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TECHNICAL MEMORANDUM
TEST PITTING –  PHASE 1 REMEDIAL INVESTIGATION FOR OPERABLE UNIT 2 FOR 
GREAT KILLS PARK SITE, GATEWAY NATIONAL RECREATION AREA, STATEN 
ISLAND, NEW YORK 

Draft: February 22, 2019 
This Technical Memorandum presents test pitting methods, results, and conclusions.

As part of Phase I RI for OU2, the AECOM-Tidewater JV conducted test pitting using manual methods including 
hand auger, long-handle post-hole digger, and long-handle shovel, and mechanized equipment involving a track-
mounted hydraulic excavator (excavator) with a two foot-wide bucket to delineate the lateral extent of waste fill 
adjacent to three test pitting areas (Figure 1):

Test Pitting Area 1: Hylan Boulevard Drainage Channel;
Test Pitting Area 2: Buffalo Street Corridor Margin; and
Test Pitting Area 3: National Park Service (NPS) Development1/Beach Margin.

Manual methods were used in Area 1 along Hylan Boulevard because there were certain areas that prevented the use 
an excavator due to access, vegetation (thick), and terrain (steep) constraints. The excavator was used in other Area 
1 areas and in Areas 2 and 3 where access, terrain or vegetation was not an issue.

Within the three test pitting areas, the JV performed a total of 10 transects with a total of 39 test pits. During testing 
pitting, the JV surveyed the location of each test pit with a GPS unit, visually inspected the encountered materials,
and photographed each test pit.  Test Pit Logs were used to document information and noted the presence of waste 
fill or other geologic materials. The Test Pit Logs are included in ATTACHMENT A. Visual inspection of the 
geologic material in the shallow subsurface (less than five feet below ground surface) focused on identifying:

1) Waste fill including potentially hazardous materials (e.g., drums, paint cans, etc.), incinerator residue (slag), 
coal fired boiler ash (pieces of un-burnt coal), other debris (glass, rubber, porcelain, and metal, etc.), soil 
amendment, construction debris, and/or medical waste.

2) Hydraulic fill consisting of reddish brown well graded fine to course sand with little (percentage) fines (clay 
and silt);

3) Native deposits including: glacial till, (consisting of reddish brown compact firm to hard sand, silt, and clay 
matrix with scattered subrounded to rounded fine to medium gravel); and Holocene deposit (consisting of 
mottled gray to brown silt to clay with sand); and

4) Other geologic materials including: reworked glacial material (excavated as part of the Hylan Drainage 
Channel and placed on the bank of Hylan Drainage Channel), and recent fill (due to filling along Hylan 
Boulevard).

During test pitting activities and to ensure worker health and safety, three different monitors were used to monitor 
for the presence of certain gases, volatile organic compounds (VOCs), and gamma radiation. The three monitors 
were: 1) an AreaRAE Wireless Gas Detection system to monitor for the presence of methane and hydrogen sulfide 
gas; 2) a photoionization detector to monitor for the presence of VOCs; and 3) a 3-inch x 3-inch Sodium Iodide 
(NaI) detector to monitor gamma radiation levels (count rates). No methane, hydrogen sulfide, or VOCs were 
detected. Count rates (ranging from 14,000 counts per minute (CPM) to 34,000 CPM)2 were recorded at respective 
                                                           
1 Development refers to the facilities constructed by National Park (and formerly New York City) including the beach house, 
maintenance/ranger station, parking lots and field station structures. 
2 At total of 19 count-rate measurements were recorded ranging from 14K CPM to 34K CPM. This set of count rates had an 
average count rate of 18K CPM with a standard deviation of 5K CPM. 
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test pit locations and these count rates are included in the Test Pit Logs. Table 1 summarizes the materials 
encountered in each of the test pits conducted in the three different test pitting areas.

Table 1-  Summary of Test Pits and Materials Encountered 
Transect Test Pit No. Test Pitting Area Material Encountered 

TP0001A Area 1: Hylan Drainage Channel and Buffalo 
Street Corridor Margin Glacial Till 

TP0001B Area 1: Hylan Drainage Channel and Buffalo 
Street Corridor Margin Hydraulic Fill 

TP0002A Area 1: Hylan Drainage Channel Recent Fill over Holocene 
Deposit 

TP0002B Area 1: Hylan Drainage Channel Waste Fill (Slag) 
TP0002C Area 1: Hylan Drainage Channel Waste Fill 
TP0003A Area 1: Hylan Drainage Channel Glacial Till 
TP0003B Area 1: Hylan Drainage Channel Waste Fill 
TP0003C Area 1: Hylan Drainage Channel Reworked Glacial Till 
TP0004A Area 1: Hylan Drainage Channel Reworked Glacial Till 

TP0004B Area 1: Hylan Drainage Channel Waste Fill Mix with Hydraulic 
Fill 

TP0005A Area 2: Buffalo Street Corridor Margin Hydraulic Fill 
TP0005B Area 2: Buffalo Street Corridor Margin Hydraulic Fill 
TP0005C Area 2: Buffalo Street Corridor Margin Hydraulic Fill 
TP0005D Area 2: Buffalo Street Corridor Margin Hydraulic Fill 

TP0005E Area 2: Buffalo Street Corridor Margin Hydraulic Fill overlying 
Glacial Till 

TP0005F Area 2: Buffalo Street Corridor Margin Reworked Glacial Till 
TP0005G Area 2: Buffalo Street Corridor Margin Waste Fill 
TP0005H Area 2: Buffalo Street Corridor Margin Reworked Glacial Till 
TP0005I Area 2: Buffalo Street Corridor Margin Reworked Glacial Till 
TP0006A Area 2: Buffalo Street Corridor Margin Hydraulic Fill 
TP0006B Area 2: Buffalo Street Corridor Margin Hydraulic Fill 
TP0006C Area 2: Buffalo Street Corridor Margin Hydraulic Fill 
TP0006D Area 2: Buffalo Street Corridor Margin Hydraulic Fill with Waste Fill 
TP0006E Area 2: Buffalo Street Corridor Margin Hydraulic Fill 
TP0007A Area 3: NPS Development/Beach Margin Hydraulic Fill 
TP0007B Area 3: NPS Development/Beach Margin Hydraulic Fill 
TP0007C Area 3: NPS Development/Beach Margin Hydraulic Fill 

TP0007D Area 3: NP Development/Beach Margin Hydraulic Fill overlying Thin 
Layer of Waste Fill 

TP0007E Area 3: NPS Development/Beach Margin Waste Fill 
TP0008A Area 3: NPS Development/Beach Margin Waste Fill 
TP0008B Area 3: NPS Development/Beach Margin Waste Fill 
TP0008C Area 3: NPS Development/Beach Margin Hydraulic Fill with Waste Fill 
TP0008D Area 3: NPS Development/Beach Margin Hydraulic Fill 

TP0009A Area 3: NPS Development/Beach Margin Holocene Deposit (Mottled 
Gray to Brown Clayey Sand) 

TP0009B Area 3: NPS Development/Beach Margin Holocene Deposit (Mottled 
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Table 1-  Summary of Test Pits and Materials Encountered 
Transect Test Pit No. Test Pitting Area Material Encountered 

Gray to Brown Clayey Sand) 

TP0009C Area 3: NPS Development/Beach Margin Hydraulic Fill 
TP0009D Area 3: NPS Development/Beach Margin Hydraulic Fill with Waste Fill 
TP0010A Area 3: NPS Development/Beach Margin Hydraulic Fill 

TP0010B Area 3: NPS Development/Beach Margin Hydraulic Fill mixed with 
Waste Fill 

In Summary, the JV conducted four transects (TP0001, TP0002, TP0003, TP0004) in Test Pitting Area 1: Hylan 
Drainage Channel with two to three test pits per transect. In Test Pitting Area 2: Buffalo Street Corridor Margin, the 
JV conducted two transects (TP0005 and TP0006) with five to nine test pits per transect. In Test Pitting Area 3: NPS 
Development/Beach Margin, the JV conducted four transects (TP0007, TP0008, TP0009, andTP0010) with two to 
five test pits per transect. Certain transects overlapped two test pitting areas. For example, Transect TP0005 
overlapped Test Pitting Area 1: Hylan Drainage and Test Pitting Area 2: Buffalo Street Corridor Margin. Similarly 
Transect TP0007 and TP0008 overlapped the Test Pitting Area 2: Buffalo Street Corridor Margin with Test Pitting 
Area 3: NPS Development/Beach Margin.

The materials encountered in the test pits and their distribution reflect in part the native deposits (a.k.a. substratum 
including glacial till or Holocene deposit) underlying the areas; the past activities conducted in each area.  The past 
activities included drainage channel excavation, waste filling in low lying areas, and filling using hydraulic fill to 
provide stable foundations for Buffalo Street, subsurface utilities, and site development structures, and to act as 
containment buffer between the waste fill and the beach (National Park Service, 2018). 

The relationship between the underlying native deposits including glacial till and Holocene deposit is shown in 
Figures 1 and is inferred from the 1936 topographic map. Figure 2 with topographic maps (1936 and 2014) shows 
the delineation between the upland glacial till deposit beneath Hylan Boulevard and the (now buried) low-lying 
Holocene deposit extending to the east towards the harbor and beach shore.

In Test Pitting Area 1: Hylan Boulevard is underlain by glacial till consisting of compact, firm, reddish brown, clay, 
silt, and sand matrix with scattered fine to medium gravel. The glacial till is very hard due to its origin -- having 
been ice deposited and not reworked by water (e.g., outwash) (National Park Service, 2018). The test pits that 
encountered glacial till in Area 1 were TP0001A and TP0003A.

The 1936 topographic map indicates that the Holocene deposit extends up to Hylan Boulevard in the area that was 
later filled with waste fill in the late 1940s, just northeast of Bay Terrace Ave. The Holocene deposit was 
encountered beneath recent fill (as opposed to waste fill deposited in the late 1940s) in test pit TP0002A. The low 
lying area was filled with waste fill as evidenced by the waste fill encountered in test pits; TP0002B, TP0002C, and 
TP0003B. Waste fill was also encountered in Area 1 in test pits TP0004B and TP0005G.

Sometime between 1936 and 1949, the Hylan Drainage Channel was excavated. For much of its length, the base of 
the Hylan Drainage Channel was excavated into the glacial till to one to five feet above sea level. The excavated 
glacial till was placed on the bank adjacent to the Hylan Drainage Channel. The glacial till having been excavated 
and then placed on the bank is referred to as “reworked glacial till.” The reworked glacial till was encountered in 
Area 1 test pits; TP0003C, TP0004A, and in Area 2 test pits TP0005F, TP0005H, TP0005I near the entrance of 
Buffalo Street and Hylan Drainage Channel.

Hydraulic fill was encountered in Area 1 test pits TP0001A, and in Area 2 test pits near the intersection of Buffalo 
Street and Hylan Boulevard in test pits TP0005A, TP0005B, TP0005C, TP0005D, and TP0005E. The distribution of 
the hydraulic fill encountered in Transect 5 reflects the use of hydraulic fill that was spread at the intersection of 
Buffalo Street and Hylan Boulevard and its use as a firm and stable sub-base for Buffalo Street and adjacent utility 
corridor.
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In addition to the materials previously discussed in Transect 5 and associated test pits above, hydraulic fill was also 
encountered along the Buffalo Street Corridor Margin in test pits; TP0006A, TP0006B, TP0006C, TP0006E, 
TP0007A, TP0007B, and TP0007C. Hydraulic fill was also encountered overlying waste fill in test pits; TP0006D 
and TP0007D. Waste fill was encountered in test pits TP0005G and TP0007E. The hydraulic fill is distributed 
beneath the Buffalo Street and underlying Utility Corridor and extends as a “broad apron” south and west into OU2 
and the waste fill (Figures 1 and Figure 2).

In Area 3, hydraulic fill was encountered in test pits TP0007A, TP0007B, TP0007C, TP0009C, and TP0010A. 
Hydraulic fill was also encountered over waste fill in test pits TP0007D, TP0008C, TP0009D, and TP0010B. Waste 
fill was encountered in test pits; TP0007E, TP0008A, and TP0008B. The Holocene deposit was encountered in the 
low lying area associated with test pits TP0009A and TP0009B (Figures 1 and Figure 2)

In conclusion and within the three test pitting areas, the JV was able to delineate the waste fill from the other 
geologic materials encountered including: glacial till, reworked glacial till, recent fill, and Holocene deposit in Test 
Pitting Area 1: Hylan Drainage Channel; glacial till, reworked glacial till, and hydraulic fill in the Test Pitting Area 
2: Buffalo Street Corridor Margin; and hydraulic fill and Holocene deposit in Test Pitting Area 3: NPS 
Development/Beach Margin. 

The encountered materials and the distribution of the materials reflect in part the native deposits (glacial till or 
Holocene deposit) underlying the areas; and the past activities conducted in each area. These activities included 
excavating Hylan drainage channel and placement of excavated materials on adjacent bank, waste filling in low 
lying areas, and filling using hydraulic fill to provide stable foundations for Buffalo Street, site utilities, and site 
development structures, and the use of hydraulic fill to act as containment buffer between waste fill and the beach 
area. Based on the test pitting results, the distribution of waste fill (as shown by the waste fill boundary) is shown in 
Figure 1 and in cross sectional view in Figure 2.

References:

National Park Service (NPS), 2018. Final Historical Site Assessment/Records Search Summary Report, Gateway 
National Recreation Area, New York, Great Kills Park Site, EDL#5NER1580, Prepared by AECOM-Tidewater JV. 
July 5.

NPS. 2017a. Final Environmental Investigation Report for Great Kills Park Operable Unit 1, Gateway
National Recreation Area, New York. Prepared by AECOM-Tidewater JV. November 13.

New York City Department of Parks. 1936. Topographic Map Portion of Marine Park (R-T-16-105). Plan number 
646_62523 on file at Gateway National Recreation Area, Staten Island, New York. March 24, 1936. 

New York City Department of Parks. 1936. Topographic Map Portion of Marine Park (R-T-16-106). Plan number 
646_62524 on file at Gateway National Recreation Area, Staten Island, New York. March 30, 1936. 

New York City Department of Parks. 1936. Topographic Map Portion of Marine Park (R-T-16-107). Plan number 
646_62524 on file at Gateway National Recreation Area, Staten Island, New York. March 30, 1936.

New York City Department of Parks. 1936. Topographic Map Portion of Marine Park (R-T-16-108). Plan number 
646_62524 on file at Gateway National Recreation Area, Staten Island, New York. March 30, 1936.
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TECHNICAL MEMORANDUM
UNDERWATER GAMMA SCANNING SURVEY –  GREAT KILLS PARK HARBOR 
PHASE 1 REMEDIAL INVESTIGATION FOR OPERABLE UNIT 2 FOR GREAT KILLS 
PARK SITE, GATEWAY NATIONAL RECREATION AREA, STATEN ISLAND, NEW 
YORK 

Draft: February 22, 2019 
This Technical Memorandum presents the underwater gamma survey methodology, results, and conclusions.  The 
underwater gamma radiation survey was performed from October 15 to October 31, 2018 over a portion of the 
bathymetric surface of the Great Kills Harbor for purposes of evaluating potential radiological impacts resulting 
from the Marine Unloading Operation. Previous investigations (NPS, 2017, NPS 2018) identified radiological 
contamination and artifacts associated with the waste that was placed in the landfill during historical landfilling 
activities. During unloading operations waste with radiological artifacts and radiological contamination may have 
fallen from the unloaders and scows/barges into the Great Kills Harbor. Therefore the survey focused on
Investigation Area comprised of a 100-ft zone within Great Kills Harbor adjacent to the location of the two former
unloaders (Figure 1).

The gamma survey involved using a gamma detection system consisting of a waterproof 2-inch by 2-inch sodium 
iodide (NaI) detector (Ludlum 44-10-1) with count rate meter/scaler (Ludlum 2221 or equivalent) coupled to a 
Trimble Geo 7X positioning/locating system. The gamma detection system collected and logged gamma counts at a 
rate of one count measurement per second and associated each measurement with geospatial coordinate having an 
accuracy of ± one meter. The World Geodetic System (WGS) 84, Geospatial Coordinate System was used and the 
position data were recorded in latitude and longitude. Based on National Oceanic and Atmospheric Administration 
(NOAA) bathymetric map (NOAA, 2017a) for the Great Kills Harbor, the deepest portion of the survey area was
approximately 12-ft below mean lower low water (MLLW). Based on NOAA tide charts for the Great Kills Harbor, 
a tidal fluctuation of approximately 5-ft was expected between high and low tide (NOAA, 2017b). Therefore, the 
maximum survey depth ranged between 12 and 17-ft, depending on the tide level. The waterproof Nal detector was 
mounted on a pole sufficiently long enough to reach and stay positioned on the harbor/sediment floor at both high 
and low tide. Reference Area measurements were collected from the NPS Great Kills Harbor Dock near the boat 
launch area. The Reference Area measurements were compared to the Investigation Area measurement to identify 
anomalies (elevated gamma count rates) 

Over 20,000 data points were collected during the survey of the Investigation Area adjacent to the marine unloaders
and the Reference Area. Following each surveying event, the resulting data were downloaded and exported to a text 
file that included coordinate data (latitude and longitude), instrument count rate (cpm), and the time each count rate 
point was logged. Geospatial modeling (Surfer) software was used to present count rate contours and a color-coded 
plot.  Inverse distance weighted average interpolation was used to generate contours and color-coded plot from the 
downloaded data. The data evaluation process for the Reference Area and the Investigation Area were conducted as 
follows:

For the Reference Area, the data were collected, processed, and then used to generate a posting plot that included
gross gamma count rates in cpm and a Z-Score contour plot from the gross gamma cpm. The Z-Score contour plot 
was produced based on the gross gamma cpm with a continuous interpolation using an inverse distance weighted 
average and a search radius (for the next nearest measure point) of approximately 1 to 2 meters.

For the Investigation Area, the data were collected and processed in a similar manner to the Reference Area and 
used to generate a posting plot that included detector gross gamma count rates in cpm and a Z-Score contour plot 
generated from the gross gamma cpm. Multiple contour plots were produced showing whole multiples (1x, 2x, etc.) 
of the average background as determined from the Reference Area survey.

The Reference Area was located at the boat launch area for the Great Kills Harbor.  The data was plotted and 
analyzed using standard statistics.  Table 1 presents a statistical summary of the Reference Area data.
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Table 1 - GKP OU2 Underwater Gama Survey Statistical Summary For 
Reference Area Data 
Statistic CPM 

Mean 2,383 
Median 2,486 
Standard Deviation 655 
Minimum 521 
Maximum 3,580 
Count 102 

The Reference Area data ranged from a low of 521 cpm to a high of 3,580 cpm with a median value of 2,486 cpm 
and a standard deviation of 654 cpm. This standard deviation is considered large for the Reference Area set.  The 
cause of the large standard deviation was the inclusion of the low count rates.  The survey team noted that the low 
count rate measurement values of less than 1,200 cpm appeared to be collected before the detector was in complete
contact with the sediment bottom.  Figure 1 is a quantile plot showing the two different data populations.

Adjusting the Reference Area data set by removing the data associated with data generated when the probe was not 
in contact with the sediment/bottom) results in a revised average of 2,561 cpm, a minimum value of 1,458 cpm and a
maximum value of 3,580 cpm. The standard deviation for the adjusted data set is lower or 450 cpm. Table 2
provides the statistics for the adjusted Reference Area data. The adjusted quantile plot is shown in Figure 2.

Figure 1, Quantile Plot for GKP Harbor Reference Area

Probe not settled on 
sediment 
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Table 2 – GKP OU2 Underwater Gama Survey Statistical Summary for the Adjusted 
Reference Area Data 

Statistic CPM 
Mean 2,561 
Median 2,536 
Standard Deviation 450 
Minimum 1,458 
Maximum 3,580 
Count 90 

Based on the above an Investigation Level of 3,911 cpm was calculated using the adjusted Reference Area data by 
adding the mean count rate (2,561 cpm) to three (3) times the standard deviation count rate (3 x 450 cpm). Count 
rates above the Investigation Level will be identified as anomalies having elevated gamma count rates.

Similar to the Reference Area data, the data from the Investigation Area was plotted and analyzed for standard 
statistics.  Table 3 provides a statistical summary of the Investigation Area data prior to adjustment.

Figure 2, Adjusted Reference Data
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Table 3 – GKP OU2 Underwater Gama Survey Statistical Summary For 
Investigation Area Data 

Statistic CPM 

Mean 2,438 
Median 2,444 
Standard Deviation 1,254 
Minimum 86
Maximum 17,819 
Count 20,964 

The Investigation Area data are consistent with the Reference Area data.  This is demonstrated by comparing the 
median value of 2,444 cpm for the Investigation Area to the similar median value of 2,486 cpm (unadjusted) for the 
Reference Area.  Consistent with the Reference Area, the low readings including a a minimum value of 86 cpm in 
the Investigation Area is due to readings taken when the detector was positioned above and not engaged with the 
sediment/bottom.

Adjusting the Investigation Area data to remove the data points that are less than or equal to the investigation level
calculated from the adjusted Reference Area data (i.e., 3.911 cpm) results in a total of 1,551data points that are
considered elevated within the investigation area.  The average of these data is 5,190 cpm with a maximum of 
17,819 cpm (Table 4)

Removing the data points that are below the Investigation Level (count rate) is supported by the scatter plot which 
shows that the data for the probe in full contact with the sediment results in values of around 3,900 cpm.  Figure 3
shows the scatter plot of the investigation area data. Table 4 below provides the summary of statistics for adjusted 
Investigation Area data.

Figure 3, Scatter Plot for Investigation Area Data
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Table 4 – GKP OU2 Underwater Gama Survey Statistical Summary for 
the Adjusted Investigation Area Data 

Statistic CPM

Mean 5,190  
Median 4,627  
Standard Deviation 1,775  
Minimum 3,912  
Maximum 17,819  
Count 1,551  

The quantile plot, Figure 4, for the Investigation Area data, as with the Reference Area data, shows that the data are
comprised of different populations.  The first population accounts for normal instrument response before the 
detector is fully engaged with the sediment/bottom, the second population of data is the detector response to 
naturally occurring radioactive material (NORM) , and the third population accounts for those data points (elevated 
counts) that are indicative of radioactive contamination (anomalies) within the sediment.

As seen in the scatter plot presented in Figure 3, the data indicates that elevated count rates occur at or above 4,000 
cpm and further supports the establishment of the Investigation Level (3,911 cpm) for purposes of identifying
anomalies.

To better understand elevated count rates and anomalies detected in Great Kills Harbor (Figure 5) and possible 
nexus to the Unloading Area, the JV prepared a map of the Marine Unloading Operations and structures with the
mapped locations of the 12 radiological anomalies (Figure 6). Additionally, side scan sonar data from a 2013 survey 
of the Great Kills Harbor were also obtained and added to the figure. The historical information shows that five 
mooring dolphins were present 40 ft. offshore and centered on the Wellman Unloader. As shown in Figure 6, a 

Probe not settled on sediment 

Figure 4, Quantile Plot for Survey Unit Data
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majority of the radiological anomalies are located adjacent to the Wellman Unloader. The radiological artifacts
encountered at the Site are heavier than water and would deposit on the sediment surface if they dislodged from the
waste during unloading operations. These results suggest indicate that the Marine Unloading Operation may have 
resulted in releases of radiological contamination to sediment in the Great Kills Harbor. Additional investigations 
are recommended to evaluate the source of the radiological anomalies identified within the Great Kills Harbor and to 
assess whether the anomalies are actual radiological artifacts or contamination related to Marine Unloading 
Operations and historical waste filling operations.

References:

National Park Service (NPS), 2018. Final Historical Site Assessment/Records Search Summary Report, Gateway 
National Recreation Area, New York, Great Kills Park Site, EDL#5NER1580, Prepared by AECOM-Tidewater JV. 
July 5.

NPS. 2017a. Final Environmental Investigation Report for Great Kills Park Operable Unit 1, Gateway
National Recreation Area, New York. Prepared by AECOM-Tidewater JV. November 13.
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Appendix B: Boring Logs









































 

 

Appendix C: Gamma Scanning of Open Boreholes and Soil Cores
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Appendix D: Groundwater Well Development Logs











 

 

Appendix E: Groundwater Purge and Sampling Logs

















 

 

Appendix F: Sediment and Surface Water Sampling Logs



























Appendix G: Chains of Custody
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