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Nyack MGP Site FEU 0 2 2005 
NYSDEC Site Number 3-44-046 Remedial Bureau c 

Division of Errvironmental Remediation 

Dear Ms. McCormick: 

The RETEC Group, Inc. (RETEC) is submitting this report to present the results of the Pre-Design 
Investigation (PDI) activities completed at the manufactured gas plant (MGP) site in Nyack, New York. 
The investigation was performed according to the New York State Department of Environmental 
Conservation (NYSDEC)-approved Pre-Design Work Plan, dated August 6,2004. 

Pre-Design Investigation Field Activities and Results 

Investigation activities were completed on both the Nyack MGP site (Presidential property) and on the 
adjacent Hudson Vista property to the south of the site. The field activities and results for each of these 
areas are discussed separately below. 

On-Site Well Installation 

Eleven (1 1) overburden (MW-1 1 s  - MW-21s) and twenty-six (26) bedrock wells (MW-11D - MW- 
36D) were installed at the locations shown on Figure 1. The wells were installed to collect additional 
chemical and physical data for the remedial design, to evaluate the potential for light non-aqueous phase 
liquid (LNAPL) or dense non-aqueous phase liquid (DNAPL) recovery, and to install in-situ chemical 
oxidation (ISCO) injection wells at target locations. Several modifications to the Work Plan were made 
as the field work progressed to delineate specific areas of the site. Wells were added by RETEC, 
Orange and Rockland Utilities (O&R), and the NYSDEC to delineate impacts in the Jetty Area, at the 
site's southern property line, and adjacent to several subsurface MGP features. 

The construction logs for the wells are included in Attachment A. Included on the logs are observations 
made by the field geologists regarding the presence of hydrocarbon impacts in overburden soil or 
fractures in the bedrock unit that underlies the site. 

In general, wells installed in  DNAPL investigation and recovery areas in the Upper Terrace around 
MW-8D, the subsurface holder foundations, and the drainage pits were installed to approximately 15 
feet below the top of the bedrock unit. 

Wells installed in the LNAPL investigation and recovery area around Remedial Investigation (RI) well 
MW-9D were installed approximately 20 feet below the top of the bedrock unit. Note that LNAPL was 

. ~4 also observed to be present in MW-19S, a well in the Jetty Area. This well was intended to monitor and 
collect DNAPL; however, immediately following installation, the well was observed to have LNAPL 
present. Additional wells were installed in this area to delineate the LNAPL. 
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The location, ground surface, and elevation of each of the well risers (reference points) were surveyed 
by Robert Murray, PLS. The data obtained from the survey is summarized in the well construction logs 
and on Tables 1 (overburden well summary) and 2 (bedrock well summary). 

The information obtained from the on-site monitoring wells, as well as the borings and wells completed 
on the Hudson Vista property (discussed below), have been used to prepare a contour map of the top of 
the bedrock unit (Figure 2). As shown on the figure, the surface of the bedrock unit slopes from the 
west to the east towards the Hudson River with an overall elevation change of approximately 55 feet. 

A depth-to-water measurement for each of the new and existing RI monitoring wells was taken on 
November 17, 2004, to map the flow direction for groundwater at the site. The results of the sampling 
are presented in Tables 1 and 2. Figure 3 shows the piezometric surface for the bedrock unit which 
slopes from the west to the east with an overall horizontal gradient of approximately 0.06 feet/foot. 
This data is consistent with data obtained during the RI. Note that a map of the water table for the 
overburden unit in the Lower Terrace Area has not been included. At the time of the sampling, 
insufficient horizontal gradient was observed to map the surface of the water table in this area. 

NAPL Gauging Results 

rn 
Nineteen rounds of NAPL gauging were performed for the new Pre-Design and existing RI wells during 
the period of August 23, 2004 to January 4, 2005. The gauging was completed to determine if either 
LNAPL or DNAPL was present, and if so, whether the NAPL was accumulating in the site wells. The 
results of the gauging are summarized in Table 3. Included on the table are the well designations, 
sampling event dates, and the thickness of the LNAPL or DNAPL layer observed. 

NAPL Collection Results 

The results of the NAPL collection activities to date are summarized in Table 4. During the period of 
August 23, 2004 to January 4, 2005, approximately 40 liters of NAPL were collected from the site 
wells. 

Wells where measurable amounts of LNAPL were observed on the Upper Terrace include MW-9D, 
MW-llD, and MW-13D. One well (MW-19s) in the Jetty Area has also been observed to contain 
LNAPL. Passive LNAPL collection skimmers have been installed in these wells and are being checked 
and emptied approximately every two weeks. As shown on Table 4, approximately 29 liters of LNAPL 
have been recovered from these wells to date. 

Measurable amounts of DNAPL have been observed at wells MW-4S, MW-5S, MW-13S, and MW- 
14S, all in the Lower Terrace of the site. The DNAPL has been removed from these wells either by 
pumping or bailing. Large diameter (3.5-inch) passive DNAPL collection bailers were installed in wells 
MW-13s and MW-14s in early December 2004, since pumping of the DNAPL in these wells has not 
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been possible due to the high viscosity of the material. As shown on Table 4, approximately 11 liters of 
DNAPL have been collected from the site wells to date. 

Pump Test Results 

Short-term pump tests were used to determine the hydraulic connectivity of adjacent wells in the 
bedrock unit in the Upper Terrace. During the tests, the water table draw-down was measured 
periodically with a depth-to-water meter in the pump wells and adjacent wells. 

Two tests were conducted: one in the LNAPL impacted area around MW-9D, and one in the DNAPL- 
impacted area around MW-8D and MW-21D. Submersible electric pumps were placed in the wells and 
run for approximately four hours at a rate of approximately one liter per minute. This flow rate 
exceeded the recovery rate of the wells, so maximum draw-down was maintained throughout the tests. 
The influence on adjacent wells around MW-21D, including MW-17D, MW-19D, and MW-22D, and 
around MW-15D, including MW-14D, MW-12D, MW-1 ID, and MW-13D, was measured and found to 
vary from negligible to 0.56 feet of decreased water elevation. 

Groundwater level measurements were also taken around MW-20D during its construction. During 
reaming of the rock, the water level at that well was maintained at approximately 2.5 feet above grade 
due to the re-circulation and overflow of drilling fluids. The influence on adjacent wells MW-23D and 
MW-8D was measured to be 0.54 and 0.80 feet (increased elevation), respectively. 

Wells that were adjacent to and hydraulically connected (via rock fractures) with the pump wells 
showed significant measurable draw-down. Adjacent wells that were hydraulically isolated (no 
significant fractures) from the pump well did not show significant draw-down (see Table 5). The radius 
of influence within the Upper Terrace bedrock was qualitatively identified to be approximately 25 feet. 
This information assured that the newly installed wells were correctly spaced to capture the entire 
footprint of each NAPL-impacted zone, and that use of the wells for injection of chemical oxidants 
during ISCO of NAPL residuals will be effective. 

Groundwater Modeling 

Data necessary to complete the groundwater model was collected during the RI and the PDI. 
Groundwater elevations in the overburden and bedrock units were monitored with pressure transducers 
to measure the effect of the tidal cycle of the river on both units. The results of the groundwater model 
will be provided in a separate report and the data used in the remedial design. 

Hudson Vista Property Investigation Results 

Overburden soil borings and bedrock monitoring wells were installed in the Lower and Upper Terraces 
of the Hudson Vista property, respectively. 
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Lower Terrace Overburden Soil Borings 

Sixteen soil borings were completed in the Lower Terrace area to delineate the extent of tar-like 
materials observed at RI boring SB17 and to obtain treatability study samples. The borelogs for the soil 
borings are included in Attachment A. The data obtained from the borings has been used to prepare 
cross-sectional views of the Hudson Vista property. The locations of the cross-sections are shown on 
Figure 5 and the cross-sectional views are shown on Figure 6 (E-E'), Figure 7 (F-F'), and Figure 8 (G- 
G'). 

Laboratory analyses were completed for seven of the borings (HV12, HV13, HV15, HV16, HV17, 
HV19, and HV20) to obtain polycyclic aromatic hydrocarbon (PAH) and volatile organic compound 
(VOC) data to confirm the limits of the area where remediation of soil is necessary. The samples were 
analyzed by Severn Trent Laboratories, Inc. (STL) of Pittsburgh, PA, for VOCs and semi-volatile 
organic compounds (SVOCs). The chain-of-custody forms and the laboratory report (Form 1 results 
sheets) for the analyses are included in Attachment B. 

The results of the laboratory analyses for the soil samples are summarized in Table 6 (VOC results) and 
Table 7 (SVOC results). Note that the results of RI samples SB17, SB18, MW3S-CH, and MW4-CH 
have also been included on Tables 6 and 7 to present the results of all the samples collected in this area. 
The total PAH results for these samples have been used to prepare a map (Figure 4) to show the limits 
of subsurface soil containing concentrations of total PAHs greater than 500 parts per million. Also 
shown on Figure 4 is the approximate limit of soil needing remediation for MGP-related impacts in this 
area of the property. 

Upper and Middle Terrace Bedrock Wells 

Six bedrock wells were installed on the Hudson Vista property during the PDI. The wells were added to 
the investigation scope-of-work since visible evidence of hydrocarbon-like impacts were observed at on- 
site well MW-33D, a well situated on the property boundary. The construction logs for the wells are 
included in Attachment A. Included on the borelogs are observations regarding the presence of 
hydrocarbon impacts observed in the bedrock fractures during coring of the bedrock. One well, 
HVMW41D, was observed to have a measurable amount of LNAPL present following well 
development. The wells on the Hudson Vista property are being gauged for the presence of NAPL on 
an approximate two-week basis along with the wells at the site. 

Forensic Analyses 

Subsurface soil, non-aqueous phase liquid (NAPL), and groundwater samples were collected by RETEC 
and submitted to SOTA Analytical of Grand Forks, ND, to delineate the areal extent of petroleum or 
MGP-derived materials on the Hudson Vista property. A report describing the scope-of-work, methods, 
and results of the forensic analyses is included in Attachment C. 
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The results of the forensic analyses show that several types of hydrocarbon materials exist in the soil and 
groundwater at the Nyack MGP site and the Hudson Vista property. There are general similarities 
between the hydrocarbon materials found at the Nyack MGP site and the hydrocarbon materials present 
in the northern portion of the Lower Terrace of the Hudson Vista property. 

The hydrocarbon materials sampled on the Upper and Middle Terrace of the Hudson Vista property, at 
the MGP site's southern boundary and samples collected in the southern portion of the Lower Terrace of 
the Hudson Vista property appear distinct from the MGP site samples. These samples appear to be 
petroleum materials and are believed to be weathered fuel oil andlor gasoline. 

Treatability Study Results 

Treatability studies were performed for both on-site and Hudson Vista property samples. The results of 
the studies are discussed below. 

ISS Treatability Study Results 

An In-Situ Solidification (ISS) Treatability Study was conducted to determine the applicability of ISS 
for the remediation of impacted soils below the water table in the Lower Terrace. One 5-gallon soil 
sample was submitted to Kemron Environmental Services, Inc. of Norcross, GA, for treatability testing. 
The sample, a composite from several borings, was representative of the most visually impacted soil in 
the target area. 

Treatability testing results to date indicate that the addition of approximately 8% by weight of Portland 
cement will produce a satisfactory solidified soil with an unconfined compressive strength (UCS) of 
greater than 50 psi and a hydraulic conductivity of less than 1 x 10 '~  cmlsec. The ISS treatability study 
also evaluated the efficacy of bentonite as an additional additive. This is a refinement that could 
provide a more economical and advantageous mix design than Portland cement alone. The results to 
date indicate that addition of 5.5% Portland with 1.5% bentonite will also provide, after a 28-day cure, a 
UCS of greater than 50 psi and a hydraulic conductivity of less than 1 x crnlsec. 

Immersion testing of the solidified samples showed that grout additions as low as 4% would eliminate 
visible NAPL and sheen (see Photo in Attachment D). 

Synthetic precipitation leaching procedure (SPLP) testing of one untreated and three treated samples 
showed that solidification could significantly reduce the concentrations of metals, BTEX, and PAH 
compounds in SPLP leachate, though i t  is not the intent of ISS to meet specific laboratory generated 
leachate concentrations or reductions. 

RETEC's summary of the ISS treatability data received to date is included in Attachment D. Kemron 
Environmental's final written report will be provided, when available, as a supplement to this report. 
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Hudson Vista Overburden ISCO Treatability Study Results 

An ISCO treatability study was conducted to determine the effectiveness of the ISCO process on 
impacted overburden soils in the lower terrace of the Hudson Vista property. The results indicate that 
these soils are not readily amenable to ISCO treatment. Further explanation is presented in a 
memorandum provided in Attachment E. The results are documented in two treatability study reports 
by In-Situ Oxidative Technologies, Inc. (ISOTEC) and Xpert Design and Diagnostics, LLC (XDD), 
provided in Attachment E. 

On-Site Bedrock ISCO Treatability Study Results 

An ISCO treatability study was conducted to determine the effectiveness of the ISCO process on 
LNAPL and DNAPL found in bedrock at the site. The results indicate that substantial destruction of 
both LNAPL and DNAPL is achievable. The data provide a sound basis upon which to develop a 
remedial action plan for ISCO in bedrock. The results are documented in two treatability study reports 
by ISOTEC and XDD, provided in Attachment E. 

If you have any questions or comments regarding the information presented in this report, please do not 
hesitate to call us at (607) 277-5716. 

Sincerely, 

The RETEC Group, Inc. - 

Kmes H. Edwards 
Geologist 

@ohn T. Finn, P.E. 
Senior Engineer 

Enclosures: Tables 
Figures 
Attachment A - Well Construction Logs 
Attachment B - Hudson Vista Property Subsurface Soil Laboratory Report 
Attachment C - Forensic Analyses Report 
Attachment D - In-Situ Solidification Treatability Results 
Attachment E - Treatability Studies for Chemical Oxidation of Bedrock and 

Overburden Impacts 
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Mr. Robert Schick, P.E. - NYSDEC (2 copies) 
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Mr. Anthony Quartararo, Esq. - NYSDEC 
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Mr. John Conrad - Conrad Geoscience 
Ms. Catherine M. Quinn, P.E. - Rockland County Health Department 
Mr. William Helmer - Helmer-Cronin Construction 
File: ORAN2-18380 





Table 1 
Nyack MGP Site 

Ground Surface, Bedrock, and Groundwater Elevation Summary 
Overburden and lntermediate Wells and Surface Water 

Note: Surface water elevation increased from 2.50, to 3.50 feet MSL during groundwater depth to water sampling. 
NM - Not Measured 

Table 1 

MW-4s 
Lower Terrace 

8.79 
13.50 
-4.71 
13.50 

11.17 
9.27 
1.90 

MW-I 6s 
Lower Terrace 

7.83 
16.70 
-8.87 
16.70 

7.38 
4.83 
2.55 

MW-5s 
Lower Terrace 

8.79 
16.00 
-7.21 
16.00 

10.76 
8.21 
2.55 

MW-17s 
Lower Terrace 

8.37 
15.50 
-7.1 3 
15.50 

7.92 
5.32 
2.60 

MWSS 
Lower Terrace 

8.92 
13.80 
-4.88 
13.80 

11.26 
8.78 
2.48 

MW-15s 
Lower Terrace 

7.87 
15.00 
-7.1 3 
15.00 

7.42 
5.19 
2.23 

Location - Lower Terrace 

Shallow Well ID 
Location 

Elevation Ground Surface (MSL) 
Depth to  Bedrock (Feet) 
Elevation of Top of Bedrock (MSL) 
Thickness of Overburden Soil (Feet) 

Elevation GW Reference Point (MSL) 
Depth to  Water (Feet) - 11.17.04 
Elevation GW (MSL) - 11.17.04 

Shallow Well ID 
Location 

Elevation Ground Surface (MSL) 
Depth to  Bedrock (Feet) 
Elevation of Top of Bedrock (MSL) 
Thickness of Overburden Soil (Feet) 

Elevation GW Reference Point (MSL) 
Depth t o  Water (Feet) - 11.17.04 
Elevation GW (MSL) - 11.17.04 

Intermediate Well ID 

MW-7S 
Lower Terrace 

9.10 
12.10 
-3.00 
12.1 0 

1 1.34 
8.80 
2.54 

MW-19s 
Lower Terrace 

7.48 
NM 
NM 
NM 

7.03 
5.23 
1.80 

MW-6s 
Lower Terrace 

6.62 
20.00 

-1 3.38 
20.00 

8.60 
6.83 
1.77 

MW-18s 
Lower Terrace 

7.65 
NM 
NM 
NM 

7.20 
5.32 
1.88 

Lower Terrace 

MW-2s 
Lower Terrace 

9.34 
12.00 
-2.66 
12.00 

11.54 
8.84 
2.70 

MW-14s 
Lower Terrace 

7.90 
14.50 
-6.60 
14.50 

7.45 
4.90 
2.55 

MW-61 

i 

I 

I I I 

MW-1 OS 
Lower Terrace 

9.36 
15.00 
-5.64 
15.00 

11.36 
9.1 7 
2.1 9 

MW-20s 
Lower Terrace 

MW-1 IS-BC 
Boat Club 

8.47 
11 .OO 
-2.53 
11 .OO 

7.82 
NM 
NM 

MW-21s 
Lower Terrace 

MW-11 S 
Lower Terrace 

8.65 
13.90 
-5.25 
13.90 

8.1 5 
5.43 
2.72 

M W-3s-CH 
Hudson Vista 

I 

7.03 
NM 
NM 
NM 

6.58 
4.58 
2.00 

MW-12s 
Lower Terrace 

8.61 
13.00 
-4.39 
13.00 

8.16 
5.49 
2.67 

MW-4-CH 
Hudson Vista 

MW-I 3s 
Lower Terrace 

8.19 
14.50 
-6.31 
14.50 

7.74 
4.62 
3.1 2 

HVMW-1 S 
Hudson Vista 

7.101 8.32 7.93 
10.00 
-2.07 
10.00 

7.68 
5.47 
2.21 

NM 
NM 
NM 

6.65 
4.59 
2.06 

31.74 
NM 
NM 
NM 

31.50 
7.28 

24.22 

18.00 
-9.68 
18.00 

7.95 
4.55 
3.40 



Table 2 
Nyack MGP Site 

Ground Surface, Bedrock, and Groundwater Elevation Summary 
Bedrock Monitoring Wells 

Table 2 

Well ID MW-1D MW-3D MW-5D MW-6D 
Location Western Parcel Lower Terrace Lower Terrace Lower Terrace 

Elevation Ground Surface (MSL) 37.70 8.58 7.58 6.63 
Depth to  Bedrock (Feet) 5.00 14.00 15.50 30.00 
Elevation of Top of Bedrock (MSL) 32.70 -5.42 -7.92 -23.37 
Thickness of Overburden Soil (Feet) 5.00 14.00 15.50 30.00 

Elevation GW Reference Point (MSL) 37.27 10.02 9.1 1 9.1 1 
Depth to  Water(Feet) - 11.17.04 12.44 5.75 4.66 4.43 
Elevation GW (MSL) - 11.17.04 24.83 4.27 4.45 4.68 

Well ID MW-17D MW-18D MW-19D MW-SOD 

MW-7D 
Lower Terrace 

8.37 
16.00 
-7.63 
16.00 

10.50 
6.65 
3.85 

MW-21D 

MW-8D 
Upper Terrace 

32.08 
10.50 
21.58 
10.50 

31.77 
23.83 
7.94 

MW-22D 
Lower Terrace - 

8.49 
13.00 
-4.51 
13.00 

8.04 
3.71 
4.33 

Location Upper Terrace 

Elevation Ground Surface (MSL) 32.44 29.34 33.1 3 31.05 
Depth to  Bedrock (Feet) 11 .OO 9.00 9.50 8.00 
Elevation o f  Top o f  Bedrock (MSL) 21.44 20.34 23.63 23.05 
Thickness of Overburden Soil (Feet) 11 .OO 9.00 9.50 8.00 

Elevation GW Reference Point (MSL) 31.99 28.89 32.68 30.60 
Depth to  Water (Feet) - 11.17.04 19.99 19.34 11.35 18.05 
Elevation GW (MSL) - 11.17.04 12.00 9.55 21.33 12.55 

Well ID MW-3ID MW-32D MW-33D HVMW-34D 
Location Lower Terrace Lower Terrace Property Boundary Hudson Vista 

Elevation Ground Surface (MSL) 8.49 7.90 25.44 30.22 

34.18 
9.00 

25.1 8 
9.00 

33.73 
10.62 
23.1 1 

MW-35D 
Property Boundary 

28.78 
8.50 

20.28 
8.50 

28.33 
6.04 

22.29 

Depth to  Bedrock (Feet) 
Elevation o f  Top of Bedrock (MSL) 
Thickness o f  Overburden Soil (Feet) 

Elevation GW Reference Point (MSL) 
Depth to  Water (Feet) - 11.17.04 
Elevation GW (MSL) - 11.17.04 

MW-9D 
Upper Terrace 

28.58 
1 1 .OO 
17.58 
11 .OO 

30.33 
23.30 
7.03 

MW-23D 

MW-1OD 
Lower Terrace 

7.00 
18.40 

-1 1.40 
18.40 

9.48 
4.98 
4.50 

MW-24D 

MW-11D 
Upper Terrace 

28.40 
13.00 
15.40 
13.00 

27.95 
19.13 
8.82 

MW-25D 

33.81 
10.00 
23.81 
10.00 

33.36 
10.24 
23.12 

MW-36D 
Upper Terrace 

28.93 
8.50 

20.43 
8.50 

28.48 
15.40 
13.08 

14.00 
-5.51 
14.00 

7.03 
2.71 
4.32 

MW-12D 
Upper Terrace 

25.96 
13.00 
12.96 
13.00 

25.51 
16.67 
8.84 

MW-26D 

29.12 
7.00 

22.12 
7.00 

28.67 
21.19 
7.48 

HVMW-37D 
Hudson Vista 

30.33 
12.00 
18.33 
12.00 

30.08 
14.54 
15.54 

14.00 
-6.1 0 
14.00 

7.45 
3.1 3 
4.32 

MW-13D 
Upper Terrace 

30.76 
11 .OO 
19.76 
11 .OO 

30.31 
19.25 

' 11.06 

MW-27D 

9.74 
14.00 
-4.26 
14.00 

9.29 
5.00 
4.29 

HVMW-38D 
Hudson Vista 

30.06 
12.00 
18.06 
12.00 

29.89 
10.28 
19.61 

8.00 
17.44 
8.00 

24.99 
11.41 
1358 

12.00 
18.22 
12.00 

29.81 
14.70 
15.11 

MW-14D 
Upper Terrace 

26.67 
18.00 
8.67 

18.00 

26.22 
19.48 
6.74 

MW-28D 

8.58 
15.50 
-6.92 
15.50 

8.13 
4.29 
3.84 

MW-39D 
Lower Terrace 

9.08 
13.00 
-3.92 
13.00 

8.90 
6.62 
2.28 

MW-15D 
Upper Terrace 

29.29 
1 1 .OO 
18.29 
11.00 

28.84 
17.22 

- - - - - - - 

11.62 

MW-29D 

8.57 
15.50 
-6.93 
15.50 

8.12 
, 4.00 

4.12 

HVMW-40D 
Hudson Vista 

18.58 
3.00 

15.58 
3.00 

18.54 
11.91 
6.63 

MW-16D 
Upper Terrace 

30.02 
13.00 
17.02 
13.00 

29.57 
20.13 
9.44 

MW-BOD 

7.42 
15.50 
-8.08 
15.50 

6.97 
3.71 
3.26 

HVMW41D 
Hudson Vista 

19.1 1 
4.00 

15.11 
4.00 

19.09 
10.29 
8.80 

8.39 
15.50 
-7.1 1 
15.50 

7.94 
3.81 
4.1 3 

HVMW42D 
Hudson Vista 

30.13 
8.80 

21.33 
8.80 

30.04 
7.90 

22.14 

-- Lower Terrace 

6.99 
15.50 
-8.51 
15.50 

6.54 
2.56 
3.98 

MW-3D-CH 
Hudson Vista 

8.50 
19.00 

-1 0.50 
19.00 

7.74 
3.80 
3.94 



Table 3 
NAPL Gauging Results 

Nyack MGP Site 

Note 1 -Thickness of LNAPL can not be measured due to the presence of LNAPL skimmers 
ND - LNAPL or DNAPL Not Detected 

Date 

8/23/2004 

8/24/2004 

8/25/2004 

8/26/2004 

8/30/2004 

8/31/2004 

9/1/2004 

9/2/2004 

9/3/2004 

9/9/2004 

9/14/2004 

9/28/2004 

101512004 

10/7/2004 

1011 112004 

10/18/2004 

10/20/2004 

1 1/2/2004 

1 111 712004 

1211 3/2004 

1/4/2005 

Table 3 

MW-1D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-3s 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW3D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

- 

MW-4 

1.52' 
DNAPL 

0.33' 
DNAPL 

0.33' 
DNAPL 

0.08' 
DNAPL 

0.50' 
DNAPL 

0.66' 
DNAPL 

0.42' 
DNAPL 

0.50' 
DNAPL 

Trace 
DNAPL 

Trace 
DNAPL 

0.17' 
DNAPL 

Trace 
DNAPL 

0.08' 
DNAPL 

MWdS 

ND 

ND 

0.33' 
DNAPL 

ND 

0.33' 
DNAPL 

0.58' 
DNAPL 

0.58' 
DNAPL 

0.42' 
DNAPL 

0.42' 
DNAPL 

0.17' 
DNAPL 

0.17' 
DNAPL 

1.0' 
DNAPL 

0.67' 
DNAPL 

MWdD 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-GS 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-61 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-7s 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-GD 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-7D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW8D 

0.04' 
LNAPL 

0.01' 
LNAPL 

0.01' 
LNAPL 

ND 

ND 

ND 

LNAPL 
Trace 

LNAPL 
Trace 

LNAPL 
Trace 

:gp"L 

LNAPL 
Trace 

Trace 
LNAPL 

>0.01' 
Note2 

MW-9D 

0.59' 
LNAPL 

0.35' 
LNAPL 

0.27' 
LNAPL 

igL 

Note I 

Note1 

Note1 

Note I 

Note1 

Note 1 

Note1 

0.6' 
LNAPL 

1.0' 
LNAPL 

MW-10s 

ND 

ND 

ND 

ND 

MW-1OD 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

. ND 

MW-11s 

ND 

_ _ _ - _ _ _ - ~ ~  

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-11D 

zip"L 
Trace 
LNAPL 

Trace 
LNAPL 

Trace 
LN APL 

Trace 
LNAPL 

Note1 

Note1 

Note1 

Note 1 

ND 

0.01' 
LN APL 

MW-12s 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-12D 

ND 

ND 

ND 

ND 

ND 

ND 

Trace 
LNAPL 

LNAPL Trace 

Trace 
LNAPL 

ND 

ND 

MW-13s 

ND 

MW-13D MW-14s 

ND 

ND 

ND 

ND 

ND 

&EL 

$ZL 

0.33' 
DNAPL 

DNAPL 0.17' 

0.50' 
DNAPL 

0.41' 
DNAPL 

0.83' 
DNAPL 

ND 

ND 

ND 

ND 

ND 

0.33' 
DNAPL 

0.42' 
DNAPL 

0.25' 
DNAPL 

DNAPL 
0.42' 

0.50' 
DNAPL 

0.75' 
DNAPL 

0.75' 
DNAPL 

igL 
0.06' 

LNAPL 

ppp 

0.07' 
LNAPL 

0.07' 
LNAPL 

Note1 

Note1 

Note1 

Note I 

ND 

MW-14D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Trace 
LNAPL 

Trace 
DNAPL 

Trace 

L~~~~~ 

MW-15s 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Trace 
DNAPL 

Trace 
DNAPL 

MW-15D 

ND 

ND 

ND 

ND 

:gp"L 
Trace 
LN APL 

$liL 
Trace 
LNAPL 

Trace 
LNAPL 

Trace 
LNAPL 

MW-16s 

ND 

ND 

ND 

ND 
------ 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

- 

MW-16D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

TRACE 
LNAPL 

Trace 
LNAPL 

MW-17s 

ND 

ND 

ND 

MW-17D 

ND 

MW-18s 

ND 

MW-18D 

- 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Trace 
LNAPL 

ND 

ND 

ND 

ND -- 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

- 

ND 

ND 

ND 

ND 

isL 

0.03' 
LN APL 

0.05' 
LNAPL 

LiEL 

0.25' 
LNAPL 

0.26' 
LN APL 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



Table 3 (Cont'd.) 
NAPL Gauging Results 

Nyack MGP Site 

Note 1 -Thickness of LNAPL can not be measured due to the presence of LNAPL skimmers. 
Note 2 -Thickness of LNAPL cannot be accurately measured due to high viscosity. 

Table 3 

Date MW-19s 

0.45' 
8/23/2004 LNAPL 

8/24/2004 

~ 

0.43' 8/25/2004 LNAPL 

8/26/2004 

0.37' 
8/30/2004 LNAPL 

0.45' 
8/31/2004 LNAPL 

0.31' 9/1/2004 LNAPL 

0.47' 
9/2/2004 LNAPL 

9/3/2004 $gL 
9/9/2004 

9/14/2004 

9/28/2004 Note 1 

MW-19D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

10/5/2004 

1017/2004 

1011 112004 

10/18/2004 

10/20/2004 

Note 1 

Note 1 

Note 1 

Note 1 

ND 

MW-20s 

ND 

ND 

ND 

ND 

11/17/2004 

12/13/2004 

MW-20D MW-21s 

----------- 

ND 

ND 

ND 

Trace 
LNAPL 

Trace 
LNAPL 

Note 1 

Note 1 

Trace 
LNAPL 

MW-21D 

ND 

ND 

ND 

ND 

ND 

ND 

Trace 
DNAPL 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Trace 
LNAPL 

Trace 
LNAPL 

Trace 
LNAPL 

Trace 
LNAPL 

ND 

ND 

ND 

ND 

ND 

- 

MW-220 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

- 

ND 

ND 

ND 

ND 

ND 

MW-23D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

JEp"L 

;Gp"L 

&FiL 
Trace 

DNAPL 

ND 

ND 

ND 

ND 

ND 

ND 

- 

Trace 
LNAPL 

Trace 
LNAPL 

0.02' 
LNAPL 

MW-24D 

ND 

ND 

ND 

ND 

ND 

ND 

---- 
ND 

ND 

ND 

Trace 
LNAPL 

Trace 
LNAPL 

Trace 
LNAPL 

MW-25D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

DNAPL& 
LNAPL 

Trace 
DNAPLL 
LNAPL 

::FL 
Trace 
LNAPL 

Trace 
LNAPL 

Trace 
DNAPL 

Trace 
DNAPL 

MW-2613 

- 

ND 

ND 

ND 

- 

ND 

ND 

- 

MW-27D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW-28D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

izp"L 

&gL 

ND 

MW-2913 

ND 

ND 

ND 

Trace 
LNAPL 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

- 

ND 

MW-30D 

ND 

ND 

ND 

ND 

ND 

ND 

MW-32D MW-31D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

MW33D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

HVMW-34D 

ND 

ND 

ND 

ND 

- - - _ _ _ - -  
ND 

ND 

ND 

ND 

ND 

ND 

------- 

MW35D 

LiEL 

GzL 

$gL 
0.01' 

LNAPL 

0.01' 
LNAPL 
0.17' 

DNAPL 

Trace 
DNAPLL 
LNAPL 

Trace 
DNAPLL 
LN APL 

Trace 
ND 

ND 

ND 

MW-36D 

ND 

HVMW-37DHVMW-38DHVMW-39D 

ND 

HVMW-40D 

~ - 

ND 

HVMW41DHVMW-42D 

- -  

ND 

MW-3s-CH 

ND 

- 

MWJD-CH MW4CH 

ND ND $EL - ND 

ND ND ND 

ND 

ND 

ND 

ND 

ND 

-- 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 



Table 4 
NAPL Recovery Summary 

Nyack MGP Site 

Notes: ND = none detected. 
** - NAPL present but not recovered 

12/6/2004 Table 4 



Table 7 
Subsurface Soil SVOC Results 

Hudson Vista Associates Property 
Nyack, New York 

Notes: 
NA - Not Analyzed 
NL - Not Listed 
U -The material wds analyzed for but not detected a1 or above, the reporting limit. The associated numerical value is Ule sample quantitation limit 
J -The associated numerical value is an estimated quantity. 
E - Concentration exceeds inslrurnent calibration range. 
Nole(1) - NYSDEC TAGM HWR-944046 -Determination of Soil Cleanup Objeclives and Cleanup Levels [NYSDEC, Jan. 19941 

Table 7 





Table 5 
Pump Test Results 

Nyack MGP Site 
Upper Terrace Area 

Distance from Approximate 
Test Well Influence Notes 

DNAPL Area A (August 25,2004) 

MW-17D 12.75 12.78 12.81 12.81 12.81 54.2 0.06 down 
MW-19D 9.271 9.26 9.27 9.28 9.30 27.7 0.03 down 
MW-22D 8.32 8.45 8.51 8.56 8.65 21.4 0.33 down 

11 :30 AM 
MW-21 D 8.86 

DNAPL Area B (August 25,2004) 

12:20 PM 1 :15 PM 2:15 PM 4:30 PM 
22 15 15 15 0.0 6.14 down Test Well. Start at 11 :45. Dw at 1 L I 4 8  sec. 

Test Well. Water elev -2.5 ft above grade (well being reamed). Start at 850. 
Well under construction. 
No well constructed yet. 

LNAPL Area (August 26,2004) 

10:OO AM 
MW-9D 21.55 

12:OO PM 1 :45 PM 2:15 PM 4:00 PM 
35 35 - 35 0.0 13.45 down Test Well. Start at 10:45. Dry at 1 L 1 50 sec. 

MW-15D 14.50 
MW-14D 17.48 
MW-12D 14.77 
MW-11 D 13.05 
MW-13D 15.79 

Table 5 
- - - - - - - - - . - - - . - . - - 

14.59 14.68 - 14.81 17.4 0.31 down 
17.55 17.78 - 18.04 22.9 0.56 down 
14.78 14.88 - 15.00 16.5 0.23 down 
13.15 13.20 - 13.23 22.4 0.18 down 
15.80 15.78 - 15.79 23.3 0.00 down 13D initial depth estimated due to bailer removal. 

Pump Test 

1 .oo 
0.90 
0.80 

-- 0.70 5 
0 0.60 
0 
c 0.50 
Q) 
$ 0.40 = 0.30 

0.20 
0.10 
0.00 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 

Distance (ft) 

Distance from Approximate 
Test Well Influence 

0.0 6.1 4 
0.0 13.45 

16.5 0.23 
17.4 0.31 
18.7 0.80 
21.4 0.33 
22.4 0.1 8 
22.8 0.54 
22.9 0.56 
23.3 0.00 
27.7 0.03 
54.2 0.06 

















































































































































































































































Attachment C 

Forensic Analyses Report 



SOTA* Analytical 
1023 Reeves Drive 
Grand Forks, North Dakota 58201 
USA 

DRAFT 

December 8,2004 

The RETEC Group, Inc. 
Suite 204 
1001 West Seneca Street 
Ithaca, NY 14850 

RE: MGPIPetroleum Forensic Chemical Analysis Report 
Nyack MGP Site and HudsonVista Property 
Nyack, New York 

Dear Mr. Edwards: 

This report presents a review and interpretation of the forensic chemical analysis of 
samples collected from the Nyack MGP site and the Hudson Vista Associates properties 
located in Nyack, New York. 

Obiective of the Forensic Chemical Analysis: 

The objective of the forensic chemical analyses was to differentiate MGP and petroleum 
sources of hydrocarbons in three NAPL samples, seven groundwater samples, and two 
soil samples submitted to SOTA on 8/26/04 (two NAPL samples), 8/20/05 (one soil 
sample), 9/1/04 (one soil sample), and 10/22/05 (seven groundwater samples and one 
NAPL sample). 

Definitions: 

Definitions for Hydrocarbon Materials include the following: 

Aliphatic hydrocarbons are hydrocarbons that have no aromatic rings and 
include alkanes, alkenes, cyclic alkanes and related chemical types. 
Aromatic hydrocarbons contain at least one aromatic ring, and include benzene 
and alkyl benzenes, PAHs and alkyl PAHs, and related chemical types. 
Petrogenic hydrocarbons originate fkom petroleum. Crude oil, heating oil, and 
diesel fuel are dominated by aliphatic hydrocarbons, although aromatic 
hydrocarbons are also present in varying amounts, especially in more refined 
petroleum products such as gasoline. 
Pyrogenic hydrocarbons result from the incomplete combustion of organic 
substances under oxygen-limited conditions (i.e., pyrolysis). Pyrogenic 
hydrocarbons from MGP processes are dominated by aromatic hydrocarbons. 
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Page 2 

NAPLs are non-aqueous phase liquids (e.g., from hydrocarbon sources). 

Introduction: 

The hydrocarbon contamination commonly found at and near MGP sites can be separated 
into petrogenic and pyrogenic substances based on their origin. Petrogenic substances 
are defined as substances originating from petroleum, including crude oil, fuel, 
lubricants, diesel, and gasoline. Pyrogenic hydrocarbons are the result of the incomplete 
combustion of organic substances under oxygen limited conditions. Petrogenic 
hydrocarbons are generally rich in hydrogen compared to carbon, and the majority of 
petrogenic hydrocarbons are aliphatic (e.g., alkanes and related compounds). In contrast, 
pyrogenic hydrocarbons are generally deficient in hydrogen compared to carbon, and the 
majority of hydrocarbons are aromatic (e.g., alkyl benzenes, PAHs, and related 
compounds). The manufacturing of gas from coal and oil feedstocks occurs under oxygen 
limited conditions and the hydrocarbons generated from this process are characteristic of 
pyrogenic sources. Petrogenic hydrocarbons may exist on an MGP site from the use of 
petroleum on the site, but do not result from the pyrogenic processing that occurred at the 
MGP site. 

If no petroleum contamination exists on a site, hydrocarbons from MGP processes are 
dominated by aromatic hydrocarbons ranging from alkyl benzenes, to two- to six-ring 

m PAHs and their alkyl derivatives. Weathering of NAPLs and tars will change the 
molecular weight distribution to higher molecular weight aromatics, but does not affect 
the overall aromatic chemical nature of the NAPL or tar. MGP hydrocarbons are not by 
themselves unique. That is, all predominant aromatic hydrocarbons (i.e., alkyl benzenes 
and PAHs) found in MGP samples have many other sources including crude and refined 
petroleum products and atmospheric deposition of particulate matter such as diesel 
exhaust. Therefore, the presence of alkyl benzenes and PAHs may or may not indicate 
MGP contamination. The unique nature of pyrogenic hydrocarbons produced by MGP 
processes is in that they contain little or no aliphatic hydrocarbons, while other major 
environmental sources of alkylbenzenes and PAHs (petroleum and its refined fuels) 
contain high concentrations of aliphatic hydrocarbons. Various refined petroleum 
products have different distributions of alkanes and aromatics (both type and molecular 
weight), but the presence of alkanes (and some related hydrocarbons) as the 
predominant hydrocarbons clearly differentiates petroleum from MGP pyrogenic 
hydrocarbons. Again, assuming that no petroleum contamination exists on a site, MGP 
tars and NAPLs are almost exclusively made of aromatic hydrocarbons (e.g., >99%). In 
contrast, crude oil hydrocarbons are almost exclusively aliphatic, and total aromatic 
concentrations of 1 % (compared to aliphatic hydrocarbons) or less are typical. 

If only the aromatic hydrocarbons are considered, diagnostic differences in the chemical 
distributions also exist for pyrogenic MGP sources and petroleum sources. MGP PAHs 
have the parent compounds as the predominant species, with lesser amounts of the alkyl 

P PAHs. In contrast, petroleum aromatic hydrocarbons generally have substantially higher 
concentrations of alkyl PAHs than the related parent PAH. Thus, higher ratios of parent 

*State of the Art Analytical, 1023 Reeves Drive, Grand Forks, ND, 58201 
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m 
PAHs to their alkyl derivatives indicate a pyrogenic (MGP) source, while lower ratios of 
parent PAHs to their alkyl derivatives indicate a petrogenic source. 

Analvtical Methods: 

NAPLs: 

NAPL samples were diluted in methylene chloride and analyzed by GC/MS in the full 
scan mode (50 to 400 amu) using a Agilent model 5973 GCMS equipped with a 60 m 
HP5-MS capillary column. 

Soil Samples: 

Approximately 5 grams of soil were sonicated in 20 mL of methylene chloride for 18 
hours and the extract was analyzed by GCIMS as described above. 

Groundwater Samples: 

All water samples were initially analyzed by extracting the water with methylene chloride 
followed by GCMS analysis in the scan mode. The majority of water samples did not 
have sufficient hydrocarbon concentrations for the methylene chloride extracts to yield 

m useable data. Therefore, samples HVMW42D, MW35D, HVMW38D, HVMW37D, 
HVMW4OD, HVMW34D, and HVMW42D were analyzed by GCMS using solid phase 
microextraction (SPME) to extract the hydrocarbons. SPME typically yields ca. 1000- 
fold better sensitivity than methylene chloride extraction for MGP and petroleum 
hydrocarbons. 

Nsack Sample Results: 

Table I provides a summary of the forensic chemical analyses. Chromatograms for the 
GCIMS analyses are provided in Appendix A. 

Data Interpretation and Discussion: 

NAPLs and Highly Contaminated Soils: 

Determining the source of NAPLs and soils that are directly contaminated with tars and 
NAPLs is based on the aromaticlaliphatic distributions discussed above. Essentially, the 
predominance of aromatic hydrocarbons and lack of aliphatic hydrocarbon indicates a 
pyrogenic MGP source, while relatively low aromatic hydrocarbons compared to 
aliphatic hydrocarbons indicates a petroleum source. The distinction between pyrogenic 
MGP hydrocarbons and petrogenic sources such as crude oil, lubrication oils, heating oil, 
and diesel fuel is very clear, since the MGP hydrocarbons are almost completely 

m aromatic, while these petroleum hydrocarbons have very low amounts of aromatic versus 
aliphatic hydrocarbons. The ratio of parent versus alkyl PAHs discussed above is also 
used as a confirmatory forensic tool. 

*State of the Art Analytical, 1023 Reeves Drive, Grand Forks, ND, 58201 



December 8,2004 
Page 4 

These analyses very clearly and unequivocally demonstrate that the hydrocarbons in the 
DNAPL (MWSS), LNAPL (MWgD), and soil sample HV11 (10.5-1 1) are virtually all 
(likely >99%) pyrogenic hydrocarbons consistent with MGP processes. Similarly, the 
hydrocarbons in the LNAPL (HVMW41D) are virtually all (likely >99%) petrogenic 
hydrocarbons from a petroleum source. The extractable hydrocarbons in soil sample 
HV20 (7.0-8.0) are also virtually all petrogenic hydrocarbons from a petroleum source; 
however, it is not possible to completely rule out a small contribution of PAHs from a 
pyrogenic source. 

Water Samples: 

Forensic analysis in water samples is complicated by the low concentrations of 
hydrocarbons available for analysis. However, the forensic determination of 
hydrocarbons in water samples is made even more complicated (compared to NAPL 
samples) by the selective transport and loss mechanisms that change the chemical 
compositions as hydrocarbons move into wells. If petroleum hydrocarbons are 
transported by dissolving in water (as opposed to moving as a NAPL phase), the aromatic 
hydrocarbons (the lower molecular weight alkyl benzenes and PAHs) will preferentially 
be transported in the water phase because aromatic hydrocarbons are generally more 
soluble in water than aliphatic hydrocarbons such as alkanes. In addition, losses of 
alkanes from water (e.g., due to vaporization) occurs much more rapidly than the loss of 
aromatics. In essence, transport of hydrocarbons by solvation in water makes petroleum 
hydrocarbons look more like MGP hydrocarbons. Thus, the source of dissolved 
hydrocarbons in water samples often must be differentiated based on the relative 
distribution of alkyl benzenes, PAHs, and alkyl PAHs rather than by the presence or 
absence of alkanes that is effective for determining NAPL sources. This basic approach 
was used for the forensic determinations described below. 

Fortunately, the NAPL samples provided examples of virtually pure MGP hydrocarbons 
and petroleum hydrocarbons, respectively. These samples allowed us to determine the 
relative distributions of alkyl versus parent aromatics necessary to use their distributions 
for source determinations in the water samples. Although the relative amounts of ca. 100 
aromatics were observed in order to determine these observations, the most useful 
aromatic tracers for most samples were (1) the relative amounts of the parent naphthalene 
and its C1 to C4 alkyl derivatives (more parent for MPG, more alkyls for petroleum) and 
(2) the ratio of 1-methylnaphalene to 2-methylnapthalene (much more 1- 
methylnaphthalene than 2-methylnaphthlene is present in the petroleum from this site, 
while the MGP sample had similar amounts of these two isomers). In addition, general 
hydrocarbon fingerprinting with selected ion plots of various hydrocarbon classes were 
applied to each sample. With the very sensitive SPME approach, sufficient hydrocarbon 
was found in all except two water samples to allow the distinctions as to the source of the 
hydrocarbon types presented in Table I. 

*Stale of the Art Analytical, 1023 Reeves Drive, Grand Forks, ND, 58201 
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m 
Conclusions: 

The forensic data summarized in Table I clearly demonstrate that both pyrogenic MGP 
hydrocarbons and petrogenic petroleum hydrocarbons are present at the Nyack MGP site 
and the Hudson Vista property. Even though the NAPL samples show physical 
similarity, chemical analysis shows that two of the samples are unequivocally pyrogenic 
(MGP) hydrocarbons, and one is unequivocally petrogenic (petroleum) hydrocarbons. 
Similarly, the hydrocarbons on one soil sample were virtually all from a pyrogenic 
(MGP) source, while the hydrocarbons on the other soil samples were virtually all from a 
petrogenic (petroleum) source. Forensic analyses of water samples are necessarily less 
clear, but do demonstrate that hydrocarbons from pyrogenic and petrogenic sources 
impact the water, and their relative impact varies with sample well location. 

If you have any questions, please contact me at (701) 777-5256. 

Sincerely, 

DRAFT 

Dr. Steven B. Hawthorne 

SBH 

Attachments 

*Stale of the Arf Analytical, 1023 Reeves Drive, Grand Forks, ND, 58201 
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m Table I: Nvack MGP and Hudson Vista Propertv: Sample Results Summary 

t- 

*State of the Art Analytical, 1023 Reeves Drive, Grand Forks, ND, 58201 

Sample i.d. 
MWSS 

MW9D 

HVMW4 ID 

HV1 l(10.6- 
11) 

HV20 (7.0- 
8.0) 

MW33D 

HVMW34D 

MW35D 

HVMW37D 

HVMW38D 

HVMW40D 

HVMW42D 

Blanks 

Matrix 
Black, 
DNAPL 

Brown 
LNAPL 

Groundwater1 
LNAPL 

Subsurface 
Soil 

Subsurface 
Soil 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Water 

Results 
Classic MGP PAH material and includes alkyl benzenes, and parent and alkyl PAHs, 
but no detectable alkanes. All PAHs are dominated by their parent (rather than alkyl) 
species. It is likely that the hydrocarbons in thls sample are >99% from pyrogenic MGP 
processes. Sample lacks sufficient concentrations of tracers for other PAH sources, thus 
there is no indication of significant contributions from any other PAH source such as 
petroleum crude and petroleum products. Appendix A. Chromatogram 1. 
Classic MGP PAH material and includes alkyl benzenes, and parent and alkyl PAHs, 
but no detectable alkanes. All PAHs are dominated by their parent (rather than alkyl) 
species. It is likely that the hydrocarbons in this sample are >99% from pyrogenic MGP 
processes. Sample lacks sufficient concentrations of tracers for other PAH sources, thus 
there is no indication of significant contributions fiom any other PAH source such as 
petroleum crude and petroleum products. Appendix A. Chromatogram 2. 
Classic petroleum material (apparently weathered crude oil), and is predominantly 
alkanes from ca. C8 to C25 (or larger), with much lower amounts of alkylbenzenes and 
PAHs. Alkyl PAHs have much higher concentrations than the related parent PAHs. It is 
likely that the hydrocarbons in this sample are >99% fiom petroleum. Appendix A. 
Chromatogram 3. 
PAH distributions highly characteristic of coal tar PAHs and most likely come from a 
common process as on-site samples MW9D and MWSS. Nearly all of the mass of 
material detected by GCIMS consists of PAHs, which is characteristic of coal tars. 
There is no indication of significant contributions from any other PAH source such as 
petroleum crude and petroleum products. Appendix A. Chromatogram 4. 
Nearly all of the mass of the extractable hydrocarbons are characteristic of petroleum 
sources. These hydrocarbons appear to be related to weathered distillate products such 
as diesel fuel (and or heating oil), and possibly gasoline (andlor kerosene). However 
small contributions £?om coal tar cannot be completely ruled out, since some of the 
PAHs are present which are prominent in coal tar. The distribution of alkylated PAHs 
to parent PAHs indicates possible PAH contributions from both petrogenic and 
pyrogenic sources. Appendix A. Chromatogram 5. 
Appears to be predominantly contaminated f?om a refined petroleum fuel (ca. diesel 
range), with no significant influence from MGP hydrocarbons. The sample shows no 
significant hydrocarbon relationship to sample MW9D or MW5S. Appendix A. 
Chromatogram 6. 
Appears to be predominantly contaminated by aromatics from a petroleum product via 
transport by dissolved hydrocarbons. The sample shows no significant hydrocarbon 
relationship to sample MW9D or MW5S. Appendix A. Chromatogram 7. 
Includes alkyl benzenes and lower molecular weight PAHs that appear to be MGP- 
related, but a possible contribution fiom petroleum cannot be ruled out. Appendix A. 
Chromatogram 8. 
Appears to be predominantly contaminated by aromatics from petroleum via transport 
by dissolved hydrocarbons. Appendix A. Chromatogram 9. 
Includes alkyl benzenes and lower molecular weight PAHs that appear to be MGP- 
related, but a possible contribution from petroleum cannot be ruled out. Appendix A. 
Chromatograph 10 
Sample did not contain detectable hydrocarbons related to petroleum or MGP sources. 
Appendix A. Chromatogram 1 1. 
Sample is contaminated by aromatics that appear to come from a refrned petroleum fuel, 
but MGP hydrocarbons cannot be eliminated as a contributing source. Appendix A. 
Chromatogram 12 
SPME and methylene chloride analytical blanks prepared using clean water. Appendix 
A. Chromatograms 13 and 14. 





Chromatogram 1, MWSS DNAPL 

File : D:\HPCHEM\~\DATA\~~~~AO~A.D 
Operator : 
cquired : 26Aug 04 12:26 P using AcqMethod DJMSCAN 
istrument : GC/MS Ins 

Sample Name: NY DNAPL 
Misc Info : 
Vial Number: 2 

Abundance I Ir;: Z'WAO2A.U 

700000 

650000 

600000 

550000 

500000 

450000 

400000 

350000 

300000 

250000 

200000 

150000 

100000 

P+ 
50000 

0 
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File : D:\HPCHEM\~\DATA\~~I~AO~A.D 
Operator : 
Acquired : 26 Oct 04 22:05 using AcqMethod SBHSCAN 
Instrument : GC/MS Ins r\ Sample Name : NYACK HMW141D 
Misc Info : 
Vial Number: 9 
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Chromatogram 7, HVMW34l) 
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Operator : cbg 
Acquired : 27 Oct2004 16:00 using AcqMethod SPMESOTA 
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Vial Number: 100 
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chromatogram 9, HVMW37D 

File : C:\MSDCHEM\~\DATA\~O~~.D 
Operator : cbg 
Acquired : 27 Oct 2004 14:23 using AcqMethod SPMESOTA 
Instrument : Instrumen 
Sample Name: MW37D 
Misc Info : 
Vial Number: 100 

Abundance . TIC: 2067.D 
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Chromatogram 11, HVMW4OD 

- File : C:\MSDCHEM\I\DATA\~O~~.D 
Operator : cbg 
Acquired : 27 Oct 2004 15:lO using AcqMethod SPMESOTA 
Instrument : Instrumen 
Sample Name: MW40D, Fiber "TU, 30 min SPME 
Misc Info : 
Vial Number: 100 

Abundance TIC: 2068.D 
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Chromatogram 12, HVMW42D 

File : C:\MSDCHEM\~\DATA\~O~~.D 
Operator : cbg 
Acquired : 27 Oct 2004 17:33 using AcqMethod SPMESOTA 
Instrument : Instrumen 
Sample Name: MW42D, Fiber "TN, 30 min SPME 
Misc Info : 
Vial Number: 100 

Abundance TIC: 2071.D 
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Chromatogram 13, SPME water manK 
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Chromatogram 14, methylene chloridelwater blank 
File : D:\HPCHEM\~\DATA\~~I~AO~A.D 
Operator : 
Acquired : 26 Oct 04 20:ll using AcqMethod SBHSCAN 
Instrument : GC/MS Ins 
Sample Name: NYACK water/ch2cl2 blank 
Misc Info : 
Vial Number: 7 
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InQitu Solidification Treatability Results 



KEMRON ENVIRONMENTAL SERVICES, INC. 
NYACK FORMER MGP SITE 

In-Situ Solidification Treatability Results 

8% Type I Portland Cement 

Kemron data summarized by RETEC Criteria : no sheen < 1 x lo-6 > 50 
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ISS Treatability Study - SPLP Analytical Summary 

Kemron data summarized by RETEC 
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Bedrock and Overburden Impacts 





The RETEC Group, Inc. 
100 1 West Seneca Street 
Suite 204 
Ithaca, NY 14850-3342 

TO: Maribeth McConnick 
FROM: John Finn 
DATE: November 5,2004 

607.277.5716 Phone 
607.277.9057 Fax 
www.retec.com 

CLIENT: Orange and Rockland 
TASK: 
RE: Hudson Vista In-Situ Chemical 

Oxidation 

This memo describes the extent of the soil impacts, the findings of the treatability studies, and 
our recommendations regarding the remediation of the Hudson Vista soils. 

1. Extent of Impacts on Hudson Vista Lower Terrace 

The recent pre-design investigation established the nature and extent of impacted soil in the 
lower terrace of the Hudson Vista property. Two distinct impacted soils were observed - an 
impacted overburden soil and, underlying it in some borings, a tarry soil: 

m "Overburden Soil" refers to gray, medium sand, with fragments of sandstone, wood, 
and shells. Trace to some hydrocarbon odor. Below this soil, the second layer was 
observed in some borings. 

"Tarry Soil" refers to black sand saturated with hardened tar-like material with 
hydrocarbon odor. . . 

Figure 1 shows the extent of these soils in plan view. Figures 2 and 3 are cross sections through 
this area. 

2. Results of ISCO Treatability Testing 

2.1 Overburden Soils. 

Persulfate. Persulfate treatments did not result in reductions in BTEX or PAH soil 
concentrations. Treatments by Isotec and XDD both resulted in increased or 
approximately equivalent soil concentrations. Testing of the treated soils by the 
Synthetic Precipitation Leaching Procedure (SPLP) showed that the persulfate treatment 
resulted in increased leachability at lower persulfate strength, and reduced leachability at 
higher persulfate strength. Although XDD concluded that more time than two weeks was 
required for successful persulfate treatment, this may not be the case. 

!- 
a Fenton's Reagent. The best Fenton's treatment by Isotec resulted in only 19% reduction 

in BTEX and variable PAH concentrations (a decrease of 10% and an increase of 1 1 %). 
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Treatments by XDD resulted in a reduction of BTEX and PAH concentrations. There 
was a trend of more reduction with an increased strength of Fenton's reagent. Testing of 
the treated soils by SPLP also showed a trend of reduced leachability with increased 
dosing strength. 

2.2 Tarry Soils 

The tany soils were examined by RETEC, Isotec, and XDD. All concluded that due to the 
essentially impermeable nature of the hardened and saturated sandltar matrix, in-situ 
treatment would not allow sufficient contact with the material to allow reductions in total 
BTEX and PAH concentrations (this was confirmed by measurements made by XDD). 
However, the material was treated and tested to ascertain the effect of treatment on the 
leachability of the surface of the material, which would be in contact with the oxidizing 
reagents. 

Persulfate and Permanganate. These treatments of the tarry soil both resulted in 
reduced concentrations of BTEX and PAH in a water column placed in contact with the 
.surface of the tany sand (Tested by XDD only). 

rn Fenton's Reagent. This treatment of the tarry soil resulted in decreased BTEX, but 
increased PAH concentrations in a water column placed in contact with the surface of the 
tarry sand (as tested by both Isotec and XDD). 

2.3 Explanation of Results 

The results of the treatability testing were much lessltruccesshl than expected based on ISCO 
work done at MGP sites by Isotec, XDD, RETEC &d others. While some increases in PAHs 
have been observed under certain unfavorable conditions, the marked increases were not 
expected. Furthermore, when optimal conditions are applied in treatability testing, the 
Fenton's Reagent treatment usually results in PAH reductions of 50% or more. The poor 
results for the Hudson Vista soils prompted Isotec to undertake additional studies on these 
soils (with their own funding). 

It is now clear that the Hudson Vista soils exhibit an unusual geochemistry which interferes 
with the chemical oxidation process. Isotec has identified the presence of iron 
oxyhydroxides (FeO(OH)), which are known to accumulate in tidal estuary soils and 
sediments (enough of this iron is present in some soils that bogs have been mined for iron in 
the past). These are found in amorphous complexes and are known to bind organic and 
inorganic compounds. Iron oxyhydroxides are degraded by oxidizing agents such as 
persulfate and Fenton's Reagent. This causes the release of the bound PAHs, and also 
effectively removes the oxidizing agent, causing less reduction than expected for a given 

rn strength of oxidizing agent. Furthermore, the presence of shell fragments in the soils may be 
an additional detriment to the ISCO process. The Fenton's process is most effective and 



n November 5,2004 
Page 3 

complete under low pH conditions, and the reagent used usually includes acids to create 
optimal conditions. However, the shell fragments (which are 95% calcium carbonate) act as 
a buffering agent, neutralizing the acid and interfering with the process. 

3. Conclusions and Recommendations 

The Record of Decision states that the impacted Hudson Vista soils, while not constituting 
gross contamination, contain impacts that could possibly be a source of continuing impact to 
groundwater quality and therefore should be addressed by remedial action. The performance 
standard to be used for chemical oxidation would be determined in the treatability study. In- 
situ solidification (ISS) may be used if it determined that it would be preferable to oxidation 
in this location. 

The results of the treatability study, taken together, do not provide a sound basis for 
proceeding to a remedial design and implementation. While some reduction of BTEX and 
PAH concentrations and leachability for the overburden soil were achieved by Fenton's 
Reagent in tests by XDD, similar results were not achieved by in tests by Isotec. 

F Furthermore, Fenton's Reagent appears to greatly increase the leachability of the tarry soil 
surface under some conditions. These uncertainties and potential risks to the groundwater 
quality so close to the Hudson River are presently insurmountable obstacles to the 
implementation of ISCO at this location. The explanation for this poor performance appears 
to be the unusual geochemistry of the soils. Further study and testing could yield results 
which are more favorable and could form a basis for an appropriate remedial action. 
However, because of the project scheduling and budget constraints do not allow this, and 
because other remedial technologies are available for this portion of the site, RETEC 
recommends pursuing ISS or excavation options for these soils? 

One scenario for remediation of the Hudson Vista soils would be to wait until the soils and 
bedrock in the upper terrace of both the Presidential and Hudson Vista properties can first be 
remediated, and then conduct ISS on the lower terrace of both properties. Since it is now 
confirmed that there are MGP and petroleum impacts in the upper terrace, upgradient of the 
Hudson Vista soils, this sequence of actions would avoid the potential of remediating the 
lower terrace soils, only to have them re-contaminated by migration of contaminants from the 
upper terrace. 
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Section I Executive Summary 
In-Situ Oxidative Technologies, Inc. (ISOTEC'~) was retained by The RETEC Group, 
Inc. (RETEC) to conduct an in-situ chemical oxidation (ISCO) bench-scale laboratory 
treatability study (study) on samples of overburden soils, light non-aqueous phase liquid 
(LNAPL), dense non-aqueous phase liquid (DNAPL), and coal tar soils collected from 
the Hudson Vista site located in Nyack, New York. Targeted contaminants of concern 
(COCs) for the study are benzene, toluene, ethylbenzene, xylenes (BTEX) and poly- 
nuclear aromatic hydrocarbons (PAHs). 

The purpose of the study was to determine the potential effectiveness of modified 
Fenton's reagent and catalyzed sodium persulfate reagent on site samples and select the 
most effective technology for a field pilot study. The modified Fenton's reagent 
promotes contaminant destruction via oxidizing and reducing free radicals including 
hydroxyl radicals, superoxide radicals and hydroperoxide anions. The catalyzed 
persulfate reagent promotes contaminant destruction via oxidizing sulfate fiee radicals. 

A summary of the experiments performed and the associated results are shown in Table 1. 
Summary results have been discussed below: 

Overburden Soils Experiments: These experiments were performed to evaluate 
the potential of modified Fenton's and catalyzed persulfate experiments to destroy 
BTEX and PAH contamination within overburden soils from the subject site. 
Results of both the modified Fenton's experiments and the catalyzed persulfate 
experiments (Tables 4 to 6) on the overburden soils did not yield positive BTEX 
and PAH reduction. Repeat experiments with a stronger dosage of modified 
Fenton's reagent yielded up to 19% BTEX reduction but no PAH reduction. 
Since both BTEX and PAH contaminants are amenable to hydroxyl radicals and 
sulfate free radicals based on published literature and ISOTEC's past experience, 
it appears that the inherent soil characteristics and/or age of the contamination 
may have hindered normal progress of the reaction. 

LNAPLI DNAPL Fingerprinting: GC fingerprinting of LNAPL and DNAPL 
samples was performed to identify the most appropriate contaminant analysis to 
quantify amount of LNAPL and DNAPL other than visual measurement (Table 3) 
Results of GC fingerprinting revealed elevated concentrations of BTEX, PAH, 
total petroleum hydrocarbons-diesel range organics (TPH-DRO) and TPH- 
gasoline range organics (TPH-GRO). Therefore, these parameters were analyzed 
during the LNAPL and DNAPL experiments. 

LNAPL Experiments: The experiments were performed to evaluate destruction 
of LNAPL using modified Fenton's and catalyzed persulfate reagents. LNAPL 
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experiments (Table 7) revealed 50% and 93% destruction of PAHs for Fenton's 
and persulfate, respectively. TPH-DRO results showed a 9% reduction for 
persulfate and an increase for Fenton's. Although BTEX and TPH-GRO levels 
showed >99% destruction, these results are not reliable because the reactors had 
to be vented to relieve excess reaction pressures. Visual observation (see Pictures 
1 and 2) revealed superior destruction of visible LNAPL layer in Fenton's when 
compared to persulfate although the PAH analytical results showed the contrary. 

DNAPL Experiments: The experiments were performed to evaluate destruction 
of DNAPL using modified Fenton's and catalyzed persulfate reagents. DNAPL 
experiments (Table 8) revealed 65% and 68% destruction of PAHs for Fenton's 
and persulfate, respectively. TPH-DRO results showed a 69% reduction for 
persulfate and 45% reduction for Fenton's. Although BTEX and TPH-GRO 
levels showed >99% destruction, these results are not reliable because the reactors 
had to be vented to relieve excess reaction pressures. Visual observation (see 
Pictures 1 and 2) did not reveal conclusive evidence of DNAPL destruction due to 
the tendency of DNAPL to stick to and blacken the reactor walls. 

Coal Tar Soil Experiments: Coal Tar soil experiments were performed to 
evaluate the tendency of Fenton's-treated coal tar soils to recontaminate fresh 
groundwater flowing into the site and contacting treated soils. Results have 
indicated a BTEX reduction from 40 ppb to 0.64 ppb while PAHs increased 
slightly from 94 ppb to 113 ppb. Since the slight PAH increase may have 
occurred due to differences in laboratory analysis, it may be inferred that the 
recontamination tendency of BTEX contamination in Fenton's-treated soils 
decreased following treatment while that of PAHs remained more or less 
unchanged. 
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Section 2 Study Objectives 
The objective of the study was to evaluate the treatment effectiveness of the modified 
Fenton's reagent and catalyzed sodium persulfate on site-specific samples of overburden 
soils, LNAPLs, DNAPLs, and coal tar soils. 
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Section 3 Sample Collection/ Preparation 

3.1 Overburden Soils 

For the overburden soil experiments, RETEC personnel collected groundwater (ID: MW- 
3s-CH) and overburden soil (ID: Hudson Vista) samples on August 18, 2004 from the 
site and submitted the samples to the ISOTEC facility for use during the treatability study. 
The groundwater sample was submitted in two (2) 1-liter amber jars preserved on ice 
while the soil sample was submitted in one (1) Zgallon bucket preserved on ice. The 
samples were stored at <4OC during shipment and at the ISOTEC facility until 
commencement of the study. 

Prior to initiating the study, a portion of the groundwater sample was sub-sampled and 
submitted for dissolved iron, dissolved manganese and BTEX analyses. Soil samples 
provided in multiple containers were screened for removal of pebbles, weeds and debris, 
and then composited. Then, a portion of composited soil sample (ID: HV composite) was 
sub-sampled and submitted for total iron, manganese, and total organic carbon (TOC) 
analyses to gather the initial characteristic data of the sample. The "HV composite" 
sample was also submitted for initial BTEX and PAH analysis after combining with the 
site groundwater at a two-to-one (2:l) ratio by weight (two parts of soil to one part of 
groundwater) representative of the slurry matrix that was tested during the experiments. 
This sample is referred to as "SL/Initialm. Results of the overburden soils initial 
characteristics analysis are provided in Table 2. 

3.2 LNAPL and DNAPL 

RETEC personnel shipped two 8-oz containers, one with LNAPL and one with DNAPL, 
to the ISOTEC facility on September 14, 2004. A portion of the LNAPL and DNAPL 
samples were submitted to IAL for GC fingerprinting was performed to identify the most 
appropriate analysis that quantifies LNAPL and DNAPL during the treatability 
experiments. Results of GC fingerprinting are provided in Table 3. 

3.3 Coal Tar Soils 

The soil sample identified as "HV Tar Soil" was sampled on September 16, 2004 and 
submitted to the ISOTEC facility for the coal tar soil experiments. The sample was 
submitted in one (1) 4-oz glass jar and was composited and used during the experiments. 
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Section 4 Laboratory Treatability Study 
The following experiments were performed during the treatability study. Summary 
dosages provided and the treatment results are outlined within Table 1. 

Overburden soils experiments using modified Fenton's reagent to evaluate BTEW 
PAH treatability (referred to as "SUF-test"). 

Overburden soils experiments using a hifier modified Fenton's reagent dosage 
(repeat Fenton's) to evaluate BTEX. PAH treatability (referred to as "SL/RF- 
test"). 

Overburden soils experiments using catalyzed sodium persulfate to evaluate 
BTEXI PAH treatability (referred to as "SUS-test"). 

LNAPL experiments to evaluate BTEW PAW TPH-DROI TPH-GRO treatability 
and visual LNAPL destruction using modified Fenton's and catalyzed persulfate 
reagents (referred to as "LNAPL-test"). 

DNML experiments to evaluate BTEW PAW TPH-DROI TPH-GRO treatability 
and visual DNAPL destruction using modified Fenton's and catalyzed persulfate 
reagents (referred to as "DNAPL-test"). 

Coal tar soil recontamination experiments to evaluate tendency of modified rn 
Fenton's reagent treated soils to recontaminate groundwater with BTEW PAH 
(referred to as "TAR-test"). 

Each test consisted of the following four steps: 

1. Reagent selection. 

2. Establishing experimental control. 

3. Experimental setup. 

4. Sample analysis. 

4.1 Reagent Selection 

The oxidant used in the modified Fenton's experiments is hydrogen peroxide. The 
oxidant used in the catalyzed persulfate experiments is sodium persulfate. The catalyst 
used for both modified Fenton's as well as catalyzed persulfate was ISOTEC's patented 
Catalyst 4260 (Cat-4260)' which is a circum-neutral pH (e.g. 5-8) organometallic 
complex (chelated iron complex) with high mobility within the subsurface. Based on 
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historical contaminant levels noted at the site and previous experience with treatment of 
the compounds of concern, ISOTEC selected this catalyst for the experiments. The 
stoichiometric molar ratio of Catalyst 4260 to measured site contaminants was 
determined and then used to prepare the Catalyst 4260 containing reagents. 

4.2 Establishing Experimental Controls 

Experimental "control" samples were set up for each of the above experiments to 
document the following: 

reduction or changes in concentrations of the target constituents due to sample 
dilution by reagent volumes injected, and 

reduction in concentrations of the target constituents due to volatilization caused 
by room temperature test conditions. 

The "control" sample was set up exactly the same way, remained at, and was subject to 
the same conditions as the associated "treatment" reactors. However, the "control" 
reactor was injected with distilled water instead of reagent (see Section 4.3 below). The 
volume of distilled water injected was identical to the volumes of reagent injected into the 
"treatment" reactors. 

4.3 Experimental Setup 

4.3.1 Overburden Soil Fentort's Experiments - SL/F-test 
The overburden soil Fenton's experiments were performed in four (4) 120-ml VOC-tight 
glass reactors set up in triplicates. One of the four reactors served as the "control" reactor 
while the remaining three as "treatment" reactors to receive low, medium and high 
reagent dosages. Exactly 45 g of 2 to1 slurry (i.e. 30 g soil + 15g groundwater) was 
introduced into each reactor leaving enough headspace for injection of reagent. The 
reactors were sealed with screw top caps fitted with septa to facilitate reagent injections. 

The predetermined amount of modified Fenton's reagent was injected into each 
"treatment" reactor as small incremental dosages. The "treatment" reactors received one, 
three and five dosages to represent low, medium, or high treatment conditions. Each 
dosage provided an equivalent hydrogen peroxide concentration of 1.8% and catalyst 
concentration of 2.5 mM in the supernatant from the slurry. The multiple dosage 
approach (incremental approach) was used during the test to increase treatment 
efficiency, minimize gas formation and the resulting pressure buildup. Distilled water 
was used to compensate the difference of reagent volumes applied between reactors. The 
"control" reactor received an equivalent volume of distilled water instead of reagent. A 
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time gap of approximately 24 hours was maintained between dosages. All reactors 
(control and treatment) were left undisturbed for a minimum of 24 hours or until all the 

m 
peroxide was consumed before submitting to the analytical laboratory for BTEX analysis. 
A second set of parallel reactors that were subjected to the same dosages were submitted 
for PAH analysis. Each of the reactors was submitted unopened "as is" to the analytical 
laboratory. The third set of parallel reactors that were subjected to the same dosages 
served as monitoring reactors for oxidant analyses (as needed) and final pH value 
measurements. 

4.3.2 Overburden Soil Repeat Fenton's Experiments - SUF-test  
The overburden soil repeat Fenton's experiments were performed using the same 
procedures as described in Section 4.3.1 except with a higher dosage of modified 
Fenton's reagent. A total of five (5) reactors were set up in duplicates with one serving as 
"control" while the remaining four serving as "treatment" reactors. 

Treatment Reactor #1 (RF-A) received two dosages of reagent with each dosage 
providing an equivalent hydrogen peroxide concentration of 12% and catalyst 
concentration of 10 mM in the supernatant from the slurry. Due to strong 
reaction, reactor cap had to be loosened. The samples were submitted for PAH 
analysis only. 

Treatment Reactor #2 (RF-B) received two dosages of reagent with each dosage 
providing an equivalent hydrogen peroxide concentration of 12% and catalyst 
concentration of 20 mM in the supernatant from the slurry. Due to strong 
reaction, reactor cap had to be loosened. The samples were submitted for PAH 
analysis only. 

Treatment Reactor #3 (RF-C) received five dosages of reagent with each dosage 
providing an equivalent hydrogen peroxide concentration of 1.8% and catalyst 
concentration of 2.5 mM in the supernatant from the sluny. The samples were 
submitted for BTEX analysis. 

Treatment Reactor #4 (RF-D) received ten dosages of reagent with each dosage 
providing an equivalent hydrogen peroxide concentration of 1.8% and catalyst 
concentration of 2.5 mM in the supernatant from the sluny. The samples were 
submitted for P A .  analysis. 

The "control" reactor received an equivalent volume of distilled water instead of reagent. 
A time gap of approximately 24 hours was maintained between dosages. All reactors 
(control and treatment) were left undisturbed for a minimum of 24 hours before 
submitting to the analytical laboratory for BTEX, PAH analysis. 
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4.3.3 Overburden Soil Persulfate Experiments - SWS-test 
The overburden soil persulfate experiments were performed in four (4) 120-ml VOC-tight 
glass reactors set up in triplicates. One of the four reactors served as the "control" reactor 
while the remaining three as "treatment" reactors to receive low, medium and high 
reagent dosages. Exactly 45 g of 2 to1 slurry (i.e. 30 g soil + 15g groundwater) was 
introduced into each reactor leaving enough headspace for injection of reagent. The 
reactors were sealed with screw top caps fitted with septa to facilitate reagent injections. 

The predetermined amount of catalyzed persulfate was injected into each "treatment" 
reactor. The "treatment" reactors received persulfate dosages as equivalent supernatant 
concentrations of 1.8%, 5.5%, and 9.2%, respectively to represent low, medium, or high 
treatment conditions. The equivalent supernatant catalyst concentrations were 2.5 mM, 
7.5 mM and 12.5 mM to represent low, medium, or high concentrations. Distilled water 
was used to compensate the difference of reagent volumes applied between reactors. The 
"control" reactor received an equivalent volume of distilled water instead of reagent. All 
reactors (control and treatment) were left undisturbed for a period of 2 weeks before 
submitting to the analytical laboratory for BTEX analysis. A second set of parallel 
reactors that were subjected to the same dosages were submitted for PAH analysis. Each 
of the reactors was submitted unopened "as is" to the analytical laboratory. The third set 
of parallel reactors that were subjected to the same dosages served as monitoring reactors 
for oxidant analyses (as needed) and final pH value measurements. 

4.3.4 LNA PL Experiments - LNA PL-test 
The LNAPL experiments were performed in three (3) 500-ml glass reactors. One of the 
three reactors served as the "control" reactor (see Section 4.2 above) while the remaining 
two served as "treatment" reactors to receive modified Fenton's or catalyzed persulfate 
dosages. Exactly 300 ml of DI water was introduced into each reactor leaving enough 
headspace for injection of reagent. Each reactor was spiked with exactly 15 drops of 
LNAPL to achieve a visible LNAPL layer on the water phase. The reactors were sealed 
with screw-top caps fitted with Teflon-lined septa containing a 3 way luer-lock fitting to 
facilitate reagent injections. 

The predetermined amount of reagent was injected into each "treatment" reactor as small 
incremental dosages. 

Treatment Reactor #1 (LNAPLBT) received two dosages of modified Fenton's 
reagent with each dosage providing an equivalent hydrogen peroxide 
concentration of 12% and catalyst concentration of 10 mM in the aqueous phase. 
Due to strong reaction, the reactor had to be vented. The samples were submitted 
for BTEX, PAH, TPH-DRO and TPH-GRO analysis. 
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Treatment Reactor #2 (LNAPWST) received two dosages of catalyzed persulfate fi 
reagent with each dosage providing an equivalent sodium persulfate concentration 
of 12% and catalyst concentration of 10 rnM in the aqueous phase. The reactor 
was vented to be consistent with the control and Fenton's reactors. The samples 
were submitted for BTEX, PAH, TPH-DRO and TPH-GRO analysis. 

The "control" reactor received an equivalent volume of distilled water instead of reagent. 
A time gap of approximately 48 hours was maintained between dosages. All reactors 
(control and treatment) were left undisturbed for a minimum of 2 weeks before 
submitting to the analytical laboratory for BTEX, PAH, TPH-DRO and TPH-GRO 
analysis. Please note that the entire contents of the reactor were extractor prior to 
laboratory analysis. 

4.3.5 DNAPL Experiments - DNAPL-test 
The DNAPL experiments were performed in three (3) 500-ml glass reactors. One of the 
three reactors served as the "control" reactor (see Section 4.2 above) while the remaining 
two served as "treatment" reactors to receive modified Fenton's or catalyzed persulfate 
dosages. Exactly 300 ml of DI water was introduced into each reactor leaving enough 
headspace for injection of reagent. Each reactor was spiked with exactly 5 drops of 
DNAPL to achieve visible DNAPL globules. The reactors were sealed with screw-top 
caps fitted with Teflon-lined septa containing a 3 way luer-lock fitting to facilitate reagent 
injections. 

The predetermined amount of reagent was injected into each "treatment" reactor as small 
incremental dosages. 

Treatment Reactor #1 (DNAPLFT) received two dosages of modified Fenton's 
reagent with each dosage providing an equivalent hydrogen peroxide 
concentration of 12% and catalyst concentration of 10 mM in the aqueous phase. 
Due to strong reaction, the reactor had to be vented. The samples were submitted 
for BTEX, PAH, TPH-DRO and TPH-GRO analysis. 

Treatment Reactor #2 (DNAPWST) received two dosages of catalyzed persulfate 
reagent with each dosage providing an equivalent sodium persulfate concentration 
of 12% and catalyst concentration of 10 mM in the aqueous phase. The reactor 
was vented to be consistent with the control and Fenton's reactors. The samples 
were submitted for BTEX, PAH, TPH-DRO and TPH-GRO analysis. 

The "control" reactor received an equivalent volume of distilled water instead of reagent. 
A time gap of approximately 48 hours was maintained between dosages. All reactors 
(control and treatment) were left undisturbed for a minimum of 2 weeks before 
submitting to the analytical laboratory for BTEX, PAH, TPH-DRO and' TPH-GRO 
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analysis. Please note that the entire contents of the reactor were extractor prior to 
laboratory analysis 

4.3.6 Coal Tar Soil Recontamination Experiments - TAR-test 
Coal Tar soil column experiments were performed to evaluate the tendency of Fenton's- 
treated coal tar soils to recontaminate kesh groundwater flowing into the site. To perform 
these experiments, exactly 50 g of coal tar soil was tightly packed at the bottom of two (2) 
- 2 foot long 1 ?A inch diameter PVC columns. One of the columns served as a control 
and was filled with 1 liter DI water. The second column was treated once with the same 
volume of 12% hydrogen peroxide and 10 mM catalyst. The columns were left 
undisturbed for 5 days. At the end of the first 5-day period, the supernatant was decanted 
without disturbing the tightly packed soil at the bottom. The control and the treated 
columns were filled with 1 liter of DI water and again left undisturbed for 5 days to 
equilibrate with the packed soils. At the end of the second 5 day period, the supernatant 
water was decanted and submitted for BTEX and PAH analysis. 

4.4 Sample Analysis 

Integrated Analytical Laboratories, LLC. of Randolph, New Jersey, a New Jersey certified 
analytical laboratory performed the analysis associated with the treatability study. The 
following EPA methods were used for analysis. 
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Section 5 Treatability Study Results 
Summary results of the experiments are presented in Table 1. Initial characteristics 
results of the overburden soils are presented in Table 2. Results of GC fingerprinting for 
LNAPL and DNAPL are presented in Table 3. Detailed results of the experiments are 
presented in Tables 4 through 9. Treatment effectiveness is evaluated by comparison of 
treated sample data with the associated "control" sample data. Contaminant losses are 
evaluated by comparing "control" sample data with the associated "initial" sample data. 
As discussed in the previous section, the "control" sample underwent the same conditions 
as all treated samples but received zero dosage of reagent. Therefore, the differences in 
contaminant concentrations between the treated samples and the "control" sample best 
represent the treatment effectiveness. For discussion purpose, all non-detect (ND) values 
are assumed to be equal to zero in the contaminant reduction calculation. 

5.1 Initial Characteristics 

An evaluation of the soil characteristics was made based on the initial characteristic data 
presented in Table 2. TOC concentrations are somewhat high and may have caused 
increased competition for free radicals leading to decreased BTEXI PAH treatment 
efficiency. In general, competition of TOC can be overcome by applying an excess 
amount of reagent. The iron concentrations are also noted to be high and may have 
served as external catalysts that decomposed peroxide directly to oxygen and water 

m 
without producing free radicals. This is believed due to the presence of native iron in 
overburden soils in the form of oxyhydroxides or other minerals, which do not promote 
Fenton's reaction under native soil pH (i.e. pH 6-7) conditions. The iron oxyhydroxides 
may promote Fenton-like reaction under pH 3-4 conditions, which is currently being 
tested by ISOTEC outside the scope of the present bench-scale study. 

Table 3 presents the results of GC fingerprinting performed on the LNAPL and DNAPL 
samples submitted to IAL. In general, results indicated elevated concentrations of BTEX, 
PAH, TPH-DRO and TPH-GRO. Therefore, these parameters were analyzed during the 
LNAPL and DNAPL experiments to quantifL the amount of LNAPW DNAPL. 

5.2 Overburden Soil Fenton 's Experiments - SUF-test 

Results of the modified Fenton's experiments performed on the overburden soils are 
presented in Table 4. BTEX concentrations were present at non-detect (ND) levels in the 
"control" sample while concentrations of 176 ppb, 19 ppb, and 58 ppb were noted in the 
low, medium, and high "treated" samples, respectively. Nearly 100% BTEX loss was 

In-Situ Oxidative Technologies, Inc. 

ISOTEC Laboratory Treatability Study Report PAGE I I 
RETEC/ Hudsotr Vista Site. 
Nj*ack, New York 
ISOTEC Project #SO0776 

November 10,2004 rn 



noted from "initial" to "control" sample leading to inconclusive results. Therefore, the 
high treatment from these experiments was repeated (see Section 5.3). 

PAH concentrations were present at 286,080 ppb in the "control" sample and at 
concentrations of 265,750 ppb; 487,830 ppb; and 793,020 ppb for low, medium and high 
"treated" samples, respectively. These results are abnormal because mass balance 
considerations dictate that the mass either remain the same or decrease with treatments. 
While thorough soil compositing was performed, it is still likely some differences exist 
from one reactor to the other. In addition, we believe that laboratory extraction solvent 
efficiency for these contaminants improves after peroxide treatment. This is because 
these contaminants are hydrophobic contaminants that are strongly bound to the soil 
matrix and peroxide tends to break the bonds that adsorb contaminants to soils thereby 
loosening the contamination that can be easily recovered during laboratory extraction. 
This may have resulted in increased values for treated samples compared to "control" to 
which only DI water was added. 

A comparison of the "control" versus "initial" data in Table 4 showed a significant 
decrease for both BTEX and PAHs from "initial" to "control". This decrease is a result 
of sample dilution due to reagent addition, room temperature test conditions, and 
laboratory analysis of "initial" and "control" on different dates. The treatment occurred 
in the pH range of 6.81-7.38 with the "control" sample present at a pH of 7.30. 

rn 5.3 Overburden Soil Repeat Fenton's Experiments - 
SUR F-test 

Results of the repeat modified Fenton's treatment performed on the overburden soils are 
presented in Table 5. The experiments were repeated with stronger dosages due to (a) 
PAH increases noted from "control" to "treated" samples, and (b) significant BTEXI 
PAH loss observed from "initial" to "control" in the SLR-test. In order to minimize the 
contaminant loss, the experiments were performed in 40 ml VOC-tight containers. The 
entire contents of each reactor plus the reactor itself were extracted and analyzed by L4L 
to eliminate sub sampling errors before analysis and also to capture any contamination 
sticking to the reactor walls. 

BTEX concentrations decreased from a "control" value of 94 ppb to a "treated" value of 
76 ppb (19% reduction) after 5 incremental dosages. PAH concentrations were present at 
197,680 ppb in the "control" sample and at concentrations of 201,155 ppb; 178,230 ppb; 
and 218,780 ppb for different treatments evaluated as presented in Table 5. Due to the 
stronger modified Fenton's treatment tested, the results improved marginally; however, 
the percent reduction was still insignificant. The slight PAH increases observed for RF-A 
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and RF-C are abnormal and again believed to be due to the same reasons discussed in m 
Section 5.2. 

5.4 Overburden Soil Persulfate Experiments - SWS-test 

Results of the catalyzed persulfate experiments performed on the overburden soils are 
presented in Table 6. BTEX concentrations were present at 40 ppb in the "control" 
sample while concentrations of 141 ppb, 46 ppb, and 45 ppb were noted in the low, 
medium, and high "treated" samples, respectively. PAH concentrations were present at 
535,650 ppb in the "control" sample and at concentrations of 327,750 ppb; 1,664,000 
ppb; and 895,320 ppb for low, medium and high "treated" samples, respectively. Once 
again, these results are abnormal because of same reasons discussed in Section 5.2. 

A comparison of the "control" versus "initial" data in Table 6 showed a significant 
decrease for both BTEX and PAHs from "initial" to "control". This decrease is a result 
of sample dilution due to reagent addition, room temperature test conditions, and 
laboratory analysis of "initial" and "control" on different dates. The treatment occurred 
in the pH range of 1.68-3.29 (altered by persulfate addition) with the "control" sample 
present at a pH of 6.5 1. 

5.5 LNAPL Experiments - LNAPL-test 

Results of LNAPL experiments are presented in Table 7. BTEX was present at a m 
concentration of 9,571 ppb in the "control" sample but at ND for both Fenton's as well as 
persulfate treated samples. TPH-GRO concentrations exhibited a similar trend with 
26,400 ppb in the "control" and ND in the treated samples. Since the reactors were 
vented during the experiments to prevent pressure buildup and breakage from strong 
reaction during the experiments, the BTEX and TPH-GRO results were subject to 
significant volatilization loss. 

PAH was present at a "control" concentration of 26,799 ppb and indicated a 50% 
reduction after modified Fenton's treatment to 13,369 ppb. After persulfate treatment, 
the percent reduction was superior at 93% reduction (from 26,799 ppb to 1,996 ppb). 
Picture 1 presents the visual observation of the LNAPL layer fiom the treatment. It 
appears from Picture 1 that the modified Fenton's treatment destroyed greater amount of 
LNAPL compared to catalyzed persulfate even though the PAH results indicate the 
contrary. We believe the laboratory analytical results may have been affected by 
interference from the LNAPL layer even though IAL extracted the entire contents of the 
reactor plus the reactor itself by flushing with solvent to extract LNAPL sticking to the 
reactor walls. TPH-DRO results indicated a "control" to "treated" increase for modified 
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Fenton's treatment (from 437,000 ppb to 624,000 ppb) and a decrease for catalyzed 
persulfate treatment (from 437,000 ppb to 398,000 ppb). 

5.6 DNAPL Experiments - DNAPL-test 

Results of DNAPL experiments are presented in Table 8. BTEX was present at a 
concentration of 2,224 ppb in the "control" sample but at ND for both Fenton's as well as 
persulfate treated samples. TPH-GRO concentrations exhibited a similar trend with 
4,910 ppb in the "control" and ND in the treated samples. As with the LNAPL 
experiments, since the reactors were vented during the experiments to prevent pressure 
buildup and breakage from strong reaction during the experiments, the BTEX and TPH- 
GRO results were subject to significant volatilization loss. 

PAH was present at a "control" concentration of 6,277 ppb and indicated a 65% reduction 
after modified Fenton's treatment to 2,174 ppb. After persulfate treatment, the percent 
reduction was slightly superior at 68% reduction (from 6,277 ppb to 1,996 ppb). Picture 
2 presents the visual observation of the LNAPL layer from the treatment. Definitive 
conclusion could not be drawn from Picture 2 due to DNAPL sticking to the reactor walls 
and blackening it. We believe the laboratory analytical results may have been affected by 
interference fiom the DNAPL. IAL extracted the entire contents of the reactor plus the 
reactor itself was flushed with solvent to extract DNAPL sticking to reactor walls. TPH- 
DRO results indicated a "control" to "treated" decrease (45%) for modified Fenton's rn treatment (from 29,400 ppb to 16,200 ppb) and a 69% decrease for catalyzed persulfate 
treatment (from 29,400 ppb to 9,040 ppb). 

5.7 Coal Tar Soil Experiments - TAR-test 

Results of the coal tar soil recontamination experiments are presented in Table 9. A 
comparison of "control" versus "treated" data as determined from analysis of the aqueous 
supernatant phase of the "control" and "treated" soil columns indicated a BTEX reduction 
from 40 ppb to 0.64 ppb and a slight PAH increase fiom 94 ppb to 113 ppb. Since the 
slight PAH increase may have occurred due to differences in laboratory analysis, it may 
be inferred that the recontamination tendency of BTEX contamination in Fenton's-treated 
soils decreased following treatment while that of PAHs remained more or less unchanged. 
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Section 6 Conclusions 
The conclusions from the treatability study are presented below. 

The Hudson Vista overburden soil experiment results indicate that, in general, 
both modified Fenton's reagent and catalyzed persulfate did not yield positive 
BTEX and PAH destruction for the treatments evaluated. As such, based on 
ISOTEC's past experience and published literature, majority of BTEX and PAH 
constituents are amenable to modified Fenton's treatment and catalyzed persulfate 
but could not be successfully treated within the Hudson Vista soils. This is likely 
due to inherent properties of the Hudson Vista overburden soils including age of 
coal tar contamination and high native iron and TOC concentrations. 

Moderate LNAPL destruction was demonstrated based on visual experiments, 
which indicated superior destruction for modified Fenton's compared to catalyzed 
persulfate. However, the analytical results (which were subject to apparent 
interference from the NAPLs) indicated superior PAH reduction for catalyzed 
persulfate. 

DNAPL destruction could not be visually demonstrated due to the tendency of 
DNAPL to stick to and blacken the reactor walls. Based on the analytical results 
(which were subject to apparent interference from the NAPLs), catalyzed 
persulfate indicated slightly superior PAH reduction. 

r\ 
The coal tar soil packed column experiments showed that the groundwater 
recontamination tendency of the Fenton-treated soils is lower for BTEX but 
remains approximately the same for PAH. , 
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