025. 
3. L. J. Klinkenberg, "The Permeability Of Porous Media To Liquids And Gases", Drilling and Production Practice, 41-200, 

1941 (abstract) (http://www.onepetro.org/mslib/servlet/onepetropreview?id=APl-41-
200&soc=APl&speAppNameCookie=ONEPETRO). 

4. J. P. Bloomfield and A. T. Williams, "An empirical liquid permeability-gas permeability correlation for use in aquifer 
properties studies". Quarterly Journal of Engineering Geology & Hydrogeology; November 1995; v. 28; no. Supplement_2; 
p.S 143-S 150. (abstract) (http://qjegh.geoscienceworld.org/cgi/content/abstract/28/Supplement_2/S 143) 
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Chlorinated solvents includ ing tetrachloroethylene (PCE) and trichloroethylene (TCE) 
have been detected in so il vapor, soil, and groundwater samples at concentrations 
sign ificantly above New York State SCG values in the vicinity of the Former Klink 
Cosmo Cleaners Site, in Brooklyn, NY. 

URS performed a soil vapor extraction/air sparge (SVE/ AS) pilot study at the Site to 
obtai n data that will be used to determine if this technology is suitable for further 
consideration as part of a feasibility study prepared for this Site. 

The purpose of this calculation is to determine preliminary design parameters for an air 
sparging system. These parameters include well spacing, well injection pressure, air 
injection rate and well construction parameters. 

2. Source of Contamination 

Data gathered during investigations indicated that a source of groundwater contamination 
was originating near buildings formerly used by Kl ink Cosmo Cleaners. Analytical 
results presented in the Phase rn Remedial Investigation Report for the August 2015 
sampling event had maximum PCE concentrations in the shallow groundwater at 3,600 
µg/L (DEC-031) and l, lOO ~tg/L (DEC-140D) in the deep aquifer. 

Based on the On-Site Phase III Remedial Investigation, the source of PCE contamination 
is an area of contami nated soil beneath the concrete floor in the north-eastern portion of 
the warehouse building. 

3. Pilot Study 

The pil ot study was conducited from November 16 through 19, 2015, along the south side 
of Richardson Street near the intersection of Vandervort A venue between mo11itoring 
wells D EC-031 and DEC-044D. The pi lot study generally followed the procedures 
provided in the New York State Department of Environmental Protection (NYSDEC) 
approved SYE/SP Pilot Study Work Plan dated September 2015. Deviations to the 
approved plan are presented in the Pilot Study Report. 

As part of the pilot study, two SVE wells (4-inch diameter), three AS wells (2-inch 
diameter), and four pairs of soil vacuum observation wells (OWs - shallow and deep, 1-
inch diameter) were constructed. Figure I provides the well locations. 

A mobile trailer mounted SYE/AS treatment system (Unit 75), provided by ProAct 
Services Corporation of Southbury, Connecticut was used for the pilot test. Components 
of the SVE/ AS treatment system include: 

• SVE rotary claw blower, capable of 300 actual cubic feet per minute (acfm) and 
up to 22 inches of mercury (Hg) 

• SVE vacuum manifold equipped with vacuum and flow indicators, throttling 
valves, and hoses 
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AS compressor, capable of l 25 standard cubic feet per minute (scfm) at 22 psi 

AS manifold equipped with pressure and flow indicators, throttling valves, and 
hoses 

Two parallel trains of vapor phase carbon vessels, each containing two 200 
pound drums construct in series, with sampling points 

a. AS Pilot Test Procedures 

Step and constant rate tests were to be performed at various air tlowrates, under 
maximum SYE vacuum, to determine its impact on the formation. Step tests were 
performed with SP-2 and SP-3 online separately, and then together. The capture zone 
(radius of influence) provided by operating SYE-1 and SVE-2 at their maximum capacity 
was unknown. SP-1 was not brought online due to safety concerns regarding fugitive 
PCE and TCE vapors entering the adjacent building affecting workers. It should be noted 
that the area near SP-1 appears to be the closest sparge well to the most contaminated 
portion of the source area beneath the concrete floor slab in the north-eastern portion of 
the warehouse building. 

During the step tests the air sparge flowrates (scfm) were to be increased incrementally 
by 25 scfm every 30 minute by opening the valve inside the treatment system's air supply 
manifold until the maximum flowrate produced by the compressor (125 scfm at 22 psi) 
was achieved. As such, air sparge flowrates were to range between 25 and 125 scfm 
during each of the step tests. 

Four rounds of data were to be collected at each air flowrate interval. Data included: 
vacuum pressures inside the treatment unit at the vacuum manifold; at the extraction 
wells (SVE-1 & SYE-2); observation wells (OW-I, OW-10, OW-2, OW-20, OW-3, 
OW-3D, OW-4, & OW-4D); and monitoring wells (DEC-31 , DEC-44, & DEC-141). 
The volume of air extracted (scfm) was also to be recorded during each monitoring 
interval. The step test with SP-2 and SP-3 (Test 4 and Test 5) was not performed as the 
throttling valve used to increase the air flow could not be adjusted in small enough 
increments to balance the system and accurately record flowrate, even while 
manipulating the make-up air. As such, Tests 4 and 5 were conducted using 
approximately the same air flowrate. 

T he step test using both SP-2 and SP-3 was generally successful as the air flowrate was 
able to be raised evenly in increments of 5 to IO scfm. However, pressure readings in the 
SP wells did not provide s ufficient data for use in the calculations. ft is unlikely that 
steady-state conditions were achieved dlU'ing the pilot study. 

The constant rate test was performed with SP-2 and SP-3 (Test 8). Data were collected at 
approximately 10 minute intervals. Vacuum pressures were monitored and recorded 
inside the treatment unit at the vacuu m manifold, extraction wells (SVE-1 & SYE-2), 
observation wells (OW-I, OW-ID, OW-2, OW-20, OW-3, OW-30, OW-4, & OW-40), 
and monitoring wells (DEC-31 , DEC-44, & DEC-141). The flowrate of air introduced 
(scfm) was also recorded during each monitoring interval. Summa canisters were 
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collected near the beginning and end of each test and analyzed for VOCs. Field data 
collected during pilot test is presented on Table 2 - Pilot Study Field Data Summary. 

b. Data Usability 

Because data collected from each of the 4 air sparge tests (Test 4, 5, 6 & 8) was not 
sufficient to design the air sparge system, the design will be based on published 
information from the references provided below. The flow- pressure relationship 
observed in Test 6 for SP-3 indicates a low value of air-entry pressure (see Table 4.3 of 
Reference 2 - attached) suggesting that flow is predominantly occurring within macro­
pores or that there was insu fficient pressure provided by the equipment to indicate that 
the flow was predominately occuITing within the matrix porosity (a well distributed 
ai1flow). 

4. References 

1. United States Environmental Protection Agency (USEPA). 1995. How to Evaluate 
Alternative Cleanup Technologies for Underground Storage Tank Sites, EPA 510-B-
95-0-07, May. 

2. US Army Corps of Engineers (USACOE). 1997. In-Situ Air Sparging Engineer 
Manual EM l /0-1-4005. September. 

3. Lesson, A. et al. 2002. Air Sparging Design Paradigm. Batelle. Columbus, OH. 
August. 

4. Wisconsi n Department of Natural Resources. 2002. Guidance for Design, 
lnstallation, and Opera1ion of Soil Venting Systems, PUB-BR-185. June. 

5. Klink Cosmo, Draft Onsite Phase Ill Remedial Investigation, prepared by URS, 
January 2016 

5. Design Criteria 

The SVE calculation was based on a remediation area encompassing approximately 
18,100 ft

2 
extending down to the groundwater which ranges between 30 to 33 ft below 

ground surface (bgs). The same area wiU be used for the air sparge calculation (see 
Figure 2). 

Design criteria have been developed based on information and guidance provided in the 
references cited in Section 4 as presented below. 
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Parameter Recommended Value or 
Ran2e 

Zone of Influence (ZOI) 5 ft for fine grained soils to 
100 ft for course-grained 

soiJs 
5-25 ft typical, varies O to > 

80 ft 
Well Spacing Based on ZOI 

15 ft, or more if 
economically i moractical 

12-50 ft 
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Reference 

I 

2 

2 
3 

4 

There are many underground utilities along the sidewalk in the area where remediation 
wil l be conducted. If possible, a well spacing between 15 to 20 feet will be maintained 
for air sparging. 

The stratigraphy in the upper aquifer consists mainly of medium to coarse sands while the 
stratigraphy in the lower aquifer is mainly comprised of fine to medium sands. This 
value is within the range of guidance values for well spacing (see Figure 3). 

Since the treatment area in the warehouse building is not yet defined, we modeled the 
design criteria to provide treatment only around the perimeter of the source area (north­
east section of the warehouse buildi ng). Using the I 5 to 20 foot spacing for wells, and 
considering that 3 sparge wells already exist, approximately 6 additional sparge well s 
will be installed to remediate the area of contamination as shown in Figure 2. 

b. Air Flow Rate 

Air flow guidance values for the references cited are summari zed below. 

Parameter Recommended Value or Reference 
Ranl!e 

Air Flow Rate 3-25 scfm per well tvoical I 
I .3-40 scfm per well tvoical 2 

The air flow rate for sparging is related ro the air flow rate required to capture emissions 
from sparging by the SYE system. In accordance with USEPA guidance (Reference 1), a 
minimum of one pore volume per day should be extracted daily for effective remedial 
progress. According to USACOE guidance (Reference 2) the SVE extraction rate should 
be 2 to 4 times greater than the sparging air injection rate to establish sufficient capture 
zones. 

Using the guidance cited in the previous paragraph, and assuming a one pore exchange 
rate and an SYE extraction rate equal to 2 times the sparging injection rate, the air 
sparging flow rate is calculated as follows: 

Pore Volume (PY)= Area (A) x Depth to Water Table (ct) x effective air porosity (n) 
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n = 0.24 (assumed - same value used in the SVE calculations) 

PV = 18, JOO x 33 x 0.24 = 143,352 say 144,000 cubic feet 

SVE Extraction Rate (ER)= 2 PV/day x day/1440 mjnutes 
ER = 200 cubic feet per minute 
Maximum Air Sparging Flow Rate= 200/2 = 100 cubic feet per minute 

Operation of the air sparge system can vary from having all l l wells online or pulsing the 
system with a few wells online at one time. With all 11 wells online, 

Air Sparging Rate per Well = 100/9 = 11 cubic feet per minute 

Assuming that the air sparging system will be operated in a pulse mode, with only 5 of 
the eleven wells operating at one time, 

Air Sparging Rate per Well= 100/5 = 20 cubic feet per minute 

The air sparging rate could range between 11 to 20 cubic feet per minute. This is within 
the range provided in the guidance documents. 

c. Depth to Top of Screen 

Guidance for depth to the top of screen is summarized below. 

Pa ram eter Recommended Value or Reference 
Ranee 

Depth to Top of Screen 5 to 15 feet below I 
contamination 

5 to 20 feet below the water 2 
table surface 

5 feet below the seasonal 4 
low water table 

The data shows that the contamination was detected approximately 40 bgs in wells 
(DEC-03 l, DEC-044, DEC-065, DEC-066, DEC-141) the shallow aquifer to a maximum 
of approximately 80 feet bgs in (DEC-0650 and DEC- 1400) the deep aquifer. The 
lowest recorded water table elevation in wells in the treatment zone is approximately 33 
feet bgs in DEC-03 t. (Reference 5) 

Using the information provided in the paragraph above, the screens of the sparge wells 
will be installed at two different depths. 

The ground elevation at DEC-031 is 34.99 ft. DEC-031 extends 45 ft below ground. The 
well is screened between 30 to 45 ft bgs. The lowest groundwater elevation recorded in 
DEC-031 was at elevation 1.76 ft (2/25/2013). The top of the screen in sparge wells that 
will be used to treat contaminants in the shallow aquifer will be set at approximately 45 ft 
bgs. This value is a minimum of 5 feet below contamination, and approximately 8 feet 
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below the lowest recorded water elevation which is in compliance with the recommended 
values presented in the table above. (Reference 5) 

The ground elevation at DEC-031 D is 34. 70 ft. DEC-031 D extends 80 ft below ground. 
The well is screened between 70 to 80 ft bgs. The lowest groundwater elevation recorded 
in DEC-031 was at elevation 1.77 ft (2/25/20 13). The top of the screen in sparge wells 
that will be used to treat contami nants in the deep aquifer will be set at approximately 85 
ft bgs; 48 feet below the lowest recorded water elevation. (Reference 5) 

d. Sparging Air Pressure 

Sparging air pressure guidance values are summarized. 

Parameter Recommended Value or Reference 
Rarn!e 

Sparging Air Pressure 10-15 osi2: I 
0.3 to 18 psig over 2 

hydrostatic pressure 

The air sparging pressure should be maintained between the minimum pressure necessary 
to induce flow (P01;n) and the pressure at which fractming occurs (Prr:ic,ure): 

Where: 

P m;n (psig) = 0.43 H + P packing + P rorma,ion 

Prmc1ure (psig) = 0.73D 

H = depth of top of screen below the water table (ft) 
D = depth of top of screen below ground surface (ft) 

(Reference 3) 

The sparging pressure is calculated based on the following assumptions: I .) the highest 
seasonal water table surface recorded is approximately 33 feet bgs; and 2.) well screen is 
placed 45 feet bgs. 

P,nin (psig) = 0.43 H + P packing + P ronnation 

For treatment of the shallow aquifer: 

and, 

H= (45-33) ft= 12ft 

Pracking + P rorma,ion = 0.2 psig for sandy formation 
P min (psig) = 0.43 (12) + 0.2 = 5.4 psig 

P rmc1urc (psig) = 0.730 
Prmcturc (psig) = 0.73 (45) = 32.8 psig 

(Reference 3) 

The acceptable pressure range based on the calcu lations for the shallow aquifer is 5.4 to 
32.8 psig. 

For treatment of the deep aq uife r: 
H = (85 -33) ft= 52 ft 
P111;0 (psig) = 0.43 (52) + 0.2 = 22.56 psig 
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This exceeds the acceptable pressure range provided in the reference documents. If the 
well screen is placed at 75 feet bgs, at the midpoint of DEC-03 lD, P111;n would be 18.3 
psig and P rraciure would be 54.8 psig. 

The range of P111;0 for treating the shallow and deep aquifer is 5.4 to 18.3 psi (top of screen 
for deep aquifer set at 75 feet bgs). This is in the range of acceptable values for air 
sparge pressure. Actual operation of the air sparge system may warrant that treatment of 
the shallow and deep aquifers to be conducted separately due to the fracture pressure 
when treating the shallow aquifer. 

e. Well Diameter 

Well diameter guidance values are summarized below. 

Parameter Recommended Value or Reference 
Range 

Well Diameter l to 4 inches 2 
2 inches or greater 4 

The design wi ll include 2-inch diameter wells. This diameter is within the range of 
values recommended by the references cited. 

f. Screen Length 

Guidance values for screen length are presented below. 

Parameter Recommended Value or Reference 
Range 

Screen Length 1 to 3 feet I 
0.5 to 10 feet 2 

2 to 5 feet 4 

A 3 foot screen length wi II be used for design of the additional sparge wells since 
subsurface conditions are relatively uniform in the treatment zone (fine to medium 
sands). 



Klink Cosmo - Air Sparge Pilot Test
NOTES: SVE-2 on @ Max Throttle 1019 reset 1131 shutdown

Well: SP-2   Stepped Rate Test 0945 shutdown 1031 shutdown and reset 1136 shutdown

Date: 11/17/2015 0952 reset 1037 shutdown 1221 shutdown

Personnel: MG, JL 1014 shutdown 1038 reset 1237 stop

Time
 Manifold

Manifold Manifold To Manifold AS-2 AS-2 Before After Ambient
To To Air Sparge At Well To At At At At At At At At At At At At Carbon Carbon At At Before 

SP-2 Well SVE-2 SP-2 SVE-2 AS-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 PID/FID (PID/FID) SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (psi) (in Hg) (psi) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (ppm) (⁰F) (⁰F) (⁰F)

930 20 63 13.5 -2.5 0.5 -2.7 0 0 -2 -0.5 -1 0 0 -2 -1 -1 0 0 >15000/- 0 45 45 55
956 24 60 12.5 -0.5 0 -3.5 0 0 -1 0 -1 -0.5 -0.5 -1.5 -0.75 -0.75 0 0 >15000/- 0 45 45 55

1005 26 60 12 -2.5 0 -4 0 0 -1 0 -1 0 -0.5 -1.5 -0.5 -0.75 0 0 >15000/- 0 45 45 55
1015 21 60 11.5 -2.5 0.5 -4 0 0 -1 0 -1 0 -0.5 -2 -0.75 -1 0 0 >15000/- 0 45 45 55
1027 40 60 14.5 -2.5 0 -4 0 0 -1 0 -0.5 0 -0.5 -2 -1 -1 0 0 >15000/- 0 45 45 55
1035 40 60 11 -2.5 -4.5 0 0 -0.75 0 SP-2 PVC/FERNCO slipped off -0.5 0 1040 glued new 45 45 55
1123 40 61 17.5 -2.5 0 -4 0 0 -1 -0.5 -1 -1 -0.5 -1.5 -1 -1.5 0 0 -/315 0 45 47 55
1132 43 60 17 -2.5 0 -4 NA NA -1 -0.5 -1 -1 -0.5 -1.5 -0.5 -1.5 NA -0.5 NA NA 45 46 55
1139 40 60 19 -2.5 0 -4 0 0 -1 -0.5 -1 -1 -0.5 -1.5 -1 -1 0 0 >15000/574 0 45 46 55
1215 70 60 26.5 -2.5 0 -4 0 0 -0.75 0 -1 -1 -0.5 -1.75 -0.75 -1 0 0 -/680 0 45 46 55
1234 80 60 23.5 -2.5 0 -4 NA NA -0.75 0 -1.5 -1 -0.5 -1.75 -0.5 -1 NA 0 >15000/650 0 45 46 55
1237

Run Time 
(min)
187

Average 40 60

TemperatureFlow Rates Vacuums / Pressures

Stopped System

Test 4
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Klink Cosmo - Air Sparge Pilot Test
NOTES: Compressor shut off @ > 40 scfm - Max limit of formation Shut down @ 4:03 pm for installation of sample tap

Well: SP-3   Stepped Rate Test Tried increasing flow but motor repeatedly cut out Restart at 4:15 pm
Date: 11/17/2015 Per final sample w/summa can at 540pm Shut down @ 5:45 pm
Personnel MG, JL 21 psi @ SP-3 manifold during sample Retool for SP-2 & SP-3

Time

Manifold Manifold Manifold Manifold AS-2 AS-2 Ambient
To To At To At Back To At At At At At At At At At At At At At At At Before 

SP-3 SVE-2 SP-2 SP-3  SP-3 Gauge SVE-2 SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 SVE-1 SVE-2 Carbon
Units (scfm) (scfm) (psi) (psi) (psi) (psi) (in Hg) (Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (⁰F) (⁰F) (⁰F)

1532 16 60 0.5 15 3 -4 -2.5 0 -0.5 -1 0 -1 -0.5 -0.5 -1.75 -1 -0.5 -0.25 0 890 50 800 540 48 49 45
1542 18 60 0 16 3 -4 -2.5 0 -0.75 -1.5 0 -1 0 -0.25 -1.75 -1 -1 -0.25 0 NA NA NA 0 48 49 45
1550 18 60 0 15 3 -4.5 -2.5 0 -0.5 -1 0 -1.5 0 0 -1.75 -1.5 -0.5 -0.25 0 NA NA NA 0 48 49 45
1555 18 60 0 14.5 3 -4.5 -2.75 0 -0.5 -1 0 -1 -0.25 -0.25 -1.75 -1.5 -0.75 -0.25 -0.25 805 685 850 0 48 49 45
1603 System shut down due to high pressure
1615 30 61 0 24 2.5 -4.5 -2.5 0 -0.5 -1.5 0 -1 -0.25 -0.25 -2 -1.5 -1.5 -0.25 0 490 490 0 0 48 49 45
1625 30 61 0 16 2.6 18.5 -4.5 -2.5 0 -0.5 -1.5 0 -1 -0.5 -0.25 -1.75 -1.5 -1 -0.5 0 470 320 0 0 48 49 45
1639 30 62 0 15 2.6 20 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 0 480 415 0 0 48 49 45
1645 30 61 0 14.5 2.6 21.5 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 0 480 1700 0 0 49 49 45
1650 40 60 0 18.5 2.6 22 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1.25 -0.5 0 420 1900 0 0 48 48 45
1657 41 61 18 2.6 22 -5 -2.5 0 -0.5 -1.5 -0.5 -1.5 -0.25 0 -2 -1.5 -1 -0.5 -0.25 620 740 0 0 48 48 45
1703 40 61 0 17 3 22 -5 -2.5 0 -0.25 -1.5 -0.5 -1.5 -0.25 0 -1.5 -1.5 -1 -0.5 0 470 610 0 0 48 48 45
1709 40 61 0 17 3 22 -5 -2.5 0 -0.25 -1.25 -0.5 -1 -0.25 0 -1.5 -1 -1 -0.5 0 680 720 0 0 47 49 45
1730 40 System shut down due to high pressure
1740 21 Restarted system to collect sample
1745 21 Collected sample & shutdown system

Average 29 61

Test 5

TemperatureFlow Rates
Trains A & B

Vacuums / Pressures

Before
Carbon
PID/FID

(ppm)

Trains A & B
After

Carbon
(PID/FID)

(ppm)
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Klink Cosmo - Air Sparge Pilot Test
NOTES: Summa collected at 2020

Well: SVE on max throttle
Date:
Personnel: David Coulter, Mike Gutman, John Lysiak

Time
Manifold

To Manifold At AS-2 AS-2 After Ambient
SVE-2 To Well Back Well At At At At At At At At At At At At Carbon At At Before 
(scfm) SVE-2 Gauge SVE-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 SVE-1 DEC-31 DEC-141 (PID/FID) SVE-1 SVE-2 Carbon

Units SP-2 SP-3 SP-2 SP-3 (in Hg) SP-2 SP-3 (psi) (Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (ppm) (⁰F) (⁰F) (⁰F)

1800 10 10 62 8.9 14 -4.5 0.5 2.5 14 -2.25 0 0 -1 -0.5 -0.5 0 -0.5 -1 -0.5 -1 -0.5 0 620 480 0 45 48 45
1819 10 10 61 9.5 12.5 -4.5 0.5 3 14 -2.25 0 0 -1.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 720 560 0 45 47 45
1830 10 10 61 9 11.5 -5 1 3 13.5 -2.25 0 0 -1.5 0 -0.5 0 -0.5 -2 -0.5 -0.5 -0.5 0 710 0 45 48 45
1837 10 10 63 9 11 -5 0.5 3 13.5 -2.25 0 0 0 -0.5 -0.5 0 -0.5 -1 -0.5 -0.5 -0.5 0 710 530 0 45 48 45
1845 15 15 62 9 12 -5 0.5 3 16 -2.5 0 0 0 -0.5 -0.5 0 -0.5 -1 -0.5 -0.5 -0.5 0 740 516 0 45 48 45
1853 15 15 63 9 11.5 -5 0.5 3 16 -2.25 0 0 0 -0.5 -0.75 0 -0.5 -1 -0.5 -0.5 -0.5 0 800 680 0 45 48 44
1902 15 15 63 8.5 11.5 -5 0.5 3 16 -2.25 0 0 0 -0.5 -0.75 0 -0.5 -1 -0.5 -0.5 -0.5 0 720 590 0 45 50 44
1906 15 15 62 8.5 11 -5 0.5 3 16 -2.25 0 0 -0.25 -0.5 -0.5 0 -0.5 -1.5 -0.5 -0.5 -0.5 0 840 700 0 45 49 44
1915 20 20 62 9 12.5 -5 0.5 3 17 -2.25 0 0 -0.25 -0.5 -0.5 0 0 -1.5 -0.5 -0.5 -0.5 0 780 725 0 45 49 45
1921 20 20 63 8.5 12 -5 0.5 3 17 -2.25 0 0 -0.25 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 820 780 0 45 49 45
1928 20 20 62 8.5 11.5 -5 0.5 3 17 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 0 850 748 0 45 48 44
1934 20 20 63 8.5 11.5 -5 0.5 3 17 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.75 -0.75 -1 -0.5 0 840 730 0 45 49 41
1940 25 25 63 8.5 12.5 -5 0.5 3 18 -2.5 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.75 -1 -0.5 0 770 620 0 45 48 44
1945 25 25 62 8.5 12.5 -5 0.5 3 18 -2.75 0 0 -0.5 -0.5 -1 0 -0.5 -1.5 -0.5 -1 -0.5 0 700 570 0 45 48 43
1950 25 25 63 8.5 12.5 -5 0.5 3 18 -3 0 0 -0.5 0 -1 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 750 530 0 45 47 43
1954 25 25 62 8 12.5 -5 0.5 3 18 -3 0 0 -0.5 0 -1 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 740 530 0 45 47 43
2003 35 35 62 9.5 15 -4.5 0.5 3 20.75 -3 0 0 -0.5 -0.5 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 800 590 0 45 48 43
2008 35 35 62 9.5 15 -4.5 0.5 3.5 20.6 -3 0 0 -0.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.25 850 640 0 45 48 43
2014 35 35 63 9 15.5 -4.5 0.5 3.5 20.6 -3 0 -0.5 -0.5 0 -0.5 0 -0.5 -1.5 -0.5 -1 -0.5 -0.1 850 640 0 45 48 43
2019 35 35 62 9 14.5 -4.5 0.5 3.5 20.6 -3 0 -0.5 -0.5 -0.25 -0.75 -0.1 -0.5 -1.5 -0.5 -1 -0.5 -0.1 45 48 43

Run Time (Min)
139

Average 21 21 62.3

Test 6
Temperature

Outside At
PID ReadingsFlow Rates

Manifold 
Vacuums / Pressures

SP-2 & SP-3   
11/17/2015

Manifold 
To

(ppm)

Air Sparge

(psi)

To
SP Wells

(psi)
SP Wells

Before
Carbon

(scfm)
Wells 

PID/FID
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Klink Cosmo - Soil Vapor Extraction Pilot Test
NOTES:

Well: SVE-1 & SVE-2    Constant Rate Test
Date: 11/18/2015 6:54 Purging SVE-1 and SVE-2
Personnel: MG, JL

Time

At Manifold to Manifold to At AS-2 AS-2
Extraction Well Well Well At At At At At At At At At At At At At At At Ambient
Well SVE-1 SVE-1  SVE-2 SVE-2 AS-3 AS-2 OW-1 OW-1D OW-2 OW-2D OW-3 OW-3D OW-4 OW-4D DEC-44 DEC-31 DEC-141 SVE-1 SVE-2

Units (scfm) (psi) (scfm) (psi) (in Hg) (scfm) (scfm) (in Hg) (psi) (psi) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (in Hg) (⁰F) (⁰F) (⁰F)

2010 27 28 -2.5 70 61 -0.5 0 0 0 -0.5 -0.5 -0.25 -0.5 -0.25 -0.5 -1.75 -0.5 -0.5 0 490 350 57 60 57

2044 35 11 35 8 -2.5 70 60 -0.5 0 0 -0.25 0 -0.5 0 -0.5 -0.5 0 -2 -0.5 -0.5 0 900 1014 58 60 59

2054 35 11 35 8 -3 69 60 -2 0 0 -0.5 0.25 -0.5 0 -0.25 0 -0.5 -1 -0.5 -0.5 -1.5 900 1013 60 60 60

2104 36 10.5 35 7 -3 70 61 -2 0 0 -0.5 0.5 0.5 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 1140 960 60 60 60

2114 36 10.5 35 8 -3 70 61 -2 0 0 -0.5 0 -0.5 -0.25 -0.5 -0.25 0 -2 -0.5 -0.5 -2.5 60 60 60

2124 36 10.5 35 8 -3 69 61 -2 0 0 0 0.25 -0.25 0 -0.25 0 -0.25 -1.5 -0.25 -0.5 -2.5 1015 900 60 60 60

2134 36 10.5 35 8 -3 70 61 -2 0 0 -0.5 0.25 -0.5 -0.25 -0.25 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 900 800 60 60 60

2144 37 10.5 35 7.5 -2.75 69 61 -2 0 0 -0.5 0 -0.25 -0.25 -0.5 -0.25 -0.25 -2 -0.5 -0.5 -2.5 800 1300 60 60 60

2154 36 10.5 35 7.5 -2.75 70 60 -2 0 0 -0.25 0 -0.25 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 890 1500 60 60 60

2204 37 10.5 35 8 -3 70 61 -2 0 0 -0.25 0 -0.5 -0.25 -0.5 -0.25 -0.25 -1.75 -0.5 -0.5 -2.5 890 940 60 60 60

2214 37 10.5 35 7.5 -2.75 70 61 -2 0 0 0 0 -0.5 -0.25 -0.5 -0.25 -0.5 -1.75 -0.5 -0.5 -1.5 880 1480 60 60 60

2224 37 10.5 34 7.5 -2.5 69 60 -2 0 0 0 0 -0.25 -0.25 -0.25 -0.25 -0.25 -1.75 -0.5 -0.5 -1.5 870 1100 60 60 60

2234 37 10.5 35 7.5 -2.75 67 61 -2 0 0 0 0 -0.25 -0.25 -0.25 -0.25 -0.75 -1.75 -0.5 -0.5 -1.5 950 1450 61 60 60

2244 45 12 45 9 70 61

Run Time 
(min)
154

Average 36 35 70 61

Temperature

Gauge calibration not low enough

Max Vac 0 w/ both SVE 1 &2 at Max Flow

PID Readings

Manifold

Flow Rates / Pressures Vacuums / Pressures
Tests 7 & 8

Purge duration at Max Flow = 2010-1854 = 76 Minutes (Test 7)

SP-1

After
Carbon

(PID/FID)

Manifold

SP-2
To To

(ppm)

Before
Carbon
PID/FID

(ppm)
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Exhibit Vll-13 
Pilot Test Data Objectives 

Data Requirement 

SVE Test Portion (if necessary) 
SVE radius of innuence (ROI) 
Wellhead and monitoring point vacuum 
Initial contaminant vapor concentrations 

Initial hydraulic gradient 

Air Sparging Test Portion 
Air sparging ROI 
Sparging rate 
Sparging vapor concentrations 

Hydraulic gradient influence 

Dissolved oxygen and carbon dioxide 

Combined Test (if necessary) 

Sparging/SVE capture rates 
Constituent va or concentrations 

Source 

Monitoring point pressure gauges 
Well head pressure gauge 
SVE exhaust name ionization detector (FID) 
readings (or other suitable detection device) 

Water level tape at monitoring wells or 
pressure transducers and data logger 

Monitoring point pressure gauge 
Compressor discharge now gauge 

Monitoring well and vapor point FID readings 
(or other suitable detection device) 
Water level tape at monitoring wells or 
pressure transducers and data logger 
Dissolved oxygen and carbon dioxide probes 
at monitoring wells 

Pressure/flow gauges 
Blower dischar e and monitorin oints 

The ROI should be determined based on the results of pilot tests. One 
should be careful, however, when evaluating pilot test results because 
the measurement of air flow, increased dissolved oxygen, or the 
presence of air bubbles in a monitoring point can be falsely 
interpreted as an air flow zone that is thoroughly permeated with 
injected air. However, these observations may only represent localized 
sparging around sparsely distributed air flow channels. The ROI 
depends primarily on the hydraulic conductivity of the aquifer 
material in which sparging takes E_;lace. Other factors that affect the. 
ROI include soil heterogeneities. and differences between lateral an 
vertical permeability...of the soils. Generally, the design ROI can range 
from 5 feet for fine-grai11J!.d soils to 100 feet for coarse:-grained soils. 

O Sparging Air Flow Rate. The sparging air flow rate required to provide 
sufficient air flow to enhance mass transfer is site-specific and will be 
determined via the pilot test. Ty__pical air flow rates range from :,3 to 25 
standara cubi fee per minute (scfm) per injection well. Pulsing of the 
air flow (i.e .. turning the system on and off at specified intervals) may 
provide better distribution and mixing of the air in the contaminated 
saturated zone. thereby allowing for greater contact with the dissolved 
phase contaminants. The vapor extraction system should have a 
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greater flow capacity and greater area of influence than the air 
sparging system. The air sparging rate,.should vary beLween 20 
percent and 80 percent of the. oil vapor extractiQJl flow rate. 

O Sparging Air Pressure is the pressure at which air is injected into the 
saturated zone. The saturated zone requires pressures greater than 
the static water pressure (1 psi for every 2.3 ft of hydraulic head) and 
the head necessary to overcome capillary forces of the water in the 
soil pores near the injection point. A typical system will be operated a 
a pproximately O to 1 S_psig. Excessive pressure may cause fracturing 
of the soils and create permanent air channels that can significantly 
reduce air sparging effectiveness. 

O Initial Constituent Vapor Concentrations are measured during pilot 
studies. They are used to estimate constituent mass removal rates 
and system operational time requirements and to determine whether 
treatment of extracted vapors will be required prior to atmospheric 
discharge or reinjection. 

O Required Final Dissolved Constituent Concentrations in the saturated 
zone will determine which areas of the site require treatment and 
when air sparging system operations can be terminated. These levels 
are usually defined by state regulation~ as remedial action levels. In 
some states, these levels are determined on a site-specific basis using 
transport modeling and risk assessment. 

O Required Remedial Cleanup Time may influence the design of the 
system. The designer may vary the spacing of the sparging wells to 
speed remediation to meet cleanup deadlines, if required. 

O Saturated Zone Volume To Be Treated is determined by state action 
levels or a site-specific risk assessment using site characterization 
data for the groundwater. 

O Pore Volume Calculations are used along with extraction flow rate to 
determine the pore volume exchange rate. Some literature suggests 
that at a minimum one pore volume of soil vapor should be extracted 
daily for effective remedial progress. 

O Discharge Limitations And Monitoring Requirements are usually 
established by state regulations but must be considered by designers 
of an air sparging system which uses SVE to ensure that monitoring 
ports are included in the system hardware. Discharge limitations 
imposed by state air quality regulations will determine whether offgas 
treatment is required. 

O Site Construction Limitations (e.g., building locations, utilities, buried 
objects, residences) must be identified and considered in the design 
process. 
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Exhibit Vll-17 
Combined Air Sparging/SVE System Layout 

Legend: 

Equipment 
Compound 

~ Air Sparglng Well 
S SVE Well 

·---· SVE (Vacuum) Manifold 

~ 
I 
I 

-Atr Sparglng (Compressed Air) Manifold 
EZ2) Extent of Dissolved Petroleum Contamination 

Well Construction. The air spargi.ng (injection) wells are generally 
constructed of 1 to 5 inch PVC or stainless steel pipe. The screened 
interval is normally from 1 to 3 feet and is generally set from 5 to 15 feet 
below the deepest extent of adsorbed contaminants. Setting the screen at 
a deeper interval requires higher pressures on the system but generally 
does not achieve higher sparge rates. Increased screened intervals do not 
improve system efficiency because air tends to exit a t the top portion of 
the screen. Air spargmg wells must be properly grouted to prevent short 
circuiting of the air. Horizontal injection wells should be designed and 
installed carefully to ensure that air exits from along the entire screen 
length. Perforated pipe, ra1ther than well s creening, is sometimes 
preferable. Exhibits VII-18 and VII-19 present typical vertical and 
horizontal air sparging well constructions. respectively. 

Injection wells should be fitted with check valves to prevent potential 
line fouling caused by pressure in the satura ted zone forcing water up 
the point when the system is shut down. Each air spargi.ng well should 
also be equipped with a pressure gauge 'and flow regulator to enable 
adjustments in sparging air distribution. Refer to Chapter II: Soil Vapor 
Extraction for vapor extraction well details . 
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Exhibit Vll·18 
Typical Vertical Air Sparging Well Construction 

Sched. 40 PVC 
Solid Cosing------

Pressure Indicator 
Flow Regulating Valve 
Check Valve 

-+----.... 

Exhibit Vll-19 

N 
_I 

in 
_I 

Typical Horizontal Air Sparging Well Construction 

Note: 
Pipin9. may be buried 
in utility trenches. 

l.e<Jend: 

-!-Water Table 

October 1994 

From />Jr 
Compressor 

t 

Pipe 
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c. Biodegradation. 

(l) There have been a number of discussions in the literature about whether air sparging 
operates primarily through volatilization or biodegradation. However, given the conceptual 
model described in Chapter 2, it is apparent that air sparging operates in both modes. Paragraphs 
2-8b and 3-3e discuss many of the considerations that underlie biosparging design. In some in­
stances, such as those sites affected by chlorinated solvents, the introduction of oxygen in air 
may not be sufficient to stimulate biodegradation of the target compounds if they are not readily 
degradable under aerobic conditions. Some form of conditioned air may be needed to promote 
in-situ biodegradation, or vapor-phase transport may be the only functioning removal mecha­
nism. 

(2) voes such as TeE, chloroform, cis- and trans-l,2-dichloroethene, and methylene chlo­
ride can be biologically co-oxidized during growth on a variety of substrates, including methane, 
propane, butane, and toluene (Norris 1994). Therefore, if the injected air can be conditioned 
with one or more of these of gases, chlorinated voes may be destroyed through both volati liza­
tion and biodegradation (Lombard et al. 1994). 

5-3. Design Guidance-Subsurface 

The mechanisms identified above provide a "general" basis for advancing the design. This 
chapter will provide more specific guidance for the subsurface des ign of IAS systems. There are 
many subsurface features that must be addressed during system design that are critical compo­
nents of an effective !AS system. Systems should be designed to optimize volatil ization and 
biodegradation processes and minimize adverse effects, such as uncontrolled migration of vapors 
or groundwater. Key features for design, along with typical ranges of values, are listed in Table 
5-1. Each parameter has either been previously quantified or will be discussed in this chapter. 

Table 5-1 
Design Parameters for IAS Systems 

Parameter Tvoical Ran2:e1 

Well diameter r- .s to 10 cm (I to 4 inches) 
Well.screen len!!th IS to 3..00 cm C0.5 lo 10 ff) 
Deotb of top of well screen oelow water table "'1 .5 to 6 rn (5 to 20 ft') 
Air soargiri'gflow rate ~0.04 to 1.1 n?trnin (l--:-3 to 40 scfrn) 

,Air soanrim.r iniection ove_rpressure" 1-2 to 120 RPa(O.J w 18 osig) 
IASZOI . 15 .to 7.5 m (5 to 25 ft) 
1Modified from Marley and Bruell (1995). 
20veroressure is injection pressure in excess ofhvdrostatic oressure, Ph. 
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Table 2. Sample Air Sparging Technology Screening Input Summary Table (cont.) 

Semi-Quantitative Assessment of Feasibilitv - Calculations 
Approximate number of injection wells required if placed on close- 20 
spacings (i.e. using the "Standard" design approach prescribed 15-ft (not cost-prohibitive) 
spacings) (costprohibitive?) 
Minimum economicallv-feasible iniection well spacing (ft) NA 
V50;1 = L x W x D 800 
Volume of treatment zone (m3

) 

Mo = Ysoil X Pb X C,,i X 10"6 kg/mg 1.4 x I 04 (TPH) 
Initial mass of contaminant present (kg) 
(not annlicable for air svarr!inf! barrier treatment svstems) 

420 (Benzene) 

Flux= U x W x D x Cw,, x I 03 L/m3 x 10·6 kg/mg NA 
Contaminant flux to barrier (kg/d) 
(onlv avvlicable for barrier treatment svstems) 

Rvc = Q;njcc1 x Cv.max x I 0"6 kg/mg x 1,440 min/d 810 (TPH) 
maximum volatilization rate from within air channels (kl?/d) 1.6 (Benzene) 
Rsc = Ysoil X F X Pb X BX 10"6 kg/mg 0.3 to 3 
Aerobic biodegradation rate from within air channels (kg/d) 

'tmm = M0 X I 03 g/kg X F X Ym;0/Qinjccl X (1 / 1,440) d/min 68 
Minimum time necessary to achieve desired treatment in air channels 
bv volatilization (d) 

Rva = Q ;njec1 x H x Cw.i x 1 o·6 kg/mg x 1,440 min/d 4 x 1 O..i (TPH) 
Maximum volatilization rate from outside air channels due to water 8 x l 0·5 (Benzene) 
evaooration (kl?/d) 

Rew= Ysoil X q> XO X 103 L/m3 
X 10-6 kg/mg X 0.33 kg-HC/kg-0 2 0.8 to 8 

Estimated aerobic biodegradation rate in groundwater due to oxygen 
delivery to groundwater5 (kl?/d) 

Rew = Vsoil X (j) XO X I 03 L/m3 
X 10-6 kg/mg X (C w./9) 2.7 to 27 (TPH) 

Estimated initial volatilization rate from groundwater based on oxygen 
delivery rate estimate6 (kg/d) 

0.57 to 5.7 (Benzene) 

5 
Assumes complete utilization of oxygen and complete mineralization of contaminant; assumes 3: I 

oxygen/contaminant stoichiometry; 6 Assumes oxygen solubility in water is 9 mg/L, the driving force is 
the gradient in dissolved concentrations, and diffusion distances are sim ilar for all chemicals. 
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followed by a case history in which the various pieces of the pilot test are combined to interpret what is 
occurring at the site and assess if air sparging is appropriate at the site. 

5.2.1 Baseline Sampling (PTl) 

Baseline sampling represents a critical step in the pilot test process. For several of the parameters, it is 
important to collect data prior to any air sparging activity to ensure that initial conditions are understood. 
In particular, those parameters include dissolved oxygen (DO) concentrations and any geophysical 
measurements (if geophysical tests are to be conducted as part of the pilot test). It is also important to 
collect baseline pressure transducer data with a data-logger. The pressure data should be collected for a 
sufficiently long period to assess diurnal changes in water level (e.g., tidal fluctuations) if they are 
believed to be a significant. 

If an SYE system is to be used in conjunction with the air sparging system, then the SVE system should 
be operated for a period of time prior to air sparging startup primarily to ensure that the SVE system is 
operating properly to capture the initial high mass loading from air sparging. During this period, it may 
also be of interest to mon itor SVE off-gas for the contaminants of interest in order to establish mass 
loading from volatilization from the vadose zone compared to volatilization from groundwater. Ideally, 
prior to initiating air sparging, the off-gas concentrations should have stabilized to the extent that changes 
in off-gas concentrations due to air sparging operation can be easily determined. In many cases it may be 
sufficient to monitor those off-gas concentrations with a hand-held field instrument, rather than requiring 
more sophisticated chromatographic analysis. If off-gas is regulated, regulatory requirements often will 
dictate which analytical method must be used. 

If an SVE system is not part of the air sparging system, then soil gas concentrations (including both 
contaminant and oxygen concentrations) should be measured prior to air sparging startup. The initial 
contaminant concentration in the vadose zone can be used to calculate roughly contaminant mass removal 
from groundwater via volatilization (see Section 5.2.5). Initial oxygen concentrations are useful for 
measuring bioactivity in the vadose zone. Hand-held instruments should be appropriate for this since soil 
gas concentrations of contaminants are rarely regulated. 

5.2.2 Air Injection Flowrate and Injection P ressure (PT2) 

Prior to pilot test activities, it is important to evaluate the expected operating pressure for the air sparging 
system. This is important both for the selection of the correct air injection system and for the prevention 
of pneumatic fracturing of the aquifer. Outlined below is the general procedure for estimating the 
minimum pressure required to initiate sparging and the maximum pressures that should be exerted on the 
aquifer. 

The-operating pressure for an air sparging_system will be d<etermined b. the depth of the air sparging well 
below the water table and the permeability of the aquifer. The minimum injection pressure necessary to 
ind uce flow (P,11111 [psig]) is given b : 

P m,n (psig) = OA3 I I 11 + pacl<ins + P ronnauon (4) 

The pressure at which fracturin-g o f the aquifer can occur is given by: 

Pfraccur,: (psig) = 0. 73 D (5) 
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Wher H11 = depth belo the water table to the top of the injection well screened section (e.g the 
hydrostatic head) (ft): PpJJckm and Pronnauon = air entry pressures for the well annulus packing material and 
the formation (psig); and D--= depth below ground surface to the top of th air injection well screened 
interval (ff). 

For typical air sparging wells and applications. Ppacking and Prormarion are small compared to the contribution 
from he hydrostatic head .{air entry pressures are generally <0.2 psig-for sands, <0.4 psig for silts ut 
may be > 1.5 psig in some clayey settings). At start-up, it is not unusual for users to exceed Pm,a by as 
much as 5 to 10 psig fo initiate flow quickly. The injection pressure then generally declines to about Pmin 
as steady flow conditions are approached. Pressures in excess of P1racture can cause fracturing of the 
formation: however. as the pressure drops off rapidly away from a injection point. the extent of 
fracturing in mosf cases is expected to be limited to the area immediately surrounding the well. 

In general, it is recommended that oil-less compressors be used for the pilot test (even if it is not chosen 
for operation of the full air sparging system), because it eliminates uncertainties relating to air flowrate 
and potential overheating. Other pumps may be used for air injection, but the practitioner may experience 
more operational difficulties, depending on site conditions. 

As part of the initial shakedown of the air sparging system, the air injection system must be tested. 
During this process, it is important to measure both the air flowrate and the injection pressure to ensure 
that neither Pmin nor Pfracmre are exceeded at the required air flowrate. There are two general approaches 
for the initial introduction of air into the subsurface. The first is to include a "vent valve" in the injection 
air line. This valve should be fully open to begin the test and then be closed slowly while monitoring the 
increase in pressure and flowrate up to the desired tlowrate. During this process, care should be taken not 
to exceed the upper pressure limit for the system (as determined by the calculations described above). In 
addition, if the air injection system requires some minimum airflow to provide cooling for the 
motor/pump, total air flow and system temperature should also be monitored. 

A second approach for air sparging startup is to detem1ine the maximum pressure for air injection and to 
include an in-line pressure regulator in the air injection line. (This approach is best suited to oil-less 
compressors that do not require airflow for cooling.) In this case, the pressure can be set at the air 
sparging we ll head and flow allowed to increase as air pathways in the aquifer become developed. In 
general, when using this approach it will be necessary to make adjustments in the system to achieve the 
desired flowrate. 

It is desirable to begin the test with an air injection flowrate of 20 ft3/min if possible. The air injection 
pressure at the on-set of flow should be recorded, as well as pressures every 5 to 10 min until the pressure 
and flow stabilize. 

5.2.3 Groundwater Pressure Measurements During Air Sparging Startup and Shutdown (PT3) 

Once the flow and pressure conditions for sparging have been established (PT2), groundwater pressures 
during air sparging startup and shutdown can be determined. The primary objective of this test is to 
assess the time required for airflow distribution to come to steady state. As discussed by Johnson et al. 
(2000a) (Appendix E), pressure measurements provide an easy and sensitive means of assessing if air 
sparging air is stratigraphically trapped below the water table. The pressure measurements can also 
provide a measure of site permeability, based on the magnitude of the response. In general terms, during 
air sparging startup groundwater pressures will increase because air is being pushed into the formation 
faster than the water can move away from the air sparging well. Typically, as long as the volume of air 
below the water table is increasing, the groundwater pressure will remain above pre-air sparging levels. 
As a result, the time required for groundwater pressure to return to pre-air sparging values is a good 
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RR-186 

Purpose 

Guidance for Design, Installation and 
Operation of In Situ Air Sparging Systems 

February 20 J 5 

This is a guide to using in situ air sparging as a remediation technology. In situ air sparging is a 
process in which a gaseous medium (commonly air) is injected into groundwater through a 
system of wells. As the injected air rises to the water table, it can strip volatile organic 
compounds (VOCs) from groundwater and the capillary fringe. The process also oxygenates 
groundwater, enhancing the potential for biodegradation at sites with contaminants that degrade 
aerobically. 

The Wisconsin DNR developed this guidance for environmental professionals who investigate 
contaminated s ites and design remedial systems. Designing an in situ air sparging system is a 
multi-disciplinary process; the designer should have a working knowledge of geology, 
hydrogeology and basic engineering to design an effective system. 

The majority of this guidance is intended for smaller VOC contaminated s ites; however, some of 
the gu idance is appropriate for larger sites. Designers may need to deviate from the guidance in 
some circumstances because each site has unique contaminants, access constraints, size, 
hydrogeology, and other characteristics. 

If site-specific criteria or conditions require a cost-effect ive system design that differs from this 
guidance, it is the responsibility of the remediation system designer to propose an effective 
system to DNR. 

Author/Contact 

The original author of this document has left DNR. It was reviewed for accuracy by Gary A. 
Edelstein (608-267-7563) in November 2003 and again in February 2015. 

Errata 

This document includes errata and additional information prepared in August 1995. 

I. The ERR Program is now called the Bureau for Remediation and Redevelopment or RR 
Program. 

2. 2. The Bureau of Water Supply is now called the Drinking and Groundwater Bureau (or 
Program). 

3. The Bureau of Air Management is now called the Air Management Bureau (or Program). 

4 . The 8/ 14/91 memo at the end of the document is still considered a current guideline for 
air injection at remediation sites even though there is no longer a special group of staff 
designated as LUST project managers. The guideline is directed to all RR staff that work 
on such sites. 

Wisconsin Department of Natural Resources 
P.O. Box 7921 , Madison, WI 53707 

dnr.wi.gov, search .. brownfield" 
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4 . 0 Design and Installation of an Air Sparging System . 

An in situ air sparging system consists of a number of components which are 
described in this section , beginning with a discussion of wel l placement and 
design . The discussion of design parameters includes well design , mani folds 
and blowers . Subsection 4 . 5 discusses other equipment that may or may not be 
used at sites , and the section concludes with a discussion of the information 
that should be submitted to the DNR . 

4 . 1 Well Placement . 

The air sparging well ' s zone of influence may be estimated by measuring one 
or more of the fol l owing : 

the change in water table elevation (upwelling) ; 

the use of gas tracers ; 

measuring the change in dissolved oxygen (saturated zone) ; 

oxygen levels (unsaturated zone) ; and 

measuring the change in contaminant concentrations (saturated and/or 
unsaturated zone) . 

Note : The use of any tracers requires prior approval from the Bureau of Water 
Supply . 

It is permissible to select a well placement configuration without 
scientifically determini ng a zone of influence at the site, provided that a 
relatively close well spaci ng is used . The department does not recommend a 
specific method to determine a zone of influence . We:l spacing a.£ :.2 to 50 
:ee: has-generally been used , accordi ng to the ~:era:ure . I-£-we±l spacing 

(i.-s-c~oser t han 1-S-fe~t oT-f-aTther ~han 30 feet , cif:! s ~g~€r-s shou~ t nclude a 
ju-st ir ±cat-i on ir. he work plan . Some designers use a grid patter n of sparging 
wel'"'J. s in the source area and other designers use a line of wells oriented 
perpendicular to the direction of groundwater flow . Some designers have used 
the same number of air sparging wells as air extraction wells in the soil venting 
system (if installed) and other designers use a significantly larger number 
of sparging wells than air extraction wells . 

Under active air sparging , the lateral distribution of contaminants in the 
saturated zone may increase due to the convection currents discussed above in 
Subsection 2 . 1 . Therefore , additional groundwater monitoring wells and air 
sparging wells may be necessary near the perimeter of the contaminated zone . 
If air sparging wells extend to the perimeter of the plume , groundwater 

extraction may not be necessary at some sites . If air sparging is only used 
in part of the plume , groundwater extraction will probably be necessary to 
capture any lateral migration that results from convection currents . 

The system designer should use their professional judgement to space wells in 
a pattern that will effectively decontaminate the aquifer and capillary fringe 
at the site . 

4 . 2 Well Design . 

figure 4- 1 portrays a typical air sparging well design . 
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4 . 2 . 1 Drilling Methods and Soil Descriptions . 

A hollow stem auger is the preferred drilling method , and the auger should be 
4 . 25- inch inside diameter (or larger) for 2-inch diameter wells . T~e wells 
sho'Jld oe 2-incn aiame t er- o:- ... arger so that-conveot:iona_ we __ development 
equipment canoe used . Designers should justify using drilling methods other 
than hollow stem auger on a site-by-site basis in the work plan . 

Continuous sampling by split spoon is recommended to characterize/verify the 
geologic conditions because the geological conditions must allow the air to 
rise to the water table . It is highly recommended that a hydrogeologist collect 
samples from above the seasonal , high water table to the base of the screened 
interval from a sufficient number of wells to verify the geologic 
characterization . A hydrogeologist as defined in 
NR 500 . 03 (64) or NR 600 . 03 (98) should describe the soil in detail . See 
Subsection 2 . 2 . 2 for soil description information . 

4 . 2 . 2 Filter Pack . 

Designers should select the filter pack for the wel l based on the average grain 
size of the geologic materials below the water table . Samples for grain size 
analysis should be tested prior to designing an air sparging system . A sieve 
analysis is usually sufficient for filter pack design (a hydrometer test is 
usually not needed) . 

The average grain size of the filter pack should be as close to the native soils 
as practical . Coarser materials should not be used for the filter pack, however , 
slightly finer-grained material may be used . If the filter pack ' s average grain 
size is larger than the native geologic materials , the filter pack may be more 
permeable than the native soil . While a highly permeable filter pack is an 
advantage in constructing wells for other uses (monitoring or extraction) , a 
filter pack that has a significantly higher permeability than the surrounding 
formation will be a conduit for upward short circuiting of air in the depth 
interval between the bentoni te seal and the top of the well screen . This reduces 
the lateral movement of air into the aquifer . If the filter pack is 
significantly smaller than the native soils , too much restriction to air flow 
results . Natural filter packs may be used in caving formations provided that 
the native materials do not have significant levels of fines that may accumulate 
within the well screens . 

The filter pack should extend from the base of the well screen to a minimum 
of 1 to 2 feet above the screen . 

4 . 2 . 3 Seals . 

A bentonite seal that is 0 . 5 co 2 feet thick should be placed above the filter 
pack . The annular space seal (above the bentonite seal) should be constructed 
with eicher bentonite cement grout or bentonite . A tremie should be used to 
place grout when installing a seal below the water table . The surface seal 
should be constructed in a manner that complies with NR 141 . 
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Designers should use a flush mount protective cover over the well , as described 
in NR 141 if the manifold is buried . If so , other fittings discussed in 
Subsections 4 . 2 . 5 and 4 . 3 can be installed under the manhole cover(s) . If there 
is not enough physical space for these fittings under an NR 141 - approved cover , 
a different air- and water- t ight manhole can also be used . 

4 . 2 . 4 Well Screen and Casing . 

Air sparging transfers air through the well screen to the filter pack and then 
to the contaminated zone within the aquifer . Since the majority of the air 
flows out of the well screen near t,~e coe..of th,e screefl , designers shou±d-set, 
't~ '-.QP o_ the , . .,.e!':'.. screen at ::.he base of the contaminated groun<twat'er plum.e 

-Ur.der -easonal _ow o. ti::. 1:.:.ons . : a :n.'..nimum, t.he top of the screen should be 
set 5 =eet below the seasonal low stacic wace-r table . If different criteria 
are proposed for setting the screen depth , designers should include a 
justification in the workplan . 

The pressure that is needed to inject air into the aquifer is higher than the 
pressure that is required to depress the static water level to the top of the 
screen . Since a number of wells are manifolded together on a common header , 
all wells on a manifold are essentially operated at an equal pressure . If the 
top of a well screen in one well within a system is installed closer to the 
water table than the other wells , most and possibly all of the air will pass 
through this shallower well . This happens because less pressure is needed to 
inject air to the top of the screen in that well . Designers may use throttle 
or solenoid valves to equalize air flow to the wells , as an alternative . 

At sites where groundwater will not be extracted, it is recommended that 
designers estimate the exact depth at which each well will be installed by : 

drawing an accurate water table map ; 

surveying the elevations of proposed air sparging well locations ; and 

calculating the estimated depth of the water table for each well to 
determine the screened interval . 

If groundwater is extracted, a cone of depression significantly changes the 
shape of the water table . Other devices such as solenoid valves (See Subsection 
4 . 3) may be needed to compensate for varying screen depths caused by the drawdown . 

Sites with seasonal variations in groundwater flow direction may also adversely 
impact the system design . 

Example : A system that is designed for a site with natural groundwater flow 
toward the southwest . This site has higher water levels on the 
northeastern side of the site than the southwestern portion of the site . 
Later , the gradient shifts to a natural groundwater flow direction 

towards the southeast . The higher groundwater elevation will then be 
located in the northwest portion of the site . 

In this situation , the increase in groundwater elevation on the western side 
of the site increases the pressure requirements in air sparging wells 
on t'he western part of the site relative to the eastern part of the site . 
If all wells are on a single common manifold , then the western wells 

will not inject as much air as the eastern wells . 

In this case , the western side of the site receives less air (or possibly no 
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air) from the air sparging wells , reducing overall system effectiveness . 
The use of throttle valves or solenoid valves may alleviate this situation 

(See Subsection 4 . 3) . 

The slot size should be appropriate to the filter pack size ; filter pack sizing 
is discussed in Subsection 4 . 2 . 2 . Since air readily passes through well 
screens , a small slot size usually is sufficient and underestimating the slot 
size (by a small margin) - relative to the filter pack - is usually acceptable . 

!A re r ai:i:v-e.1--y-shor.:t leng.t_n of____s_c .J;J,.e.n £..ox:c a '""el't, suc:h as 2 to 5 .... f-eet · s suf'fi!rc ient ; 
some es1~ ers ha..v:e proposed .a "!. - foot scr~en h.nz.; t12,.. The well screen typically 
is a slotted pipe constructed of PVC or CPVC . Generally , the screen is flush 
threaded with schedule 40 or 80 pipe . A bottom plug is necessary. Designers 
should not use glued couplings and bottom plugs because they may adversely affect 
any groundwater samples from the wells . 

In most cases , designers should use 2-inch well materials . If designers plan 
to use packers in the well at a later date to physically block off portions 
of a screen, other screen diameters (such as 4- inch) may also be used . In 
general , the screen diameter should not be smaller than 2 inches , because it 
is difficult to develop smaller diameter wells . The well casing and pipe 
schedule should be constructed of the same materials as the well screen . 
Drillers should install "O" rings or other seals and wrench all threaded casing 
joints tight to limit air leakage from the joints . 

During well installation, the depth - from the top of casing or standpipe to 
the top of the screened interval - should be measured to 0 . 1 foot of accuracy . 

4 . 2 . 5 Wellhead . 

Designers should connect the wellhead to the manifold with a tee , which allows 
a threaded top cap to be attached . This configuration allows access to the 
well for bailers or water level measuring probes . 

During the system installation , if the length of the well casing (or standpipe) 
is changed while connecting the well to the manifold , the change in elevation 
at the top of each well should be measured to O .1 foot . Designers should adjust 
the well construction records to reflect any changes in the elevation at the 
top of the casing . The original casing measurement for each well is discussed 
in Subsection 4 . 2 . 4 . 

Wells should be surveyed to determine elevation if they are used for collecting 
groundwater samples or preparing a piezometric surface map (otherwise surveying 
for elevation is not necessary) . 

4 . 2 . 6 Development. 

All wells should be developed to NR 141 standards to minimize fines that may 
accumulate in the screen . Water produced by well development should be handled 
in accordance with the DNR guidance on investigative wastes . 

4 . 3 Manifold , Valves , and Instrumentation . 

The manifold is typically buried underground; however, if land use and traffic 
patterns allow, the manifold may be installed above ground . If the manifold 
is buried, it may be installed at or below the frost level , or it may be installed 
just below the ground surface . If it is within the frost zone , it may need 
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DRILLING SUMMARY 

Geologist: A. Ledgerwood 

Drilling Company: 

Rig Make/Model: 
CME 55LC 

Date: 
11/21/2007 

GEOLOGIC LOG 

De th(ft. Descri tion 

See Boring Log for 

Lithologic Description. 

D 

E 

p 

T 

H 

(FT) 

Flush Mount .----
Protective Casing and Lockable Cap 

Elevation 34.94 Ground Level 

Elevation 34.52 AUGERHOLE 
1----- 8 inch dia. 

45 feet length 

2.0 

PVC CASING 
--- 2 inch dia. 

30 feet length 
27.0 
30.0 

PVC SCREEN 
t---+--+----- 2 inchdia. 

WELL DESIGN 

CASING MATERIAL 

Surface: Steel grade box 

Monitor: 2" PVC 

COMMENTS: 

Client: NYSDEC 

URS Corporation 

45.0 
45.0 

SCREEN MATERIAL 

Type: 2"PVC 

Slot Size: .020" 

Location : Meeker Avenue Site 

MONITORING WELL 
CONSTRUCTION DETAILS 

J/1117 4989/ExceUField Logs Nov 2007 /Well Construction Logs Meeker Ave - Dec 2007 

15 feet length 

FILTER MA TE RIAL 
Type: #2 Sand Setting: 27.0-45.0' 

SEAL MATERIAL 

Type: Bentonite Setting: 2.0-27.0' 

LEGEND 

.__ ___ __,! CemenVBentonite Grout 

- Bentonite Seal 

.__ ___ __,! Silica Sandpack 

Project No.: 11174989.00002 

Well Number: DEC-031 



DRILLING SUMMARY 

Geologist: 
S. McCabe 
Drilling Company: 

Driller: 
Shawn Miller 
Rig Make/Model: 
CME-85 
Date: 
6/17/2008 

, Inc. 

GEOLOGIC LOG 

De th ft.) Descri tion 

See Boring Log for 

lithologic Description. 

WELL DESIGN 

CASING MATERIAL 

Surface: Steel grade box 

Monitor: 2" PVC 

COMMENTS: 

Client: NYSDEC 

URS Corporation 

D 

E 

p 

T 

H 

(FT) 

Flush Mount ~--
Protective Casing and Lockable Cap 

Elevation 34.70 Ground Level 

Elevation 34.48 AUGERHOLE 1------
8 inch dia. 

81 feet length 

2.0 

PVC CASING ....__ __ 
2 inch dia. 

70 feet length 
65.0 
70.0 

PVC SCREEN !----+--+----~ 

80.0 
81.0 

SCREEN MATERIAL 

Type: 2"PVC 

Slot Size: .020" 

location : Meeker Avenue Site 

MONITORING WELL 
CONSTRUCTION DETAILS 

2 inch dia. 

10 feet length 

FILTER MATERIAL 
Type: #2 Sand Setting: 65.0-81 .0' 

SEAL MATERIAL 

Type: Bentonite Setting: 2.0-65.0' 

LEGEND 

.__ ___ ____.! Cement/Bentonite Grout 

- Bentonite Seal 

....__ ___ ____,! Silica Sandpack 

Project No.: 11174989.00002 

Well Number: DEC-031 D 

J/11174989/ExceUField Logs Nov 2007/Well Construction - May 2008 
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