
 

 

 
30 September 2019 

 
Mr. Ashish Joshi 
New Jersey Department of Environmental Protection  
Division of Remediation Management & Response 
Northern Bureau of Field Operations 
7 Ridgedale Avenue (2nd Floor) 
Cedar Knolls, NJ 07927-1112 
 
SUBJECT: UST 906A Site Investigation Report  

Fort Monmouth, Monmouth County, Oceanport, New Jersey 
 PI G000000032 
 
Dear Mr. Joshi: 

The U.S. Army Fort Monmouth (FTMM) Team has reviewed and summarized previous investigations 
and recent soil removal efforts conducted at the location of former Underground Storage Tank (UST) 
906A within Parcel 68.  This Site Investigation Report (SIR) provides: a) an overview of historical 
information; b) the results of recent field investigations and soil excavations between April 2016 and 
November 2018; and c) a comparison of site data with applicable New Jersey Department of 
Environmental Protection (NJDEP) criteria for this site.  

 

1.0 OBJECTIVES  

Groundwater and soil sampling were conducted in 2016, 2017, and 2018 to delineate contaminated 
media at former UST 906A (Attachment A, Correspondences 2 and 4).  Proposed field investigation 
activities were documented in two work plans: the Parcel 68 Work Plan Addendum for a Former UST 
Site (March 2016)  and the Unregulated Heating Oil Tank (UHOT) Work Plan (WP) (August 2017); 
these plans were approved by  NJDEP in March 2016 and October 2017, respectively (Attachment A, 
Correspondences 1 and 3). 

 

2.0 SITE DESCRIPTION 

Former UST 906A was a 1,000-gallon steel No. 2 fuel oil UST (Registration ID No. 81533-146) that 
was removed in June 1990; however, closure soil samples were not collected at that time because a 
release was not observed.  The location of former UST 906A is shown on Figure 1.   

2.1 Site Land Use 

Former UST 906A was located near former Building 906 within the central portion (900 area) of the 
Main Post (MP) of FTMM.  The location of former UST 906A is surrounded by open grassy areas and 
paved parking areas and driveways (Figure 2).  Ownership of the property has been transferred to 
Monmouth County.  Planned future land use of the site is for  an adult homeless shelter to be owned 
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and operated by Monmouth County.  Building 906 was demolished and construction of the adult 
homeless shelter was initiated in the summer of 2018. 

2.2  Site Geology and Hydrogeology 

The Hornerstown Formation underlies much of the MP (including the UST 906A area) and is 
approximately 25 to 30 feet thick based on other MP soil borings.  This formation is distinguished by 
varying proportions of glauconitic clay, silty clay, and minor sand.  The Tinton Formation underlies 
the Hornerstown Formation and consists of dense fine sand and trace silt, glauconite, and clay. 

Soil encountered in borings at UST 906A were primarily moist brown sand with some silt and traces 
of clayey silt.  Deeper soils below approximately five feet (ft) typically consisted of wet gray and brown 
mottled sand with some silt. Indications of fill (coal, brick, and slag) were observed in the boring log 
for temporary well PAR-68-906A-TMW-03 down to 12 inches and brick and rock fragments were 
observed in PAR-68-SB-02 down to 20 inches.  Soil borings logs are provided in Attachment B. The 
depth to groundwater at UST 906A typically ranged from approximately 4 to 6 ft below ground surface 
(bgs) (Table 1).  Groundwater is typically encountered in the gray and brown sand and flows north-
northwest (Figure 3). 

 

3.0 PREVIOUS INVESTIGATIONS  

As previously stated, closure samples were not collected in 1990 when UST 906A was removed 
because  a release was not observed. In January 2006, a subsurface investigation was conducted to 
confirm there had been no leaks from UST 906A.  Three soil samples and one groundwater sample 
were collected from three locations along the former tank centerline.  The soil samples were analyzed 
for total petroleum hydrocarbons (TPH), and the groundwater sample was  analyzed for volatile organic 
compounds (VOCs) and semi-volatile organic compounds (SVOCs). As documented in the closure 
report for UST 906A (Attachment A, Correspondence 6), TPH in these soil samples did not exceed the 
NJDEP TPH criterion of 10,000 milligrams/kilogram (mg/kg) that was in effect in 2006.  The 
groundwater sample results were also below then-current NJDEP Ground Water Quality Criteria 
(GWQC).  However, when a No Further Action (NFA) determination was requested by the Army in 
April 2015, NJDEP determined that additional action was necessary  because:  1) the soil samples 
exhibited TPH levels up to 5,634 mg/kg and 6,699 mg/kg, which were above the  criterion of 5,100 
mg/kg in effect in April 2015; and 2) the 2-methylnaphthalene concentrations in groundwater were  
above the  GWQC standard of 30 micrograms per liter (µg/L) in effect in April 2015 (Attachment A, 
Correspondence 5). 

 

4.0 SITE INVESTIGATION RESULTS 

Additional site investigations were completed in 2016, 2017, and 2018 as proposed in the 2016 and 
2017 Work Plans (see Section 1.0).  Soil and groundwater sampling were performed at former UST 
906A to provide an updated assessment of the extent of contaminated soil, determine the potential for 
impact to groundwater, and to delineate plume migration (Attachment A, Correspondence 2 and 
Correspondence 4).   
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Boring logs and field notes are provided in Attachments B and C, respectively; there were field 
indications of fuel oil (petroleum odors and elevated photoionization detector [PID] results) in multiple 
soil borings and the temporary well near the former tank site.  Permanent wells were installed to a depth 
of 14 to 16 ft bgs after the analytical data from the temporary wells (PAR-68-906A-TMW-03, PAR-
68-906A-TMW-04, and PAR-68-906A-TMW-05) were evaluated.  Groundwater samples were 
analyzed for VOCs and SVOCs in accordance with NJDEP requirements for No. 2 fuel oil (Table 2).  
Soil samples were analyzed for total extractable petroleum hydrocarbons (EPH) with additional 
contingency SVOC analyses for naphthalene and 2-methylnapthalene (Table 3). 

4.1 Groundwater Results 

Recent groundwater analytical results are shown on Table 2 and Figure 4 for the following wells:  

 Temporary well PAR-68-906A-TMW-01 sampled August 2016, 
 Temporary well PAR-68-906A-TMW-02 sampled August 2016 
 Temporary well PAR-68-906A-TMW-03 sampled November 2017, 
 Temporary well PAR-68-906A-TMW-04 sampled November 2017, 
 Temporary well PAR-68-906A-TMW-05 sampled November 2017.  
 New permanent well PAR-68-906A-MW-01 sampled January 2018, 
 New permanent well PAR-68-906A-MW-02 sampled January 2018, and 
 New permanent well PAR-68-906A-MW-03 sampled January 2018, 

Permanent well M12MW14 results have also been included in the evaluation of results because it 
bounds the area to the southwest. This well was sampled in May 2016. 

4.1.1 Exceedances of NJDEP Comparison Criteria 

Exceedances of the NJDEP GWQC occurred at two temporary wells during the 2016 sampling (see 
Figure 4 and Table 2). 

 Temporary well PAR-68-906A-TMW-01, located at the former UST 906A: 
o 1,2,2-trichloroethane concentration of 4.6 µg/L exceeded the NJDEP GWQC of 3 

µg/L.  
o Total SVOC TICs concentration of 2,718.8 µg/L exceeded the NJDEP GWQC of 

500 µg/L. 
 Temporary well PAR-68-906A-TMW-02, downgradient of UST 906A: 

o 1,2,4-trimethylbenzene exceedance concentration of 102 µg/L that exceeded the 
NJDEP GWQC of 100 µg/L.  

o 2-methylnapthalene exceedance concentration of 386 µg/L that exceeded the 
NJDEP GWQC of 30 µg/L.  

o Total SVOC TICs concentration of 2,318.5 µg/L, which exceeded the NJDEP 
GWQC of 500 µg/L. 

Although the select VOCs and SVOCs identified above were detected at concentrations above their 
GWQC within two temporary wells (PAR-68-906A-TMW-01 and PAR-68-906A-TMW-02) in August 
2016, there were no exceedances in permanent or temporary wells in the subsequent 2017 and 2018 
sampling events (see Figure 4 and Table 2).   In comparison to temporary well results, the results from 
the permanent wells are much more representative of groundwater conditions because the permanent 
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wells are developed and purged prior to the implementation of low flow groundwater sampling.  
Therefore, the Army has concluded that there are no exceedances in groundwater at UST 906A. 

4.2 Soil Results 

In 2016 seven soil borings (PAR-68-SB-01 to PAR-68-SB-06, and PAR-68-906A-SB-07) were 
advanced at the former UST 906A tank area.  The locations of the soil samples are shown on Figure 
5.  Three soil samples were collected from each boring and analyzed for EPH, and two samples with 
EPH concentrations greater than 1,000 mg/kg were analyzed for the SVOCs 2-methylnaphthalene and 
naphthalene. 

The soil analytical results are shown on Table 3 and Figure 5. 

4.2.1 Exceedances of NJDEP Comparison Criteria 

Exceedances of the NJDEP RDCSRS and/or Impact to Groundwater Soil Screening Level (IGW SSL) 
occurred at three boring locations during the 2016 and 2017 sampling (see Figure 5 and Table 3). 

 EPH concentrations at two soil borings (6,260 mg/kg at PAR-68-SB-04, and 5,310 mg/kg 
at PAR-68-SB-01) exceeded the NJDEP RDCSRS of 5,100 mg/kg.  

 2-Methylnaphthalene concentrations at two soil borings (35 mg/kg at PAR-68-SB-04, and 
8.7 mg/kg at PAR-68-906A-SB-07) exceeded the NJDEP IGW SSL of 8 mg/kg. 

EPH concentrations exceeded the NJDEP RDCSRS in representative soil samples at UST 906A.  
Concentrations of 2-methylnaphthalene also exceeded the NJDEP IGWSSL in multiple soil samples.   

Boring logs (Attachment B) indicate elevated PID results typically from approximately 3 ft bgs to 8 ft 
bgs near former UST 906A.  The soil samples with RDCSRS and IGWSSL exceedances were collected 
from within this 3 ft bgs to 8 ft bgs depth interval.  Field observations and analytical results indicated 
that additional remedial action for soil was warranted, as discussed in Section 5.0 below.  

 

5.0 SOIL REMOVAL 

Excavation of petroleum-contaminated soil coinciding with the demolition of Building 906 and 
homeless shelter construction at the site took place in two phases:  one in September 2018 and a second 
in October 2018.  Soil from the four locations identified between 2016 and 2018 with soil 
concentrations of EPH and/or 2-methylnaphthalene above NJDEP criteria (PAR-68-SB-01, PAR-68-
SB-04, PAR-68-906A-SB-07, and PAR-68-906A-W) were removed by Monmouth County for disposal 
by the Army.  Excavation limits are shown on Figure 6.  

Post-excavation confirmation soil samples were collected from one location from the bottom of the 
excavation and four locations on the north, south, east and west sidewalls (Figure 6) during the first 
phase of excavation.  Exceedances of the NJDEP RDCSRS and/or IGW SSL in post-excavation soil 
samples initially occurred at two locations:  PAR-68-906A-W from the western sidewall, and PAR-68-
906A-S from the southern sidewall.   

Additional Phase 2 soil excavation was performed to address the exceedances of NJDEP criteria in the 
western sidewall.  However, the removal of additional contaminated soil from the southern side wall 
was not performed due to physical constraints from existing infrastructure, including a subsurface 
sanitary sewer line, an electrical vault, and Courier Avenue (Figure 2).  The Phase 2 soil removal 
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extended the excavation first towards the west, and then towards the north, in response to field 
indications of soil contamination (Figure 6).  Three additional post-excavation soil samples (PAR-68-
906A-B2, -W2 and -N2) were subsequently collected from the bottom, west sidewall and north sidewall 
of the Phase 2 final excavation.  A total of approximately 200 cubic yards of petroleum contaminated 
soil was removed from the two excavations by Monmouth County for disposal by the Army.  Offsite 
soil disposal is scheduled for October 2019.  Additional subsurface utilities and surface infrastructure 
(such as pavement, and curb and gutter) were subsequently constructed within the vicinity of the soil 
excavation area as part of the homeless shelter construction. 

Analytical results for two sidewall samples collected in September and October 2018 indicate 
exceedances of EPH and 2-methylnaphthalene were still present at the site. Exceedances of the NJDEP 
RDCSRS and/or IGW SSL occurred at two post-excavation sample locations following the 2018 
excavation effort (see Figure 6 and Table 3). 

 EPH concentrations at two post-excavation sample locations (6,920 mg/kg at PAR-68-
906A-S, and 7,160 mg/kg at PAR-68-906A-W2) exceeded the NJDEP RDCSRS of 5,100 
mg/kg.  

 2-Methylnaphthalene concentrations two post-excavation sample locations (28.3 and 38.7 
mg/kg at PAR-68-906A-S, and 17.9 mg/kg at PAR-68-906A-W2) exceeded the NJDEP 
IGW SSL of 8 mg/kg. 

One additional delineation soil boring (PAR-68-906A-W3) was advanced west of the excavation area 
in July 2019 (Figure 6), and soil samples were analyzed for total EPH, naphthalene, and 2-
methylnaphthalene.  There were no exceedances of the NJDEP RDCSRS or IGW SSL in the PAR-68-
906A-W3 samples (Table 3).  

 

6.0 SUMMARY AND CONCLUSIONS 

The Army no longer owns the property where UST 906A was located.  The property was transferred 
to the FMERA and subsequently transferred to Monmouth County and is currently being redeveloped. 
Although substantial remedial effort has been expended by the Army to remove petroleum 
contaminated soil from the site, concentrations of EPH and 2-methylnaphthalene remain in soil, due to 
subsurface utilities, at concentrations exceeding NJDEP comparison criteria. The conclusions of the 
investigations and removal actions performed by the Army are that: a) there are no exceedances of 
NJDEP groundwater criteria; b) if POL compliance averaging was performed using the tables and 
figures provided in Attachment D, the remaining fuel oil constituents in soil would meet the NJDEP 
RDCSRS for EPH; and c) although 2-methylnaphthalene concentrations in soil exceed the NJDEP IGW 
SSL, there are no 2-methylnaphthalene exceedances in groundwater and therefore, no further action is 
warranted to address 2-methylnaphthalene in soil.  Based on this SIR, the Army requests NJDEP’s 
concurrence that no further action is needed and that an Unrestricted Use, NFA determination be issued 
for the former UST 906A site. 

Thank you for reviewing this request; we look forward to your approval and/or comments.  Our 
technical Point of Contact is Kent Friesen; kent.friesen@parsons.com.  I can be reached at (732) 383-
5104; william.r.colvin18.civ@mail.mil. 

 





FIGURES 

Figure 1 – UST 906A Site Location 
Figure 2 – UST 906A Site Layout 

Figure 3 – UST 906A Groundwater Contours – January 15, 2018 
Figure 4 – UST 906A Site Layout, Groundwater Sampling Locations, and Results Figure 

5 – UST 906A Soil Sampling Locations and Results (2006-2017) 
Figure 6 – UST 906A Soil Excavation Limits and Soil Sampling Results (2018 and 2019) 
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UST906A GROUNDWATER
CONTOURS - JANUARY 15, 2018

8.57
Groundwater Elevation Recorded 
on January 15, 2018 (NAD88) (ft.)

NA Unavailable
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UST906A SITE LAYOUT, GROUNDWATER
SAMPLING LOCATIONS, AND RESULTS

Analyte NJDEP GWQC
1,1,2-Trichloroethane 3
1,2,4-Trimethylbenzene 100
2-Methylnaphthalene 30
Total SVOC TICs 500

Depth (ft bgs) PAR-68-906A-TMW-01 (2016)
1,1,2-Trichloroethane 4.6
1,2,4-Trimethylbenzene 35.5
2-Methylnaphthalene 4.7J
Total SVOC TICs 2,718.8

Depth (ft bgs) PAR-68-906A-TMW-02 (2016)
1,1,2-Trichloroethane <0.75
1,2,4-Trimethylbenzene 102
2-Methylnaphthalene 386
Total SVOC TICs 2,318.5

1. Temporary monitoring well PAR-68-TMW-02
 was installed at the screening location along 
 the west side of Building 906 with the greatest 
 field indication of petroleum contamination.

2. Permanent monitoring well PAR-68-906A-MW-02
was installed at the same location as
PAR-68-906A-TMW-02.

3. Permanent monitoring well PAR-68-906A-MW-01
was installed at the same location as the new soil
boring PAR-68-906A-SB-07.

4. Green shading represents a result that is above the
NJDEP GWQC.

NOTE:
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UST906A SOIL SAMPLING LOCATIONS, AND 
RESULTS (2006-2017)

Analyte NJDEP RDCSRS
NJDEP IGW Soil 
Screening Level

2-Methylnaphthalene 230 8
Total EPH 5,100 NLE

PAR-68-906A-SB-07 (2017)
5.5-6.0

2-Methylnaphthalene 8.7
EPH (C9-C40) 2,870

Depth (ft bgs)
PAR-68-906A-SB-07 (2017)

5.5-6.0
2-Methylnaphthalene 8.7
EPH (C9-C40) 2,870

Depth (ft bgs) PAR-68-SB-04 (2016)
3.5-4.0

2-Methylnaphthalene 35
Total EPH 6,260

Depth (ft bgs)

PAR-68-SB-01 (2016)
4-4.5

2-Methylnaphthalene NA
Total EPH 5,310

Depth (ft bgs)

1. Permanent monitoring well PAR-68-906A-MW-01
was installed at the same location as the new soil
boring PAR-68-906A-SB-07.

2. Green shading represents a result that is above the
NJDEP RDCSRS.
Yellow shading represents a result that is above the
NJDEP IGW SSL.

NOTE:
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UST906A EXCAVATION LIMITS AND 
SOIL SAMPLING RESULTS (2018 and 

2019)

6.5-7.0 9.5-10.0

2-Methylnaphthalene 17.9 <0.088

Total EPH 7,160 121

Depth (ft bgs)

PAR-68-906A-W2

3.5-4.0 7.0-7.5

2-Methylnaphthalene 26.3 38.7

Total EPH 3,650 6,920

Depth (ft bgs)

PAR-68-906A-S

Analyte NJDEP RDCSRS

NJDEP IGW Soil 

Screening Level

2-Methylnaphthalene 230 8

Total EPH 5,100 NLE

PAR-68-906A-B2

PAR-68-906A-W3

G            2019 Post-Excavation Sample



Table 
Table 1 – Groundwater Gauging Data and Elevations (January 15, 2018) 

Table 2 – Ground Water Sampling Results – Comparison to NJDEP Ground Water Quality Criteria 
Table 3 – Soil Sampling Results – Comparison to NJDEP Soil Remediation Standards 



Table 1
Groundwater Gauging Data and Elevations (January 15, 2018)

Parcel 68 UST 906A
Fort Monmouth, New Jersey

Depth

Well 
Riser 
Pipe 

Casing 
Length

Well 
Screen 
Length

Top of 
PVC Well 

Casing 
(elevation)

Slot 
Size

Gauged 
Depth to 
Water

Gauged 
Depth to 
Bottom 

Calculated 
Groundwater 

Elevation 

(ft.) inches (ft. TOC) (ft. TOC) (ft.)
PAR-68-906A-MW-01 E201713119 539104.9 621094.5 11/22/2017 15.00 5.00 10.00 12.26 0.01 FM 12.70 12.71 12:24 5.82 15.45 6.44 1/18/2018
PAR-68-906A-MW-02 E201713120 539181.3 621075.5 11/22/2017 15.00 5.00 10.00 11.26 0.01 FM 11.73 11.72 12:30 5.45 15.41 5.81 1/18/2018
PAR-68-906A-MW-03 E201713786 539274.7 621066.9 12/15/2017 13.00 3.00 10.00 9.33 0.01 FM 9.73 9.65 12:34 4.14 12.90 5.19 1/18/2018

M12MW14 E201007330 539133.332 621032.886 7/20/2010 20.00 5.00 15.00 14.10 0.01 UR N/A N/A 12:28 8.24 15.00 5.86 NS
Notes:

- The synoptic round of water levels in the wells was collected on January 15, 2018.
- Well information were provided by FTMM for all wells installed before June 2013.
- ft = feet
- TOC = Top of Casing
- Elevation = feet above mean sea level
- N/A = information not available
- NS = Not Sampled

Protective 
Casing 

Elevation

Ground 
Surface 

Elevation

Gauge 
Time

Sampling 
DateSite Well Permit 

#
Y Coord. 
(North)

X Coord. 
(East)

Installation 
Date

Flush Mount 
or Upright 
Protective 

Casing
(FM or UR)



Loc ID

Sample ID
Sample Date
Filtered
Volatile Organic Compounds (µg/l)
1,1,1,2-Tetrachloroethane 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,1,1-Trichloroethane 30 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,1,2,2-Tetrachloroethane 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,1,2-Trichloroethane 3 < 1 < 1 < 0.75 < 0.75 < 0.75 4.6 < 0.75 < 0.75 < 0.75 < 0.75
1,1-Dichloroethane 50 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,1-Dichloroethene 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,1-Dichloropropene 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,2,3-Trichlorobenzene 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,2,3-Trichloropropane 0.03 < 5 < 5 < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 < 2.5
1,2,4-Trichlorobenzene 9 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,2,4-Trimethylbenzene 100 < 1 < 1 30 J+ 19.4 J+ < 0.75 35.5 102 < 0.75 < 0.75 < 0.75
1,2-Dibromo-3-chloropropane 0.02 < 5 < 5 < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 < 2.5 < 2.5
1,2-Dibromoethane 0.03 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,2-Dichlorobenzene 600 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,2-Dichloroethane 2 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,2-Dichloropropane 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,3,5-Trimethylbenzene 100 < 1 < 1 < 0.75 3.8 J+ < 0.75 3.4 12 < 0.75 < 0.75 < 0.75
1,3-Dichlorobenzene 600 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,3-Dichloropropane 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
1,4-Dichlorobenzene 75 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
2,2-Dichloropropane 100 < 1 < 1 < 0.75 < 0.75 < 0.75 UJ < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
2-Chlorotoluene 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Acetone 6,000 < 5 3.5 J < 3.8 < 3.8 < 3.8 8.3 3.4 J 3.5 J 5.8 J+ 6.9 J+
Benzene 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 0.41 J < 0.75 < 0.75 < 0.75
Bromobenzene 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Bromochloromethane 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Bromodichloromethane 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Bromoform 4 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Carbon tetrachloride 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Chlorobenzene 50 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Chlorodibromomethane 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Chloroethane 5 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Chloroform 70 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Cis-1,2-Dichloroethene 70 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Cis-1,3-Dichloropropene 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Cymene 100 < 1 < 1 1.4 J+ 1 J+ < 0.75 4 4.1 < 0.75 < 0.75 < 0.75
Dichlorodifluoromethane 1,000 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Ethyl benzene 700 < 1 < 1 7.6 J+ 6.3 J+ < 0.75 3.6 28.8 < 0.75 < 0.75 < 0.75
Hexachlorobutadiene 1 < 1 < 1 < 3.8 < 3.8 < 3.8 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Isopropylbenzene 700 < 1 < 1 3.5 J+ 1.9 J+ < 0.75 3.7 7.8 < 0.75 < 0.75 < 0.75
Meta/Para Xylene 1,000 < 2 < 2 < 1.5 0.83 J < 1.5 1 J 4.4 < 1.5 < 1.5 < 1.5
Methyl bromide 10 < 1 0.47 J < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Methyl butyl ketone 300 < 5 < 5 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8
Methyl chloride 100 0.46 J 0.49 J < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Methyl ethyl ketone 300 < 5 < 5 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8
Methyl isobutyl ketone 100 < 5 < 5 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8 < 3.8
Methyl Tertbutyl Ether 70 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Methylene chloride 3 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 0.5 J < 0.75 < 0.75
Naphthalene 300 < 1 < 1 57.2 J+ 23.6 J+ 0.7 J 12.4 185 0.65 J < 0.75 < 0.75
n-Butylbenzene 100 < 1 < 1 < 0.75 1 J+ < 0.75 4.2 4.7 < 0.75 < 0.75 < 0.75
Ortho Xylene 1,000 < 1 < 1 < 0.75 < 0.75 < 0.75 1.2 < 0.75 < 0.75 < 0.75 < 0.75
p-Chlorotoluene 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Propylbenzene 100 < 1 < 1 5.8 J+ 3 J+ < 0.75 6.4 13.5 < 0.75 < 0.75 < 0.75
sec-Butylbenzene 100 1.5 1.6 3.3 J+ 3.1 J+ < 0.75 6.7 7.2 1.2 J+ < 0.75 < 0.75
Styrene 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Tert Butyl Alcohol 100 < 25 < 25 < 12.5 < 12.5 < 12.5 < 12.5 < 12.5 < 12.5 < 12.5 < 12.5
tert-Butylbenzene 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Tetrachloroethene 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Toluene 600 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 0.37 J < 0.75 < 0.75 < 0.75
Total Xylenes 1,000 NA NA < 2.3 < 2.3 < 2.3 NA NA < 2.3 < 2.3 < 2.3
Trans-1,2-Dichloroethene 100 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Trans-1,3-Dichloropropene 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Trichloroethene 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Trichlorofluoromethane 2,000 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
Vinyl chloride 1 < 1 < 1 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75 < 0.75
TIC VOCs (µg/l)
Total TICs 500 NA NA 142.7 JN 54.4 JN NA 286 JN 401.7 JN NA 2.8 JN 2.7 JN

TABLE 2
 GROUND WATER SAMPLING RESULTS - COMPARISON TO NJDEP GWQC

PARCEL 68 906A UST
FORT MONMOUTH, NEW JERSEY

Total

M12MW14 PAR-68-906A-TMW-05

11/7/2017

PAR-68-906A-TMW-04

11/7/2017
Total

1/18/2018 11/7/2017
Total TotalTotal

8/1/2016
Total

1/18/2018
Total

8/1/2016
TotalTotal

NJ Ground 
Water 
Quality 
Criteria 5/25/2016

Total

M12MW14-19.25 PAR-68-GW-TMW01PAR-68-906A-GW-MW-01-10.4 PAR-68-GW-TMW02
5/25/2016 1/18/2018

M12MW14-14.25 PAR-68-906A-TMW-03-11PAR-68-906A-GW-MW-03-8.5 PAR-68-906A-TMW-04-10 PAR-68-906A-TMW-05-10

PAR-68-906A-TMW-01PAR-68-906A-MW-01 PAR-68-906A-TMW-02

PAR-68-906A-GW-MW-02-10.2

PAR-68-906A-MW-02 PAR-68-906A-TMW-03PAR-68-906A-MW-03



Loc ID

Sample ID
Sample Date
Filtered

TABLE 2
 GROUND WATER SAMPLING RESULTS - COMPARISON TO NJDEP GWQC

PARCEL 68 906A UST
FORT MONMOUTH, NEW JERSEY

Total

M12MW14 PAR-68-906A-TMW-05

11/7/2017

PAR-68-906A-TMW-04

11/7/2017
Total

1/18/2018 11/7/2017
Total TotalTotal

8/1/2016
Total

1/18/2018
Total

8/1/2016
TotalTotal

NJ Ground 
Water 
Quality 
Criteria 5/25/2016

Total

M12MW14-19.25 PAR-68-GW-TMW01PAR-68-906A-GW-MW-01-10.4 PAR-68-GW-TMW02
5/25/2016 1/18/2018

M12MW14-14.25 PAR-68-906A-TMW-03-11PAR-68-906A-GW-MW-03-8.5 PAR-68-906A-TMW-04-10 PAR-68-906A-TMW-05-10

PAR-68-906A-TMW-01PAR-68-906A-MW-01 PAR-68-906A-TMW-02

PAR-68-906A-GW-MW-02-10.2

PAR-68-906A-MW-02 PAR-68-906A-TMW-03PAR-68-906A-MW-03

Semivolatile Organic Compounds (µg/l)
1,2,4-Trichlorobenzene 9 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
1,2-Dichlorobenzene 600 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
1,2-Diphenylhydrazine 20 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
1,3-Dichlorobenzene 600 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
1,4-Dichlorobenzene 75 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
2,4,5-Trichlorophenol 700 < 8 < 8.3 < 3.2 < 3 < 3.1 < 12 < 15 < 6 < 2.8 < 12
2,4,6-Trichlorophenol 20 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
2,4-Dichlorophenol 20 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
2,4-Dimethylphenol 100 < 8 < 8.3 < 5.3 < 5.1 < 5.2 < 20 < 25 < 10 < 4.6 < 20
2,4-Dinitrophenol 40 < 16 < 16.6 < 8.4 < 8.1 < 8.2 < 32 < 40 < 16 < 7.4 < 32
2,4-Dinitrotoluene 10 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
2,6-Dinitrotoluene 10 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
2-Chloronaphthalene 600 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
2-Chlorophenol 40 < 8 < 8.3 < 2.1 < 2 < 2.1 < 8 < 10 < 4 < 1.9 < 8
2-Methylnaphthalene 30 < 2 < 2.1 < 1.1 3 < 1 4.7 J 386 0.65 J < 0.93 < 4
2-Methylphenol 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
2-Nitroaniline 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
2-Nitrophenol 100 < 8 < 8.3 < 2.1 < 2 < 2.1 < 8 < 10 < 4 < 1.9 < 8
3,3'-Dichlorobenzidine 30 < 16 < 16.6 < 3.2 < 3 < 3.1 < 12 < 15 < 6 UJ < 2.8 UJ < 12 UJ
3-Nitroaniline 100 < 8 < 8.3 < 2.1 < 2 < 2.1 < 8 < 10 < 4 < 1.9 < 8
4,6-Dinitro-2-methylphenol 1 < 8 < 8.3 < 5.3 < 5.1 < 5.2 < 20 < 25 < 10 < 4.6 < 20
4-Bromophenyl phenyl ether 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
4-Chloro-3-methylphenol 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
4-Chloroaniline 30 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
4-Chlorophenyl phenyl ether 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
4-Nitroaniline 5 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
4-Nitrophenol 100 < 8 < 8.3 < 5.3 < 5.1 < 5.2 < 20 < 25 < 10 < 4.6 < 20
Acenaphthene 400 0.33 J 0.72 J 0.44 J 1.9 J < 1 19.6 18.8 < 2 < 0.93 < 4
Acenaphthylene 100 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Anthracene 2,000 0.24 J 0.3 J < 1.1 < 1 < 1 12.8 7.2 J 0.42 J < 0.93 < 4
Benzidine 20 < 30 < 31.1 < 31.6 < 30.3 < 30.9 < 120 UJ < 150 UJ < 60 UJ < 27.8 UJ < 120 UJ
Benzo(a)anthracene 0.1 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Benzo(a)pyrene 0.1 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Benzo(b)fluoranthene 0.2 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Benzo(ghi)perylene 100 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Benzo(k)fluoranthene 0.5 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Benzyl alcohol 2,000 < 8 < 8.3 < 2.1 < 2 < 2.1 < 8 < 10 < 4 < 1.9 < 8
Bis(2-Chloroethoxy)methane 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Bis(2-Chloroethyl)ether 7 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Bis(2-Chloroisopropyl)ether 300 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Bis(2-Ethylhexyl)phthalate 3 < 8 < 8.3 < 1.1 < 1 < 1 1.5 J < 5 0.73 J 1.7 J 2.7 J
Butyl benzyl phthalate 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 0.4 J 0.53 J
Carbazole 100 < 8 < 8.3 0.2 J 1.7 J < 1 3.3 J 9.4 J 0.61 J < 0.93 < 4
Chrysene 5 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Cresol NLE < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Dibenz(a,h)anthracene 0.3 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Dibenzofuran 100 0.77 J 1.1 J < 1.1 1 J < 1 15.8 J < 5 0.83 J < 0.93 < 4
Diethyl phthalate 6,000 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 0.46 J < 4
Dimethyl phthalate 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Di-n-butylphthalate 700 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 0.46 J 0.48 J 1.1 J
Di-n-octylphthalate 100 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Fluoranthene 300 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 0.58 J < 0.93 < 4
Fluorene 300 0.5 J 1 J < 1.1 2 J < 1 37.3 35.3 0.9 J < 0.93 < 4
Hexachlorobenzene 0.02 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Hexachlorobutadiene 1 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Hexachlorocyclopentadiene 40 < 8 < 8.3 < 2.1 < 2 < 2.1 < 8 < 10 < 4 < 1.9 < 8
Hexachloroethane 7 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Indeno(1,2,3-cd)pyrene 0.2 < 2 < 2.1 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Isophorone 40 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Naphthalene 300 < 2 < 2.1 < 1.1 5.6 < 1 < 4 109 < 2 < 0.93 < 4
Nitrobenzene 6 < 8 < 8.3 < 2.1 < 2 < 2.1 < 8 < 10 < 4 < 1.9 < 8
N-Nitrosodimethylamine 0.8 < 8 < 8.3 < 2.1 < 2 < 2.1 < 8 < 10 < 4 < 1.9 < 8
N-Nitroso-di-n-propylamine 10 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
N-Nitrosodiphenylamine 10 < 8 < 8.3 < 2.1 < 2 < 2.1 < 8 < 10 0.4 J < 1.9 < 8
Pentachlorophenol 0.3 < 16 < 16.6 < 8.4 < 8.1 < 8.2 < 32 < 40 < 16 < 7.4 < 32
Phenanthrene 100 < 2 < 2.1 < 1.1 0.29 J < 1 88.9 74.5 1.9 J < 0.93 0.94 J
Phenol 2,000 < 8 < 8.3 < 1.1 < 1 < 1 < 4 < 5 < 2 < 0.93 < 4
Pyrene 200 < 2 < 2.1 < 1.1 < 1 < 1 11.2 5.7 J 0.61 J 0.19 J < 4
TIC SVOCs (µg/l)
Total TICs 500 NA NA 176.2 JN 81.2 JN NA 2718.8 JN 2318.5 JN 17.2 JN 94 JN 72.5 JN



Footnote:

####

10) Criteria action level source document and web address.
- The NJ Ground Water Quality Criteria refers to the NJDEP Groundwater Quality Standards - Adopted July 22, 2010
   http://www.state.nj.us/dep/wms/bwqsa/docs/njac79C.pdf

8) Specific Chemical Classes (or Parameters) comments or notes regarding how data is displayed, compared to Action Levels, or represented in this table.
a) DELETE THIS NOTE BEFORE GOING FINAL: Refer to the NJDEP Protocol for Addressing Extractable Petroleum Hydrocarbons (Version 5.0, August 9, 2010) and the NJDEP 
Health Based end Ecological Screening Criteria for Petroleum Hydrocarbons (Version 4.0, August 9, 2010) to determine the category of tank being investigated and the appropriate 
cleanup standards or screening levels for that category of tank.

9) Chemical results greater than or equal to the action level (depending on criteria) are highlighted based on the Criteria that are present.
- Cell Shade values represent a result that is above the NJ Ground Water Quality Criteria
      NJDEP Interim Specific GWQC values are presented for the NJ GWQS  where there is not a Specific Ground Water Quality Criteria.  A full list of compounds is available at 
(http://www.nj.gov/dep/wms/bwqsa/gwqs_interim_criteria_table.htm).
      NJDEP Interim Generic GWQC values are  presented for the NJ GWQS where there is not a  XXXXX or a NJDEP Interim Specific GWQC. Available at 
(http://www.nj.gov/dep/wms/bwqsa/gwqs_interim_criteria_table.htm).

U-ND = Analyte not detected in sample, but no detection or reporting limit provided.
J = estimated detected value due to a concetration below the reporting limit or due to discrepancies in meeting 
certain analyte-specific quality control.

E (or ER) = Estimated result.
D = Results from dilution of sample.

J-DL = Elevated sample detection limit due to difficult sample matrix.
JN = Tentatively identified compound, estimated concentration.
UJ=The compound was not detected: however, the results is estimated because of discrepancies in 
meeting certain analyte-specific QC criteria.
J+ = The result is an estimated quantity, but the result may be biased high.
J- = The result is an estimated quantity, but the result may be biased low.

7) Chemical result qualifiers are assigned by the laboratory and are evaluated and modified (if necessary) during the data validation.
[blank] = detect, i.e. detected chemical result value.
B =Compound detected in the sample at a concentration less than or equal to 5 times (10 times for common lab 
contaminants) the blank concentration.
R = Rejected, data validation rejected the results.
U = non-detect, i.e. not detected at or above this value.
U-DL = Elevated sample detection limit due to difficult sample matrix.

1) All historical data collected prior to 2013 are reported as provided by others.
2) Number of Analyses is the number of detected and non-detected results excluding rejected results. Sample duplicate pairs have not been averaged.
3) NLE = no limit established.
4) ND = not detected in any background sample, no background concentration available.
5) Bold chemical dectection
6) SS = Site Specific action level, see "Specific Chemical Class (or Parameter)" footnote for details.



TABLE 3
 SOIL SAMPLING RESULTS ‐ COMPARISON TO NJDEP RDCSRS

UST 906A FORT MONMOUTH, NEW JERSEY

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8 NA NA NA NA NA NA NA
Naphthalene 6 17 25 NA NA NA NA NA NA NA
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
C10-C12 Aromatics NLE NLE NLE 0.81 JB 0.86 JB 33.9 0.85 JB 0.81 JB 1 JB 0.85 JB
C12-C16 Aliphatics NLE NLE NLE 56.7 J 14.2 J 1,250 1 J < 1.1 UJ 59.4 < 1.3 UJ
C12-C16 Aromatics NLE NLE NLE 1.2 0.63 J 831 0.76 J 0.39 J 12.7 0.25 J
C16-C21 Aliphatics NLE NLE NLE 227 J 81.5 J 1,200 3.1 J 0.64 J 106 < 1.3 UJ
C16-C21 Aromatics NLE NLE NLE 75.8 35.7 1,440 2.8 < 1.1 65.9 < 1.3
C21-C36 Aromatics NLE NLE NLE 49.8 28.8 224 1 JB 0.37 JB 15.6 0.37 JB
C21-C40 Aliphatics NLE NLE NLE 66 J 31.8 J 240 2.4 JB 1.2 JB 25.5 J 1.9 JB
C9-C12 Aliphatics NLE NLE NLE 0.39 J 0.51 J 97.4 J 0.61 J 0.41 J 1.4 J 0.34 J
EPH (C9-C40) NLE NLE NLE NA NA NA NA NA NA NA
Total Aliphatics NLE NLE NLE 350 J 128 J 2,780 7.1 J 2.6 J 192 J 2.7 J
Total Aromatics NLE NLE NLE 128 66.1 2,530 5.4 1.7 J 95.3 1.6 J
Total EPH SS SS SS 478 J 194 J 5,310 12.4 4.3 J 287 4.3 J

PAR-68-SB-02-3-3.5 PAR-68-SB-02-6-6.5 PAR-68-SB-02-9.5-10PAR-68-SB-01-3-3.5 PAR-68-SB-101-3-3.5 PAR-68-SB-01-4-4.5

4/14/2016

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

4/14/2016 4/14/2016

PAR-68-SB-01-9.5-10

4/14/2016 4/14/20164/14/2016 4/14/2016

PAR-68-SB-01 PAR-68-SB-02



TABLE 3
 SOIL SAMPLING RESULTS ‐ COMPARISON TO NJDEP RDCSRS

UST 906A FORT MONMOUTH, NEW JERSEY

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Naphthalene 6 17 25
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
C10-C12 Aromatics NLE NLE NLE
C12-C16 Aliphatics NLE NLE NLE
C12-C16 Aromatics NLE NLE NLE
C16-C21 Aliphatics NLE NLE NLE
C16-C21 Aromatics NLE NLE NLE
C21-C36 Aromatics NLE NLE NLE
C21-C40 Aliphatics NLE NLE NLE
C9-C12 Aliphatics NLE NLE NLE
EPH (C9-C40) NLE NLE NLE
Total Aliphatics NLE NLE NLE
Total Aromatics NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

NA NA NA NA 35 NA
NA NA NA NA 2.9 NA

0.79 JB 30.1 0.64 JB 38.7 60.8 1.1 JB
0.52 J 652 < 1.4 UJ 1,300 1,600 < 1.4 UJ
0.6 J 356 0.37 J 843 920 0.95 J

0.51 J 629 < 1.4 UJ 1,060 1,430 < 1.4 UJ
0.49 J 631 < 1.4 1,310 1,530 1 J
0.94 J 124 < 1.4 203 276 0.48 J
1.2 JB 124 1.4 JB 178 263 1.2 JB

0.65 J 95.1 J 0.55 J 160 J 185 J 0.65 J
NA NA NA NA NA NA
2.9 J 1,500 2.5 J 2,700 3,480 2.8 J
2.8 J 1,140 < 5.4 2,390 2,780 3.6 J
5.7 J 2,640 3.8 J 5,090 6,260 6.4 J

PAR-68-SB-03-3-3.5 PAR-68-SB-03-8-8.5 PAR-68-SB-03-13.5-14 PAR-68-SB-04-3-3.5 PAR-68-SB-04-3.5-4 PAR-68-SB-04-9.5-10

4/14/2016 4/14/20164/14/2016 4/14/2016 4/14/2016 4/14/2016

PAR-68-SB-03 PAR-68-SB-04



TABLE 3
 SOIL SAMPLING RESULTS ‐ COMPARISON TO NJDEP RDCSRS

UST 906A FORT MONMOUTH, NEW JERSEY

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Naphthalene 6 17 25
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
C10-C12 Aromatics NLE NLE NLE
C12-C16 Aliphatics NLE NLE NLE
C12-C16 Aromatics NLE NLE NLE
C16-C21 Aliphatics NLE NLE NLE
C16-C21 Aromatics NLE NLE NLE
C21-C36 Aromatics NLE NLE NLE
C21-C40 Aliphatics NLE NLE NLE
C9-C12 Aliphatics NLE NLE NLE
EPH (C9-C40) NLE NLE NLE
Total Aliphatics NLE NLE NLE
Total Aromatics NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

NA NA NA NA NA NA
NA NA NA NA NA NA

0.79 JB 1.1 JB 1.1 JB 0.81 JB 0.78 JB 0.78 JB
< 1.2 UJ 193 < 1.3 UJ < 1.2 UJ < 1.1 UJ < 1.5 UJ
0.65 J 46.7 0.66 J 0.26 J 0.35 J < 1.5

< 1.2 UJ 256 < 1.3 UJ < 1.2 UJ < 1.1 UJ < 1.5 UJ
0.56 J 245 0.25 J 0.55 J 0.31 J 0.52 J
0.46 J 53.9 < 1.3 0.48 J 0.49 J 0.39 J
1.3 JB 51.1 J 1.4 JB 0.64 J 0.72 J < 1.5 UJ

0.47 J 5.4 J 0.66 J 0.29 J 0.45 J 0.28 J
NA NA NA NA NA NA
2.3 J 506 J 2.9 J < 4.9 UJ < 4.5 UJ < 5.9 UJ
2.5 J 346 2.2 J 2.1 J 1.9 J 1.9 J
4.8 J 852 5.1 J 3.3 J 3.5 J < 11.8

PAR-68-SB-06-4.5-5 PAR-68-SB-06-9.5-10PAR-68-SB-05-3-3.5 PAR-68-SB-05-6.5-7

4/14/2016 4/14/20164/14/2016

PAR-68-SB-05-9.5-10

4/14/2016

PAR-68-SB-06-3-3.5

4/14/2016 4/14/2016

PAR-68-SB-05 PAR-68-SB-06



TABLE 3
 SOIL SAMPLING RESULTS ‐ COMPARISON TO NJDEP RDCSRS

UST 906A FORT MONMOUTH, NEW JERSEY

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Naphthalene 6 17 25
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
C10-C12 Aromatics NLE NLE NLE
C12-C16 Aliphatics NLE NLE NLE
C12-C16 Aromatics NLE NLE NLE
C16-C21 Aliphatics NLE NLE NLE
C16-C21 Aromatics NLE NLE NLE
C21-C36 Aromatics NLE NLE NLE
C21-C40 Aliphatics NLE NLE NLE
C9-C12 Aliphatics NLE NLE NLE
EPH (C9-C40) NLE NLE NLE
Total Aliphatics NLE NLE NLE
Total Aromatics NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

< 0.087 0.052 J < 0.077 3.4 < 0.076 < 0.088
0.044 J < 0.08 < 0.077 0.23 < 0.076 0.019 J

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
931 47 158 2,320 703 533
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

PAR-68-906A-B-8-8.5 PAR-68-906A-B2-10-10.5 PAR-68-906A-E-3.5-4 PAR-68-906A-E-7-7.5 PAR-68-906A-N-4-4.5 PAR-68-906A-N-7-7.5

PAR-68-906A-B

9/24/2018

PAR-68-906A-B2

10/3/2018 9/24/2018 9/24/2018 9/24/20189/24/2018

PAR-68-906A-E PAR-68-906A-N



TABLE 3
 SOIL SAMPLING RESULTS ‐ COMPARISON TO NJDEP RDCSRS

UST 906A FORT MONMOUTH, NEW JERSEY

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Naphthalene 6 17 25
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
C10-C12 Aromatics NLE NLE NLE
C12-C16 Aliphatics NLE NLE NLE
C12-C16 Aromatics NLE NLE NLE
C16-C21 Aliphatics NLE NLE NLE
C16-C21 Aromatics NLE NLE NLE
C21-C36 Aromatics NLE NLE NLE
C21-C40 Aliphatics NLE NLE NLE
C9-C12 Aliphatics NLE NLE NLE
EPH (C9-C40) NLE NLE NLE
Total Aliphatics NLE NLE NLE
Total Aromatics NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

< 0.076 < 0.093 26.3 38.7
< 0.076 < 0.093 0.23 0.6

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

1,720 50.6 3,650 6,920
NA NA NA NA
NA NA NA NA
NA NA NA NA

PAR-68-906A-N2-6-6.5 PAR-68-906A-N2-8.5-9 PAR-68-906A-S-3.5-4 PAR-68-906A-S-7-7.5

10/3/2018

PAR-68-906A-N2

10/3/2018 9/24/2018

PAR-68-906A-S

9/24/2018



TABLE 3
 SOIL SAMPLING RESULTS ‐ COMPARISON TO NJDEP RDCSRS

UST 906A FORT MONMOUTH, NEW JERSEY

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Naphthalene 6 17 25
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
C10-C12 Aromatics NLE NLE NLE
C12-C16 Aliphatics NLE NLE NLE
C12-C16 Aromatics NLE NLE NLE
C16-C21 Aliphatics NLE NLE NLE
C16-C21 Aromatics NLE NLE NLE
C21-C36 Aromatics NLE NLE NLE
C21-C40 Aliphatics NLE NLE NLE
C9-C12 Aliphatics NLE NLE NLE
EPH (C9-C40) NLE NLE NLE
Total Aliphatics NLE NLE NLE
Total Aromatics NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

NA 8.7 NA 0.24 J 46.8
NA 0.18 NA 0.026 J 6.2

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
2.5 J 2,870 1.5 J 903 8,090
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

PAR-68-906A-SB-07-11.5-12.0 PAR-68-906A-W-3.5-4 PAR-68-906A-W-7-7.5PAR-68-906A-SB-07-1.5-2.0 PAR-68-906A-SB-07-5.5-6.0

11/7/2017 11/7/2017 9/24/2018 9/24/2018

PAR-68-906A-W

11/7/2017

PAR-68-906A-SB-07



TABLE 3
 SOIL SAMPLING RESULTS ‐ COMPARISON TO NJDEP RDCSRS

UST 906A FORT MONMOUTH, NEW JERSEY

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Naphthalene 6 17 25
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
C10-C12 Aromatics NLE NLE NLE
C12-C16 Aliphatics NLE NLE NLE
C12-C16 Aromatics NLE NLE NLE
C16-C21 Aliphatics NLE NLE NLE
C16-C21 Aromatics NLE NLE NLE
C21-C36 Aromatics NLE NLE NLE
C21-C40 Aliphatics NLE NLE NLE
C9-C12 Aliphatics NLE NLE NLE
EPH (C9-C40) NLE NLE NLE
Total Aliphatics NLE NLE NLE
Total Aromatics NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

17.9 < 0.088 0.077 J <0.043
3.2 < 0.088 <0.038 <0.043

NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

7,160 121 204 NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

7/11/2019

PAR-68-906A-W3

PAR-68-906A-W3-6.5-7 PAR-68-906A-W3-9.5-10

7/11/2019

PAR-68-906A-W2-6.5-7 PAR-68-906A-W2-9.5-10

10/3/2018 10/3/2018

PAR-68-906A-W2



Footnote:

####

###
###

###
###

1) All historical data collected prior to 2013 are reported as provided by others.
2) Number of Analyses is the number of detected and non-detected results excluding rejected results. Sample duplicate pairs have not been averaged.
3) NLE = no limit established.
4) ND = not detected in any background sample, no background concentration available.
5) Bold chemical dectection
6) SS = Site Specific action level, see "Specific Chemical Class (or Parameter)" footnote for details.

7) Chemical result qualifiers are assigned by the laboratory and are evaluated and modified (if necessary) during the data validation.
[blank] = detect, i.e. detected chemical result value.
B =Compound detected in the sample at a concentration less than or equal to 5 times (10 times for common lab 
contaminants) the blank concentration.
R = Rejected, data validation rejected the results.
U = non-detect, i.e. not detected at or above this value.
U-DL = Elevated sample detection limit due to difficult sample matrix.

U-ND = Analyte not detected in sample, but no detection or reporting limit provided.
J = estimated detected value due to a concetration below the reporting limit or due to discrepancies in meeting 
certain analyte-specific quality control.

E (or ER) = Estimated result.
D = Results from dilution of sample.

J-DL = Elevated sample detection limit due to difficult sample matrix.
JN = Tentatively identified compound, estimated concentration.
UJ=The compound was not detected: however, the results is estimated because of discrepancies in 
meeting certain analyte-specific QC criteria.
J+ = The result is an estimated quantity, but the result may be biased high.
J- = The result is an estimated quantity, but the result may be biased low.

8) Specific Chemical Classes (or Parameters) comments or notes regarding how data is displayed, compared to Action Levels, or represented in this table.
a) DELETE THIS NOTE BEFORE GOING FINAL: Refer to the NJDEP Protocol for Addressing Extractable Petroleum Hydrocarbons (Version 5.0, August 9, 2010) and the NJDEP 
Health Based end Ecological Screening Criteria for Petroleum Hydrocarbons (Version 4.0, August 9, 2010) to determine the category of tank being investigated and the appropriate 
cleanup standards or screening levels for that category of tank.

9) Chemical results greater than or equal to the action level (depending on criteria) are highlighted based on the Criteria that are present.
- Cell Shade values represent a result that is above the NJ Residential Direct Contact Soil Remediation Standard.
      There are no NJDEP soil standards for individual PCB Aroclors, therefore the total PCB NJDEP standards were used for individual Aroclors.
- Cell Shade values represent a result that is above the NJ Non-Residential Direct Contact Soil Remediation Standard.

- The NJ Non-Residential Direct Contact Soil Remediation Standard refers to the NJDEP's Sept 18, 2017 Remediation Standards
   http://www.nj.gov/dep/rules/rules/njac7_26d.pdf

- The NJ Impact to GW Soil Screening Level criteria refers to the Development of Site Specific Impact to Ground Water Soil Remediation Standards - Nov 2013 revised
   http://www.nj.gov/dep/srp/guidance/rs/partition_equation.pdf

- Cell Shade values represent a result that is above the NJ Impact to GW Soil Screening Level
- Cell Shade values represent a result that is above both the NJ Residential, Non-Residential, AND NJ Impact to GW Soil Screening Level Direct Contact Soil 
Remediation Standard.
- Cell Shade values represent a result that is above both the NJ Residential and Non-Residential Direct Contact Soil Remediation Standard.

10) Criteria action level source document and web address.
- The NJ Residential Direct Contact Soil Remediation Standard refers to the NJDEP's Sept 18, 2017 Remediation Standards
   http://www.nj.gov/dep/rules/rules/njac7_26d.pdf
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Dear Mr. Joshi: 

The U.S. Army Fort Monmouth (FTMM) Team has prepared this Work Plan to describe the proposed 

sampling and analyses activities to support environmental investigations at select unregulated heating 

oil tanks (UHOTs; also referred to as underground storage tanks [USTs] in this submittal) at FTMM 

(Figure 1).   
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The UHOTs described in this Work Plan are being evaluated in accordance with the New Jersey 

Administrative Code (NJAC) 7:26E Technical Requirements for Site Remediation. Most of these 

UHOTs require a remedial investigation (RI) in accordance with NJAC 7:26E-4.3 for delineation of 

an identified release of fuel oil constituents in groundwater.  However, additional USTs have been 

included in this Work Plan that only require site investigation (SI) soil or groundwater sampling 

(NJAC 7:26E-3.4 or -3.5) to determine if a release has occurred, as designated below: 

• UST 142B (SI) 

• UST 202A (SI)  

• UST 202D (RI) 

• UST 211 (RI) 

• UST 228B (SI) 

• UST 444 (RI) 

• UST 490 (RI) 

• UST 750J (SI) 

• UST 800-12 (RI) 

• UST 800-20 (RI) 

• UST 884 (RI) 

• UST 906A (RI) 

• UST 3035 (SI) 

Specific data needs and proposed sampling at each UHOT site are described in the subsections below.  

Groundwater flow directions in the area where delineation in groundwater is required are generally 

not well established due to the distances to other nearby monitor wells. Therefore, regional 

groundwater flow directions from previous documents (Attachment A) were used as a basis for initial 

planning of groundwater sampling at each site.   

The proposed groundwater assessment strategy includes a combination of field screening and 

groundwater sampling and analysis to delineate the groundwater plume. For a typical UHOT site 

without any previous plume assessment, Geoprobe soil borings will be placed in a ring around the 

former tank site, and each boring will be advanced to a depth below the shallow groundwater.  Field 

screening using a photoionization detector (PID) and visual observation of the Geoprobe soil cores 

will be used to identify and assess areas impacted by fuel oil downgradient of the source area.  

Previous Geoprobe assessments at FTMM have successfully identified fuel oil contamination in areas 

downgradient of former UHOTs using these field screening techniques. The field screening results 

will be used to verify the contaminant migration direction (and by implication, the groundwater flow 

direction) for each UHOT site. Temporary groundwater monitoring wells will then be placed within 

and outside of the plume at each tank site using a Geoprobe, and the groundwater will be sampled to 

verify the nature and extent of groundwater contamination. Following receipt of analytical data from 

the temporary wells, permanent monitoring wells will be installed to establish a monitoring network 

with a minimum of three wells at each site: a source area well near the former tank site, a well 

downgradient of the source but within the plume, and a downgradient sentry well beyond the plume. 

Select existing monitoring wells will also be used for water level measurements to complement the 

monitoring network. All new permanent monitoring wells and the existing monitoring wells to be 

used for water level measurements will be surveyed by a New Jersey-licensed surveyor in accordance 

with the Sampling and Analysis Plan (SAP; Reference 23).  
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Sampling and analytical procedures will follow the protocols established for previous FTMM Work 

Plan submittals (Reference 24).  All Site personnel will be required to read, understand, and comply 

with the safety guidelines in the Accident Prevention Plan (APP) including the Site Health and 

Safety Plan (SHASP), which is included as Appendix A of the APP (Reference 25). The detailed 

field procedures to be used for the activities described in this sampling plan are described in the SAP 

(Reference 23). Please let me know if you need these or any other documents referred to in this Work 

Plan to be sent to you.  

Specific sampling and analytical requirements are summarized in Table 1, and are described for each 

UHOT in the subsections below.   

1. UST 142B 

UST 142B was a steel 550-gallon No. 2 fuel oil UST that was removed in July 1994, along with 

approximately 30 cubic yards of contaminated soil, as presented in Attachment H of USTs Within 

ECP Parcel 79 (Reference 2).  Subsequently, NJDEP required a groundwater investigation to be 

performed (Reference 13); a temporary well was installed, sampled and abandoned in August 2016.  

Multiple polynuclear aromatic hydrocarbons (PAHs) were detected in the groundwater sample, which 

was attributed to sample turbidity rather than a release of fuel oil to groundwater (as reported in 

Reference 10).  NJDEP (Reference 22) then recommended resampling using a method to reduce 

turbidity due to the high concentrations for PAHs detected. 

To address this data need, a 2-inch diameter permanent monitoring well will be installed at the former 

UST 142B tank location, as shown on Figure 2. This approach is expected to result in a low-turbidity 

groundwater sample without PAH exceedances. The well will be installed within a Geoprobe boring 

and will be completed with a 10-foot well screen to approximately 7 feet (ft) below the water table 

(estimated at approximately 4 ft below ground surface [bgs]). The well will be developed to meet the 

criteria specified in NJDEP’s most recent Field Sampling Procedures Manual.  Low-flow sampling 

methods will be used to sample this well and the sample will be analyzed for volatile organic 

compounds (VOCs) and semivolatile organic compounds (SVOCs) in accordance with the 

requirements for No. 2 fuel oil in Table 2-1 of the NJAC 7:26E Technical Requirements for Site 

Remediation.  The Field Geologist will note any indications of fill within the soil column such as 

cinders, coal, or other debris. A letter report will be prepared for UST 142B that either requests a No 

Further Action (NFA) determination or recommends additional investigation or action, as warranted 

from the analytical data.  

2. UST 202A 

UST 202A was a fiberglass 1,000-gallon heating oil UST that was removed in October 2001, along 

with an unspecified quantity of contaminated soil, as presented in Attachment J of USTs Within ECP 

Parcel 79 (Reference 2).  NJDEP (Reference 13) subsequently required a groundwater investigation 

for the UST 202A and UST 202D area.  One temporary well and two existing permanent wells were 

sampled in May and August 2016 (Reference 10).  NJDEP then recommended installation of a 

permanent well nearby to assess UST 202D (Reference 22); at the same time, NFA was not approved 

for UST 202A.  Additional data are needed to delineate groundwater contamination associated with 

UST 202A and to delineate groundwater contamination at nearby UST 202D (described in Section 3 

below).   
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To address the UST 202A data need, one temporary monitoring well will be installed at the former 

UST 202A tank location, as shown on Figure 3.  The well will be installed within a Geoprobe boring 

and will be completed with a 5-foot well screen to approximately 4 ft below the water table 

(estimated at approximately 2 ft bgs).  This well will be sampled and the sample will be analyzed for 

VOCs and SVOCs in accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 

7:26E.  The Army may also install and sample additional permanent wells based on the temporary 

well results. A letter report will be prepared for UST 202A that either requests a No Further Action 

(NFA) determination or recommends additional investigation or action.  

3. UST 202D 

UST 202D was a steel 500-gallon heating oil UST that was removed in May 2005 along with 

approximately 20 cubic yards of contaminated soil (Attachment L of Reference 2).  A temporary well 

was sampled at the former UST 202D location in June 2011; benzene (1.61 µg/L) and 2-

methylnaphthalene (109 to 233 µg/L) were detected at concentrations greater than NJDEP Ground 

Water Quality Criteria (GWQC).  NJDEP subsequently required a groundwater investigation for UST 

202D (Reference 13).  One temporary well and two existing permanent wells were sampled in May 

and August 2016 (Reference 10).  NJDEP then recommended installation of a permanent well to 

assess UST 202D with low-flow sampling and analysis for VOCs and SVOCs (Reference 22).     

To address this data need, one permanent monitoring well and at least three temporary wells will be 

installed at the former UST 202D tank location, as shown on Figure 3.  Recent temporary well results 

(Reference 10) suggest that fuel oil constituents have not migrated more than approximately 50 ft 

downgradient of the former tank location (Figure 3).  Therefore, two additional downgradient 

temporary wells and one field screening boring will be installed for verification at offset locations 

approximately 50 feet downgradient of the former tank location to verify that the plume was not 

missed.  A third temporary well will be installed at the former UST 202A location as described in 

Section 2.0 above.  These temporary wells will be installed within a Geoprobe boring and will 

typically be completed with a 5-foot well screen to approximately 4 ft below the water table 

(estimated to be 2 ft bgs).  Samples will be collected from the temporary wells for VOCs and SVOCs 

analyses, in accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E.  

Additional temporary wells may be installed as needed based on the groundwater sampling described 

above. 

It is anticipated that existing well M16MW02 will be utilized as a downgradient sentry monitor well 

for the UST 202D site.  New well 202MW02 will be developed. Both new well 202MW02 and 

existing well M16MW02 will be sampled using low-flow methods; the samples will be analyzed for 

VOCs and SVOCs in accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 

7:26E.  

Water level measurements will be collected from monitoring wells 202MW01, 202MW02, 

M16MW01, and M16MW02 (Figure 3) to determine the local groundwater flow direction.  It is 

anticipated that a remedial investigation report will be prepared for UST 202D.  
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4. UST 211 

UST 211 was a fiberglass 2000-gallon No. 2 fuel oil UST that was removed in November 2001. As 

presented in Attachment F.1 of Reference 8, one closure soil sample contained 3,968 mg/kg Total 

Petroleum Hydrocarbons (TPH).  A temporary well was sampled at the former UST 211 location in 

August 2016; multiple analytes were detected at concentrations greater than the GWQCs including 

1,2,4-trimethylbenzene (543 J µg/L), benzene (2.8 µg/L), naphthalene (1,450 µg/L), 2-

methylnaphthalene (6,680 µg/L), total VOC Tentatively Identified Compounds (TICs; 1,302 µg/L) 

and total SVOC TICs (14,322 µg/L) (Attachment D of Reference 8).  NJDEP stated that additional 

remedial efforts were required for this site (Reference 19).  Additional data are needed to delineate 

groundwater contamination at UST 211.   

To address this data need, multiple field screening borings, temporary monitoring wells and 

permanent monitoring wells will be installed near the former UST 211 tank location, as shown on 

Figure 4.  Field screening Geoprobe borings SCREEN1 through SCREEN6 (Figure 4) will be 

advanced at locations around the former UST 211 location to provide field verification of the 

groundwater flow direction, which is assumed to be towards the north-northwest based on regional 

groundwater maps (Attachment A).  These borings will be advanced past the water table, which is 

assumed to be approximately 12 ft bgs based on previous drilling at PAR-72-211-TMW-01. The field 

screening borings will be logged visually and with a PID, which has proven useful for identifying fuel 

oil contamination at FTMM.  The field results will be used to validate the locations for subsequent 

temporary wells to assist with delineating the groundwater plume. 

A total of four additional temporary monitor wells are proposed at UST 211. A line of three 

temporary monitor wells (TMW-02 through TMW-04) will be installed along Russel Avenue 

(approximately 60 ft downgradient of the tank) to verify the direction and lateral boundaries of the 

plume.  A fourth temporary monitor well (TMW-05) will be installed further downgradient to 

establish the downgradient extent of the plume prior to installing a downgradient permanent sentry 

well.  As with the field screening borings, the borings for temporary wells will be logged visually and 

with a PID to estimate the extent of the plume in the field.  Additional field screening borings (like 

SCREEN7 on Figure 4) may be used to determine the downgradient extent of the plume.  The 

temporary wells will be installed within Geoprobe borings and will typically be completed with a 5-

foot well screen to approximately 4 ft below the water table (estimated at approximately 12 ft bgs).  

Samples will be collected from each temporary well and analyzed for VOCs and SVOCs in 

accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E.   

Based on the analytical results of the temporary well samples, three permanent monitoring wells will 

be installed for groundwater monitoring: one at the source area (MW-01); one within the plume 

(MW-02); and one downgradient sentry location (MW-03).  The new wells will be developed and 

sampled using low-flow methods, and the groundwater samples will be analyzed for VOCs and 

SVOCs, in accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E.  

Water level measurements will be collected from the three new monitoring wells, and from nearby 

wells 200MW01 (located south of Building 216; see Attachment A), 200MW06 (located north of 

Building 228; Figure 5), and B5MW05B (located southeast of Building 261), to determine the local 

groundwater flow direction.  It is anticipated that a remedial investigation report will be prepared for 

UST 211.  
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5. UST 228B 

UST 228B is a steel 1,000-gallon No. 2 fuel oil UST that was partially uncovered in December 2010, 

and then re-buried and left in place.  Therefore, UST 228B has not been administratively closed.  The 

Army has conducted soil sampling along the tank to determine if a release has occurred at UST 228B, 

and the results were described in Attachment G.4 of Reference 8.  One soil sample from the 7 to 7.5 

foot interval of boring PAR-72-228-SB-03 had a 2-methylnaphthalene concentration of 23.9 mg/kg 

which exceeded the NJDEP Impact to Ground Water (IGW) screening level, but not the Residential 

Direct Contact Soil Remediation Standard (RDCSRS).  Synthetic Precipitation Leachate Procedure 

(SPLP) analysis for 2-methylnaphthalene was not performed (as prescribed by NJDEP guidance) on 

this soil sample due to exceedance of holding times.  However, a temporary well located about 10 ft 

downgradient of boring PAR-72-228-SB-03 was sampled and 2-methylnaphthalene was notably 

absent in this sample.  NJDEP agreed that additional remedial efforts were required (Reference 19). 

Further evaluation of the soil boring log for PAR-72-228-SB-03 indicates that groundwater was 

encountered at approximately 7 ft bgs, and therefore this sample may have been from the saturated 

zone and, if so, IGW screening levels would not apply, and there would be no soil exceedances at this 

site.  Additional data, as described below, are needed to assess the potential for unsaturated soil to 

exceed the SPLP criteria for 2-methylnaphthalene. 

To address this data need, one Geoprobe soil boring (SB-04) will be advanced at the location of the 

previous boring PAR-72-228-SB-03 where the IGW screening level for 2-methylnaphthalene was 

exceeded (Figure 5).  An unsaturated soil sample (from above the water table) will be collected from 

approximately 7 to 7.5 ft bgs for 2-methylnaphthalene analysis using the SPLP procedure.  A letter 

report will be prepared for UST 228B that reports the results of this additional investigation.  

6. UST 444 

UST 444 was a steel 1,000-gallon No. 2 fuel oil UST that was removed in January 2010; an 

unreported quantity of contaminated soil was removed the following month (Attachment U of 

Reference 2).  NJDEP   required a groundwater investigation for the UST 444 area (Reference 13).  A 

temporary well was sampled at the former UST 444 location in August 2016; multiple analytes were 

detected at concentrations greater than the GWQCs, including benzene (1.7 J µg/L), 2-

methylnaphthalene (30.6 J µg/L), and total SVOC TICs (1,758 µg/L) (Reference 10).  NJDEP 

commented that further investigation was necessary for this site (Reference 22).  Additional data are 

needed to delineate groundwater contamination at UST 444.   

To address this data need, multiple field screening borings, temporary monitoring wells and 

permanent monitoring wells will be installed around the former UST 444 tank location, as shown on 

Figure 6.  Field screening Geoprobe borings SCREEN1 through SCREEN6 (Figure 6) will be 

advanced at locations around the former UST 444 location to determine the groundwater flow 

direction which is assumed to be towards the north based on regional groundwater maps (Attachment 

A).  These borings will be advanced past the water table, which is assumed to be at approximately 6 ft 

bgs based on previous drilling at PAR-79-MP-TMW-02. The field screening borings will be logged 

visually and with a PID, which has proven useful for identifying fuel oil contamination at FTMM.  

The field results will be used to verify the field locations for subsequent temporary wells to assist 

with delineating the groundwater plume. 
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A total of three additional temporary monitor wells are proposed at UST 444. A line of two additional 

temporary monitor wells (TMW-01 and TMW-02) will be installed approximately 100 ft 

downgradient of the tank to verify the direction and lateral boundaries of the plume.  Results from a 

temporary well (PAR-79-MP-TMW03) installed in August 2016 for another former UST 

investigation will be used to complete this line of temporary wells (there were no exceedances of 

GWQC in this well).  A third temporary monitor well (TMW-03) will be installed approximately 100 

feet farther downgradient to establish the downgradient extent of the plume prior to installing a 

permanent downgradient sentry well.  As with the field screening borings, the borings for temporary 

wells will be logged visually and with a PID to estimate the extent of the plume in the field.  

Additional field screening borings may be used to determine the downgradient extent of the plume.  

The temporary wells will be installed within Geoprobe borings and will be completed with a 5-foot 

well screen to approximately 4 feet below the water table (estimated at approximately 6 ft bgs).  Each 

temporary well will be sampled and the groundwater samples will be analyzed for VOCs and SVOCs, 

in accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E.   

Three new permanent monitoring wells will be installed for groundwater monitoring at the source 

area (MW-01), within the plume (MW-02), and at a downgradient sentry location (MW-03).  These 

wells will be installed after the analytical data for the temporary wells have been evaluated; therefore 

the actual locations may be adjusted from those shown on Figure 6 based on these data.  The new 

wells will be developed and sampled using low-flow methods, and the groundwater samples will be 

analyzed for VOCs and SVOCs, in accordance with the requirements for No. 2 fuel oil in Table 2-1 

of NJAC 7:26E.  

Water level measurements will be collected from the three new monitoring wells and from nearby 

well 430MW-1 (Figure 6) to determine the local groundwater flow direction.  It is anticipated that a 

remedial investigation report will be prepared for UST 444.  

7. UST 490 

UST 490 was a steel 1,000-gallon No. 2 fuel oil UST that was removed in May 1990 (Attachment CC 

of Reference 2).  NJDEP subsequently required additional characterization of groundwater 

contamination for the UST 490 area (Reference 13). Multiple rounds of Geoprobe soil sampling 

performed from 2005 through 2016 verified the presence of petroleum contaminated soils near the 

former UST location.  Groundwater was sampled in August 2016 from a temporary well (PAR-79-

490-TMW-03) located downgradient of the former UST location and just south of Building 490; 2-

methylnaphthalene (63.5 µg/L) and total SVOC TICs (1,323 µg/L) were detected at concentrations 

greater than the GWQCs (Reference 10).  NJDEP commented that additional groundwater 

investigations must also include analyses for PAHs (Reference 22).  As described below, additional 

data are needed to estimate the nature and extent of groundwater contamination at UST 490.   

Previous sampling results have been used to select additional field screening borings, temporary 

monitoring wells and permanent monitoring wells which will be installed downgradient of the former 

UST 490 location (Figure 7).  Field screening Geoprobe borings will be advanced at two locations 

(SCREEN1 and SCREEN2; Figure 7) south of Building 490 to determine the groundwater flow 

direction which is assumed to be towards the southeast based on regional groundwater maps 

(Attachment A).  The field screening borings will be advanced past the water table, which is assumed 

to be at approximately 3 ft bgs based on previous drilling at PAR-79-490-TMW-03. The field 
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screening borings will be logged visually and with a PID, which has proven useful for identifying fuel 

oil contamination at FTMM.  The field results will be used to select the field locations of temporary 

wells to be installed to delineate the groundwater plume. 

A total of four additional temporary monitor wells are proposed at UST 490. Two temporary monitor 

wells (TMW-04 and TMW-05) will be installed approximately 50 ft from the previous PAR-79-490-

TMW-03 location to locate the lateral (cross-gradient) boundaries of the plume.  Two temporary 

monitor wells (TMW-06 and TMW-07) will be installed approximately 70 and 120 ft farther 

downgradient from Building 490 to establish the downgradient extent of the plume, prior to installing 

a permanent downgradient sentry well.  As with the field screening borings, the borings for temporary 

wells will be logged visually and with a PID to estimate the extent of the plume in the field.  

Additional field screening borings may be used to determine the downgradient extent of the plume.  

The temporary wells will be installed within Geoprobe borings and will typically be completed with a 

5-ft well screen to approximately 4 ft below the water table (estimated at approximately 3 ft bgs).  

Samples will be collected from each temporary well for VOC and SVOC analyses, in accordance 

with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E.   

Existing well 490MW01 will be maintained as a source area well at the former UST 490 location.  

Two new permanent monitoring wells will be installed for groundwater monitoring within the plume 

(MW-02) and at a downgradient sentry location (MW-03).  These wells will be installed after the 

analytical data for the temporary wells have been evaluated; therefore the actual locations may be 

adjusted from those shown on Figure 7.  The two new wells will be developed.  These two new wells 

and existing well 490MW01 will be sampled using low-flow methods and the groundwater samples 

will be analyzed for VOCs and SVOCs, in accordance with the requirements for No. 2 fuel oil in 

Table 2-1 of NJAC 7:26E.  

Water level measurements will be collected from the three new monitoring wells, from the new well 

at former UST 142B (Figure 2), and from existing well M16MW01 (Figure 3) to determine the local 

groundwater flow direction.  It is anticipated that a remedial investigation report will be prepared for 

UST 490.  

8. UST 750J 

UST 750J was a steel 1,000-gallon heating oil UST that was removed in August 2009, along with 

approximately 24 cubic yards of contaminated soil (Attachment M of Reference 6).  NJDEP 

commented that a groundwater investigation was warranted (Reference 21).  

One temporary monitoring well (TMW-01) will be installed at the former UST 750J tank location 

(Figure 8).  The well will be installed within a Geoprobe boring and will be completed with a 5 foot 

well screen to approximately 4 ft below the water table (approximately 6.5 ft bgs).  A sample from 

this well will be analyzed for VOCs and SVOCs, in accordance with the requirements for No. 2 fuel 

oil in Table 2-1 of NJAC 7:26E. A letter report will be prepared for UST 750J that either requests a 

NFA determination or recommends additional investigation or action.  

9. UST 800-12 

UST 800-12 was a steel 1,000-gallon No. 2 fuel oil UST located in the parking lot of the former First 

Atlantic Credit Union (Building 1006).  This UST was removed in May 2003 along with 
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approximately 18 cubic yards of contaminated soil (Attachment J of Reference 3). NJDEP 

commented that a groundwater investigation for the UST 800-12 area was necessary (Reference 15).  

Temporary well ARE-800-TMW-07 was installed and sampled at the former UST 800-12 location in 

August 2016; 2-methylnaphthalene (148 µg/L) and total SVOC TICs (510 µg/L) were detected at 

concentrations greater than the GWQCs (Reference 9).  Based on these groundwater results, NJDEP 

(Reference 20) commented that further groundwater investigation was necessary. Further delineation 

of groundwater contamination at UST 800-12 will be performed as described below.   

Multiple field screening borings, temporary monitoring wells and permanent monitoring wells will be 

installed around the former UST 800-12 tank location (Figure 9).  Field screening Geoprobe borings 

SCREEN1 through SCREEN6 (Figure 9) will be advanced at locations around the former UST 800-

12 location to determine the local   groundwater flow direction, which is assumed to be towards the 

north-northwest based on regional groundwater maps (Attachment A).  These borings will be 

advanced past the water table, which is assumed to be approximately 8.5 ft bgs based on previous 

drilling at ARE-800-TMW-07 (Reference 9). The field screening borings will be logged visually and 

the soils will be monitored with a PID which has proven useful for identifying fuel oil contamination 

at FTMM.  The field results will be used to select the field locations for temporary wells to assist with 

delineating the groundwater plume. 

A total of four temporary monitor wells are proposed at UST 800-12. A line of three temporary 

monitor wells (TMW-01 through TMW-03) will be installed approximately 80 ft downgradient of the 

location of the former tank to determine the direction and lateral boundaries of the plume.  A fourth 

temporary monitor well (TMW-04) will be installed approximately 80 ft farther downgradient to 

establish the downgradient extent of the plume; this temporary well will be installed and sampled 

prior to installing a permanent downgradient sentry well.  As with the field screening borings, the 

borings for temporary wells will be logged visually and with a PID to estimate the extent of the 

plume in the field.  Additional field screening borings may be used to determine the downgradient 

extent of the plume.  The temporary wells will be installed within Geoprobe borings and will 

typically be completed with a 5 foot well screen to approximately 4 ft below the water table 

(approximately 8.5 ft bgs).  Each temporary well will be sampled and the groundwater samples will 

be analyzed for VOCs and SVOCs, in accordance with the requirements for No. 2 fuel oil in Table 2-

1 of NJAC 7:26E.   

Three new permanent monitoring wells will be installed to monitor groundwater at the source area 

(MW-01), within the plume (MW-02), and at a downgradient sentry location (MW-03).  These wells 

will be installed after the analytical data for the temporary wells have been evaluated; the actual 

locations may be adjusted from those shown on Figure 9 based on these data.  The new permanent 

wells will be developed and sampled using low-flow methods.  The groundwater samples will be 

analyzed for VOCs and SVOCs, in accordance with the requirements for No. 2 fuel oil in Table 2-1 

of NJAC 7:26E.  

Water level measurements will be collected from the three new monitoring wells and from nearby 

existing wells 812MW05 and 812MW13 (Figure 2 of Attachment A) to determine the local 

groundwater flow direction.  It is anticipated that a remedial investigation report will be prepared for 

UST 800-12.  
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10. UST 800-20 

UST 800-20 was a steel 1,000-gallon No. 2 fuel oil UST that was removed in July 2003 along with 

approximately 80 cubic yards of contaminated soil (Attachment O of Reference 3).  NJDEP 

commented that a groundwater investigation for the UST 800-20 area was necessary (Reference 15).  

A temporary well was sampled at the former UST 800-20 location in August 2016; 1,1,2-

trichloroethane (5.5 µg/L), 2-methylnaphthalene (41 µg/L) and total SVOC TICs (724 µg/L) were 

detected at concentrations greater than the GWQCs (Reference 9).  Based on these groundwater 

results, NJDEP commented that additional groundwater investigation was necessary for this site 

(Reference 20).  Further   delineation of groundwater contamination at UST 800-20 will be performed 

as described below.   

Multiple field screening borings, temporary monitoring wells and permanent monitoring wells will be 

installed around the former UST 800-20 tank location (Figure 10).  Field screening Geoprobe borings 

SCREEN1 through SCREEN6 (Figure 10) will be advanced at locations around the former UST 800-

20 location to determine the local groundwater flow direction, which is assumed to be towards the 

north-northwest based on regional groundwater maps (Attachment A).  These borings will be 

advanced past the water table which is assumed to be at approximately 7 ft bgs based on previous 

drilling at ARE-800-TMW-08 (Reference 9). The field screening borings will be logged visually and 

with a PID which has proven useful for identifying fuel oil contamination at FTMM.  The field 

results will be used to select the locations for temporary wells to assist with delineating the 

groundwater plume. 

A total of four additional temporary monitor wells are proposed at former UST 800-20. A line of 

three temporary monitor wells (TMW-01 through TMW-03) will be installed approximately 60 ft 

downgradient of the former tank to verify the direction and lateral boundaries of the plume.  A fourth 

temporary monitor well (TMW-04) will be installed approximately 80 ft farther downgradient to 

establish the downgradient extent of the plume, prior to installing a downgradient permanent sentry 

well.  As with the field screening borings, the borings for temporary wells will be logged visually and 

with a PID to estimate the extent of the plume in the field.  Additional field screening borings may be 

used to determine the downgradient extent of the plume.  The temporary wells will be installed within 

Geoprobe borings and will typically be completed with a 5 foot well screen approximately 4 ft below 

the water table (approximately 7 ft bgs).  Samples from each temporary well will be analyzed for 

VOCs and SVOCs, in accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 

7:26E.   

Three new permanent monitoring wells will be installed to monitor groundwater at the source area 

(MW-01), within the plume (MW-02), and at a downgradient sentry location (MW-03).  These wells 

will be installed after the analytical data for the temporary wells have been evaluated; the actual 

locations may be adjusted from those shown on Figure 10 based on these data.  The new wells will be 

developed and sampled using low-flow methods.  The groundwater samples will be analyzed for 

VOCs and SVOCs, in accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 

7:26E.  

Water level measurements will be collected from the three new monitoring wells, and from nearby 

existing wells 812MW05 and 812MW13 (Figure 2 of Attachment A), to determine the local 
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groundwater flow direction.  It is anticipated that a remedial investigation report will be prepared for 

UST 800-20.  

11. UST 884 

UST 884 was a steel 1,000-gallon No. 2 fuel oil UST that was removed in October 2003 along with 

an unspecified amount of contaminated soil (Attachment U of the Reference 3).  NJDEP commented 

that a groundwater investigation was necessary for the UST 884 area (Reference 15).  A temporary 

well was sampled at the former UST 884 location in April 2016; 2-methylnaphthalene (150 µg/L) and 

total VOC TICs (981 µg/L) were detected at concentrations greater than the GWQCs (Reference 9).  

Based on these groundwater results, NJDEP commented additional groundwater investigation was 

necessary (Reference 20). Further delineation of groundwater contamination at UST 884 will be 

performed as described below.   

Multiple field screening borings, temporary monitoring wells and permanent monitoring wells will be 

installed around the former UST 884 tank location (Figure 11).  Field screening Geoprobe borings 

SCREEN1 through SCREEN6 (Figure 11) will be advanced at locations around the former UST 884 

location to determine the local groundwater flow direction, which is assumed to be towards the 

northwest based on regional groundwater maps (Attachment A).  These borings will be advanced past 

the water table, which is assumed to be at approximately 6 ft bgs based on previous drilling at ARE-

800-TMW-05 (Reference 9). The field screening borings will be logged visually and with a PID 

which has proven useful for identifying fuel oil contamination at FTMM.  The field results will be 

used to select the locations for temporary wells to assist with delineating the groundwater plume. 

A total of four additional temporary monitor wells are proposed at UST 884. A line of three 

temporary monitor wells (TMW-01 through TMW-03) will be installed approximately 60 ft 

downgradient of the tank to verify the direction and lateral boundaries of the plume.  A fourth 

temporary monitor well (TMW-04) will be installed approximately 60 ft farther downgradient to 

establish the downgradient extent of the plume, prior to installing a downgradient permanent sentry 

well.  As with the field screening borings, the borings for temporary wells will be logged visually and 

with a PID to estimate the extent of the plume in the field.  Additional field screening borings may be 

used to determine the downgradient extent of the plume.  The temporary wells will be installed within 

Geoprobe borings and will typically be completed with a 5-foot well screen to approximately 4 ft 

below the water table (approximately 6 ft bgs).  Samples will be collected from each temporary well 

and analyzed for VOCs and SVOCs in accordance with the requirements for No. 2 fuel oil in Table 2-

1 of NJAC 7:26E.   

Three new permanent monitoring wells will be installed to monitor groundwater at the source area 

(MW-01), within the plume (MW-02), and at a downgradient sentry location (MW-03).  These wells 

will be installed after the analytical data for the temporary wells have been evaluated; based on these 

data, the actual locations may be adjusted from those shown on Figure 11.  The new wells will be 

developed, and sampled using low-flow methods.  The samples will be analyzed for VOCs and 

SVOCs, in accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E.  

Water level measurements will be collected from the three new monitoring wells and from nearby 

existing wells 800MW01 and 800MW02 (located west and north of Building 800), to determine the 
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local groundwater flow direction.  It is anticipated that a remedial investigation report will be 

prepared for UST 884.  

12. UST 906A 

UST 906A was a steel 1,000-gallon No. 2 fuel oil UST that was removed in June 1990 (Attachment 

D of Reference 1).  NJDEP did not approve the Army’s NFA request for UST 906A due to elevated 

TPH levels in soil and 2-methylnaphthalene in groundwater at a concentration greater than the 

GWQC (Reference 14).  The Army subsequently prepared a Work Plan for the UST 906A area 

(Reference 4), which was approved by NJDEP (Reference 16).   

Field work at the UST 906A site was performed in April, May, and August 2016 and consisted of 

Geoprobe soil sampling near the former tank area and temporary well sampling from within and 

downgradient of the former UST 906A tank area.  Soil sample results are presented in Table 2 and 

Figure 12, and as indicated, Extractable Petroleum Hydrocarbons (EPH) concentrations were greater 

than the NJDEP cleanup criteria of 5,100 mg/kg are present near the former tank area.  The soil EPH 

exceedance has not been delineated in the northwest direction from the former tank site.  One soil 

sample from boring PAR-68-SB-04 (Figure 12) was also analyzed for SVOCs and 2-

methylnaphthalene in this sample (35 mg/kg) exceeded the NJDEP IGW screening level.   

Groundwater analyses are presented in Table 3 and Figure 13.  The groundwater sample at PAR-68-

TMW-01 from the former UST 906A source area exceeded the GWQC for 1,2,2-trichloroethane 

(present at 4.6 µg/L) and total SVOC TICs (present at 2,719 µg/L).  The groundwater sample further 

downgradient at PAR-68-TMW-02 exceeded the GWQC for 1,2,4-trimethylbenzene (102 µg/L), 2-

methylnaphthalene (386 µg/L) and total SVOC TICs (2,319 µg/L).  Based on these groundwater 

results, it is apparent that a groundwater plume associated with UST 906A has migrated in the north-

northwest direction below Building 906 and farther downgradient an unknown distance.  Therefore, 

additional data, as described below, are needed to delineate groundwater contamination at former 

UST 906A.   

Multiple soil borings, temporary monitoring wells and permanent monitoring wells will be installed 

around the former UST 906A tank location, as shown on Figures 12 and 13.  Field screening 

Geoprobe borings (locations PAR-68-TMW-2-1 through TMW-2-4 shown on Figure 13) were 

previously used in April 2016 to verify the north-northwest direction of plume migration; therefore, 

additional field screening borings are not proposed for the future work.   

One additional soil boring (SB-07 on Figure 12) will be advanced to the northwest of the former UST 

906A excavation for collection of soil samples to delineate the EPH exceedances in this direction.  

Three soil samples will be collected from this boring to characterize the soil with depth:  one from 

above, one from within, and one from below the most contaminated soil interval within the boring.  

The soil samples will be analyzed for EPH and the sample with the highest field indications of 

contamination will be analyzed for the SVOCs 2-methylnaphthalene and naphthalene, in accordance 

with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E. 

A total of three temporary monitoring wells will be installed. A line of two temporary monitoring 

wells (TMW-03 and TMW-04 on Figure 13) will be installed approximately 100 ft downgradient of 

the tank to verify the lateral boundaries of the plume.  The previous temporary well PAR-68-TMW-

02 established the plume migration direction. An additional temporary monitoring well (TMW-05) 
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will be installed approximately 70 ft further downgradient to verify the downgradient extent of the 

plume, prior to installing a permanent downgradient sentry well.  The borings for temporary wells 

will be logged visually and with a PID to estimate the extent of the plume in the field.  Additional 

field screening borings may be used to determine the downgradient extent of the plume.  The 

temporary wells will be installed within Geoprobe borings and will typically be completed with a 5 

foot well screen to approximately 4 ft below the water table (approximately 5 ft bgs).  Groundwater 

samples will be collected from each temporary well and will be analyzed for VOCs and SVOCs, in 

accordance with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E.   

Three new permanent monitoring wells will be installed to monitor groundwater at: the source area 

(MW-01, same location as new soil boring SB-07); within the plume (MW-02, same location as 

previous temporary well PAR-68-TMW-02); and at a downgradient sentry location (MW-03).  These 

wells will be installed after the analytical data from the new temporary wells have been evaluated; the 

actual locations may be adjusted from those shown on Figure 13 based on these data.  The new wells 

will be developed and sampled using low-flow methods and the groundwater samples will be 

analyzed for VOCs and SVOCs, in accordance with the requirements for No. 2 fuel oil in Table 2-1 

of NJAC 7:26E.  

Water level measurements will be collected from the three new monitoring wells and from nearby 

existing well M12MW14 (Figure 13) to determine the local groundwater flow direction.  It is 

anticipated that a remedial investigation report will be prepared for UST 906A.  

13. UST 3035 

UST 3035 was a steel 5,000-gallon No. 2 fuel oil UST that was removed in 1989. The location of 

former UST 3035 is not well documented and has been estimated based on the location of the former 

boiler room at Building 3035 (Figure 14).  

As described in Reference 5, closure soil samples were not collected when former UST 3035 was 

removed. The SI Report Addendum was submitted to NJDEP along with a request for a NFA 

determination   NJDEP was unable to approve the NFA request without analytical data (Reference 

17) and the Army proposed additional sampling (Reference 7) which was approved by NJDEP 

(Reference 18) and is the basis of the work described below.   

Soil samples will be collected from three borings (SB-01, SB-02, and SB-03) (Figure 14) to support a 

future NFA request.  Two soil samples will be collected from each boring.  At each boring, a sample 

will be collected from approximately 8.0-8.5 ft bgs (or another interval representative of the soil 

below the removed tank) and from a 6-inch interval just above the water table (approximately 2 ft 

bgs).  One of these two soil samples will be collected from the most contaminated interval 

encountered based on field evidence (visual, olfactory, or PID screening).  If there is no field 

evidence of petroleum contamination, then the two soil samples will be collected from 8.0-8.5 ft bgs 

and from just above the water table (approximately 3 ft bgs).  Each soil sample will be analyzed for 

total EPH with additional contingency SVOCs analyses (25 percent) for naphthalene and 2-

methylnaphthalene if EPH concentrations exceed 1,000 mg/kg.  These soil analyses are consistent 

with the requirements for No. 2 fuel oil in Table 2-1 of NJAC 7:26E.  A letter report will be prepared 

for UST 3035 that reports the results of this investigation.  
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14. SUMMARY 

We look forward to your review of this Work Plan and approval or comments.  The technical Point of 

Contact (POC) for this matter is Kent Friesen at (732) 383-7201 or by email at 

kent.friesen@parsons.com.  Should you have any questions or require additional information, please 

contact me by phone at (732) 380-7064 or by email at william.r.colvin18.civ@mail.mil.    

      

 

Sincerely, 

 

 

 

     

      William R. Colvin, PMP, PG, CHMM 

      BRAC Environmental Coordinator 

 

 

cc:  Ashish Joshi, NJDEP (e-mail and 2 hard copies) 

William Colvin, BEC (e-mail and 1 hard copy) 

Joseph Pearson, Calibre (e-mail) 

James Moore, USACE (e-mail) 

Jim Kelly, USACE (e-mail) 
Cris Grill, Parsons (e-mail) 
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March 2, 2016 

 
 
Ms. Linda Range 
New Jersey Department of Environmental Protection 
Bureau of Case Management 
401 East State Street 
PO Box 420/Mail Code 401-05F 
Trenton, NJ 08625-0028 
 
SUBJECT: Parcel 68 Work Plan Addendum and Response to NJDEP’s September 24, 2015 

Comments on the April 2015 Underground Storage Tanks Within ECP Parcels 68, 
74, and 77, Fort Monmouth, New Jersey 
PIG000000032 
 

Dear Ms. Range: 

Fort Monmouth and Parsons have reviewed the New Jersey Department of Environmental Protection 
(NJDEP) comments on the subject submittal for ECP Parcels 68, 74 and 77, as documented in your 
letter dated September 24, 2015.  We appreciate this opportunity to work with you on Parcels 68, 74 
and 77.  Responses to your comments are provided below, for your review and concurrence or further 
comments.    

A. Parcel 68 

A1. COMMENT:  Of the fourteen (14) USTs formerly present within the Parcel, twelve had 
previously received an NFA, two had not. Following review of the submitted information, it is agreed 
no further action is necessary for one of those two USTs, UST 910-148. 

A1. RESPONSE:  Agreed. 

A2: COMMENT: The second UST, however, UST-906-146, aka 906A, a 1,000 gallon #2 fuel 
UST removed in June of '90 and sampled in January of '06, exhibited TPH levels up to 5,634 ppm and 
6,699 ppm, with no VOs exceedances. Although below cleanup criteria applicable at the time of 
remedial activities, there is apparently no record of a designation of NFA by the DEP.   The soil 
levels are above current criterion.  Additionally, the January '06 ground water analytical results 
indicated 2-methylnaphthalene was found well above the standard. The request for NFA cannot be 
granted. 

A2: RESPONSE: Additional soil and groundwater sampling is proposed at former UST 906A to 
provide updated assessment of the extent of contaminated soil and the potential for impact to 
groundwater, as described in the attached Parcel 68Work Plan Addendum.  Soil samples from 5 
boring locations near the former UST 906A will be sampled to assess the extent of fuel oil 
contamination in soil.  Additional soil borings will be advanced along the western side of existing 
Building 906.  The soil samples will be field screened to assess the potential for groundwater 
contamination downgradient of the former tank site.  Groundwater samples will be collected from one 
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Linda S. Range, NJDEP 
Response to Comments 
Underground Storage Tanks Within ECP Parcels 68, 74 and 77 
March 2, 2016 
 Page 2 of 3 
 
temporary well within the former tank area, one temporary well downgradient of the former tank 
area, and existing monitor well M12MW14 (which is located approximately downgradient of former 
UST 906A). 

B. Parcel 74 

B1. COMMENT:  In addition to those USTs noted as having been previously granted a 
designation of NFA, based upon a review of the documentation provided, it is agreed no further 
action is necessary for the following USTs: 

UST-206-4 – 4000 gallon diesel – Incident #93-10-21-1910-16  

UST-287-61 – 2000 gallon #2 fuel – Incident #93-11-29-1745-01 

B1. RESPONSE:  Agreed.  

B2. COMMENT: However, three USTs were noted on the 1956 Fuel Storage Map, Appendix O 
of the '07 ECP, and Attachment B of this submittal, which do not appear to have been evaluated. 
Unless all tanks, former or current, have been evaluated in accordance with the applicable 
regulations and guidance documents, the DEP cannot comment as to the absence or presence of a 
petroleum discharge.  The three USTs were noted at: 

Building 275 – north side of parcel 

Building 282 –  easternmost southeastern corner  

Building 205 – upper southeastern corner 

B2. RESPONSE:  The Army has conducted adequate due diligence to assess the presence of 
USTs within Parcel 74, including the use of geophysical survey techniques, historical maps and metal 
detectors to locate USTs.  Since there were no indications of USTs at these sites, the Army is not 
proposing additional assessment work at the above locations.  If the Army has creditable evidence of 
a potential release, then we will evaluate these locations to achieve regulatory acceptance and 
site/parcel closure. However, in absence of any new evidence, we believe that the Army has done an 
adequate level of due diligence. 

C. Parcel 77 

C1. COMMENT: The submittal provided documentation of remedial activity previously 
performed for a single UST within the parcel. It is agreed no additional action is necessary for the 
following UST: 

UST-210-8 – Incident #94-01-25-0913-00  

C1. RESPONSE:  Agreed.   
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Fort Monmouth   
Parcel 68 Work Plan Addendum  

Fort Monmouth 
Oceanport, Monmouth County, New Jersey 

Parcel 68 Work Plan Addendum for a Former UST Site 
Date: March 2016 

1.0     PURPOSE 
The purpose of this Parcel 68 Work Plan Addendum is to outline the site-specific Scope of Work (SOW) 
for the environmental investigation of one former No. 2 fuel oil underground storage tank (UST) site 
within Parcel 68 at Fort Monmouth.  In general, this scope consists of supplemental soil and groundwater 
sampling at the former UST 906A site to determine the extent of contamination.  This approach was 
requested by the New Jersey Department of Environmental Protection (NJDEP) in their comment letter 
dated September 24, 2015, and agreed to in the Army’s letter dated March 1, 2016.      

2.0     REFERENCE DOCUMENTS 
HEALTH AND SAFETY - All Site personnel are required to read, understand, and comply with the 
safety guidelines in the Accident Prevention Plan (APP) including the Site Health and Safety Plan 
(SHASP), which is included as Appendix A of the APP.  

FIELD PROCEDURES – The detailed field procedures to be used for the activities described in this 
sampling plan are described in the March 2013 Final Sampling and Analysis Plan (SAP).  

3.0     SITE BACKGROUND 
Parcel 68 is located within the central portion of the Main Post at Fort Monmouth, and south of Oceanport 
Creek (Figure 1).  Available information for multiple USTs at Parcel 68 was previously provided to 
NJDEP in the Army’s submittal dated April 14, 2015 and entitled Underground Storage Tanks Within 
ECP Parcels 68, 74 and 77, Fort Monmouth, New Jersey.  The NJDEP responded in their letter dated 
September 24, 2015 approving No Further Action (NFA) for multiple USTs.  However, due to Total 
Petroleum Hydrocarbons (TPH) concentrations in soil and 2-methylnaphthalene in groundwater above 
regulatory criteria, an NFA could not be granted at former UST 906A.  Groundwater flow directions are 
not well known but are interpreted to be towards the northwest at this portion of Parcel 68 (Figure 2).   

4.0     SAMPLING LOCATIONS AND ANALYSES 
Locations for additional sampling are shown on Figure 2.  A summary of the field sampling and 
analytical activities is presented in Table 1.  The field activities will include: 

• Advancement of approximately 5 shallow soil borings using a Geoprobe rig in and 
around the former UST site, and collection of soil samples from select boring intervals for 
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chemical analysis of petroleum constituents, to determine the extent of soil contamination in the 
vicinity of the former UST. 

• Advancement of approximately 4 shallow soil borings using a Geoprobe rig along the west side of 
Building 906 to depths below shallow groundwater, and collection of soil samples from 
near the water table for field screening and visual observations, for field determination of  
groundwater contamination downgradient of the former UST.   

• Installation of temporary monitor wells within 2 Geoprobe borings located within and 
downgradient of the former UST site, and collection of “grab” groundwater samples for chemical 
analysis of petroleum constituents. 

• Sampling of one existing monitor well located approximately downgradient of the former UST site 
for chemical analysis of petroleum constituents. 

These field activities are described in additional detail below. 

   4.1  Sampling at Former UST Area  

Additional Geoprobe soil and groundwater sampling is proposed for five locations south of Building 906, 
in the immediate vicinity of the former UST 906A location, as shown on Figure 2.  The purpose of the 
central Geoprobe location (PAR-68-SS-01) at the former UST 906A site is to characterize the soil and 
groundwater in the immediate vicinity of the former tank.  The purpose of the other four Geoprobe 
locations (PAR-68-SS-02, PAR-68-SS-03, PAR-68-SS-04, and PAR-68-SS-05) is to supplement previous 
samples (906AW, 906AC, and 906AE; see Figure 2) for delineation of soil TPH contamination 
previously found at the former UST 906A site.    

Each Geoprobe boring will be completed to at least 4 feet below the water table (estimated at 
approximately 5 feet below ground surface) to assess current concentrations and vertical extent of 
extractable petroleum hydrocarbons (EPH), which replaces TPH as the current parameter for petroleum 
hydrocarbons.  Three soil samples will be collected from each boring.  Samples will be collected from 
approximately 2.0-2.5 ft bgs (or another interval representative of clean overburden), from a deeper 6-
inch interval that is below any field evidence of contamination to delineate vertical extent, and from the 
most contaminated intermediate interval encountered (between 2.0-2.5 ft bgs and the deeper vertical 
extent sample) based on field evidence (visual, olfactory, photoionization detector [PID] screening).   

Each soil sample will be analyzed for EPH, with additional contingency semivolatile organic compounds 
(SVOCs) analysis (25 percent) for naphthalene and 2-methylnaphthalene in the event that EPH 
concentrations exceed 1,000 mg/kg.  A groundwater sample will be collected from a temporary well 
(PAR-68-TMW-01) installed within the central Geoprobe boring and analyzed for volatile organic 
compounds (VOCs) and SVOCs plus tentatively identified compounds (TICs).  These soil and 
groundwater analyses are consistent with the requirements for No. 2 fuel oil in Table 2-1 of the NJAC 
7:26E Technical Requirements for Site Remediation. 

   4.2  Sampling Downgradient of Former UST Area  

Since groundwater at the former UST site was previously determined in 2006 to exceed the interim 
Ground Water Quality Criteria (GWQC) for 2-methylnaphthalene, a targeted groundwater sample from a 
downgradient area will be collected.  Additional field screening of Geoprobe soil borings is proposed for 
four locations along the west end of Building 906 as shown on Figure 2.  Soil from Geoprobe borings 
advanced at approximately 20 foot centers along the west edge of Building 906 will undergo field 
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screening (visual, olfactory, PID screening) only.  The purpose of these Geoprobe locations is to detect 
potential petroleum contamination downgradient of the former UST 906A site.  Each Geoprobe boring 
will be completed to approximately 4 feet below the water table for visual observations and field 
screening.  Groundwater samples from one of the four borings with the greatest field indication of 
petroleum contamination will be collected from a temporary well installed (designated as PAR-68-TMW-
02) within the Geoprobe boring, and then the borings will be abandoned.  The groundwater sample will 
be analyzed for VOCs and SVOCs plus TICs.  

Existing monitor well M12MW14 was constructed by the Army at this site in 2010 to monitor 
groundwater contamination from the FTMM-12 landfill site, but was not sampled for petroleum 
constituents.  This well may be downgradient of the former UST 906A site.  Therefore, well M12MW14 
will be sampled using the NJDEP low-flow purge and sample method, and analyzed for VOCs and 
SVOCs plus TICs.   
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Parcel Location

Field Meter 

Readings 
a/

VOCs + 

TICs by 

Method 

8260C 
b/

SVOCs + TICs 

by Method 

8270D 
c/

Non-

Fractionated 

EPH 
d/

68

UST 906A (Figure 2) - 5 soil borings, 3 

samples each (assume 1 sample in each 

boring requires contingency SVOC analysis) 
e/
.  Advance approximately 4 additional 

borings along the northwest side of Building 

906 and provide field screening at the water 

table to determine the location of 1 temporary 

well. 9 borings 0 5 15

68

UST 906A (Figure 2) - 3 groundwater 

samples from 2 temporary wells and existing 

monitor well M12MW14 3 3 3 0

Field Duplicates (5% Sampling Frequency per media) NA 1 1 1

Matrix Spike (5% Sampling Frequency per media) NA 1 1 1

Matrix Spike Duplicate (5% Sampling Frequency per media) NA 1 1 1

Trip Blank (1 per cooler of VOCs per media) NA 1 0 0

NA 1 1 1

Equipment Blank (5% Sampling Frequency per media) NA 1 1 1

NA 9 13 20

Notes:

NA = not applicable.
a/
  Field meter readings include, in soil samples: photoionization detector (PID) readings along entire soil column; and in groundwater: PID  

    headspace, pH, temperature, electrical conductivity, dissolved oxygen (DO), oxidation-reduction potential (ORP), and turbidity.
b/

  VOCs = volatile organic compounds; TICs = tentatively identified compounds.
c/
  SVOCs = semivolatile organic compounds; TICs = tentatively identified compounds.

d/
   EPH = extractable petroleum hydrocarbons.

e/
    If any EPH concentrations in soil exceed 1000 mg/kg in any of the site samples, then minimum 25% of the samples where

         
EPH exceeds 1000 mg/kg will also be analyzed for 2-methylnaphthalene and naphthalene.

f/
  QA/QC = quality assurance/quality control; SAP = Sampling and Analysis Plan.   The requirement for QA/QC samples

        
may be fulfilled with samples from other parcels.

TABLE 1

SAMPLING SUMMARY FOR PARCEL 68 WORK PLAN ADDENDUM

FORT MONMOUTH, NEW JERSEY

TOTAL   

QA Split (5% per media)

Soil

Groundwater

QA/QC samples (see SAP for additional details) 
f/
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Source: FTMM Supplied CAD, 2013.

PARCEL 68 PROPOSED 
SAMPLING LOCATIONS

NOTES:
1. Temporary monitoring well PAR-68-TMW-02 will 
    be installed at one of the four locations along the
    west side of Building 906 within the greatest field
    indication of petroleum contamination,
2. Groundwater samples will be collected from 
    temporary wells and from existing monitoring
    well M12MW14.







 
April 14, 2015 

 
Ms. Linda Range 
New Jersey Department of Environmental Protection 
Case Manager 
Bureau of Southern Field Operations 
401 East State Street, 5th Floor 
PO Box 407 
Trenton, NJ 08625 
 
Re: Underground Storage Tanks within Parcel 68  

Fort Monmouth, NJ  
 
Attachments: 

A. Summary Table of Parcel 68 Underground Storage Tanks 
B. Site Layout Drawings of Parcel 68 (2 drawings) 
C. No Further Action Letters from NJDEP 
D. UST 906A Report 
E. UST 910 File Review and Analyses 

 

Dear Ms. Range: 

The U.S. Army Fort Monmouth (FTMM) has reviewed existing file information for underground 
storage tank (UST) sites at Fort Monmouth within Environmental Condition of Property (ECP) 
Parcel 68.  The purpose of this submittal is to provide comprehensive documentation of the 
location and closure status of all USTs identified within this parcel, which we believe will be 
useful for the future Phase II property transfer.   

A summary table of USTs identified within Parcel 68 is provided as Attachment A, and the 
locations of these USTs within Parcel 68 are presented in Attachment B.  All of the USTs 
identified within Parcel 68 have been removed.  

Multiple USTs within Parcel 68 have been identified that were previously approved for No 
Further Action (NFA) by NJDEP; documentation of this approval is provided in Attachment C, 
and referenced below for specific USTs.  In these cases, there is generally a supporting 
investigation report that was previously submitted to NJDEP that describes the basis for closure.  
For the sake of brevity, we have not included these reports for USTs where an NFA has already 
been approved.  However, these reports are available within the FTMM environmental records. 

In the Attachment A table, the term "Case Closed" has been used (consistent with previous 
FTMM procedures) to indicate the Army determined that no further sampling or remedial actions 
were warranted for a specific UST site.  All Parcel 68 USTs were designated as “Case Closed.”  
“Case Open” would indicate that the Army determined that ongoing monitoring, reporting or 
possibly even remedial action was warranted.  In contrast, "No Further Action" has been 
reserved for NJDEP approval that no further sampling or remedial actions are warranted.   
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Parcel 68 generally includes the 900 Area of Fort Monmouth.  It is an irregularly shaped area 
centered near the intersection of Murphy Drive and Courier Avenue of the Main Post.  It was 
designated in the ECP Report as the 900 Building Area Former USTs.  Several UST sites (901, 
916, 917 and 918) were located outside of the Parcel 68 boundary as designated by the ECP 
Report, but have been included in this submittal based on proximity and similar site histories. 

We are submitting the following documentation for the multiple USTs that were previously 
removed from Parcel 68, and we request a No Further Action determination for each site (sites 
that have been previously approved by NJDEP are highlighted in green):  

• UST 901 NFA was approved by NJDEP on 8/29/2000 (Attachment C). 
• UST 902 NFA was approved by NJDEP on 7/10/1998 (Attachment C). 
• UST 905 NFA was approved by NJDEP on 1/10/2003 (Attachment C). 
• UST 906A investigation report is presented in Attachment D. 
• UST 906B NFA was approved by NJDEP on 8/29/2000 (Attachment C). 
• UST 907 NFA was approved by NJDEP on 2/24/2000 (Attachment C). 
• UST 909 NFA was approved by NJDEP on 10/23/2000 (Attachment C). 
• UST 910 File Review summary and analyses is presented in Attachment E. 
• UST 911 NFA was approved by NJDEP on 2/24/2000 (Attachment C). 
• UST 912 NFA was approved by NJDEP on 2/24/2000 (Attachment C). 
• UST 913 NFA was approved by NJDEP on 2/24/2000 (Attachment C). 
• UST 914 NFA was approved by NJDEP on 10/23/2000 (Attachment C). 
• UST 915 NFA was approved by NJDEP on 10/23/2000 (Attachment C). 
• UST 916 NFA was approved by NJDEP on 2/24/2000 (Attachment C). 
• UST 917 NFA was approved by NJDEP on 2/24/2000 (Attachment C). 
• UST 918 NFA was approved by NJDEP on 2/24/2000 (Attachment C). 
• UST 977 NFA was approved by NJDEP on 10/23/2000 (Attachment C). 
• UST 979 NFA was approved by NJDEP on 10/23/2000 (Attachment C). 

This information supports the conclusion that all UST soil contamination issues identified within 
Parcel 68 have been adequately addressed by previous environmental activities.  One unresolved 
groundwater issue has been identified: 

• Groundwater at UST 906A exceeds the NJDEP Ground Water Quality Criteria for 2-
methylnaphthalene. 

In summary, we submit that the Army has provided adequate due diligence with regards to the 
environmental condition of this Parcel, and we request that NJDEP approve No Further Action.  
Should you have any questions or require additional information, please contact me at (732) 380-
7064 or by email at wanda.s.green2.civ@mail.mil. 
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ATTACHMENT D 

UST 906A Report 

 

 

  























































(QC and raw data not included for brevity)





































































































 

 

 

Attachment B 
Boring Logs and Well Construction Details 

  

























































 

 

Attachment C 
Field Notes 

  









 

 

Attachment D 
Compliance Averaging Technical Memo 

 



 

 

Technical Memorandum 
 
To:   US Army Corps of Engineers, New York District 
From:  Parsons Fort Monmouth Team 
Subject:  Compliance Averaging at UST 906A 
Date:  30 August 2019 
CC: Parsons File 
 

INTRODUCTION 

This Technical Memorandum (TM) summarizes the results of a compliance averaging effort requested by 
the US Army Corps of Engineers (USACE) for the UST 906A site at Fort Monmouth (FTMM) in 
Oceanport, New Jersey.  New Jersey Department of Environmental Protection (NJDEP) technical 
guidance (2012) provides a 95% UCL approach for use in planning an excavation to remediate soils.  At 
UST 906A, the site has already been investigated and soils containing extractable petroleum hydrocarbon 
(EPH) and 2-methylnaphthalene have been excavated during previous remedial actions.  Compliance 
averaging is used herein to determine whether the current residential remedial goal for EPH and 2-
methylnaphthalene has been achieved at UST 906A.   

COMPLIANCE AVERAGING APPROACH 

Regulatory Approach:  New Jersey Department of Environmental Protection (NJDEP) technical guidance 
(2012) provides an averaging approach that can be used for all exposure pathways in the remedial 
investigation or remedial action phases. At UST 906A, the site soils contain EPH in excess of the NJDEP 
Residential Direct Contact Soil Remediation Standards (RDCSRS) and 2-methylnaphthalene in excess of 
the NJDEP Impact to Groundwater Screening Level (IGW SL). Compliance averaging is used to support 
the recommendations of the UST 906A Site Inspection Report. 

NJDEP’s “Technical Guidance for Attainment of Remediation Standards and Site-Specific Criteria” 
(2012) notes in Section 9.0 that the requirements for investigating EPH are found in the “Protocol for 
Addressing Extractable Petroleum Hydrocarbons” (NJDEP, 2010), which provides remedial standards for 
petroleum hydrocarbons.  It is Parsons understanding that NJDEP will accept a compliance averaging 
approach for EPH if the two following criteria are met: 1) the petroleum hydrocarbons are Category 1 
(i.e., No. 2 fuel oil and/or diesel fuel) discharges; and 2) EPH concentrations are less than the 8,000 parts 
per million (ppm) residual product/free product limit.  It is Parsons professional judgment that the site 
conditions meet the intent of the NJDEP policy criteria for EPH.  Compliance averaging was used herein 
to determine whether the current residential remedial goal for EPH has been achieved at UST 906A. 

Approach to Applying Compliance Averaging:  There was a sufficient number of samples (i.e., 10 or 
more) for ProUCL to calculate meaningful and reliable upper confidence limit (UCL) statistics.  
Therefore, the 95% UCL method for compliance averaging was applied at UST 906A for both EPH and 
2-methynaphthalene. The horizontal and vertical definition of each functional area was drawn using the 
data points where soil samples results exceeded the NJDEP RDCSRS for EPH, NJDEP IGW SL for 2-
methylnaphthalene, and the guidelines provided in Appendix A of the NJDEP attainment guidance 
(2012).  There are sample results associated with soil at the UST 906A site that was excavated during 
previous remedial actions. Only in situ soil was evaluated.  Therefore, samples associated with excavated 



 

 

soil were excluded from the compliance averaging calculations.  One functional area was defined at UST 
906A (0.15 acres) (Figure 1).  The functional area had two vertical zones, per NJDEP guidance (2012): 
the surface zone, less than two feet bgs (0 to 2 feet bgs), designated with “A”; and the subsurface zone 
(greater than 2 feet bgs), designated with “B”.   

The size of the functional areas is constrained horizontally by the NJDEP attainment guidance.  The 
maximum size of the functional area for residential exposure scenarios is 0.25 acres (for the ingestion-
dermal pathway).  The NJDEP guidance indicates that this size represents one-half of the residential lot 
size, and assumes exposure is occurring in either the front yard or the back yard of the residence.  The 
NJDEP guidance indicates that the preferred shape of the functional area is a square, but can vary 
somewhat based on site configuration and contaminant distribution.  Therefore, the guidance allows a 
rectangular functional area, with a length not more than four times the width.  The boundaries of the 
functional areas include samples used to delineate the boundary of contamination (i.e., where EPH was 
detected at concentrations less than 5,100 mg/kg). 

Therefore, using the naming convention for the functional areas above, the functional areas for UST 906A 
have names as follows: FA 1A and FA 1B.  FA 1A and FA 1B comply with the NJDEP guidance, FA 1 is 
a rectangle with less than a 4:1 length ratio and is 0.15 acres. At FA 1A, as shown in Table 1, the soil 
within the surface zone in this location has been excavated.  Therefore, compliance averaging for this 
functional area FA 1A was not necessary. 

The 95% UCL was calculated for 2-methylnaphthalene and EPH for FA 1B using ProUCL software 
(version 5.1).  The 95% UCL was calculated using in-place sample results (i.e., samples representing soil 
remaining in place following excavation).  The 95% UCL is a conservative estimate because it does not 
account for placement of clean fill after excavation.  All data from single sample locations (i.e., from 
different depth intervals at the same sample location) within the vertical functional area were included in 
the UCL calculations.  The limit of detection was used for non-detects.  The name and definition of each 
functional area, including acreage and vertical definition, is included on Table 2. 

RESULTS 

The results are summarized in Table 2.  The supporting documentation for ProUCL is provided in 
Attachment A.  The 95% UCL EPH concentration for the functional area (4,689 mg/kg) is less than the 
RDCSRS of 5,100 mg/kg (Table 2).  Therefore, the results of the compliance averaging indicate that soil 
at UST 906A meets the NJDEP RDCSRS for EPH.  However, the 95% UCL 2-methynapthalene 
concentration for FA 1B (12.41 mg/kg) did not meet the IGW SL of 8 mg/kg (Table 2). These results are 
used to support the recommendations of the UST 906A Site Inspection Report 

REFERENCES 

NJDEP, 2010.  Protocol for Addressing Extractable Petroleum Hydrocarbons.  Version 5.0, August 9. 

NJDEP, 2012.  Technical Guidance for the Attainment of Remediation Standards and Site Specific 
Criteria. September 24. 

  



 

 

ATTACHMENTS 

Table 1.  Soil Data - Comparison to NJDEP Criteria 

Table 2.  Summary of Compliance Averaging Results 

Figure 1.  UST 906A Functional Area 

Attachment A.  ProUCL Output for Functional Area 1B. 



TABLE 1
 SOIL SAMPLING RESULTS ‐ COMPLIANCE AVERAGING FUNCTIONAL AREAS

UST 906A
FORT MONMOUTH, NEW JERSEY

Functional Area

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8 NA NA NA NA NA NA NA
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
EPH (C9-C40) NLE NLE NLE NA NA NA NA NA NA NA
Total EPH SS SS SS 478 J 194 J 5,310 12.4 4.3 J 287 4.3 J

PAR-68-SB-02

PAR-68-SB-01-3-3.5 PAR-68-SB-101-3-3.5 PAR-68-SB-01-4-4.5 PAR-68-SB-01-9.5-10 PAR-68-SB-02-3-3.5 PAR-68-SB-02-6-6.5 PAR-68-SB-02-9.5-10

4/14/2016 4/14/2016 4/14/2016 4/14/2016 4/14/2016 4/14/2016 4/14/2016

FA 1BSoil Excavated FA 1B

PAR-68-SB-01 PAR-68-SB-01

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level



TABLE 1
 SOIL SAMPLING RESULTS ‐ COMPLIANCE AVERAGING FUNCTIONAL AREAS

UST 906A
FORT MONMOUTH, NEW JERSEY

Functional Area

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
EPH (C9-C40) NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

NA NA NA NA 35 NA

NA NA NA NA NA NA
5.7 J 2,640 3.8 J 5,090 6,260 6.4 J

PAR-68-SB-04

PAR-68-SB-03-3-3.5 PAR-68-SB-03-8-8.5 PAR-68-SB-03-13.5-14 PAR-68-SB-04-3-3.5 PAR-68-SB-04-3.5-4 PAR-68-SB-04-9.5-10

4/14/2016 4/14/2016 4/14/2016 4/14/2016 4/14/2016 4/14/2016

FA 1BSoil Excavated

PAR-68-SB-03

FA 1B

PAR-68-SB-03 PAR-68-SB-04

Soil Excavated



TABLE 1
 SOIL SAMPLING RESULTS ‐ COMPLIANCE AVERAGING FUNCTIONAL AREAS

UST 906A
FORT MONMOUTH, NEW JERSEY

Functional Area

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
EPH (C9-C40) NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

NA NA NA NA NA NA NA

NA NA NA NA NA NA 2.5 J
4.8 J 852 5.1 J 3.3 J 3.5 J < 11.8 NA

PAR-68-SB-05 PAR-68-SB-06

SOIL EXCAVATED

PAR-68-906A-SB-07

PAR-68-SB-05-3-3.5 PAR-68-SB-05-6.5-7 PAR-68-SB-05-9.5-10 PAR-68-SB-06-3-3.5 PAR-68-SB-06-4.5-5 PAR-68-SB-06-9.5-10 PAR-68-906A-SB-07-1.5-2.0

4/14/2016 4/14/2016 4/14/2016 4/14/2016 4/14/2016 4/14/2016 11/7/2017

FA 1B FA 1B



TABLE 1
 SOIL SAMPLING RESULTS ‐ COMPLIANCE AVERAGING FUNCTIONAL AREAS

UST 906A
FORT MONMOUTH, NEW JERSEY

Functional Area

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
EPH (C9-C40) NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

8.7 NA < 0.087 0.052 J < 0.077 3.4

2,870 1.5 J 931 47 158 2,320
NA NA NA NA NA NA

PAR-68-906A-B PAR-68-906A-EPAR-68-906A-B2

FA 1B

PAR-68-906A-B-8-8.5 PAR-68-906A-B2-10-10.5 PAR-68-906A-E-3.5-4 PAR-68-906A-E-7-7.5PAR-68-906A-SB-07-5.5-6.0 PAR-68-906A-SB-07-11.5-12.0

11/7/2017 11/7/2017 9/24/2018 10/3/2018 9/24/2018 9/24/2018

FA 1BFA 1B

PAR-68-906A-SB-07 PAR-68-906A-SB-07

SOIL EXCAVATED FA 1B



TABLE 1
 SOIL SAMPLING RESULTS ‐ COMPLIANCE AVERAGING FUNCTIONAL AREAS

UST 906A
FORT MONMOUTH, NEW JERSEY

Functional Area

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
EPH (C9-C40) NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

< 0.076 < 0.088 < 0.076 < 0.093 26.3 38.7

703 533 1,720 50.6 3,650 6,920
NA NA NA NA NA NA

PAR-68-906A-N PAR-68-906A-N2 PAR-68-906A-S

PAR-68-906A-N-4-4.5 PAR-68-906A-N-7-7.5 PAR-68-906A-N2-6-6.5 PAR-68-906A-N2-8.5-9 PAR-68-906A-S-3.5-4 PAR-68-906A-S-7-7.5

9/24/2018 9/24/2018 10/3/2018 10/3/2018 9/24/2018 9/24/2018

FA 1B FA 1B FA 1B



TABLE 1
 SOIL SAMPLING RESULTS ‐ COMPLIANCE AVERAGING FUNCTIONAL AREAS

UST 906A
FORT MONMOUTH, NEW JERSEY

Functional Area

Loc ID

Sample ID

Sample Date
Semivolatile Organic Compounds (mg/kg)
2-Methylnaphthalene 230 2,400 8
Extractable/Volatile Petroleum Hydrocarbons (mg/kg)
EPH (C9-C40) NLE NLE NLE
Total EPH SS SS SS

NJ 
Residential 

Direct 
Contact SRS

NJ Non-
Residential 

Direct 
Contact SRS

NJ Impact to 
GW Soil 

Screening 
Level

0.24 J 46.8 17.9 < 0.088 0.077 J <0.043

903 8,090 7,160 121 204 8.61
NA NA NA NA NA NA

Soil Excavated Soil Excavated

PAR-68-906A-W PAR-68-906A-W PAR-68-906A-W2

PAR-68-906A-W-7-7.5 PAR-68-906A-W2-6.5-7 PAR-68-906A-W2-9.5-10PAR-68-906A-W-3.5-4

9/24/2018 9/24/2018 10/3/2018 10/3/2018

FA 1B FA 1B

PAR-68-906A-W3

PAR-68-906A-W2-6.5-7 PAR-68-906A-W2-9.5-10

7/11/2019 7/11/2019



Footnote:

####

###
###

###
###

- The NJ Non-Residential Direct Contact Soil Remediation Standard refers to the NJDEP's Sept 18, 2017 Remediation Standards
   http://www.nj.gov/dep/rules/rules/njac7_26d.pdf

- The NJ Impact to GW Soil Screening Level criteria refers to the Development of Site Specific Impact to Ground Water Soil Remediation Standards - Nov 2013 revised
   http://www.nj.gov/dep/srp/guidance/rs/partition_equation.pdf

- Cell Shade values represent a result that is above the NJ Impact to GW Soil Screening Level
- Cell Shade values represent a result that is above both the NJ Residential, Non-Residential, AND NJ Impact to GW Soil Screening Level Direct Contact Soil 
Remediation Standard.
- Cell Shade values represent a result that is above both the NJ Residential and Non-Residential Direct Contact Soil Remediation Standard.

10) Criteria action level source document and web address.
- The NJ Residential Direct Contact Soil Remediation Standard refers to the NJDEP's Sept 18, 2017 Remediation Standards
   http://www.nj.gov/dep/rules/rules/njac7_26d.pdf

8) Specific Chemical Classes (or Parameters) comments or notes regarding how data is displayed, compared to Action Levels, or represented in this table.
a) DELETE THIS NOTE BEFORE GOING FINAL: Refer to the NJDEP Protocol for Addressing Extractable Petroleum Hydrocarbons (Version 5.0, August 9, 2010) and the NJDEP 
Health Based end Ecological Screening Criteria for Petroleum Hydrocarbons (Version 4.0, August 9, 2010) to determine the category of tank being investigated and the appropriate 
cleanup standards or screening levels for that category of tank.

9) Chemical results greater than or equal to the action level (depending on criteria) are highlighted based on the Criteria that are present.
- Cell Shade values represent a result that is above the NJ Residential Direct Contact Soil Remediation Standard.
      There are no NJDEP soil standards for individual PCB Aroclors, therefore the total PCB NJDEP standards were used for individual Aroclors.
- Cell Shade values represent a result that is above the NJ Non-Residential Direct Contact Soil Remediation Standard.

U-ND = Analyte not detected in sample, but no detection or reporting limit provided.
J = estimated detected value due to a concetration below the reporting limit or due to discrepancies in meeting 
certain analyte-specific quality control.

E (or ER) = Estimated result.
D = Results from dilution of sample.

J-DL = Elevated sample detection limit due to difficult sample matrix.
JN = Tentatively identified compound, estimated concentration.
UJ=The compound was not detected: however, the results is estimated because of discrepancies in 
meeting certain analyte-specific QC criteria.
J+ = The result is an estimated quantity, but the result may be biased high.
J- = The result is an estimated quantity, but the result may be biased low.

7) Chemical result qualifiers are assigned by the laboratory and are evaluated and modified (if necessary) during the data validation.
[blank] = detect, i.e. detected chemical result value.
B =Compound detected in the sample at a concentration less than or equal to 5 times (10 times for common lab 
contaminants) the blank concentration.
R = Rejected, data validation rejected the results.
U = non-detect, i.e. not detected at or above this value.
U-DL = Elevated sample detection limit due to difficult sample matrix.

1) All historical data collected prior to 2013 are reported as provided by others.
2) Number of Analyses is the number of detected and non-detected results excluding rejected results. Sample duplicate pairs have not been averaged.
3) NLE = no limit established.
4) ND = not detected in any background sample, no background concentration available.
5) Bold chemical dectection
6) SS = Site Specific action level, see "Specific Chemical Class (or Parameter)" footnote for details.



FA 1B Acres
Number of 

SamplesA

Functional 
Area Depth 

Interval
(feet bgs)

NJDEP 
RDCSRS 
(mg/kg)

NJDEP 
IGW 

(mg/kg)

Maximum 
Detected 

Concentration 
(mg/kg)

Compliance 
Averaging 

Result B

(mg/kg)

UCL Test

2-Methylnapthalene 0.15 12 >2 230 8 38.7 12.41 95% KM (t) UCL
Extractable Petroleum Hydrocarbon 0.15 27 >2 5,100 NLE 7,160 4,689 99% KM (Chebychev) UCL

A – Includes only in situ  soil samples (i.e., excludes excavated soil samples).

Does not include sample locations not analyzed for chemical of concern.
B –  Upper Confidence Limit (UCL).  See Attachment A for ProUCL output.
Value UCL achieves compliance with remedial goal

bgs - below ground surface
NLE - no limit established

Abbreviations:

Table 2
Summary of Compliance Averaging Results

UST 906A
Fort Monmouth, New Jersey
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UST906A Functional Area

6.5-7.0 9.5-10.0

2-Methylnaphthalene 17.9 <0.088

Total EPH 7,160 121

Depth (ft bgs)

PAR-68-906A-W2

3.5-4.0 7.0-7.5

2-Methylnaphthalene 26.3 38.7

Total EPH 3,650 6,920

Depth (ft bgs)

PAR-68-906A-S

Analyte NJDEP RDCSRS

NJDEP IGW Soil 

Screening Level

2-Methylnaphthalene 230 8

Total EPH 5,100 NLE

PAR-68-906A-W2

PAR-68-906A-W3

Excavated

UST 906A Functional Area

/SB-07



     27      26

     26       1

     25       1

      1.5      11.8

  7160      11.8

3916907       3.704%

   989   1979

     85.8       2.001

      2.521       5.737

      4.345       2.767

      0.56

      0.92

      0.319

      0.17

   952.6    375.5

  1913   1621

  1593   1585

  1570   2372

  2079   2589

  3298   4689

      1.169

      0.864

      0.189

      0.187

      0.274       0.268

  3606   3687

     14.26      13.95

   989

     0.01    952.4

  7160      50.6

  1950       2.047

      0.25       0.247

  3814   3861

     13.48      13.32

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

Maximum Median

SD CV

k hat (MLE) k star (bias corrected MLE)

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

This is especially true when the sample size is small.

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

Minimum Mean

nu hat (MLE) nu star (bias corrected)

Mean (detects)

Gamma ROS Statistics using Imputed Non-Detects

Detected Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

5% A-D Critical Value Detected Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov GOF

5% K-S Critical Value Detected Data Not Gamma Distributed at 5% Significance Level

97.5% KM Chebyshev UCL 99% KM Chebyshev UCL

Gamma GOF Tests on Detected Observations Only

A-D Test Statistic Anderson-Darling GOF Test

   95% KM (t) UCL    95% KM (Percentile Bootstrap) UCL

   95% KM (z) UCL    95% KM Bootstrap t UCL

90% KM Chebyshev UCL 95% KM Chebyshev UCL

Detected Data Not Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

KM Mean KM Standard Error of Mean

KM SD    95% KM (BCA) UCL

5% Shapiro Wilk Critical Value Detected Data Not Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Detected Data Not Normal at 5% Significance Level

Mean of Logged Detects SD of Logged Detects

Normal GOF Test on Detects Only

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

Mean Detects SD Detects

Median Detects CV Detects

Skewness Detects Kurtosis Detects

Minimum Detect Minimum Non-Detect

Maximum Detect Maximum Non-Detect

Variance Detects Percent Non-Detects

Total Number of Observations Number of Distinct Observations

Number of Detects Number of Non-Detects

Number of Distinct Detects Number of Distinct Non-Detects

Number of Bootstrap Operations   2000

EPH

General Statistics

From File   Pro UCL UST906A input_8.18.2019.xls

Full Precision   OFF

Confidence Coefficient   95%

User Selected Options

Date/Time of Computation   ProUCL 5.18/19/2019 10:47:37 AM

Attacment A ProUCL Output - UCL Statistics for Data Sets with Non-Detects



     0.0401

      6.108       5.797

  2077   2188

   952.6   1913

3661331    375.5

      0.248       0.245

     13.38      13.23

  3844   3888

  1373   2863

  4639   9379

      6.047       5.738

  2084   2196

      0.904

      0.92

      0.171

      0.17

   952.6       4.253

  1950       2.756

  1593   1632

  1816   2120

 55574

      4.237      69.22

      2.72       5.26

      0.534  46334

      2.72       5.26

      0.534

   952.6       4.25

  1950       2.758

  1593  56080

  4689

     14      12

      6       8

      6       6

     0.052      0.043

Total Number of Observations Number of Distinct Observations

Number of Detects Number of Non-Detects

Number of Distinct Detects Number of Distinct Non-Detects

2methylnapthalene

General Statistics

Minimum Detect Minimum Non-Detect

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

Nonparametric Distribution Free UCL Statistics

Data do not follow a Discernible Distribution at 5% Significance Level

Suggested UCL to Use

99% KM (Chebyshev) UCL

SD in Original Scale SD in Log Scale

   95% t UCL (Assumes normality)    95% H-Stat UCL

DL/2 is not a recommended method, provided for comparisons and historical reasons

DL/2 Statistics

DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale Mean in Log Scale

KM Standard Error of Mean (logged)    95% H-UCL (KM -Log)

KM SD (logged)    95% Critical H Value (KM-Log)

KM Standard Error of Mean (logged)

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

KM Mean (logged) KM Geo Mean

KM SD (logged)    95% Critical H Value (KM-Log)

   95% t UCL (assumes normality of ROS data)    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL    95% Bootstrap t UCL

   95% H-UCL (Log ROS)

Detected Data Not Lognormal at 5% Significance Level

Lognormal ROS Statistics Using Imputed Non-Detects

Mean in Original Scale Mean in Log Scale

SD in Original Scale SD in Log Scale

5% Shapiro Wilk Critical Value Detected Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

5% Lilliefors Critical Value Detected Data Not Lognormal at 5% Significance Level

   95% Gamma Approximate KM-UCL (use when n>=50)    95% Gamma Adjusted KM-UCL (use when n<50)

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk Test Statistic Shapiro Wilk GOF Test

95% gamma percentile (KM) 99% gamma percentile (KM)

Gamma Kaplan-Meier (KM) Statistics

Approximate Chi Square Value (13.23, α) Adjusted Chi Square Value (13.23, β)

nu hat (KM) nu star (KM)

theta hat (KM) theta star (KM)

80% gamma percentile (KM) 90% gamma percentile (KM)

Mean (KM) SD (KM)

Variance (KM) SE of Mean (KM)

k hat (KM) k star (KM)

Approximate Chi Square Value (13.32, α) Adjusted Chi Square Value (13.32, β)

95% Gamma Approximate UCL (use when n>=50) 95% Gamma Adjusted UCL (use when n<50)

Estimates of Gamma Parameters using KM Estimates

Adjusted Level of Significance (β)



     38.7      0.093

   251.4      57.14%

     14.52      15.85

     10.65       1.092

      0.663     -1.198

      1.303       2.55

      0.882

      0.788

      0.258

      0.325

      6.25       3.477

     11.88      12.54

     12.41      11.96

     11.97      17.03

     16.68      21.41

     27.97      40.85

      0.291

      0.741

      0.237

      0.35

      0.468       0.345

     31.06      42.1

      5.611       4.139

     14.52

     0.01       6.229

     38.7      0.01

     12.34       1.981

      0.19       0.197

     32.77      31.62

      5.322       5.515

     0.0312

      1.397       1.143

     24.58      30.05

      6.25      11.88

   141.1       3.477

      0.277       0.265

      7.752       7.424

     22.57      23.57

      9.258      18.67

     29.72      58.89

      2.406       2.045

     19.28      22.69

Variance (KM) SE of Mean (KM)

Approximate Chi Square Value (5.52, α) Adjusted Chi Square Value (5.52, β)

95% Gamma Approximate UCL (use when n>=50) 95% Gamma Adjusted UCL (use when n<50)

Mean (KM) SD (KM)

Estimates of Gamma Parameters using KM Estimates

Minimum Mean

Maximum Median

SD CV

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics on Detected Data Only

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

Detected Data appear Normal at 5% Significance Level

Kaplan-Meier (KM) Statistics using Normal Critical Values and other Nonparametric UCLs

KM Mean KM Standard Error of Mean

KM SD    95% KM (BCA) UCL

Approximate Chi Square Value (7.42, α) Adjusted Chi Square Value (7.42, β)

Gamma Kaplan-Meier (KM) Statistics

   95% Gamma Approximate KM-UCL (use when n>=50)    95% Gamma Adjusted KM-UCL (use when n<50)

80% gamma percentile (KM) 90% gamma percentile (KM)

95% gamma percentile (KM) 99% gamma percentile (KM)

nu hat (KM) nu star (KM)

theta hat (KM) theta star (KM)

k hat (KM) k star (KM)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

Adjusted Level of Significance (β)

Mean (detects)

GROS may not be used when kstar of detects is small such as <1.0, especially when the sample size is small (e.g., <15-20)

For such situations, GROS method may yield incorrect values of UCLs and BTVs

This is especially true when the sample size is small.

Gamma ROS Statistics using Imputed Non-Detects

GROS may not be used when data set has > 50% NDs with many tied observations at multiple DLs

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic Kolmogorov-Smirnov GOF

Anderson-Darling GOF Test

   95% KM (z) UCL    95% KM Bootstrap t UCL

90% KM Chebyshev UCL 95% KM Chebyshev UCL

97.5% KM Chebyshev UCL 99% KM Chebyshev UCL

5% Lilliefors Critical Value Detected Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value Detected Data appear Normal at 5% Significance Level

Lilliefors Test Statistic Lilliefors GOF Test

Shapiro Wilk Test Statistic

Normal GOF Test on Detects Only

Shapiro Wilk GOF Test

Median Detects CV Detects

Skewness Detects Kurtosis Detects

Mean of Logged Detects SD of Logged Detects

Maximum Detect Maximum Non-Detect

Variance Detects Percent Non-Detects

Mean Detects SD Detects

95% KM (t) UCL 95% KM (Percentile Bootstrap) UCL

nu hat (MLE) nu star (bias corrected)

For gamma distributed detected data, BTVs and UCLs may be computed using gamma distribution on KM estimates

k hat (MLE) k star (bias corrected MLE)

A-D Test Statistic

Gamma GOF Tests on Detected Observations Only



      0.893

      0.788

      0.233

      0.325

      6.233     -2.107

     12.34       3.578

     12.07      11.57

     13.58      18.65

198119

    -1.192       0.304

      2.645       5.998

      0.775    816.8

      2.645       5.998

      0.775

      6.245     -1.305

     12.33       2.833

     12.08   2275

     12.41

Recommendations are based upon data size, data distribution, and skewness.

Detected Data appear Normal Distributed at 5% Significance Level

DL/2 Statistics

DL/2 Normal DL/2 Log-Transformed

Mean in Original Scale Mean in Log Scale

Lognormal ROS Statistics Using Imputed Non-Detects

Mean in Original Scale Mean in Log Scale

5% Lilliefors Critical Value Detected Data appear Lognormal at 5% Significance Level

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

KM SD (logged)    95% Critical H Value (KM-Log)

KM Standard Error of Mean (logged)

KM SD (logged)    95% Critical H Value (KM-Log)

KM Standard Error of Mean (logged)    95% H-UCL (KM -Log)

   95% H-UCL (Log ROS)

KM Mean (logged) KM Geo Mean

Statistics using KM estimates on Logged Data and Assuming Lognormal Distribution

   95% BCA Bootstrap UCL    95% Bootstrap t UCL

SD in Original Scale SD in Log Scale

   95% t UCL (assumes normality of ROS data)

Shapiro Wilk Test Statistic

   95% Percentile Bootstrap UCL

Lilliefors Test Statistic Lilliefors GOF Test

Detected Data appear Lognormal at 5% Significance Level

Lognormal GOF Test on Detected Observations Only

Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Detected Data appear Lognormal at 5% Significance Level

SD in Original Scale SD in Log Scale

   95% t UCL (Assumes normality)    95% H-Stat UCL

Suggested UCL to Use

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

DL/2 is not a recommended method, provided for comparisons and historical reasons

Nonparametric Distribution Free UCL Statistics

95% KM (t) UCL
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