


 

 

FINAL  

MAYWOOD INTERIM STORAGE SITE 
2016 LONG-TERM GROUNDWATER MONITORING DATA REPORT 

FUSRAP MAYWOOD SUPERFUND SITE 
MAYWOOD, NEW JERSEY 

 
CONTRACT NO. W912DQ-13-D-3016 

 

 
Prepared for: 

 
Department of the Army Department of the Army 

U.S. Army Engineer District, New York U.S. Army Engineer District, Kansas City 
Corps of Engineers Corps of Engineers 

FUSRAP Project Office 700 Federal Building 
26 Federal Plaza, Room 1811 Kansas City, Missouri  64106 
New York, New York  10278  

 
 
 

Prepared by: 
 

Cabrera Services, Inc. 
100 West Hunter Avenue 

Maywood, New Jersey 07607 
 
 
 

 October 2018 
 
 
 

 
 
 
 

 

 

 

 

 

 

 

 

 

 



FUSRAP Maywood Superfund Site 

Contract Number W912DQ-13-D-3016 

Final 2016 Long-Term Monitoring Data Report  October 2018 

 

 

 
Final 2016 Long-Term Monitoring Data Report 

FINAL 

MAYWOOD INTERIM STORAGE SITE 
2016 LONG-TERM GROUNDWATER MONITORING DATA REPORT 

FUSRAP MAYWOOD SUPERFUND SITE 
MAYWOOD, NEW JERSEY 

 
CONTRACT NO. W912DQ-13-D-3016  

 

 
Prepared for: 

 
Department of the Army Department of the Army 

U.S. Army Engineer District, New York U.S. Army Engineer District, Kansas City 
Corps of Engineers Corps of Engineers 

FUSRAP Project Office 700 Federal Building 
26 Federal Plaza, Room 1811 Kansas City, Missouri 64106 
New York, New York 10278  

 
 

Prepared by: 
 

Cabrera Services, Inc. 
100 West Hunter Avenue 

Maywood, New Jersey 07607 
 

October 2018 

 
 

 

 
Reviewed/Approved by:  __________________________  Date:  __________________ 

Christopher Beres, PE 
     Project Manager 

Reviewed/Approved by:  __________________________  Date:  __________________ 

            E. Joseph Fort, Jr.  
              Contractor QC System Manager 

 Reviewed/Approved by:  __________________________ Date:  __________________ 

          Robert DeMott, P.G.  
           Project Hydrogeologist 



FUSRAP Maywood Superfund Site 

Contract Number W912DQ-13-D-3016 

Final 2016 Long-Term Monitoring Data Report  October 2018 

 

 

i 
Final 2016 Long-Term Monitoring Data Report 

TABLE OF CONTENTS  

LIST OF TABLES  ............................................................................................................. III  

LIST OF FIGURES ........................................................................................................... I II  

LIST OF A TTACHMENT S ............................................................................................. II I  

ABBREVIATIONS AND AC RONYMS .......................................................................... IV 

1.0 INTRODUCTION .................................................................................................... 1-1 

1.1  PURPOSE AND SCOPE ........................................................................................... 1-1 

1.2  SITE HISTORY ......................................................................................................... 1-2 

1.3  SITE DESCRIPTION ................................................................................................ 1-3 

1.4  SITE SOILS/BUILDING ROD and GROUNDWATER ROD ................................ 1-3 

1.5  GROUNDWATER CLEANUP LEVELS ................................................................. 1-4 

1.6  SUMMARY AND FINDINGS OF GROUNDWATER SITE INVESTIGATIONS 1-5 

 1.6.1 Regional Geology .......................................................................................... 1-5 

 1.6.2 Site Overburden Hydrogeology ..................................................................... 1-5 

 1.6.3 Site Bedrock Hydrogeology ........................................................................... 1-6 

 1.6.4 Groundwater ï Surface Water Interaction ..................................................... 1-6 

1.7  NATURE AND EXTENT ......................................................................................... 1-7 

2.0 IMPLEMENTATION OF TH E 2016 LTM PROGRAM  .................................... 2-1 

2.1  SUMMARY OF THE 2016 LTM FIELD AND ANALYTIC PROGRAM ............. 2-1 

2.2 WELL REPAIRS/MODIFICATIONS, WELL DEVELOPMENT, AND 

INSTALLATION OF NEW WELLS ........................................................................ 2-1 

 2.2.1 Well Repair and Modifications ...................................................................... 2-1 

 2.2.2 Existing Well Redevelopment ....................................................................... 2-2 

 2.2.3 Monitoring Well Installation and Development ............................................ 2-3 

2.3 GROUNDWATER AND SURFACE WATER SAMPLING ................................... 2-5 

 2.3.1 Groundwater Elevation Monitoring ............................................................... 2-5 

 2.3.2 Groundwater and Surface Water Sampling Locations and Parameters ......... 2-5 

 2.3.3 Groundwater and Surface Water Sampling Procedures................................. 2-5 

 2.3.4  Sample Labeling, Packing, and Shipping ...................................................... 2-7 

 2.3.5  Laboratory Analysis and Reporting ............................................................... 2-7 

2.4 DEVIATIONS TO THE LTGWMP .......................................................................... 2-8 

 2.4.1 Groundwater Monitoring .................................................................................. 2-8 

 2.4.2 Well Installation ................................................................................................ 2-9 

 2.4.3 Well Sampling .................................................................................................. 2-9 

3.0 RESULTS OF LTM GROUN DWATER  

 AND SURFACE WATER SAMPLING  ................................................................ 3-1 

3.1  GROUNDWATER FLOW CONDITIONS .............................................................. 3-1 



FUSRAP Maywood Superfund Site 

Contract Number W912DQ-13-D-3016 

Final 2016 Long-Term Monitoring Data Report  October 2018 

 

 

ii  
Final 2016 Long-Term Monitoring Data Report 

3.2  GROUNDWATER AND SURFACE WATER SAMPLING RESULTS ................ 3-1 

 3.2.1 Arsenic Groundwater Sampling Results ........................................................ 3-1 

 3.2.2 Lithium Groundwater Sampling Results ....................................................... 3-2 

 3.2.3 Benzene Groundwater Sampling Results....................................................... 3-2 

 3.2.4 Radiological Groundwater Sampling Results ................................................ 3-3 

 3.2.5 Biogeochemical Groundwater Sampling Results .......................................... 3-3 

 3.2.6 Surface Water Sampling Results ................................................................... 3-4 

4.0 DATA QUALITY CONTROL  ............................................................................... 4-1 

4.1  QA/QC SAMPLING .................................................................................................. 4-1 

 4.1.1  Field Quality Control Sampling ..................................................................... 4-1 

 4.1.2 Laboratory QA/QC Sampling ........................................................................ 4-2 

4.2  FIELD DATA COLLECTION AND LABORATORY PREPARATION ............... 4-2 

 4.2.1  Sample Handling and Custody - Radiological .............................................. 4-3 

 4.2.2 Sample Handling and Custody ï Chemical Analysis .................................... 4-3 

 4.2.3 Equipment Calibration and Maintenance ....................................................... 4-3 

4.3 ANALYTIC LABORATORIE S AND METHODS, DATA ANALYSIS, AND 

VALIDATION  ........................................................................................................... 4-4 

 4.3.1 Laboratories and Analytical Methods ............................................................ 4-4 

 4.3.2 Data Analysis and Validation ........................................................................ 4-4 

4.4  DATA SUMMARIES ................................................................................................ 4-5 

4.5  EPA REGION 2 and NJDEP ELECTRONIC DATA DELIVERABLE................... 4-5 

4.6  SUMMARY ............................................................................................................... 4-5 

5.0 REFERENCES ......................................................................................................... 5-1 

 



FUSRAP Maywood Superfund Site 

Contract Number W912DQ-13-D-3016 

Final 2016 Long-Term Monitoring Data Report  October 2018 

 

 

iii  
Final 2016 Long-Term Monitoring Data Report 

LIST OF TABLES 

Table 1-1  Groundwater Cleanup Levels 

Table 2-1 New and Modified LTM Well Survey Data - 2016 

Table 2-2 USACE Monitoring Well Construction Data (LTM and Non-LTM Wells) 

Table 2-3 LTM Groundwater Elevation Measurements ï September 14, 2016 

Table 2-4 2016 LTM Well Sampling Parameters  

Table 2-5  2016 LTM Final Purge Environmental Data 

Table 2-6 2016 LTM Analytical Methods and Requirements  

Table 3-1 Overburden Groundwater Sampling Results 

Table 3-2 Bedrock Groundwater Sampling Results 

Table 3-3  Surface Water Sampling Results 

 

LIST OF FIGURES 

Figure 1-1  Site Location Map 

Figure 1-2  FMSS and Surrounding Properties 

Figure 1-3  Generalized Geologic Cross-Section 

Figure 1-4  Groundwater Areas of Concern 

Figure 2-1 Long Term Monitoring Well and Surface Water Sampling Locations 

Figure 3-1  Overburden Groundwater Elevation, Measured on September 14, 2016 

Figure 3-2  Shallow Bedrock Groundwater Elevations Map, Measured on  

September 14, 2016 

Figure 3-3  Arsenic Results (August 2016), Overburden Monitoring Wells 

Figure 3-4 Arsenic Results (August 2016), Shallow Bedrock Monitoring Wells 

Figure 3-5 Lithium Results (August 2016), Overburden Monitoring Wells 

Figure 3-6 Lithium Arsenic Results (August 2016), Shallow Bedrock Monitoring Wells 

Figure 3-7  Benzene Results (August 2016), Overburden Monitoring Wells  

Figure 3-8  Benzene Results (August 2016), Shallow Bedrock Monitoring Wells 

Figure 3-9 Radiologic Sampling Results (August 2016), Overburden Monitoring Wells  

Figure 3-10 Radiologic Sampling Results (August 2016), Shallow Bedrock  

Monitoring Wells 

 

LIST OF APPENDICES 

Appendix A NJDEP Permits, Well Records, and Survey Forms (Form B) for  

Modified/New LTM Wells 

Appendix B Boring and Construction Logs for LTM wells 

Appendix C  Development Forms for Existing and New LTM Wells 

Appendix D  Well Sampling Purge Data Forms 

Appendix E  Groundwater, Surface Water and QA/QC Analytical Data Tables   

Appendix F Quality Control Summary Report for the Annual Long-Term Groundwater 

Monitoring Report, 2016 (Note: Some contents of this appendix are on CD) 

Appendix G Electronic Data Deliverable (Note: The contents of this appendix are on CD) 



FUSRAP Maywood Superfund Site 

Contract Number W912DQ-13-D-3016 

Final 2016 Long-Term Monitoring Data Report  October 2018 

 

 

iv 
Final 2016 Long-Term Monitoring Data Report 

ACRONYMS AND ABBREVIATIONS 

AOC Area of Concern 

bgs below ground surface 

cm/s centimeters per second 

COC contaminant of concern 

COD chemical oxygen demand 

CRDL Contract-Required Detection Limit 

DL detection limit 

DO dissolved oxygen 

DOE U.S. Department of Energy 

EDD Electronic Data Deliverable 

EMP Environmental Monitoring Program 

EPA U.S. Environmental Protection Agency 

FMSS FUSRAP Maywood Superfund Site 

ft feet/foot 

ft/ft  feet per foot 

ft/day feet per day 

FUSRAP Formerly Utilized Sites Remedial Action Program 

GFPC gas-flow proportional counting 

gpd/ft gallons per day per foot 

GPM gallons per minute 

GW OU groundwater operable unit 

GWRI Groundwater Remedial Investigation 

HSA hollow stem auger 

HPLC High Purity Liquid Chromatographic 

ICP-AES  inductively-coupled plasma atomic emission spectrometer 

ICP-MS inductively-coupled plasma mass spectrometer 

ID inside diameter 

LCS laboratory control standards 

LTM Long-Term Monitoring 

LTGWMP Long-Term Groundwater Monitoring Plan 

LUC land use control 

mg/L micrograms per liter 

MCL maximum contaminant level 

MCW Maywood Chemical Works 

MD matrix duplicate 

MDA method detection activity 

MDC method detection concentration 

MISS Maywood Interim Storage Site 



FUSRAP Maywood Superfund Site 

Contract Number W912DQ-13-D-3016 

Final 2016 Long-Term Monitoring Data Report  October 2018 

 

 

v 
Final 2016 Long-Term Monitoring Data Report 

Acronyms and Abbreviations (continued) 

mL milliliter(s) 

mL/min milliliters per minute 

MNA Monitored Natural Attenuation 

MS matrix spike 

MSD matrix spike duplicate 

NJDEP New Jersey Department of Environmental Protection 

NPL National Priorities List 

NRC Nuclear Regulatory Commission 

NTU nephelometric turbidity unit 

OP operating procedure 

ORP oxidation-reduction potential 

OU Operable Unit 

pCi/L picocuries per liter 

pH hydrogen ion concentration 

PID photoionization detector 

POTW  publicly-owned treatment works 

PVC polyvinyl chloride 

QA quality assurance 

QC quality control 

QCSR Quality Control Summary Report 

redox oxidation-reduction 

RI Remedial Investigation 

RL reporting limit 

ROD Record of Decision 

SDG Sample Delivery Group 

SGS SGS Drilling, Inc.  

UFP-QAPP Uniform Federal Policy-Quality Assurance Project Plan 

UFML USACE FUSRAP Maywood Laboratory 

USACE U. S. Army Corps of Engineers 

VOC volatile organic compounds 

 



FUSRAP Maywood Superfund Site 

Contract Number W912DQ-13-D-3016 

Final 2016 Long-Term Monitoring Data Report  October 2018 

 

 

1-1 
Final 2016 LTM Data Report 

 

1.0 INTRODUCTION 

This Groundwater Data Report presents the 2016 field program and sampling data results for the 

Maywood Formerly Utilized Sites Remedial Action Program (FUSRAP) site (Site) located at 

100 West Hunter Avenue in the Borough of Maywood, Bergen County, New Jersey.  This report 

has been prepared on behalf of the U.S. Army Corps of Engineers (USACE) by Cabrera  

Services, Inc. (Cabrera) under USACE Contract No. W912DQ-13-D-3016.  

Cabrera performed this work in accordance with the Draft Final Long-Term Groundwater 

Monitoring Plan (LTGWMP) (USACE, 2016a), and Maywood FUSRAP Groundwater Record of 

Decision (ROD) (USACE, 2012) (Groundwater ROD).  The data report herein presents the 

results of the first comprehensive sampling event with our new well network of monitoring wells 

installed since submittal of the LTGWMP and Groundwater ROD documents.  This new array of 

overburden and bedrock monitoring wells are intended to document baseline conditions prior to 

remediation being completed.  

Remediation of soil and groundwater contaminant of concern (COC) source areas is currently 

ongoing at the Maywood Interim Storage Site (MISS) pursuant to the Draft Final Groundwater 

Remedial Design/Remedial Action Work Plan (USACE 2016b), Groundwater ROD  

(USACE, 2012), and Maywood FUSRAP Buildings and Soil Record of Decision (USACE, 2003) 

(Soils and Buildings ROD).  Remediation of all accessible groundwater COCs and radiologically 

impacted soils on the MISS is scheduled for September 2021.  Annual groundwater monitoring 

and data reporting is scheduled through 2021 or completion of MISS soil remediation.  Once 

MISS soil remediation is completed, quarterly groundwater sampling will be conducted for a two 

year period as described in the LTGWMP, and reported via Quarterly Data Reports and Annual 

Long-Term Monitoring (LTM) Reports.  

1.1  PURPOSE AND SCOPE 

The purpose of this annual Groundwater Data Report is to document baseline site conditions for 

groundwater COCs, radiological parameters, and geochemical parameters at LTM wells and 

surface water monitoring locations. 

The scope of this Groundwater Data Report is included under the report sections as follows: 

¶ Section 1.0 Introduction : Site History, Site Description, Site Soil/Buildings ROD and 

Groundwater ROD, Summary and Findings of the Groundwater Site Investigations, and 

Nature and Extent of Contamination. 

¶ Section 2.0 Implementation of the 2016 LTM Program: Summary of Field 

Activities, Well Repair and Modifications, Existing Well Re-development, Well 

Installation and Development, Groundwater Elevation Monitoring, Groundwater and 

Surface Water Sampling, Laboratory Analysis and Reporting, and Deviations to the 

LTGWMP. 

¶ Section 3.0 Results of LTM Groundwater and Surface Water Sampling: 

Groundwater Flow Conditions, Arsenic Groundwater Sampling Results, Lithium 

Groundwater Sampling Results, Benzene Groundwater Sampling Results, Radiologic 

Groundwater Sampling Results, and Surface Water Sampling Results. 
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¶ Section 4.0 Data Validation/Quality Control Summary Report : LTM Quality 

Assurance/Quality Control (QA/QC) Sampling Program and Sampling Results, Sample 

Management and Data Validation, Electronic Data Deliverable (EDD), and Quality 

Control Summary Report (QCSR).  

1.2 SITE HISTORY  

The original plant on what is now the FUSRAP Maywood Superfund Site (FMSS) was 

constructed in 1895 and became known as the Maywood Chemical Works (MCW) in 1918. 

Principal products manufactured by the MCW included aromatics (mainly for the soap industry), 

flavorings, lithium (in 30 different forms), pharmaceuticals (quinine, cocaine, and caffeine 

among others), protein (extracted from leather), and rare earth salts (for the glass industry).  

Starting in 1916, portions of the facility were used to extract thorium and rare earth metals from 

monazite sands.  The extracted thorium was then sold to other companies for use in 

manufacturing industrial products, such as mantles for gas lanterns.  The wastes from this 

process were pumped as slurry to holding ponds.   

In 1932, the disposal areas were partially covered by the construction of New Jersey State  

Route 17.  Thorium extraction at the MCW ended in 1956 after approximately 40 years of 

production.  The MCW property was subsequently sold to the Stepan Company, Inc. in 1959.  

Wastes from the various manufacturing processes were generally stored in open piles and 

retention ponds.  Some of the process wastes were removed for use as mulch and fill on nearby 

properties, thereby contaminating those properties with radioactive thorium. 

The U.S. Environmental Protection Agency (EPA) listed the MCW on the Superfund National 

Priorities List (NPL).  In late 1983, Congress assigned a research and development project to the 

U.S. Department of Energy (DOE) to clean up the radioactive wastes at the MCW.  The DOE 

then placed the Site in the FUSRAP Program.  In 1985, the Federal Government acquired an 

11.7-acre portion of the Stepan Company property to temporarily store soils excavated by the 

DOE from offsite properties until a suitable permanent storage site was identified.  The 11.7-acre 

site became known as the Maywood Interim Storage Site (MISS). 

In 1992, the DOE completed a remedial investigation (RI) that defined the nature and extent of 

soil, sediment, and groundwater contamination.  The DOE RI Report (DOE, 1992) concluded 

that information regarding the nature and extent of groundwater contamination was incomplete 

and that further investigation was required.  A focused FMSS Groundwater RI was conducted by 

USACE from 2000 to 2004.  The results of the field investigations were reported in the Final 

Groundwater Remedial Investigation Report, FUSRAP Maywood Superfund Site (USACE, 

2005) (GWRI).   

The Soils and Buildings ROD was published in 2003.  This ROD has been implemented and the 

associated remedial action is currently ongoing.  The Groundwater ROD was approved by EPA 

in July 2012 and addresses the source area removal.  The final remedy for groundwater as 

presented in the Groundwater ROD (USACE, 2012) is summarized in Section 1.4 of this 

document.  The EPA has conducted two Five-Year Reviews of the Maywood FUSRAP Site 

associated with the Soils and Buildings ROD.   
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1.3 SITE DESCRIPTION 

The FMSS is located in a highly developed area of northeastern New Jersey located in the 

Boroughs of Maywood and Lodi, and the Township of Rochelle Park (Figure 1-1).  It is located 

approximately 12 miles north-northwest of New York City, New York and 13 miles northeast of 

Newark, New Jersey.  The FMSS is listed on the EPA Superfund NPL.  The Comprehensive 

Environmental Response, Compensation, and Liability Information System identification 

number is NJD980529762.  USACE was delegated authority for the FUSRAP by the Energy and 

Water Development Appropriations Act of 1998, and subsequent appropriations acts.  The FMSS 

consists of 92 designated industrial, residential, commercial and government properties 

contaminated by former thorium processing activities at the MCW (Figure 1-2). 

The MISS (a portion of the FMSS) is an 11.7-acre fenced lot that was previously part of a 

30-acre property owned by the Stepan Company.  The Federal Government acquired the MISS 

from the Stepan Company in 1985.  The water reservoir, Pump House, and one of the railroad 

spurs are still in use by the Stepan Company.  The MISS is bounded on the west by NJ State 

Route 17; on the north by a New York, Susquehanna & Western Railway line; and on the south 

and east by Stepan Company property.  Residential properties are located north of the railroad 

line and within 75 yards of the northern MISS boundary.  The property is enclosed by a chain-

link fence, and access to known or potentially hazardous areas is restricted.  

1.4 SITE SOILS/BUILDING ROD  and GROUNDWATER ROD 

Contamination on the FMSS is being addressed in three separate operating units (OUs), which 

are coordinated by EPA Region 2.  These include: 

¶ OU 1:  Soils and Buildings OU at the MISS, Stepan Company, and the 22 commercial 

and Government Vicinity Properties.  This OU includes soil, buried bulk wastes 

(including the NRC-licensed burial pits), and buildings (all contaminated buildings are 

located on the Stepan Company property and the MISS). 

¶ OU 2:  The USACE GW OU includes groundwater impacted by FUSRAP waste and 

contaminated groundwater at the MISS. 

¶ OU 3:  Non-FUSRAP chemical wastes (addressed by Stepan Company).  

The Soils and Buildings ROD addresses the OU 1 radiologically and chemically contaminated 

soil, debris (e.g., buried drums), and building materials defined as FUSRAP waste at the former 

MCW and commercial/government properties in the vicinity of the site, including the Stepan 

Company burial pits that are licensed and regulated by the NRC.  The Groundwater ROD 

(USACE, 2012) presents the selected remedial actions for OU 2 groundwater at the MISS and 

adjacent properties.   
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The major components of the Groundwater ROD include the following: 

¶ Removal and off-site disposal of non-radiological contaminated soil (lithium, arsenic, and 

benzene soils with concentrations above the cleanup levels defined by the Groundwater 

ROD) on the MISS, to include pond sludge on the MISS.   

¶ Monitored Natural Attenuation (MNA) of arsenic, lithium, and benzene (groundwater 

COCs) in overburden and shallow bedrock groundwater.  MNA refers to the process of 

documenting the progress and effectiveness of natural attenuation through a defined 

monitoring program.  Natural attenuation is the combination of physical, chemical, and 

biological processes that result in reasonably predictable reductions in contaminant 

concentrations over time. 

¶ Continued groundwater monitoring of radiological parameters at former Environmental 

Monitoring Program (EMP) monitoring wells.  

¶ Land Use Controls (LUC) that will include use restrictions applicable to site 

groundwater.  LUCs will be utilized, as appropriate, to limit potential future on-site and 

downgradient off-site public and construction worker exposure to groundwater 

contaminants until target cleanup goals are achieved. 

The groundwater remedial action will be considered complete and will be discontinued when: 

¶ Non-radiological source soils that result in groundwater contamination above cleanup 

levels are removed from the MISS.  

¶ Groundwater monitoring indicates that COCs and radiologic concentrations are at, or 

below, cleanup levels on the MISS and at FUSRAP-impacted offsite locations west of 

Route 17.  Former Stepan Company properties (i.e. MCW) west of Route 17 are expected 

to impact groundwater as well. 

1.5 GROUNDWATER CLEANUP LEVELS  

The Groundwater ROD identified the COCs and groundwater cleanup levels for LTM, which 

includes the following (see Table 1-1): 

¶ Arsenic ï 3 micrograms per liter (mg/L) 

¶ Lithium ï 730 mg/L 

¶ Benzene ï 1 mg/L. 

Total uranium, total radium, gross alpha, and gross beta were not identified as groundwater 

COCs due to the low detected activity and low human health risk.  However, the Groundwater 

ROD includes groundwater monitoring of radiological constituents to ensure the protectiveness 

of the Soil and Buildings OU remediation.  Radiological groundwater monitoring was conducted 

at 28 LTM wells in 2016, and is continued as part of the LTM program.  

The regulations in 40 Code of Federal Regulations 141 set maximum permissible levels of 

radiological contaminants in groundwater by specifying the Federal Safe Water Drinking Act 

Maximum Contaminant Levels (MCL) for each parameter.  Pertinent MCLs have been 

promulgated for total uranium, total radium, and gross alpha.  The New Jersey Department of 
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Environmental Protection (NJDEP) has adopted the Federal MCLs.  Table 1-1 summarizes 

cleanup criteria for groundwater on the MISS.   

1.6 SUMMARY AND FINDINGS OF GROUNDWATER SITE 
INVESTIGATIONS 

The site characteristics summarized in the sections to follow are described in the GWRI (2005), 

Phases 16 and 19 Construction Dewatering Monitoring Plan (USACE, 2011), and the 

LTGWMP (USACE, 2016a).    

1.6.1 Regional Geology 

The FMSS and MISS are located in the Piedmont Physiographic Province within the 

U.S. Geological Survey Hackensack Quadrangle.  The Piedmont Province in New Jersey is 

located within the Newark Basin, a northeast trending half-graben that extends southwest from 

the Hudson River Valley in New York to southeastern Pennsylvania.   

The Newark Basin is primarily composed of a sequence of sedimentary rocks and intrusive 

igneous rocks, commonly referred to as the Brunswick Group.  The sedimentary rocks within the 

Brunswick Group consist of sandstones, shales, mudstones, and conglomerates having strike 

orientations ranging from N20E to N35E, and dipping between 7 and 15 degrees to the 

northwest.   

The sedimentary rocks of the Brunswick Group are divided into three formations:  a lower unit, 

the Stockton Formation; a middle unit, the Lockatong Formation; and an upper unit, the Passaic 

Formation.  The FMSS and MISS are underlain by the Passaic Formation Sandstone Member 

which is described as an interbedded grayish red to brownish red, medium to fine grained, 

medium to thick bedded sandstone and brownish to purplish red, coarse grained siltstone; the 

unit is planar to ripple cross laminated, fissile, locally calcareous containing desiccation cracks, 

and root casts.  Upward fining cycles are 6 to 15 feet (ft) thick.  Maximum thickness is 

approximately 3,600 ft. 

Groundwater beneath the FMSS and MISS occurs in shallow and deep bedrock and locally in 

overburden deposits.  The term shallow bedrock as used here describes the interval typically 

extending 10 to 35 ft below the top of bedrock and deep bedrock refers to the interval extending 

from approximately 35 to 70 ft below the bedrock surface.  Figure 1-3 provides a generalized 

cross-section of the regionôs geological units which comprise the regional aquifer. 

Groundwater within the FMSS and MISS is classified as Class II groundwater.  Class II 

groundwater has a designated use of potable groundwater with conventional water supply 

treatment, either at its current water quality (Class II-A) or subsequent to enhancement or 

restoration of regional water quality, so that the water will be of potable quality with 

conventional water supply treatment (Class II -B).  Existing and potential potable water uses are 

both included in the designated use. 

1.6.2 Site Overburden Hydrogeology 

Saturated, laterally continuous overburden deposits were mapped in parts of the FMSS and 

comprise the local overburden aquifer.  Overburden material typically consists of a lower 
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undifferentiated till and gravel unit (on bedrock), overlain by gravel, upper undifferentiated till 

and sand, and an upper sand unit.  In most FMSS areas, the sand unit is covered by fill of varying 

thickness.  The highest aquifer permeability and porosity (and groundwater yield) is typically 

encountered in stratified drift (well sorted glacial outwash deposits composed of sand, gravel, 

silt, and clay laid down by glacial melt water in a river flood plain and in glacial lake deltas and 

alluvial fans), and is expected in the mapped gravel and sand units.  Stratified drift deposits are 

usually laterally extensive within a paleodrainage, but can vary in composition, permeability, and 

well yield.  The reported yield of stratified deposits in the Hackensack Quadrangle ranges from 

one to several hundred gallons per minute (GPM); however, local wells are expected to yield 

from 0.5 to 5 GPM.  The gravel and/or sand units are mapped in all overburden aquifer areas, 

and are expected to transmit the majority of groundwater in the overburden aquifer. 

MISS overburden groundwater flow direction is west to southwest with an average horizontal 

gradient of 0.0076 feet per foot (ft/ft ) to 0.0111 ft/ft.   

1.6.3 Site Bedrock Hydrogeology 

Groundwater in bedrock occurs under confined and unconfined conditions within a network of 

interconnected bedrock joints (fractures) and open bedding fractures in the Passaic Formation.  

The permeability of the Passaic Formation is fracture controlled, with the exception of some 

sandstone aquifer units.  Regionally, the Passaic Formation provides a major source of 

groundwater in the Newark Basin, and locally to a number of water districts in Bergen County.  

The bedrock aquifer is layered (heterogeneous), typically consisting of a series of alternating 

aquifers and aquitards several tens of ft thick.  

The water bearing fractures of each aquifer are more or less continuous, but hydraulic connection 

between individual aquifers is poor.  These aquifers generally dip downward for a few hundred 

ft, and are continuous along the strike for thousands of feet.  Shallow bedrock, the depth of most 

interest, generally extends 10 to 35 ft below the bedrock surface.  Shallow bedrock monitoring 

wellsô yield on the FMSS range from 0.5 to 50 GPM with most wells producing 0.5 to 2.0 GPM.  

Shallow bedrock yields have been measured locally in three wells during short-term pumping 

tests (2 to 72 hours), with average flows of 10.5, 16, and 17 GPM.  Based on computer modeling, 

long-term pumping rates from single wells located on the MISS are expected to be less than  

5 GPM.  

Shallow bedrock groundwater flow at the MISS is generally towards the west and the Saddle 

River.  However, some groundwater flows to the northwest and southwest due to influence of a 

bedrock high to the east of the MISS.  Shallow bedrock groundwater flow in the westerly 

direction across the Site had an average horizontal gradient of 0.0075 ft/ft to 0.0109 ft/ft.  

1.6.4 Groundwater ï Surface Water Interaction  

The upstream portion of Westerly Brook is conveyed by culvert pipe under the MISS, New 

Jersey Route 17 and 96 Park Way, Rochelle Park, and opens to a channel at St. Ann Place in 

Rochelle Park (Figure 2-1). 

A video survey conducted by USACE in 2000 found that both the north-south and east-west 

sections of the Westerly Brook culvert leak heavily at open and cracked joints.  Invert elevations 

for the Westerly Brook culvert pipe show that the pipe is partially below the seasonal low 
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groundwater table and in some locations was installed on the top of bedrock.  These data suggest 

that groundwater from the MISS is infiltrating into Westerly Brook through open joints in the 

pipe.  The areas of groundwater infiltration are indicated on Figure 2-1. 

1.7 NATURE AND EXTENT  

Groundwater COCs (arsenic, lithium, and benzene) and non-COC (radiological) groundwater 

sampling was conducted at all USACE and available Stepan Company monitoring wells in 2000-

2002 as part of the GWRI.  Annual radiological groundwater sampling has been conducted at 24 

monitoring wells as part of the EMP since 1999.  A later comprehensive round of groundwater 

COCs (arsenic, lithium, and benzene) samples were collected from 84 overburden and shallow 

bedrock monitoring wells in 2011 as part of the approved Phases 16 and 19 Construction 

Dewatering Work Plan (USACE, 2011).   

Five potential MISS groundwater source areas, or areas of concern (AOC), were identified in the 

GWRI.  The location of MISS AOCs is shown on Figure 1-4.  Arsenic and lithium contamination 

in AOCs 1 and 2 involve both the overburden and shallow bedrock aquifers, whereas benzene 

contamination in AOCs 6 and 7 is limited to the shallow bedrock and overburden aquifers, 

respectively.  Historic radium exceedances were detected in bedrock well B38W18D, which 

defines AOC 5.  The distribution of arsenic, lithium, benzene, and radium in each AOC (by 

aquifer) is summarized below:  

¶ Overburden Aquifer 

AOC 1 (Former Retention Pond A) ï arsenic, lithium 

AOC 2 (Former Retention Pond C) ï arsenic, lithium 

AOC 7 ï benzene 

¶ Shallow Bedrock Aquifer 

AOC 1 (Former Retention Pond A) ï arsenic, lithium 

AOC 2 (Former Retention Pond C) ï arsenic, lithium 

AOC 5 - radium 

AOC 6 ï benzene.  

It is noted that historic total radium exceedances in AOC 5 (bedrock well B38W18D) may have 

be attributed to the incorrect installation (and screening) of that well into radiologically - 

impacted overburden sludge and saprolite.  Radiologically impacted overburden material was 

remediated from the area of AOC 5 (well B38W18D) in 2015, resulting in damage to that well.  

Well B38W18D was replaced in 2016 by bedrock well B38W18DR in accordance with the 

LTGWMP.  Sampling results for that well are provided in Section 3.2.4.    
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2.0 IMPLEMENTATION OF THE 2016 LTM PROGRAM 

2.1 SUMMARY OF THE 2016 LTM FIELD AND ANALYTIC PROGRAM    

The Draft Final LTGWMP was submitted to the EPA for review in February 2016.  LTM field 

activities were commenced on March 15, 2016 and completed on September 22, 2016.  The 2016 

field tasks were completed as listed below:  

1. Redevelopment of 40 existing LTM wells ï March 15 to August 22, 2016 

2. Repair and Modifications of 16 existing LTM wells  ï  

April 25 to May 4, 2016  

3. Installation of 20 onsite and 8 offsite LTM wells ï May 9 to September 6, 2016 

4. Development of 28 newly-installed LTM wells ï June 14 to September 8, 2016 

5. Conducted groundwater sampling at 66 overburden and bedrock LTM wells and two 

LTM surface water locations ï August 8 to September 6, 2016.   

6. Sampled an additional 3 new LTM wells (MW-52S/D and MISS04AR) on  

September 21 and 22, 2016. 

7. Measurement of groundwater water levels (81 wells) ï September 14, 2016 

8. Surveyed newly-installed and modified wells ï September 14 to 19, 2016. 

Analysis of groundwater and surface water samples was conducted at two off-site laboratories 

and on-site USACE FUSRAP Maywood Laboratory (UFML).  Off-site laboratory analysis was 

conducted during the period August 8 to November 21, 2016.  Data validation was completed for 

all groundwater COC and radiological groundwater and surface water samples.  Data validation 

of laboratory deliverables was conducted during the period August 19 to December 21, 2016.   

2.2 WELL REPAIR S/MODIFICATIONS, WELL DEVELOPMENT, AND 
INSTALLATION OF NEW WELLS  

Well repairs and modifications, well development, and new well installations are presented in the 

sections to follow. 

2.2.1 Well Repair and Modifications 

Sixteen LTM monitoring wells were repaired and/or modified in 2016.  Well repairs included 

basic well pad, outer protective casing, and road box replacements/repairs that did not involve 

modifications to the subsurface well components or riser elevations.  A total of nine wells were 

modified, which required new NJDEP well permits and permit numbers.  LTM wells BRPZ2, 

BRPZ3, BRPZ4, BRPZ5, BRPZ9 and MW34D were converted from flush mount to stickup 

configuration.  LTM flush-mount wells B38W14S and B38W14D were elevated and required 

reconstruction of the road box, pad, and riser.  LTM bedrock well MW6D was flushed out and 

reconstructed as a screened well (from open borehole).  LTM well construction data are provided 

in Table 2-2.  NJDEP well permits, well records, and survey forms (Form B) for modified LTM 
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wells are provided in Appendix A.  Well construction diagrams for LTM wells are shown in 

Appendix B.    

2.2.2 Existing Well Redevelopment    

A total of 41 existing LTM wells were redeveloped to remove accumulated sludge/sediment and 

minimize the turbidity of groundwater samples.  Prior to development, the well headspace was 

field screened for volatile organic compounds (VOC) with a photoionization detector (PID), and 

the depth to water and depth to bottom were measured with a water level indicator to calculate 

the volume of water in the well.  This and other well construction data were entered on the well 

development data form, and the minimum development purge volume was calculated.  A 

minimum three purge volumes were pumped from each well during development.  All well 

development activities were conducted in accordance with detailed procedures described in the 

LTGWMP and Uniform Federal Policy-Quality Assurance Project Plan (UFP-QAPP), Operating 

Procedure (OP)-338M3 (Monitoring Well Construction and Well Development). 

Water quality parameters including hydrogen ion concentration (pH), temperature, conductivity, 

dissolved oxygen (DO), oxidation-reduction potential (ORP), and turbidity were measured in 

regular five or ten minute intervals using a calibrated YSI 6820 multi-meter (or equivalent) 

equipped with a flow-through cell.  Regular water quality parameter measurements were 

recorded on a well development log sheet, along with time, depth to water, discharge flow rate, 

volume discharged and VOC (PID) measurements.  All wells were developed to achieve the 

lowest possible turbidity measurements, and meet the turbidity goal of 50 nephelometric 

turbidity units (NTU) or less.     

All existing wells were initially developed by overpumping and surging for repeated cycles until 

the development discharge was clear of sediment.  A decontaminated Grunfos® submersible 

pump was used to pump wells, and surging in 2-inch inside diameter (ID) screen wells was 

accomplished by rapid vertical movement of the Grunfos® pump across the well screen interval 

while pumping.  Open borehole 4-inch ID and 6-inch ID wells were surged across the open 

interval using a decontaminated Grunfos® pump with cooling shroud to increase the pump 

diameter.  Surging was continued until all sediment and sludge was removed from the base of the 

well (if any), and the discharge was sediment free. 

Well development was completed by a final period of overpumping at a lower sustained rate.  

Discharge was monitored for water quality parameters using the flow-through cell until the 

turbidity goal and borehole purge volumes were met.  During sustained pumping, water levels 

were kept above the top of screen or open borehole to allow the accurate measurement of water 

quality parameters.  The goal of 50 NTU was met in all existing LTM wells, except for well 

MW39S.  Nearby USACE overburden well MW8S was successfully redeveloped, and replaced 

well MW39S in the 2016 LTM sampling program.  Well development data forms for all LTM 

wells are provided in Appendix C.  

In accordance with the LTGWMP, development water was contained in drums, and off-site 

development water was transported to the MISS on a daily basis for disposal.  Development 

water was treated by the onsite treatment system and discharged to the local publicly owned 

treatment works (POTW) in accordance with the work plans.  
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2.2.3 Monitoring Well Installation and Development 

A total of 28 monitoring wells were installed and developed in accordance with the LTGWMP.  

Installed well locations are shown in Figure 2-1.  Prior to drilling activities, all sites were 

checked for utilities and underground obstructions by a geophysical contractor using 

electromagnetic methods, Ground Penetrating Radar, and a Public Utilities Locator.  A NJDEP 

well drilling permit and New Jersey One-Call ticket were obtained in advance by SGS Drilling 

(SGS), a New Jersey-licensed drilling contractor.  Each drilling location was hand dug to 5 ft 

below ground surface (bgs) prior to drilling.  

Prior to entering the work site, drill rigs and all downhole equipment and materials were 

decontaminated with a steam cleaner on the MISS.  A geologist supervised site mobilization, 

well installation and development activities, and logged well drilling and construction details.  

The Geologist prepared well boring logs and well construction logs for each well, which are 

provided in Appendix B.  All monitoring wells were constructed in a stick up or flush mount 

configuration, and include a cement well pad, locking J-Plug and lock, and a tag with well 

identification and NJDEP permit numbers.  All wells were developed by pumping to remove 

sediment and to meet the turbidity goal of 50 NTUs or less.  Well development data sheets for all 

new LTM wells are provided in Appendix C. 

Wells were surveyed by Layout Design PC, a New Jersey-licensed surveyor.  The surveyor 

provided the horizontal control and elevation of ground, and top of outer and inner casing to an 

accuracy of 0.01 ft.  A summary of survey data for the newly installed and modified wells is 

provided in Table 2-1.  The surveyor completed a NJDEP Form B for each new well as provided 

in Appendix A.  

Specific installation and development activities for overburden and shallow bedrock monitoring 

wells are described in the following paragraphs.   

Overburden Monitoring Well Installation 

A total of 16 overburden LTM wells were installed in 2016 as part of the LTGWMP.  The wells 

were installed using the hollow stem auger (HSA) drilling method, and were augered to the top 

of bedrock (typically 10 to 20 ft bgs) using a 7-1/8-inch outside diameter bit.  Continuous split 

spoon sampling was conducted from the base of the 5 ft hand dug interval to bedrock or refusal 

using a 140-pound hammer.  Each split spoon sample was monitored for organic vapors, and 

logged by the geologist.  The overburden wells were constructed with a 2-inch ID Schedule 40 

polyvinyl chloride (PVC) riser and screen, using a Morie #1 or equivalent filter sand.  A 5-ft 

length of 10 slot (0.010 inch) screen and Morie #1 filter pack (or equivalent) was constructed 

from the base of the aquifer, with the top of screen set below the water table where possible to 

minimize aeration during sampling. 

In accordance with the NJDEP Field Sampling Procedures Manual (NJDEP, 2011), wells were 

constructed with a minimum 1.0 ft interval of  Morie #1 well filter pack from the top of screen, 

and was topped with a 2.0 ft thick layer of #00 Morie filter sand (or equivalent) to limit the 

seepage of cement grout into the filter pack.  The wells were grouted with cement to the surface 

for completion.  Well boring logs and construction diagrams were prepared for each overburden 

well, and are provided in Appendix B.  Well construction information is summarized in  

Table 2-2.  
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It is noted that installation of two proposed LTM offsite overburden/bedrock well clusters was 

delayed in 2016, and are planned for installation in 2017.  These overburden wells will be 

installed as proposed in the approved LTGWMP. 

Shallow Bedrock Monitoring Well Installation 

A total of 12 new shallow bedrock LTM wells were installed by air rotary drilling in 2016 as part 

of the LTGWMP.  A 10-inch ID temporary drive casing was driven to top of rock to seal off the 

overburden aquifer from the deeper bedrock aquifer.  A nominal 10-inch ID borehole was drilled 

to a minimum of 10 ft into competent bedrock, and a 6-inch ID steel casing was centered at the 

base of the borehole.  The annular space was tremie grouted with Portland Type III (high early 

strength) cement to the surface and allowed to cure overnight.  A nominal 6-inch ID borehole 

was drilled 25 ft below the casing, completing the borehole. 

All but one bedrock well was completed with a 25 ft length or less of 6-inch ID open borehole, 

as specified in the LTGWMP.  The open borehole of LTM well MW54D was advanced beyond 

25 ft in a low yielding formation to obtain additional water, so the base of the open borehole was 

screened with a 20 ft length of 2-inch PVC screen in compliance with NJDEP regulations.  Well 

MW54D was constructed with a 10-slot PVC screen and Morie #1 filter sand.  The Morie #1 

well filter pack extends two ft from the bottom and top of screen, and was topped with a 2-ft 

thick layer of #00 Morie filter sand to limit the seepage of cement grout into the filter pack.  The 

well was completed with a 2-inch ID PVC riser and cement grout to the surface.  LTM well 

construction data is provided in Table 2-2.  Bedrock well boring logs and construction diagrams 

are provided in Appendix B. 

Note that installation of two proposed LTM offsite overburden/bedrock well clusters was 

delayed in 2016, and is planned for 2017.  These bedrock wells will be installed as proposed in 

the approved LTGWMP.   

New Monitoring Well Development 

Development procedures for new installed overburden LTM wells is similar to that performed at 

existing overburden wells, except that initial development activities were conducted by the 

driller.  Overburden wells were over-pumped and surged for repeated cycles by the driller using 

a decontaminated Whale® pump until the discharge was clear of sediment.  The volume of water 

purged was recorded on the well development data sheet by the Geologist.  Well development 

was completed by a final period of overpumping at a lower sustained rate.  Discharge was 

monitored for water quality parameters using a calibrated YSI multi-meter and flow through cell 

until the turbidity goal and borehole purge volumes were met.  

Development of new bedrock open borehole wells involved the following steps:  (1) initial rig 

development, (2) over-pumping and surging with a submersible pump, and (3) over-pumping by 

submersible pump and measurement of environmental parameters.  Completed boreholes were 

initially developed by the drill rig using air displacement of water from the borehole and surging 

of the borehole by vertical movement of the drill bit.  Rig development was continued for a 

minimum one hour period to remove rock fragments and coarse sediment from the well.  The 

volume of water purged by the drill rig was recorded on the well development data sheet by the 

Geologist.  Once rig development was completed, each well was then over-pumped and surged 

by the driller using a decontaminated submersible pump, which was moved vertically within the 
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open borehole portion of the well.  Over-pumping and surging was continued until the discharge 

was visibly clear of free sediment.  The volume of purge water was recorded on the well 

development data sheet by the Geologist. 

Well development was completed by a final period of over-pumping with a decontaminated 

submersible at a high sustained rate.  Discharge was monitored for water quality parameters 

using a calibrated YSI multi-meter and flow-through cell until the turbidity goal and borehole 

purge volumes were met.  Development of the screened shallow bedrock well (MW54D) is 

similar to that described for overburden wells, except for the greater well depth and length of 

screen.  The goal of 50 NTUs was met at all new installed bedrock LTM wells.  Well 

development forms for all new LTM wells are provided in Appendix C.   

2.3 GROUNDWATER AND SURFACE WATER SAMPLING 

2.3.1 Groundwater Elevation Monitoring 

Groundwater level measurements were conducted on September 14, 2016 at a total 81 wells, 

including 69 LTM wells, ten USACE monitoring wells, and two Stepan Company monitoring 

wells.  The locations of overburden and bedrock water level monitoring wells are shown on 

Figures 3-1 and 3-2, respectively.  All water level measurements were completed in a one day 

period to provide a snapshot of groundwater elevations and were measured to an accuracy of 

0.01 ft from the well top of the inner casing (TIC) using a water level indicator.  Once the field 

measurement was recorded, the well was secured by replacing the compression cap and lock. 

Field groundwater measurements were tabulated and converted to groundwater elevation data, as 

summarized in Table 2-3.  Groundwater elevation data were plotted on separate overburden and 

shallow bedrock maps, which are shown on Figures 3-1 and 3-2, respectively.  Groundwater 

flow conditions are addressed in Section 3.1.  

2.3.2 Groundwater and Surface Water Sampling Locations and Parameters 

A total of 69 groundwater monitoring wells and two surface water locations were sampled in 

2016 as part of the LTGWMP.  LTM groundwater and surface water sampling locations are 

shown on Figure 2-1.  All groundwater monitoring wells were sampled for groundwater COCs 

(arsenic, lithium, and benzene), with radiologic and biogeochemical sampling performed at 

selected wells.  The rationale for selected radiologic and biogeochemical sampling at LTM wells 

is provided in the LTGWMP (Table 3 and Sections 2.2.3 and 2.2.4.).  The sampling parameters 

for LTM wells are shown in Table 2-4.  Surface water sampling was conducted at two locations 

at Westerly Brook (SW-003 and SW-004), and samples were collected/analyzed for groundwater 

COCs and radiological parameters. 

2.3.3 Groundwater and Surface Water Sampling Procedures  

Prior to sampling each well, the well compression cap was removed, and VOC vapor 

concentrations were recorded using a calibrated PID.  Well headspace monitoring was conducted 

during sampling in accordance with the LTGWMP.  The EPA low-flow sampling method  

(EPA, 2011) described in the LTGWMP and OP-355M (Low-Flow Groundwater Sampling) was 

applied for purging and collecting of all groundwater samples.   
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Purging and Sampling of Groundwater Monitoring Wells 

Groundwater monitoring wells were purged and sampled using a decontaminated QED 

MicroPurge® bladder pump.  Pumps were decontaminated following the EPA/NJDEP procedures 

for sampling metals, radiological constituents, and VOCs.  A new Teflon® bladder was installed 

in the pumps prior to each use. 

After an initial water-level measurement, the QED pump was connected to new Teflon®-lined 

tubing and lowered to a predetermined depth in the screened interval.  Once the pump was set, 

the pump cord and tubing were secured to the top of the well, and the pump discharge tubing was 

connected to the multi-meter flow-through cell with a disposable fitting.  Purged water from the 

flow-through cell was discharged through tubing into a 5-gallon bucket for later disposal on the 

MISS.  Each well was purged and sampled at a steady pumping rate of 50 to 250 milliliters per 

minute (mL/min), with an average flow rate of approximately 175 mL/min.  The purge flow rate 

was measured every five minutes by discharge into a 250- or 500-milliliter ( mL) graduated 

cylinder, which was initially adjusted to minimize well drawdown and to stabilize the water 

level.  Wells were sampled by disconnecting the Teflon®-lined tubing from the flow-through cell 

fitting and directly filling sample bottles.  VOC, methane, and radon groundwater samples were 

collected first, followed by metals, radiological, and biogeochemical samples. 

A calibrated YSI 6820 or 6920 multi-meter connected to the flow-through cell was used to 

measure temperature, pH, conductivity, DO, ORP, and turbidity.  A calibrated Hanna 2020E 

turbidity meter was used as a backup for turbidity measurements during purging as needed if the 

YSI turbidity probe malfunctioned or if questionable readings were observed.  Readings were 

recorded every five minutes on a purge data sheet and continued until stability of the water 

quality parameters.  Stabilization was achieved after three consecutive readings under the 

following criteria (EPA, 2010):   

¶ Temperature within 3 percent (degrees)  

¶ Specific Conductivity within 3 percent µS/cm  

¶ pH within 0.1 standard units  

¶ ORP within 10 millivolts 

¶ DO within 10 percent mg/L 

¶ Turbidity within 10 percent NTUs.   

Wells were purged to achieve the lowest possible turbidity values and meet the turbidity goal of 

50 NTUs or less.  Other recorded information included measurement time, pumping rate, and 

well drawdown position.  Purge flow rates were initially adjusted to minimize well drawdown 

and stabilize the water level prior to sampling.  Overburden and shallow bedrock wells are 

typically purged a minimum of 45 minutes, and often go for longer periods in turbid or very low 

yielding wells.  Final well purge water quality data for each well are summarized in Table 2-5.  

As shown, the turbidity goal of 50 NTUs was achieved in all sampled wells, and 38 of 69 wells 

showed a final turbidity measurement of 10 NTUs or less.  Well purge data sheets for each well 

are provided in Appendix D.    
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Each sample bottle had an affixed sample identification label showing the sample date and time.  

Sample bottles were placed in an iced cooler during field work and prior to final packaging for 

shipment to the laboratory for analyses.    

Surface Water Sampling Method 

Two surface water samples were collected from Westerly Brook on September 7, 2016 in 

conjunction with the groundwater LTM sampling effort.  Surface water grab samples were 

collected using a disposable sampling cup at locations SW003 and SW004 (Figure 2-1).  Sample 

SW003 was collected from the open channel located adjacent to West Central Avenue in 

Maywood, New Jersey.  Sample SW004 was collected from the stormwater manhole located on 

Park Way in Rochelle Park, New Jersey.    

Water quality parameters (i.e., temperature, pH, conductivity, DO, ORP, and turbidity) were 

measured immediately prior to sampling using a calibrated YSI multi-meter.  Field parameters 

were recorded on a data form, along with sample date and time.  Each sample bottle had an 

affixed sample identification label displaying the sample data and time.  Sample bottles were 

placed in an iced cooler during field work and prior to final packaging for shipment to the 

laboratory for analyses.  Data sheets for each surface water sample are provided in Appendix D.  

2.3.4 Sample Labeling, Packing, and Shipping 

Sample identification numbers were assigned by the electronic sample database, and LTM 

groundwater and surface water sample identification labels were prepared in advance of 

sampling.  Sample identification labels were affixed to sampling containers, and the sampling 

date and time were entered in the field at the time of sampling.  Once samples were collected, 

they were placed in an iced cooler until the completion of field work for that day.  Prior to 

sample packaging, each sample identification number and collection date/time was cross-

checked with the prepared laboratory chain-of-custody for accuracy and QC.  Each glass bottle 

was packaged in bubble wrap to prevent breakage, and each sample bottle was secured in a Zip-

loc® plastic bag to ensure that any broken sample bottle did not leak into the cooler during 

shipping.  A completed (signed and dated) laboratory chain-of-custody form was attached to the 

inside lid of the cooler prior to shipping.  The outside lid of the cooler was then secured with two 

signed chain-of-custody seals and clear packing tape.  The sample container was then shipped for 

next-day priority delivery to the laboratory. 

2.3.5  Laboratory Analysis and Reporting 

Groundwater COC (Arsenic, Lithium and Benzene) Sample Analysis  

Arsenic, lithium, and benzene sampling was conducted at each of the 69 LTM groundwater wells 

and two surface water sampling locations.  Analytes, chemical analysis methods, bottle and 

preservation requirements, and holding times are summarized in Table 2-6.  All samples were 

analyzed by Accutest Laboratory, a New Jersey-certified laboratory located in Dayton,  

New Jersey. 
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Radiologic Sample Analysis  

Radiologic sampling was conducted at 27 LTM wells and two surface water locations.  The LTM 

radiologic groundwater sampling program is summarized in Table 2-4.  Radiologic groundwater 

samples were analyzed using alpha spectroscopy for gross alpha, gross beta, radium-226, 

radium-228, thorium-228, thorium-230, thorium-232, uranium-234, uranium-235, and uranium-

238.  Radon was collected to assist in determining impacts to specific wells.  Potassium was also 

collected to provide adjustment of gross beta data.  Analyte sample analysis methods, bottle and 

preservation requirements, and holding times are summarized in Table 2-6.  Four New Jersey-

certified laboratories were used during 2016 for LTM for radiological analysis.  The UFML on-

site laboratory was used to analyze all groundwater and surface water radiological samples for 

primary parameters.  Radon-222 samples were analyzed by GEL Laboratories, in Dayton, Ohio.  

Potassium samples were analyzed by Accutest Laboratory in Dayton, New Jersey.  Test America 

in St. Louis, Missouri analyzed the USACE Quality Assurance (QA) split samples. 

Biogeochemical Analysis 

Biogeochemical sampling was conducted at 26 wells to characterize redox and other conditions 

in the overburden and shallow bedrock aquifers, and to monitor changes that may impact the 

attenuation and fate and transport of COCs.  The biogeochemical sampling program was 

specifically focused on arsenic and benzene AOCs and plume areas in both the overburden and 

shallow bedrock.  The LTM biogeochemical groundwater sampling program is summarized in 

Table 2-4. 

The biogeochemical sampling protocol includes chemical oxygen demand (COD), nutrients, and 

alternative electron acceptors.  COD is a measure of the oxygen required to oxidize all 

compounds in water, both organic and inorganic, to carbon dioxide.  COD is also used to assess 

the ORP of groundwater, where increasing COD values correspond to reduced redox conditions. 

The essential microbial nutrients (nitrogen, phosphorus, and carbon) are also tested.  The 

alternate electron acceptors (other than oxygen) were analyzed to identify available acceptors, 

and to provide data for characterization of the aquifers.  Reduced electron acceptor 

species/compounds were also tested to provide evidence of specific acceptor utilization. 

Biogeochemical sample analysis methods, bottle and preservation requirements, and holding 

times are summarized in Table 2-6.  The biogeochemical samples were analyzed by Accutest 

Laboratory, a New Jersey-certified laboratory chosen in accordance with the FUSRAP Maywood 

UFP-QAPP.   

2.4 DEVIATIONS TO THE LTGWMP 

2.4.1 Groundwater Monitoring 

Groundwater elevation monitoring was proposed at all LTM wells in the LTGWMP.  Existing 

LTM monitoring wells MW-40 S/D could not be monitored due to property access issues.  An 

additional 12 existing USACE and Stepan Company wells were added to the monitoring network 

in 2016 to provide better groundwater elevation control along the north and southern boundaries 

of the FMSS.  The added overburden and bedrock cluster wells include OBMW1/BRMW1, 

MW4S/D, MW5S/D, MW7S/D, MW8S/D, and MW19S/D.  The added well locations are shown 

in Figure 3-1 (overburden) and 3-2 (bedrock).    
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2.4.2 Well Installation 

A total 33 new LTM wells were proposed for installation in the LTGWMP.  Five LTM wells 

were not installed in 2016, with the additional installation of two replacement LTM wells.  Wells 

MW49S, MW49D, MW50S and MW50D were proposed for installation at 96 Park Way, 

Borough of Rochelle Park, as shown in Figure 2-1.  Both clusters were not installed in 2016 due 

to property access delays.  Installation of those wells is planned in 2017, pending site access. 

 

Installation of overburden well MW45S was canceled due to the detection of thick sludge 

material at that location, and likelihood that the well would be screened in unstable sludge 

material.  There were no suitable (remediated) alternate locations for installation of that well. 

Bedrock well MW45D was successfully installed at that location by the use of a temporary 

conductor casing to top of rock and casing off of the overburden aquifer with permanent steel 

casing.  

Existing overburden monitoring wells MISS4A and MISS7A could not be redeveloped due to 

persistent low water levels, and were replaced by new overburden wells.  Both wells showed a 

history of low water levels or dry conditions, and were not suitable for sampling.  Replacement 

wells MISS04AR and MIS07AR were installed adjacent the former wells and completed 

(deepened) to top of bedrock to increase well yield.  The replacement wells were successfully 

developed to meet the 50 NTU goal.          

2.4.3 Well Sampling 

A total of 69 LTM wells were sampled in 2016, from 76 wells planned in the LTGWMP.  Five 

LTM monitoring wells were not installed (Section 2.4.1), and two existing wells (MW40S/D) 

were not sampled in 2016 due to property access issues.  Existing overburden well MW39S 

could not be re-developed to meet the 50 NTU turbidity goal, and was replaced by nearby 

overburden well MW8S for sampling purposes.  Well MW39S was utilized for water level 

measurements in 2016.      
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3.0 RESULTS OF LTM GROUNDWATER AND SURFACE W ATER 
SAMPLING 

3.1 GROUNDWATER FLOW CONDITIONS 

Synoptic water levels were measured on September 14, 2016 at 81 LTM, USACE, and Stepan 

Company monitoring wells.  Field data measurements were tabulated and converted to 

groundwater elevation data, which is summarized in Table 2-3.  Groundwater elevation data was 

plotted on separate overburden and bedrock aquifer maps, which are shown on Figures 3-1 and 

3-2, respectively.   

Figure 3-1 shows that the overburden groundwater flow direction on the MISS and downgradient 

areas in Rochelle Park is west toward the Saddle River.  Groundwater contours at the southern 

boundary of the MISS wrap around a bedrock high that extends west from the Stepan Company 

property and forms a groundwater divide.  Groundwater flow direction across the divide is 

toward the south.  The hydraulic gradient in the overburden on the MISS is approximately 0.011 

ft/ft, and is approximately 0.006 ft/ft to the west in Rochelle Park.   

As shown on Figure 3-2, groundwater flow direction in bedrock on the MISS is also generally 

west toward the Saddle River, but locally varies between a northwest and southwest flow 

direction.  The hydraulic gradient in bedrock on the MISS is approximately 0.005 ft/ft, and 

approximately 0.006 ft/ft to the west in Rochelle Park.     

3.2 GROUNDWATER AND SURFACE WATER SAMPLING RESULTS  

Arsenic, lithium, benzene, radiological, and biogeochemical sample results are presented in the 

following sections.  Groundwater sampling results for overburden and bedrock wells are 

presented in Tables 3-1 and 3-2, respectively.  Surface water sampling results are presented in 

Table 3-3.  The data tables include LTM well ID, sample ID number, analytical result, qualifiers, 

method detection concentration (MDC) and ROD-required cleanup level.  Exceedances of the 

ROD cleanup levels are shown in bold-face text.  Duplicate sample results are included in Tables 

3-1, 3-2, and 3-3.  Note that the greater of either the original or duplicate sample concentration 

(or radiological activity level) was used in the groundwater and surface water results figures.  

Arsenic, lithium, and benzene concentration data were plotted on overburden and shallow 

bedrock monitoring well maps, and isopleth maps were prepared for each groundwater COC.  

Overburden and bedrock isopleth maps are presented on Figures 3-3 through 3-8.   

3.2.1 Arsenic Groundwater Sampling Results 

Overburden arsenic concentration data and contours are shown for 30 sampled wells on  

Figure 3-3.  There are 12 exceedances of the 3.0 µg/L arsenic cleanup level in overburden 

groundwater samples, with a maximum detected concentration of 395 µg/L of arsenic at well 

MW3SR.  The plotted arsenic plume extends approximately 550 ft west to southwest west from 

well MISS02AR on the MISS.  The source of the arsenic plume is AOC 1 (former Retention 

Pond A) on the MISS.  Seven isolated, low-level arsenic exceedances are plotted on the MISS 

and to the west in the Township of Rochelle Park.  
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Bedrock arsenic concentration data and contours are shown for 39 sampled wells on Figure 3-4.  

There are ten exceedances of the 3.0 µg/L arsenic cleanup level in bedrock groundwater samples, 

with a maximum detected concentration of 214 µg/L at well MW47D.  The plotted arsenic plume 

in bedrock extends approximately 350 ft southwest from well MW47D on the MISS.  The source 

of the arsenic plume is AOC 1 (former Retention Pond A) on the MISS.  Six isolated, low-level 

arsenic exceedances are plotted on the MISS and to the west in the Township of Rochelle Park. 

3.2.2 Lithium Groundwater Sampling Results 

Overburden lithium concentration data and contours are shown for 30 sampled wells on Figure 

3-5.  There are 15 exceedances of the 730 µg/L lithium cleanup level in overburden groundwater 

samples, with a maximum detected concentration of 12,900 µg/L at well MW33S.  The plotted 

lithium plume in overburden groundwater extends approximately 1,300 ft southwest from well 

MW33S on the MISS.  The sources of the lithium plume are AOC 1 (former Retention Pond A) 

and AOC 2 (former Retention Pond C) on the MISS.    

Bedrock lithium concentration data and contours are shown for 39 sampled wells on Figure 3-6.  

There are 22 exceedances of the 730 µg/L lithium cleanup level in bedrock groundwater 

samples, with a maximum detected concentration of 14,600 µg/L at well MW47D.  The plotted 

lithium plume in bedrock groundwater extends approximately 1,275 ft southwest from well 

MW47D on the MISS.  The sources of the lithium plume are AOC 1 (former Retention Pond A) 

and AOC 2 (former Retention Pond C) on the MISS.  The bedrock lithium plume shows an 

overall southwest transport direction, which deviates from the plotted westerly groundwater flow 

direction.  Bedrock lithium transport may be controlled by a combination of regional westerly 

groundwater flow and local flow along NNE-SSW trending fractures.  

3.2.3 Benzene Groundwater Sampling Results 

Overburden benzene concentration data and contours for 30 sampled wells are shown on  

Figure 3-7.  There are two exceedances of the 1.0 µg/L benzene cleanup level, with a maximum 

detected concentration of 47.2 µg/L at well MW33S.  Two isolated benzene plumes in the 

overburden groundwater are plotted on the MISS.  The probable source of the benzene plumes 

are AOC 6 on the MISS as shown on Figure 1-4.   

Bedrock benzene concentration data and contours for 39 sampled wells are shown on Figure 3-8.   

There are 12 exceedances of the 1.0 µg/L benzene cleanup level, with a maximum detected 

concentration of 2,510 µg/L at well BRPZ5.  The plotted benzene plume in bedrock groundwater 

extends approximately 800 ft southwest from well MW46D on the MISS.  The probable source 

of the benzene plume is AOC 6 on the MISS.  Like the bedrock lithium plume described in 

Section 3.2.2, the bedrock benzene plume shows an overall southwest transport direction, which 

deviates from the plotted westerly groundwater flow direction.  This may be attributed to a 

combination of regional westerly groundwater flow and local flow along NNE-SSW trending 

fractures. 
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3.2.4 Radiological Groundwater Sampling Results 

A total 27 radiological samples were collected at LTM wells, including 13 overburden and 14 

bedrock wells.  Overburden and bedrock well radiologic data are summarized in Tables 3-1 and 

3-2.  In those tables, adjusted gross alpha, adjusted gross beta, total radium, total thorium and 

total uranium values are compared to available Federal/NJDEP MCLs and screening criteria.  

Additional overburden and bedrock groundwater radiologic data is provided in Appendix E 

(Tables E-1 and E-2), which includes gross alpha and beta (unadjusted), isotopic radium, isotopic 

thorium and isotopic uranium results, along with the associated method detection activity (MDA) 

and error for each parameter.  Gross alpha and gross beta activity results were adjusted for K-40 

and uranium isotope activity, respectively, which is shown in Appendix E (Tables E-4 and E-5).  

The total uranium activity concentration (pCi/L) values in Tables 3-1 and 3-2 are converted to 

total uranium by dividing by the specific activity of U-238 (0.3365 pCi/ug), which represents 

99.27% of total naturally-occurring uranium by mass.  This is the NJDEP preferred conversion 

method, and is designated Method 1. A second approach (Method 2) has been added for 

conversion of activity concentration uranium values to mass concentration uranium values in 

Tables E-1, E-2 and E-3 of Appendix E.  Method 2 is a weighted approach calculation which 

sums the three quotients of each result by its respective specific activity; i.e., Total Uranium 

(ug/L)  =  (U-238 Result (pCi/L) / 0.3365 pCi/ug)  +  (U-235 Result (pCi/L) / 2.2 pCi/ug)  + (U-

234 Result (pCi/L) / 6200 pCi/ug). 

It should be noted that for the current data, the relative percent difference (RPD) values between 

the total uranium calculated using U-238 only and the weighted approach is less than 3% relative 

for total uranium values greater than 1.0 pCi/L.  Long-Term Groundwater Sampling is scheduled 

for 2021, at which time the USACE will likely switch to the EPA-approved Standard Test 

Method ASTM D5174, Trace Uranium in Water using Pulsed Laser Phosphorimetry. 

Adjusted gross alpha, adjusted gross beta, total radium, total thorium, and total uranium data are 

presented for sampled overburden and bedrock wells on Figures 3-9 and 3-10, respectively.  

These figures include MCLs and gross beta screening criteria for comparison.  Figure 3-9 shows 

the radiological sampling results for 13 LTM overburden wells, including three duplicate 

samples. There are no radiological exceedances detected at overburden wells during the 2016 

sampling event.  Figure 3-10 shows the radiological results for 14 sampled LTM bedrock wells, 

including three duplicate samples.  There is one radiologic exceedance of the gross beta 

screening level (50 pCi/L) at bedrock well B38W25DR (57.68 pCi/l).  There is no elevated 

activity or exceedances of any isotopic radiological constituent at this well to support the 

detected value.  The adjusted gross beta exceedance at B38W25DR and net negative values 

reported at some wells are attributed to uncertainties associated with the high detected potassium 

concentrations and gross beta analysis results.  

3.2.5 Biogeochemical Groundwater Sampling Results   

A total 26 biogeochemical samples were collected from overburden and bedrock LTM wells. 

Biogeochemical sample results for overburden and bedrock wells are presented in Tables 3-1 and 

3-2, respectively.  Biogeochemical sample data from this sampling event and subsequent events 
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will be evaluated collectively in the 2021 LTM Monitoring Report to confirm the character of 

aquifer redox conditions and to evaluate data trends.   

3.2.6 Surface Water Sampling Results 

Surface water samples were collected at two locations on Westerly Brook (SW003 and SW004), 

and analyzed for arsenic, lithium, benzene, and radiologic parameters.  Sampling results are 

summarized in Table 3-3.  Arsenic, lithium, benzene and radiological surface water 

concentrations are plotted on corresponding COC overburden groundwater Figures 3-3 (arsenic), 

3-5 (lithium), 3-7 (benzene) and 3-9 (radiological).  Figure 3-3 shows an arsenic exceedance at 

downstream sample location SW004 (7.7 µg/L).  There are no surface water lithium, benzene, or 

radiological exceedances at SW003 or SW004. 
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4.0 DATA QUALITY CONTROL  

This section addresses the 2016 LTM QA/QC sampling program, sample management/data 

validation, EPA Region 2 and NJDEP EDDs, and QCSR.  These topics are addressed in the 

sections to follow.   

4.1 QA/QC SAMPLING 

This section presents a summary of the QCSR for the 2016 groundwater LTM event.  It 

addresses groundwater and surface water samples collected for analysis between August 7, 2016 

and September 21, 2016.  The complete QCSR was prepared at the conclusion of the 2016 LTM 

sampling program, and is provided in Appendix F.  The contents of the QCSR include laboratory 

data package and data validation documentation, and discussion of all data that may have been 

compromised or influenced by aberrations in the sampling and analytical processes.  Both field 

and laboratory sampling and analysis QC activities are summarized, and relevant daily QC 

information is consolidated.   

4.1.1  Field Quality Control Sampling 

Field QC sampling was conducted as part of the 2016 groundwater and surface water LTM 

program.  Field QC sampling included the collection of trip blanks, field blanks, equipment 

rinsate blanks, and USACE split samples.  Results of the QA/QC sampling analysis are provided 

in Appendix E, Tables E-6, E-7 and E-8.  Field QC sampling included the following elements: 

¶ Trip Blank s were included in each cooler with VOC samples to test for contamination 

during transport of the sample cooler.  The trip blanks are provided by the laboratory and 

consist of High Purity Liquid Chromatographic (HPLC)-grade water.  The trip blanks 

remain in the cooler during the trip from the laboratory to the Site for sampling, as well 

as on the return trip to the laboratory for analysis.  Trip blanks are analyzed for the 

program VOC analyte (i.e., benzene) at the laboratory.  A total 16 groundwater trip blank 

samples and one surface water trip blank were collected and analyzed by Accutest 

Laboratory. 

¶ Field Blanks are utilized to assess whether disposable equipment or material such as 

Teflon®-lined tubing, silicon tubing, and disposable bailers are free of contamination.  

New lots of tubing and bailers were evaluated by pouring laboratory supplied HPLC-

grade water through the equipment and analyzing the rinsate for program analytes.  

Information obtained from the field blank data was tracked and used during data 

validation to confirm that consumable materials are free from contamination.  Field blank 

samples were analyzed for the same parameters as the groundwater samples.  One 

groundwater field blank sample and surface water field blank sample were collected and 

sent to the on-site UFML and sent offsite to Accutest Laboratories for analysis. 

¶ Equipment Rinsate Blanks are used to assess potential cross contamination from 

reusable equipment, including QED Micropurge® bladder pumps.  Rinsate samples were 

collected by pouring an aliquot of HPLC-grade water through each type of equipment 

after decontamination.  This blank type tests whether the decontamination procedure was 

successful in removing contaminants from the equipment.  Information obtained from the 
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equipment rinsate blank data was also tracked and evaluated during the data validation 

process.  Rinsate blank samples were analyzed for the same parameters as the field 

samples.  Thirteen rinsate blank samples were collected and sent to the UFML and offsite 

Accutest Laboratories for analysis. 

¶ USACE Split Samples were submitted to the USACE QA laboratory for testing, as 

required by the UFP-QAPP.  This testing was in addition to standard laboratory duplicate 

sample analysis.  The purpose of the USACE split sample analysis was to evaluate the 

performance of the field crew and inter-laboratory variability.  Four QA split 

groundwater samples and one surface water split sample was collected and sent to an 

independent laboratory, Test America-St. Louis, which performed the same chemical and 

radiological analysis as the samples analyzed by the UFML.  The frequency of split 

sample collection (5.8 percent for groundwater samples and 50 percent for surface water 

samples) met the project required 5 percent frequency for split samples for radiological 

parameters, metals, and organic analytes.   

4.1.2 Laboratory QA/QC Sampling 

Laboratory QA/QC sampling was conducted as part of the 2016 groundwater and surface water 

LTM program.  Laboratory QA/QC sampling included the collection of field duplicate and 

matrix samples.  Laboratory QA/QC samples included the following types:  

¶ Field Duplicates were used for radiological parameters, metals and organics to provide a 

measure of analytical precision.  Field duplicate samples were collected at a frequency of 

10 percent for chemical and radiological parameters.  Eight field duplicate groundwater 

samples and one surface water field duplicate sample were collected and analyzed for the 

same groundwater COCs and radiological parameters.  The frequency of field duplicate 

sample collection (11.6 percent for groundwater samples and 50 percent for surface water 

sample) met the 10 percent project requirement. 

¶ Matrix Samples included matrix spike (MS), matrix spike duplicate (MSD), and matrix 

duplicate (MD) samples.  MS/MSD (for organics) and MS/MD (for inorganics) samples 

were used to measure the effect of the matrix on the accuracy of the analytical process.  

Four groundwater MS/MSD samples and one surface water MS/MSD were collected. 

The frequency of MS/MSD sample collection (5.8 percent for groundwater samples and 

50 percent for surface water samples) met the 5 percent project requirement.   

4.2 FIELD DATA COLLECTION  AND LAB ORATORY PREPARATION  

LTM data collection procedures were evaluated for any deviations or modifications that may 

have occurred in the areas of sample handling and custody, equipment calibration and 

maintenance, and analytical methods.  Within this report, the terms batch, package, and Sample 

Delivery Group (SDG) are synonymous.  A SDG is a data report that contains the various test 

results of one or more sample batches plus associated QC data such as calibrations, blank spike 

and MS results, blanks, etc. 

There were no sample collection anomalies during the 2016 sampling effort. 
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