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Executive Summary 

NASA Wallops Flight Facility (WFF) is updating the Long Term Monitoring (LTM) Plan for Operable Unit 3 
Waste Oil Dump (WOD), located at the NASA Goddard Space Flight Center’s WFF in Wallops Island, 
Virginia. The previous LTM Plan – Revision 3 included the collection and analysis from seven monitoring 
wells. Four of these monitoring wells have previously attained the cleanup goal established in the Record 
of Decision. This LTM plan includes the collection of groundwater samples for analysis of arsenic from three 
existing monitoring wells and synoptic water level measurements from these and nine additional monitoring 
wells.  

This SAP outlines the project management, planned activities, data acquisition, oversight, and data review 
procedures necessary for the WOD groundwater LTM Plan. Based on human health and ecological risk 
assessments and exceedances of regulatory standards, the only analytical parameter included in the WOD 
groundwater LTM program is currently arsenic. The sole medium of concern at the WOD is shallow 
groundwater in the upper, unconfined zone of the Columbia aquifer; past disposal operations at the WOD 
are the likely source of groundwater contamination.  

The objective of the LTM program for the WOD is to document the concentrations of total and dissolved 
arsenic in site groundwater, confirm groundwater flow, and monitor progress in attaining the clean-up 
goals established in the Record of Decision. Field and analytical activities will be conducted in accordance 
with the Standard Operating Procedures identified in the SAP.  
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FS Feasibility Study 
FSM Field Site Manager 
GAC granular activated carbon 
GW groundwater 
HASP Health and Safety Plan 
H&S health and safety 
HAZWOPER Hazardous Waste Operations and Emergency Response 
ICP/MS inductively coupled plasma/mass spectrometry 
IDQTF Intergovernmental Data Quality Task Force 
IDW investigation-derived waste 
LCS laboratory control sample 
LOD limit of detection 
LOQ limit of quantitation 
LTM long-term monitoring 
mL/min milliliters per minute 
MPC method performance criteria 
MS matrix spike 
MSD matrix spike duplicate 
mV millivolts 
MW monitoring well 
NASA National Aeronautics and Space Administration 
NTUs Nephelometric Turbidity Unit 
ORP oxidation-reduction potential 
ORC Oxygen Releasing Compound 
OSHA Occupational Safety and Health Administration 
PA Preliminary Assessment 
PAL project action limits 
PDF portable document format 
PG Professional Geologist 
pH hydrogen ion activity 
PID photoionization detector 
PM Project Manager 
POC Point of Contact 
PPE personal protective equipment 
PQLG project quality limit goal 



SAP - WOD LTM Plan Rev. 4 
Final 

August 2022
_____________________________________________________________________________________________ 

5 of 53

PRAP Proposed Remedial Action Plan 
QA quality assurance 
QAPP Quality Assurance Project Plan 
QAM Quality Assurance Manager 
QC quality control 
RCRA Resource Conservation and Recovery Act 
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SOP Standard Operating Procedures 
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U. S. United States 
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VELAP Virginia Environmental Laboratory Accreditation Program 
WFF Wallops Flight Facility 
WOD Waste Oil Dump 
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SAP Worksheet #1: Title and Approval Page 

(UFP-QAPP Manual Section 2.1- Worksheet #1) 

Document Title: Quality Assurance Project Plan (SAP), Operable Unit 3, Waste Oil Dump, Long Term 
Monitoring Plan – Revision 4, Goddard Space Flight Center, Wallops Flight Facility (WFF), Wallops 
Island, Virginia 

Lead Organization: National Aeronautics and Space Administration (NASA) 

Preparer’s Address, Telephone Number, and email Address: 301 Lindenwood Drive, Malvern, 
Pennsylvania, 19355, 610-647-9500, harry.m.stein@nasa.gov 

Preparation Date (Day/Month/Year): June 2, 2022

This SAP and Long Term Monitoring Plan was prepared and is submitted in accordance with the 
requirements of the 2004 Resource Conservation and Recovery Act (RCRA) Administrative Agreement 
on Consent (AAOC) between NASA and the United States (U.S.) Environmental Protection Agency 
(EPA), EPA Docket Number RCRA-03-2004-0201TH. 

Investigative Organization’s Project Manager (PM): 

Signature Date 
Marianne Simko 
Bluestone PM 

Investigative Organization’s Project Quality 
Assurance (QA) Manager (QAM): 

Date Signature 
Virginia Pohlman
Bluestone QAM 

Lead Organization’s Remedial Project Manager (RPM): 

Date Signature 
David Liu
NASA RPM

8/24/2022

mailto:harry.m.stein@nasa.gov
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SAP Worksheet #2: Distribution List 

(UFP-QAPP Manual Section 2.3.1-Worksheet #3) 

SAP Recipient Project Title/Role Organization Telephone Number Email Address 

David Liu NASA RPM NASA 757-824-2141 David.Liu-1@nasa.gov 

Harry Stein Program Manager Bluestone Environmental Group, Inc. 443-864-7490 harry.m.stein@nasa.gov 

Marianne Simko Deputy Program 
Manager/PM 

Bluestone Environmental Group, Inc. 757-710-5904 marianne.f.simko@nasa.gov 

Susan Dunn Facility POC Bluestone Environmental Group, Inc. 757-824-1832 Susan.K.Dunn@nasa.gov 

Andy Johnson Laboratory PM Eurofins TestAmerica Pittsburgh 615-818-9567 Andy.Johnson@Eurofinset.com 

Virginia Pohlman QAM Bluestone Environmental Group, Inc. 484-883-1657 gpohlman@bluestoneenviro.com 

Florence Sevold Data Manager Bluestone Environmental Group, Inc. 610-647-9500 x1019 fsevold@bluestoneenviro.com 

Emily Strake Data Validation 
Manager 

Bluestone Environmental Group, Inc. 267-300-6309 estrake@bluestoneenviro.com 

Kyle Newman VDEQ RPM Virginia Department of Environmental 
Quality  804-659-1322 kyle.newman@deq.virginia.gov 

Lorie Baker EPA RPM Environmental Protection Agency 215-814-3355 baker.lorie@epa.gov 

Skylar Georgius SSHO / Field Geologist Bluestone Environmental Group, Inc. 301-366-9519 sgeorgius@bluestoneenviro.com 

mailto:David.Liu-1@nasa.gov
mailto:harry.m.stein@nasa.gov
mailto:marianne.f.simko@nasa.gov
mailto:Susan.K.Dunn@nasa.gov
mailto:Andy.Johnson@Eurofinset.com
mailto:gpohlman@bluestoneenviro.com
mailto:fsevold@bluestoneenviro.com
mailto:estrake@bluestoneenviro.com
mailto:kyle.newman@deq.virginia.gov
mailto:baker.lorie@epa.gov
mailto:sgeorgius@bluestoneenviro.com
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SAP Worksheet #3 Personnel Qualifications and Sign-off Sheet 

(UFP-QAPP Manual Section 2.3.2- Worksheet #4) 

ORGANIZATIONS: National Aeronautics and Space Administration (NASA), Bluestone Environmental Group, Inc. (Bluestone) 

ORGANIZATION: Eurofins Test America Pittsburgh Laboratories Environmental, LLC (Laboratory) 

Name Organization/Title Telephone Number Signature Date SAP Read 

Andy Johnson Client Service Manager 615-818-9567 N/A N/A 

Name Organization/Title Telephone Number Signature Date SAP Read 

David Liu NASA RPM 757-824-2141

Marianne Simko Bluestone Deputy Program 
Manager/PM 

757-710-5904

Susan Dunn NASA/Bluestone Facility Point of 
Contact (POC)  

410-430-3060

Virginia Pohlman, PE Bluestone QAM 484-883-1657

Skylar Georgius, PG Bluestone Field Geologist/Site 
Safety and Health Officer 

301-366-9519

Quinn Garvey Bluestone Alternate Site Safety 
and Health Officer 

610-608-6033

Emily Strake Data Validator 267-300-6309
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SAP Worksheet #4 Project Organizational Chart 

(UFP-QAPP Manual Section 2.4.1- Worksheet #5) 

Lines of Authority   Lines of Communication 

Kyle Newman 
VDEQ RPM 

804-698-4452

Skylar Georgius 
Bluestone 
SSHO/FOL 

301-366-6033
Emily Strike 
Bluestone 

Data Validator 
267-300-6309

Quinn Garvey 
Bluestone 
SSHO/FOL 

610-608-6033

Lorie Baker 
EPA RPM 

215-814-3355

Virginia Pohlman 
Bluestone 

QAM  
484-883-1657

Susan Dunn 
Facility POC 
757-824-1832

Marianne Simko 
Bluestone 

Deputy Program 
Manager/PM 

757-710-5904

Harry Stein 
Bluestone 

Program Manager 
301-286-9233

David Liu 
NASA RPM 

757-824-2141

John Barnhart 
Bluestone 

H&S Officer 
484-883-1657
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SAP Worksheet #5: Communication Pathways 

(UFP-QAPP Manual Section 2.4.2-Worksheet #6) 

Communication Driver Organization Name Contact Information Procedure (timing, pathway, documentation, etc.) 

Regulatory Interface NASA David Liu 757-824-2141 The NASA PM will be the direct liaison with EPA and 
VDEQ. 

Regulatory oversight/ 
involvement 

EPA 

VDEQ 

Lorie Baker 

Kyle Newman 

215-814-3355

804-659-1322

Responsible for regulatory approval. Will receive status 
updates from NASA.  

SAP and Work Plan 
Amendments 

Bluestone 

NASA 

Marianne Simko 

David Liu 

757-710-5904

757-824-2141

The NASA PM will initiate changes to the SAP & Work 
Plan, which will be implemented by the Project Team (e.g., 
additional sample locations, additional analytical suites, 
etc.). 
NASA must approve all changes prior to implementation. 
Changes will be documented via amendments and copies 
will be forwarded to all parties. 

Changes to field work Bluestone Marianne Simko  757-710-5904 The NASA PM will be notified within 24 hours. Telephone 
and e-mail notifications are acceptable. All field changes 
will be documented. 

Daily field activities 
reporting 

Bluestone Marianne Simko 757-710-5904 The PM will e-mail field documentation to the NASA PM 
daily. 

Field corrective action NASA PM David Liu 757-824-2141 The PM determines the need for corrective actions. 
Corrective actions may also be identified by the field team. 



SAP - WOD LTM Plan Rev. 4 
Final 

August 2022
_________________________________________________________________________________________________________________________________ 

11 of 53

Communication Driver Organization Name Contact Information Procedure (timing, pathway, documentation, etc.) 

Bluestone Skylar Georgius  301-366-9519 The PM determines the need for corrective actions. 
Corrective actions may also be identified by the field team. 
Field Site Manager (FSM) initiates corrective action on 
identified field issues immediately or within recommended 
timeframe. 

Review of Data 
Validation  

Bluestone Emily Strake 267-300-6309 Data quality objective (DQO) development, laboratory 
coordination and oversight. Management of analytical 
lab/analytical Cas/release of analytical data. Data 
validation issues and data review corrective actions. 
Address laboratory quality control and programmatic 
analytical data questions.  

Reporting laboratory 
data quality issues 

Eurofins Test- 
America 
Pittsburgh 

Andy Johnson Andy.Johnson@Eurofinset.com All QA/QC issues with project field samples will be reported 
to Bluestone and the NASA Project Chemist as soon as 
possible, and no longer than within 2 business days. 

Health and safety (H&S) Bluestone John Barnhart 301-606-8996 Implement and provide oversight for H&S program. 
Coordinate with PM for any changes, issues, or H&S 
incidents. 

Safety decisions; 
reporting of safety 
issues; tailgate safety 
meeting 

Bluestone Skylar Georgius 
Or 
Quinn Garvey  
and Field 
Technicians 

301-366-9519

610-608-6033

Implement Health and Safety Plan; recommend changes 
due to changes in field conditions. Inform NASA PM of any 
changes. Hold safety briefings. All project team members 
share an obligation to immediately stop work if a potential 
unsafe act is being observed and requires corrective 
action. 

mailto:Andy.Johnson@Eurofinset.com
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Communication Driver Organization Name Contact Information Procedure (timing, pathway, documentation, etc.) 

Project Report Review Bluestone 

Bluestone 

NASA 

Susan Dunn 

Marianne Simko 

David Liu 

757-824-1832

757-710-5904

757-824-2141

Internal reviews will be conducted by the Bluestone PM 
and support staff.  Comments will be resolved internally to 
the satisfaction of the Bluestone PM.  When satisfied with 
resolution of all comments, the report will be submitted by 
the Bluestone PM or designee to the NASA PM in 
accordance with the project scope of work requirements.  
Upon resolution of NASA comments, the report will be 
submitted to the NASA PM for transmittal to the regulators 
for review.  Comments will be resolved to the satisfaction 
of the NASA PM, revisions will be made, and the report will 
be finalized for final distribution and submittal. 
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SAP Worksheet #6: Personnel Responsibilities and Qualifications 

(UFP-QAPP Manual Section 2.4.3- Worksheet #7) 

Name Title Organization Responsibilities 
Education and Experience 

Qualifications 

David Liu Remedial Project 
Manager (RPM) 

NASA Oversees implementation of the AAOC at NASA WFF. To be provided upon request 

Lorie Baker EPA RPM EPA Oversees project management on behalf of the EPA To be provided upon request 

Kyle 
Newman 

VDEQ RPM VA DEQ Oversees project management on behalf of the Virginia 
Department of Environmental Quality. 

To be provided upon request 

Aaron Myers Vice President Bluestone Contractual responsibilities. To be provided upon request 

Marianne 
Simko 

Deputy Program 
Manager/PM 

Bluestone Overall project quality, schedule and management;  
Project management and administrative activities. 
Ensures health and safety requirements are 
implemented. Oversees project financial, schedule, and 
technical management. 

BS, Civil Engineering 
24 years of experience 

Virginia 
Pohlman, PE 

QC Supervisor Bluestone Ensures documents and collected data meet quality 
standards.  

MS, Civil Engineering/BS, Civil Engineering 
24 years of experience 

John 
Barnhart 

Health and 
Safety (H&S) 

Bluestone Implements and provides oversight for H&S program. 
Coordinates with PM for any changes, issues, or H&S 
incidents. 

MS, Occupational Safety and Health/ 
42 years of experience 

Skylar 
Georgius, PG 

Field 
Geologist/Site 
Safety and 
Health Officer 

Bluestone Supervises, coordinates and performs field sampling 
activities. Ensures health and safety protocols are 
followed. Functions as on site communication to 
management. Oversees mobilization and demobilization 
of all field equipment and subcontractors.  

BA, Geology 
6 years of experience 
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Name Title 
Organization 

Responsibilities 
Education and Experience 

Qualifications 

Quinn 
Garvey 

Alternate Site 
Safety and 
Health Officer 

Bluestone If necessary, the alternate supervises, coordinates, and 
performs field sampling activities. Ensures health and 
safety protocols are followed. Functions as on site  
communication to management. Oversees mobilization  
and demobilization of all field equipment and 
subcontractors. 

BS, Environmental Systems Engineering 
3 years of experience 

Susan Dunn Facility POC Bluestone Coordinates site access and assists with field sampling 
activities. 

BS, Biology 
19 years of experience 

Emily Strake Data Validator Bluestone Validates analytical data. BS, Chemistry/MBA 
22 years of experience 

Andy 
Johnson 

Laboratory PM Eurofins Test -
America 
Pittsburgh 

Project management on behalf of the laboratory. To be provided upon request 
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SAP Worksheet #7: Special Personnel Training Requirements 

(UFP-QAPP Manual Section 2.4.4- Worksheet #8) 

Project specific safety and training requirements are presented in the contract wide approved Health and 
Safety Plan. Sampling technicians will be required to have Occupational Safety and Health Administration 
(OSHA) 40-Hour Hazardous Waste Operations and Emergency Response (HAZWOPER) certification.   
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SAP Worksheet #8: Project Scoping Session 

(UFP-QAPP Manual Section 2.5.1- Worksheet #9) 

Project scoping sessions that apply to the Waste Oil Dump Long Term Monitoring Program will be held with regulators and stakeholders on 
an as-needed basis. Scoping sessions will be documented in the template below.  

Project Name: WOD LTM Program Site Name: WOD 
Projected Date(s) of 
Sampling:  TBD Site Location: WFF 

Project Manager: David Liu (NASA); TBD 

Date of Session: TBD 

Scoping Session Purpose: Project kick-off call 

Name Title Affiliation Phone # Email Address 

David Liu NASA RPM NASA 757-824-2141 David.Liu-1@nasa.gov 

Susan Dunn Facility POC and Fieldwork 
Coordination 

Bluestone Environmental 
Group Inc. 757-824-1832 Susan.k.dunn@nasa.gov 

TBD PM TBD TBD TBD 

TBD TBD TBD TBD TBD 

Comments:  TBD 

Action Items:  TBD 

mailto:David.Liu-1@nasa.gov
mailto:Susan.k.dunn@nasa.gov
mailto:Marianne.f.simko@nasa.gov
mailto:harry.m.stein@nasa.gov
mailto:Mhorning@bluestoneenviro.com
mailto:Lpaolella@bluestoneenviro.com
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SAP Worksheet #9: Problem Definition 

(UFP-QAPP Manual Section 2.5.2- Worksheet #9) 

9.1 PHYSICAL SETTING  

WFF is located in Accomack County, Virginia and is comprised of three land parcels including the Main 
Base, Mainland, and Wallops Island (Figure 9-1). The Main Base consists of approximately 2,000 acres 
and is located near Virginia Routes 175 and 798. The Mainland is located six miles south of the Main Base 
on Virginia Route 679 and consists of approximately 1,207 acres, the majority of which is wetlands. Wallops 
Island, which is approximately 3,395 acres is a 7-mile-long barrier island which is connected to the Mainland 
by a causeway. 

The majority of the WFF Main Base is located on a high terrace landform (25 to 40 ft above mean sea level 
[msl]) with the northern and eastern portions located on low terrace (0 to 25 ft msl) and tidal marsh (NASA 
WFF, 2018). The runways, which include Runway 10-28, Runway 17-35, and Runway 04-22, cover a large 
portion of the Main Base and form a flat plateau-like feature covering most of the higher elevations above 
msl. The Town of Chincoteague is located approximately 5 miles east of the Main Base. 

The WOD is an open area located on the north side of the WFF Main Base at the northern end of Runway 
17-35 (Figure 9-2) and was used for disposal of waste oils and possibly solvents from the 1940s through 
the 1950s. No records are available that detail the types and quantities of materials disposed at the Site. A 
review of aerial photographs from 1943 through 1994 indicated the presence of ground scarring and 
possible excavation at the former Waste Oil Dump from 1943 to 1961 (Tetra Tech, 2015). The northern, 
eastern, and western boundaries of the site are steeply sloped with surface water runoff into the marshes 
that border an unnamed tributary of Little Mosquito Creek.

The WOD is bordered to the west and southwest by two Formerly Used Defense Sites, Operable Unit 4 - 
Abandoned Drum Dump, and Operable Unit 5 - Site 15 Debris Pile. These sites are managed under a 
separate AAOC between NASA and the EPA. 

9.2 FACILITY HISTORY 

NASA Goddard Space Flight Center (GSFC) manages WFF, the oldest active launch range in the 
continental U.S. and the only rocket testing and launch range owned and operated by NASA. NASA’s 
predecessor, the National Advisory Committee for Aeronautics (NACA), established a rocket launch site on 
the southern portion of Wallops Island in 1945. From 1945 to 1957, the facility was known as the Pilotless 
Aircraft Research Station and served as a high-speed aeronautical launch site. NACA constructed launch, 
radar support, and experimental facilities and continued operations until NASA was established in 1958. 
The Pilotless Aircraft Research Station then became known as Wallops Station and became involved in the 
civilian space program. NASA expanded its presence with the acquisition of the Main Base and Mainland 
parcels in 1959, following the property transfer from the Department of Defense. Wallops Station was 
named Wallops Flight Center in 1974 and the name was changed to WFF in 1981/1982 when the facility 
became part of GSFC (NASA, 2018).  

From 1942 until the property transfer to NASA in 1959, the Navy operated the Chincoteague Naval Auxiliary 
Air Station at the Main Base. The Navy constructed runways, buildings, and other support structures for 

17 of 53



SAP - WOD LTM Plan Rev. 4 
Final 

August 2022
_____________________________________________________________________________________________ 

Department of Defense aviation and aviation ordnance testing and training. NASA continues to maintain 
the runways and still occupies many of the buildings that were present in 1959.  

The mission of WFF has undergone several changes since first established, but the main focus has been 
aeronautical and rocket research, scientific balloons, management of suborbital projects, suborbital and 
orbital tracking, and space technology research. WFF also provides unique services to NASA, Department 
of Defense, academia, and the commercial space industry (NASA, 2018). NASA does not manufacture 
rockets or rocket fuels/propellants at WFF. Rocket motors are transported to WFF from other facilities. 

9.3 GEOLOGICAL AND HYDROGEOLOGIC SETTING 

The geology of the eastern shore of Virginia can be characterized as a series of layered, unconsolidated 
sediments, that comprise an eastward thickening wedge that dips to the northeast towards the Atlantic 
Ocean. Approximately, 7,000 feet of sediment lies atop crystalline basement rock on site. The two 
stratigraphic groups encountered at the site are the Chesapeake Group and the overlying Columbia Group. 
The geology of the site does not significantly differ from the known regional geology. 

The Columbia Group lithologic unit underlies the Waste Oil Dump area. Surface soils consist of fine- to 
medium-grained quartz sand with some silt of the Columbia Group which is approximately 50-feet thick. A 
20-40-foot thick clay and silt aquitard isolates the Columbia Group from the underlying Yorktown aquifer. 
A sandy clay layer as much as five feet thick is present at depths ranging from 10 to 27 feet below ground 
surface at the site (TtNUS, 2008).

The hydrogeology of the eastern shore of Virginia consists of four aquifers: the upper, middle, and lower 
Yorktown-Eastover aquifers and the surficial Columbia aquifer. The Columbia aquifer is an unconfined 
aquifer with the upper Yorktown-Eastover confining unit acting as its lower boundary. Below the Columbia 
aquifer is the Yorktown-Eastover aquifer system, a freshwater multi-aquifer unit consisting of a series of 
sandy layers separated by finer grained silt and clay layers of the Yorktown and Eastover Formations. The 
Yorktown-Eastover aquifers are typically subdivided into the upper, the middle, and the lower Yorktown-
Eastover aquifers, each of which exist under confined or semi-confined conditions. Below the lower 
Yorktown-Eastover aquifer is the St. Mary’s confining unit. The St. Mary’s confining unit is predominantly 
clay with varying amounts of silt, sand, and shells. The hydrology of the site does not significantly differ 
from the known regional hydrology. Historical measurements show that regional groundwater flow in the 
area is generally to the north, discharging to Little Mosquito Creek. The near surface overburden aquifer is 
primarily in sand with some silt of the Columbia Group. 

Groundwater within the study area is encountered at depths ranging from 6 to 23 ft bgs. The deeper 
elevations of groundwater correspond to higher topography in the southern portion of the Site.  Groundwater 
is at or immediately below the ground surface within the marsh areas. Based on historical well gauging 
information collected during the LTM, there is a groundwater divide that trends to the north-northwest with 
flow towards the west and the northeast, discharging to Little Mosquito Creek and its adjacent marshes 
(Tetra Tech, 2015). Table 9-1 summarizes the monitoring well screened intervals and well depths.

9.4 SITE HISTORY 

Historical disposal operations conducted on the facility resulted in releases of hazardous materials and 
impacts to environmental media.  Multiple lines of evidence suggest that waste oil was disposed at the Site 
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and previous investigations addressed various constituents of waste oil.  These investigations indicate that 
residual arsenic is still present in groundwater at the Site.  

Environmental actions began at the WOD in 1986 when the Commonwealth of Virginia conducted an 
inspection and identified the presence of waste (reported as waste oil) on the surface of the Site. NASA 
removed approximately 180 cubic yards of contaminated soil from four separate areas of the Site in 
November and December 1986. A Preliminary Assessment (PA) consisting of interviews, review of 
historical records, and a site visit was conducted in 1988. A SI was conducted from 1989 through 1992. 
Field activities included soil-gas surveys, monitoring well installation, and sampling and analysis of soil, 
groundwater, and sediment. 

In 1997, a monitoring well was installed in the WOD and sampled as a background well for investigations 
being conducted at the adjacent Site 15.  Significant contamination was found in this well and the results 
were used to plan further investigations.  

A Remedial Investigation (RI) was conducted from 1998 through 2000 and included a review of historical 
data, a geophysical survey, the installation of temporary and permanent monitoring wells, and sampling 
and analysis of soil and groundwater.  

A Supplemental RI field investigation was conducted in 2003 (TtNUS, 2004).  Field activities included 
monitoring well installation and sampling and analysis of soil and groundwater.  

A Feasibility Study (FS) (TtNUS, 2005) was conducted in 2005 in which the remedial action objectives and 
general response actions were discussed, along with a presentation of remedial technologies and 
alternatives.  

Based on the results of the FS, a Proposed Remedial Action Plan (PRAP) (TtNUS, 2007) was prepared, 
presenting remedial alternatives for the site. The selected remedy was documented in the Record of 
Decision (TtNUS 2008). The ROD stated that a Pilot Study would be conducted prior to full implementation 
of the selected remedial strategy.  

A Pilot Study was conducted from December 2008 through January 2009 (TtNUS, 2009). Field activities 
included the installation of monitoring well WOD MW008, injection of ORC, and the collection of 
groundwater samples. As a result of the Pilot Study, a recommendation was made to initiate a full-scale 
injection of ORC to address groundwater contamination in the target area.  

The Remedial Action for groundwater was implemented at WOD beginning from November 2009 through 
March 2010 (TtNUS, 2011). Field activities included the full-scale injection of ORC followed by a 3-month 
post-injection groundwater sampling.  

Following the completion of the Remedial Action, the groundwater LTM program was initiated with the first 
LTM sampling event conducted in June 2010. The objective of the LTM program was to document the 
reduction in concentrations of site groundwater Contaminants of Concern (COC), benzene and arsenic, to 
meet the clean-up goals identified in the ROD (TtNUS, 2009b). The clean-up goal concentrations for 
groundwater COCs were 5 micrograms/Liter (µg/L) for benzene and 10 µg/L for arsenic.  

Subsequent long-term groundwater monitoring events conducted from 2010 to 2014 prompted the removal 
of benzene from the LTM program since its performance monitoring goal established in the Record of 
Decision (ROD) was met. Currently, only arsenic is included in the LTM Plan. The LTM program consisted 
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of semi-annual sampling through October 2016. Beginning in 2017, the sampling frequency was reduced 
from semi-annual to twice every five years with one sampling event in the spring and one in the fall for 
seven monitoring wells. These wells include WOD-MW003R, 15-MW001, 15-MW002, 15-MW007, WOD-
MW002S, WOD-MW002D, and WOD-MW008. The last sampling event was completed in July 2020 (LJT, 
2021). Concentrations of arsenic have remained below the clean-up goal in monitoring wells 15-MW002, 
WOD-MW003R, and WOD-MW008 since the implementation of the LTM program. In addition, the 
performance monitoring goal established in the ROD for four consecutive monitoring events has been 
achieved in monitoring well WOD-002S, with the last detection above the cleanup goal in December 2010 
(Table 9-2). 

The previous LTM plan includes the collection of groundwater samples for analysis of arsenic from seven 
existing monitoring wells and synoptic water level measurements from these and five additional monitoring 
wells (Figure 9-3). NASA is recommending the removal of monitoring wells 15-MW002, WOD-002S, WOD-
MW003R, and WOD-MW008 from the LTM program. Monitoring will continue at 15-MW001, 15-MW007, 
and WOD-MW002D 

The known or suspected primary waste oil-related contaminants present in Site groundwater are listed 
below, as documented in the LTM Plan (Tetra Tech, 2015). There are no known co-occurring chemicals at 
the Site. 

Primary Contaminants:  Metals – arsenic 
       Cleanup goal for arsenic – 10 µg/L 

Primary release mechanisms: Leaching to groundwater 

During the July 2020 LTM event, samples were collected from six monitoring wells (the 7th well went dry 
during purging and did not recharge) and analyzed for total and dissolved arsenic. Total and dissolved 
arsenic was detected in samples from four of six monitoring wells with concentrations ranging from 5.4 µg/L 
to 59 µg/L. Total arsenic concentrations exceeded the site cleanup goal of 10 µg/L in two monitoring wells 
(Figure 9-4), (LJT, 2021). No changes to the LTM plan were recommended at the time. The performance 
monitoring goals established in the ROD have been achieved at monitoring wells 15-MW002, WOD-002S, 
WOD-MW003R, and WOD-MW008. The removal of these four wells from the LTM program starting with 
the September 2022 sampling event is recommended. PFAS investigations at WFF are ongoing. These 
wells will remain in place and will be properly maintained for future sampling, as needed. 
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TABLE 9-1 
GROUNDWATER MONITORING WELL SUMMARY 

WASTE OIL DUMP 
NASA WALLOPS FLIGHT FACILITY 

WALLOPS ISLAND, VIRGINIA 

Monitoring Well 
(actual) 

Monitoring Well 
(alias) 

Screened 
Interval (ft bgs) 

Total Depth 
BTOC (ft) 

Surveyed Elevation 
Top of Casing (ft) 

WOD-MW003R 15-MW3R 21-31 32.71 32.42 
15-MW001 15-GW1 1-5 10.19 6.27 
15-MW002 15-GW2 1-5 9.02 9.21 
15-MW003 15-GW3 1-5 10.20 8.70 
15-MW007 15-GW7 15-30 32.96 30.58 

WOD-MW001 16-GW1 17-22 26.22 30.39 
WOD-MW002D 16-GW2D 23-28 32.07 21.35 
WOD-MW002S 16-GW2S 9-19 23.01 21.19 
WOD-MW003 16-GW3 7-12 10.82 16.18 

WOD-MW004-2 16-GW4 6-11 10.81 14.94 
WOD-MW006 16-GW6 4-9 11.05 9.66 
WOD-MW008 16-GW8 18-28 30.61 13.35 

Notes: 
ft  - feet 
MSL – Mean Sea Level 
BTOC – Below Top of Casing 
Bg – below ground surface 
Total depths based on July 2020 sampling event 



TABLE 9-2
HISTORICAL GROUNDWATER ANALYTICAL RESULTS 

WASTE OIL DUMP
NASA WALLOPS FLIGHT FACILITY

WALLOPS ISLAND, VIRGINIA
PAGE 1 OF 4

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5 10 U 2 J 10 U 1 U 1 U 1 U 0.3 U 0.3 U 0.3 J 0.8 J 0.3 U 1.08 0.5 U 0.2 U 0.11 U
Metals (ug/L)
Total Arsenic 10 1.8 U 1.6 U 2 3 U 3.3 3.3 6.6 6.5 B 7.4 B 8.2 10.9 J 13 11.7 12 11
Dissolved Arsenic NC 1.8 U -- 3 U -- -- 5.9 7.1 B 8.2 B 8.4 9.5 J 10.8 11.8 10 11
Field Parameters
pH (S.U.) NC -- -- -- -- 4.66 4.66 6.39 5.32 6.17 5.65 6.06 5.82 6.13 6.10 5.99
S. Conductivity (mS/cm) NC -- -- -- -- 0.191 0.191 0.200 0.074 0.254 0.200 0.290 0.218 0.192 0.199 0.160
Dissolved Oxygen (mg/L) - Horiba NC -- -- -- -- 0.32 0.32 0.00 0.13 1.70 0.00 4.81 5.90 0.00 0.60 0.59
Dissolved Oxygen (mg/L) - Test Kit NC -- -- -- -- -- -- -- -- -- -- -- 4.0 0.0 0.0 1.0
Temperature (°C) NC -- -- -- -- 14.56 14.56 11.61 16.72 17.64 14.26 12.27 17.46 13.89 18.13 11.20
Oxygen Reduction Potential (mV) NC -- -- -- -- 41 41 -45 -8 -55 -117 -57 -252.9 -16 2 -32
Turbidity (NTU) NC -- -- -- -- 0.79 0.79 3.42 56.8 2.01 0.83 1.32 1.24 0.00 0.00 2.10

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5 0.25 U 0.25 U -- -- -- -- -- --
Metals (ug/L)
Total Arsenic 10 13 11 8 J 12 15 18 20 21 30
Dissolved Arsenic NC 11 10 9.8 11 14 17 19 21 31
Field Parameters
pH (S.U.) NC 5.55 5.79 5.68 6.23 6.42 5.75 6.28 6.39 6.3
S. Conductivity (mS/cm) NC 0.122 0.135 0.189 0.177 0.113 0.106 0.149 0.185 0.156
Dissolved Oxygen (mg/L) - Horiba NC 0.00 0.00 0.68 2.46 0.90 0.00 0.00 0.00 0.00
Dissolved Oxygen (mg/L) - Test Kit NC 0.1 0.4 0.0 0.2 1.0 0.05 0.00 0.00 0.00
Temperature (°C) NC 20.58 10.86 17.03 10.76 18.54 15.3 17.44 16.38 16.56
Oxygen Reduction Potential (mV) NC 175 4 -60 4 -15 30 -4 -17 -14
Turbidity (NTU) NC 2.30 1.06 2.31 2.14 2.45 3.34 0.59 0.00 1.36

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5 -- -- 1 U 1 U 1 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.5 U 0.5 U 0.2 U 0.11 U 0.25 U
Metals (ug/L)
Total Arsenic 10 5 3.5 4.4 B 4.8 B 4.8 B 3.2 J 9.3 B 7.3 B 4.4 J 3.2 J 4.87 J 3 J 5 1.9 5.1 J
Dissolved Arsenic NC 2.5 -- 3.4 U 4.1 B 4.1 B 3.4 J 5.9 B 7.1 B 3.9 J 2.6 J 4.35 J 4 UL 6.6 1.7 4.8 J
Field Parameters
pH (S.U.) NC -- -- -- 5.49 5.49 4.65 6.1 5.34 5.16 5.63 5.23 5.59 5.3 4.53 5
S. Conductivity (mS/cm) NC -- -- -- 0.000 0.000 0.086 0.199 0.114 0.074 0.101 0.107 0.134 0.118 0.125 0.093
Dissolved Oxygen (mg/L) - Horiba NC -- -- -- 9.01 9.01 0.00 0.00 2.98 0.00 5.51 1.88 0.00 0.63 0.12 0.00
Dissolved Oxygen (mg/L) - Test Kit NC -- -- -- -- -- -- -- -- -- -- 1.0 0.0 1.0 0.2 0.1
Temperature (°C) NC -- -- -- 12.61 12.61 9.71 15.64 19.55 13.48 10.89 19.86 11.95 23.07 10.80 20.41
Oxygen Reduction Potential (mV) NC -- -- -- 52 52 -56 -31 14 -73 -13 68.3 43 9 64 260
Turbidity (NTU) NC -- -- -- 16.00 16.00 36.8 1.32 3.01 17.6 21.1 8.59 27.2 9.40 81.7 3.72

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5 0.25 U -- -- -- -- -- -- --
Metals (ug/L)
Total Arsenic 10 2.8 J 3.2 J 1.6 4.3 J 5 U 4.8 J 5.5 5.4
Dissolved Arsenic NC 2.5 U 4 3.1 4 J 2.9 U 7 4.4 J 5.4
Field Parameters
pH (standard units) NC 5.55 5.78 5.85 5.95 5.63 5.83 6.21 6.33
S. Conductivity (millisiemens per centimeter) NC 0.085 0.107 0.122 0.067 0.119 0.059 0.15 0.092
Dissolved Oxygen (mg/L) - Horiba NC 0.00 2.16 3.20 0.94 0.00 0.00 0.00 19.26
Dissolved Oxygen (mg/L) - Test Kit NC 0.6 2.0 1.0 1.0 1.0 1.0 0.1 9.0
Temperature (degrees Celsius) NC 8.31 18.39 8.86 19.66 13.51 20.77 17.67 19.55
Oxygen Reduction Potential (millivolts) NC 19 -7 11 58 -9 44 -11 6
Turbidity (nephelometric turbidity units) NC 52.9 14.80 100.5 9.03 7.31 9.02 0.00 5.12

Notes:
NC - no criteria
-- - not analyzed
µg/L - micrograms per liter water
J - Estimated Value
L - Biased Low

R - Surrogate Recovery Noncompliance
mg/L - milligrams per liter

15-MW001
20200721

--

15-MW002

15-MW001

Cleanup 
Goal 

15-MW00215-MW00215-MW00215-MW00215-MW002Cleanup 
Goal 

15-MW002
20140922 20150316 20150923 2016041220140319 20160926 20200721

15-MW002 15-MW00215-MW002 15-MW002 15-MW002 15-MW002

Cleanup 
Goal 

Cleanup 
Goal 

15-MW001 15-MW001 15-MW001 15-MW001 15-MW001 15-MW001 15-MW001

20130903 20140319 20140922 20150316 20150923
15-MW001 15-MW001

15-MW001 15-MW001 15-MW001 15-MW001 15-MW001 15-MW001

15-MW001

19970425 19980318 20100914 20101206 20110322

15-MW001 15-MW001 15-MW001

19980318 20030312 20081205 20081205
15-MW00115-MW001

20110913 20120312 2012091720100316 20100607 20130319
DUPLICATE

20160926 20171017

15-MW002 15-MW002 15-MW002 15-MW002 15-MW002 15-MW002 15-MW002 15-MW002 15-MW002 15-MW002
20130319 201309032010120619970424 19980318 20030312 20081205 20081205 20100316 20100608 20100914

Bolded and shaded cells indicate exceedances of the 
Cleanup Goal

15-MW001
20160412

U - Analyte was not detected in the sample at a level 
greater than the instument detection 

20171017

20110322 20110912 20120312 20120917



TABLE 9-2
HISTORICAL GROUNDWATER ANALYTICAL RESULTS 

WASTE OIL DUMP
NASA WALLOPS FLIGHT FACILITY

WALLOPS ISLAND, VIRGINIA
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LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (standard units) NC
S. Conductivity (millisiemens per centimeter) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (degrees Celsius) NC
Oxygen Reduction Potential (millivolts) NC
Turbidity (nephelometric turbidity units) NC

Notes:
NC - no criteria
-- - not analyzed
µg/L - micrograms per liter water
J - Estimated Value
L - Biased Low

R - Surrogate Recovery Noncompliance
mg/L - milligrams per liter

Cleanup 
Goal 

Cleanup 
Goal 

Cleanup 
Goal 

Cleanup 
Goal 

Bolded and shaded cells indicate exceedances of the 
Cleanup Goal

U - Analyte was not detected in the sample at a level 
greater than the instument detection 

-- 42 23 K 58 11 32 2 0.3 U 0.3 U 0.3 J

15.6 68.8 88.2 60.4 15.6 B 27 9.7 3.9 J 15.5 J 27.7 J
15.1 15.1 B -- -- 4.6 J 22.4 J 22.4 J

-- -- -- -- -- 5.37 4.18 5.54 6.06 --
-- -- -- -- -- 0.173 0.100 0.087 0.111 --
-- -- -- -- -- 0.73 4.12 0.00 2.35 --
-- -- -- -- -- -- -- -- -- --
-- -- -- -- -- 16.38 15.70 11.90 17.36 --
-- -- -- -- -- -192 58 -35 -132 --
-- -- -- -- -- 9.15 4.46 7.50 5.76 --

33 2 1 4 5 11.1 14.2 12 11 2.4 J

54.4 24.5 23.8 58 J 39.9 J 46.6 45.9 46.8 57.4 19
39.7 28.5 26.8 48.5 J 34.6 J 45.6 47.1 60.5 60.4 18

6.08 5.31 -- 6.37 -- 5.42 -- 6.00 -- 6.02
0.446 0.142 -- 0.137 -- 0.212 -- 0.288 -- 0.163

1.62 0.59 -- -- -- 2.24 -- 0.00 -- 0.72
-- -- -- -- -- 0.0 -- 1.0 -- 1.0

18.60 15.40 -- 16.60 -- 19.08 -- 16.85 -- 20.24
-118 -132 -- -87 -- -237.6 -- -110 -- -7.6
3.19 2.75 -- 1.71 -- 2.20 -- 1.87 -- 3.85

2.1 J 0.11 U 0.11 U 0.51 J 0.54 J 0.5 J 0.46 J -- -- --

16 0.29 U 0.51 J 3.3 J 2.8 J 4.1 J 4 J 3.3 J 4.3 J 10
22 1.9 0.29 U 3.2 J 2.9 J 3.3 U 3.4 U 1.7 2.9 9.1

-- 4.61 -- 4.95 -- 5.12 -- 5.15 -- 5.55
-- 0.096 -- 0.074 -- 0.094 -- 0.138 -- 0.168
-- 0.55 -- 5.09 -- 0.00 -- 0.97 -- 1.82
-- 0.4 -- 4.0 -- 0.3 -- 0.8 -- 2.0
-- 12.67 -- 21.71 -- 15.12 -- 17.90 -- 15.24
-- 101 -- -122 -- -5 -- 6 -- -42
-- 23.8 -- 3.02 -- 4.31 -- 1.49 -- 7.44

-- -- -- -- -- -- -- -- -- --
Duplicate

10 5.4 6.1 3.4 U 6.4 3.4 J 3 J 6.4 5.6 51 59
9.1 5 J 5.4 3.9 U 4.3 U 3.6 J 6.2 4.4 J 4.9 J 54 56

-- 5.63 -- 4.67 -- 5.17 -- 5.46 -- 6.34 --
-- 0.097 -- 0.073 -- 0.081 -- 0.125 -- 0.266 --
-- 0.00 -- 0.00 -- 0.00 -- 0.00 -- 0.00 --
-- 0.3 -- 0.0 -- 0.0 -- 0.1 -- 0.0 --
-- 20.95 -- 15.79 -- 21.51 -- 17.49 -- 21.67 --
-- 73 -- 89 -- -37 -- 35 -- -79 --
-- 1.53 -- 13.4 -- 5.49 -- 0.00 -- 2.04 --

duplicate
20160926 20160926

15-MW00715-MW007 15-MW007

15-MW007 15-MW007

15-MW007 15-MW007 15-MW007 15-MW00715-MW007 15-MW007 15-MW00715-MW007 15-MW007 15-MW007
19930314 19970425 19980318 20000218 20030314 20081208 20090114 20100316 20100608 20100608

20100915 20101206 20101206 20110321
15-MW007 15-MW007

20110912 20110912
15-MW00715-MW007 15-MW007

duplicateduplicate

duplicate

20120312 20120312 20120917
duplicate

20110321
15-MW007 15-MW007 15-MW007

duplicate

15-MW007 15-MW007 15-MW007

15-MW007 15-MW007 15-MW007

15-MW007 15-MW007 15-MW007 15-MW007 15-MW007 15-MW007

15-MW007

2014031920130318 20130318
15-MW007

15-MW007

2015031620140922 20140922

20150316 20150923 20150923
duplicate duplicate

duplicate duplicate duplicate

15-MW007 15-MW007
20160926 20160926

duplicate
20160412 20160412

duplicate

duplicate duplicate
20130903 20130903 2014031920120917

20200720
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WASTE OIL DUMP
NASA WALLOPS FLIGHT FACILITY

WALLOPS ISLAND, VIRGINIA
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LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (standard units) NC
S. Conductivity (millisiemens per centimeter) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (degrees Celsius) NC
Oxygen Reduction Potential (millivolts) NC
Turbidity (nephelometric turbidity units) NC

Notes:
NC - no criteria
-- - not analyzed
µg/L - micrograms per liter water
J - Estimated Value
L - Biased Low

R - Surrogate Recovery Noncompliance
mg/L - milligrams per liter

Cleanup 
Goal 

Cleanup 
Goal 

Cleanup 
Goal 

Cleanup 
Goal 

Bolded and shaded cells indicate exceedances of the 
Cleanup Goal

U - Analyte was not detected in the sample at a level 
greater than the instument detection 

10 U 10 U 1 U 5 0.3 U 0.4 J 1 1 J 0.3 U 0.5 U 0.5 U 0.17 J 0.11 U 0.25 U 0.25 U

11 18.2 12.5 B 18.4 4.2 J 15.3 B 26.9 18.2 4 J 5.72 4 UL 5.3 0.29 U 5.4 J 1.7 J
-- -- 9.5 B 16 1.5 U 19.2 J 23.1 16 6.7 J 3 U 4 UL 11 2 4.4 J 1.3 U

-- -- -- 6.44 6.43 5.77 6.65 6.40 6.02 3.12 6.56 6.45 6.73 6.35 6.45
-- -- -- 0.233 0.195 0.380 0.320 0.225 0.240 0.268 0.278 0.242 0.313 0.141 0.244
-- -- -- 5.73 0.00 10.02 3.73 0.00 -- 1.91 1.45 2.86 3.15 1.91 2.44
-- -- -- -- -- -- -- -- -- 4.0 1.0 1.5 1.0 2.0 3.0
-- -- -- 13.95 11.57 17.01 20.65 13.14 14.50 20.06 15.89 21.06 10.52 19.20 11.62
-- -- -- -14 -15 -72 -101 -88 -15 697 9 -4 9 -26 28
-- -- -- 19.0 10.50 24.1 1.35 78.2 32.5 41.1 37.1 6.39 4.03 19.2 17.76

-- -- -- -- -- --

2.8 J 3.8 7.3 3.8 U 2.9 J 2.3 U
6.6 2.3 5.5 2.3 U 2.3 U 2.3 U

6.06 6.76 6.85 6.55 6.61 6.81
0.151 0.286 0.155 0.217 0.224 0.247

1.67 3.13 0.44 2.00 0.00 1.78
-- -- 1.0 2.0 -- 1.5

17.62 13.72 20.17 20.46 21.7 17.1
-27 -12 57 33 -3 -9

11.70 47.2 9.61 9.87 -- 0.00

22 23 25 8 3 8 8 1 J 0.6 J 0.3 U 3 2.57 2.2 1.9 4.5

27.5 29.2 30.2 21.4 12.3 10.9 10.5 8.4 B 10.6 9.6 8.7 J 11.2 11 14 13
-- -- -- 19.5 -- 10.5 11.4 6.8 B 10 9.1 7.6 J 9.03 9.6 L 9.8 9

-- -- -- -- 6.17 7 -- 5.71 7.22 6.19 6.02 4.66 6.22 6.17 6.25
-- -- -- -- 0.168 0.327 -- 62.500 0.126 0.118 0.117 0.154 0.167 0.186 0.237
-- -- -- -- 1.84 3.96 -- 4.40 15.58 2.63 -- 1.17 0.00 0.58 0.01
-- -- -- -- -- -- -- -- -- -- -- 0.15 0.0 0.5 0.1
-- -- -- -- 15.16 11.15 -- 17.15 18.40 16.10 15.20 18.12 17.22 19.00 11.66
-- -- -- -- -19 17 -- -72 -65 16 -44 113.2 -39 -10 -34
-- -- -- -- 0.70 4.09 -- 0.71 0.62 0.54 1.32 0.41 0.21 8.04 17.30

2 J 1.2 J -- -- -- -- -- -- --

16 11 9 J 9.1 11 16 14 11 6.2
15 8.8 J 8.7 9.5 11 15 14 9.4 7.2

6.05 6.23 5.78 6.23 6.42 6.33 6.36 6.25 5.86
0.115 0.159 0.176 0.145 0.105 0.137 0.125 0.134 0.11

0.20 0.00 1.09 1.19 0.00 0.00 0.00 0.00 0.80
< 1 0.6 3.0 0.3 0.3 0 0.1 0.1 4.0

21.68 13.05 17.43 14.17 17.29 15.81 19.98 15.07 17.92
-83 -33 -10 -7 22 -12 -38 -7 36

7.58 24.6 1.11 5.83 0.53 2.14 0.14 0.00 2.90
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TABLE 9-2
HISTORICAL GROUNDWATER ANALYTICAL RESULTS 

WASTE OIL DUMP
NASA WALLOPS FLIGHT FACILITY

WALLOPS ISLAND, VIRGINIA
PAGE 4 OF 4

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (S.U.) NC
S. Conductivity (mS/cm) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (°C) NC
Oxygen Reduction Potential (mV) NC
Turbidity (NTU) NC

LOCATION
SAMPLE DATE

VOCs (ug/L)
Benzene 5
Metals (ug/L)
Total Arsenic 10
Dissolved Arsenic NC
Field Parameters
pH (standard units) NC
S. Conductivity (millisiemens per centimeter) NC
Dissolved Oxygen (mg/L) - Horiba NC
Dissolved Oxygen (mg/L) - Test Kit NC
Temperature (degrees Celsius) NC
Oxygen Reduction Potential (millivolts) NC
Turbidity (nephelometric turbidity units) NC

Notes:
NC - no criteria
-- - not analyzed
µg/L - micrograms per liter water
J - Estimated Value
L - Biased Low

R - Surrogate Recovery Noncompliance
mg/L - milligrams per liter

Cleanup 
Goal 

Cleanup 
Goal 

Cleanup 
Goal 

Cleanup 
Goal 

Bolded and shaded cells indicate exceedances of the 
Cleanup Goal

U - Analyte was not detected in the sample at a level 
greater than the instument detection 

-- -- 1 U 1 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.5 U 0.5 U 0.2 U 0.11 U 0.25 U 0.25 U

5.1 1.6 U 3 U 1.45 1.5 U 2.2 B 1.6 B 0.8 U 2.25 UJ 1.5 U 4 UL 0.5 U 1.2 1.2 U 1.2 U
-- -- 3 U -- 1.5 U 3.1 B 0.8 U 0.8 U 2.25 UJ 1.5 U 4 UL 0.5 U 0.75 J 1.2 U 1.2 U

-- -- -- 5.65 6.69 6.38 5.14 5.91 6.13 4.40 6.34 5.98 6.26 6.01 5.80
-- -- -- 0.170 0.132 0.100 0.131 0.127 0.090 0.107 0.116 0.107 0.119 0.056 0.061
-- -- -- 8.56 11.9 10.02 19.99 11.01 -- 9.18 6.52 5.42 7.74 5.61 5.99
-- -- -- -- -- -- -- -- -- 9.0 6.0 5.0 10.0 6.0 6.0
-- -- -- 15.30 13.44 16.09 19.40 14.66 15.40 18.36 18.60 19.21 13.09 22.49 14.60
-- -- -- 75 239 370 49 156 159 615.5 147 158 354 173 208
-- -- -- 1.18 0.33 5.30 5.99 2.42 4.28 7.42 6.53 7.32 0.60 7.14 0.17

-- -- -- -- -- -- --

0.29 UJ 0.29 U 2.3 U 2.3 U 2.3 U 2.3 U 3 U
0.29 U 0.34 J 2.3 U 4.2 U 2.3 U 2.3 U 3 U

6.02 6.15 6.25 5.71 5.88 6.38 5.95
0.067 0.073 0.044 0.075 0.049 0.106 0.089

5.85 7.23 8.00 3.00 4.64 6.99 8.27
5.0 3.0 8.0 3.0 3.0 6.0 7.0

18.20 13.82 18.20 15.56 21.76 17.28 19.22
200 240 184 159 188 145 258

5.26 0.93 1.80 1.44 4.30 0.00 0.00

1 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.5 U 0.5 U 0.2 U 0.11 U 0.25 U 0.25 U -- -- --

6.3 1.5 U 4.9 B 1 B 0.8 U 2.25 UJ 1.5 U 4 UL 0.5 U 0.29 U 1.2 U 1.2 U 0.29 UJ 0.34 J 2.3 U
-- 1.5 U 4.7 B 2.7 B 0.8 U 2.25 UJ 1.5 U 4 UL 0.5 U 0.29 U 1.2 U 1.2 U 1.7 0.29 U 2.3 U

5.77 6.29 5.7 4.35 6.09 5.61 3.26 6 5.74 5.34 4.91 5.44 5.27 5.84 6.06
0.120 0.098 0.090 0.094 0.104 0.096 0.081 0.085 0.102 0.097 0.060 0.098 0.102 0.109 0.069

1.98 3.75 6.23 18.82 9.89 10.67 13.78 11.94 6.66 7.69 6.65 5.43 6.04 6.10 7.47
-- -- -- -- -- -- > 12 10.0 6.0 2.0 7.0 5.0 6.0 3.0 5.0

15.17 11.87 15.01 18.80 16.71 15.04 18.00 14.78 18.48 10.98 22.71 13.22 15.70 12.93 17.56
84 132 358 138 294 262 -170.2 267 253 231 366 222 205 172 234

7.10 1.56 2.01 0.79 1.20 0.00 0.62 0.00 8.31 0.15 1.70 2.98 0.48 0.26 1.54

-- -- -- --

2.3 U 2.3 U 2.3 U 3 U
2.3 U 2.3 U 2.3 U 3 U

6.35 5.94 6.11 6.22
0.080 0.091 0.1 0.087

2.40 0.90 6.61 8.62
1.0 2.0 6.0 6.0

15.10 17.51 15.82 18.64
83 305 216 319

0.29 0.33 0.00 0.00
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SAP Worksheet #10:  Problem Statement 

(UFP-QAPP Manual Section 2.6.2 - Worksheet #10) 

10.1 PROBLEM STATEMENT  

Based on human health and ecological risk assessments and exceedances of regulatory standards, COCs 
were identified at the Waste Oil Dump (WOD) Site at the NASA Goddard Space Flight Center WFF 
located in Accomack County, Virginia. The sole medium of concern at the WOD is shallow 
groundwater in the upper, unconfined zone of the Columbia aquifer; past disposal operations at the WOD 
are the likely source of groundwater contamination.   

This LTM Plan – Revision 4 details the procedures to be used during the sampling and analysis of 
groundwater collected as a component of the remedial action being implemented.  The objective of the 
monitoring program for the WOD is to document the concentrations in site groundwater contaminants and 
monitor progress in attaining the cleanup goals identified in the ROD signed in March 2008. Currently, 
arsenic is the only analytical parameter included in the groundwater LTM program for the WOD. 

10.2 STUDY GOALS 

The LTM goals are as follows: 
• Collect and analyze groundwater samples from three existing wells to monitor progress towards

attaining the cleanup goal for the remaining COC, arsenic.
• Collect water level measurements and field parameters from twelve wells to confirm groundwater flow

at the Site.

10.3 INFORMATION INPUTS 

The principal inputs to meet the study goals above are analytical chemistry data obtained from groundwater, 
as well as field groundwater geochemical analyses.  

Data required to fulfill these goals are: 

• Assessment of three monitoring wells for concentrations of total and dissolved arsenic. The EPA
National Primary Drinking Water Regulations MCL for arsenic (10 micrograms per liter [µg/L]) will be
used as the project action limit (PAL) for groundwater.

• Field measurements (conductivity, temperature, pH, turbidity, dissolved oxygen [DO], and oxidative-
reductive potential [ORP]) at three wells to determine the ambient physical and chemical properties
of the groundwater at the time of sampling.

• Water level measurements will be collected from twelve wells during each sampling event and will be
used to confirm groundwater flow.

• Groundwater sampling for analytical chemistry and field geochemistry will occur twice every five years
or until project objectives are met.

10.4 STUDY BOUNDARIES 

Groundwater samples for total/dissolved arsenic analysis and water level measurements and field 
geochemical parameters (dissolved oxygen, temperature, pH, conductivity, turbidity, and ORP) will be 
collected at the following three existing monitoring wells: 15-MW001, 15-MW007, and WOD-MW002D. 
Water level measurements will be collected from the following twelve wells: 15-MW001, 15-MW002, 15-
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MW003, 15-MW007, WOD-MW001, WOD-MW002S, WOD-MW002D, WOD-MW003, WOD-MW003R, 
WOD-MW004-2, WOD-MW006, and WOD-MW008. 

10.5 ANALYTICAL APPROACH 

Worksheet #13 presents the sampling plan details. The Limit of Quantitation (LOQ) to be met is provided 
in Worksheet #16. Groundwater samples will be analyzed for total and dissolved arsenic by EPA SW-846 
6020A.  The sample volume collected for the dissolved metals analysis will be field-filtered on-site. 

10.6 PERFORMANCE/ACCEPTANCE CRITERIA 

Defined project specific measurement performance criteria have been established for precision, accuracy, 
sensitivity, and completeness. Requirements for precision, accuracy, representativeness and comparability 
are presented in Worksheets #11 and #18. Requirements for analytical sensitivity are presented in 
Worksheet #16. Project completeness goals have been set at 95% for both field and laboratory 
completeness as defined in Worksheet #19, Data Usability Assessment. 

Procedures for data validation are outlined in Worksheet #19. All groundwater data will be validated to 
achieve the Stage 4 level of validation. Data validation tasks will include evaluation of field and laboratory 
achieved performance for each project specific measurement performance criterion. The findings of these 
evaluations will be included in the corresponding data validation reports. After validation, project team 
members will evaluate data usability and will assess whether the data can be used as intended to support 
the attainment of project objectives.  

10.7 SAMPLING DESIGN/PLAN FOR OBTAINING DATA 

Long Term Monitoring will consist of the collection and analysis of groundwater samples from monitoring 
wells within the contaminant plume to assess the progress towards attaining the cleanup goal. Groundwater 
samples will be collected twice every five years for laboratory analysis and field parameters as outlined in 
section 10.4. The wells will be purged with a peristaltic pump using low flow purging techniques. The field 
data will be recorded in field data collection sheets and field logbooks. Discrete grab groundwater samples 
will be collected using a peristaltic pump and will be shipped to Eurofins TestAmerica Pittsburgh for total 
and dissolved metals analysis. The laboratory will provide analytical data in the form of a Level IV data 
package.  

Monitoring will continue until four consecutive monitoring events confirm that the clean-up level has been 
attained in the designated monitoring wells that are included in this SAP. 
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SAP Worksheet #11: Field Quality Control Samples 

(UFP-QAPP Manual Section 2.6.2-Worksheet #12) 

Quality Control 
(QC) Sample 

Analytical 
Group Frequency Data Quality Indicators 

(DQIs) Measurement Performance Criteria (MPC) 

Field Duplicate 
(FD) 

Total Metals, 
Dissolved 

Metals 

1 per sampling 
event (1 per 10 
samples) 

Precision Relative Percent Difference (RPD) ≤ 30% when detected in both 
samples at a concentration ≥ 5X LOQ. If the analyte concentration 
in either the parent sample or field duplicate sample is < 5X LOQ, 
then the absolute difference of the results must be ≤ LOQ. 

Field Blank Total Metals, 
Dissolved 

Metals 

1 per sampling 
event 

Accuracy/Bias/Contamination No target analyte concentrations ≥ 1/2 LOQ. 

Cooler 
Temperature 

Blank 

N/A 1 per cooler Representativeness Temperature must be between 0 °C and 6 °C 
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SAP Worksheet #12: Summary of Project Tasks 

(UFP-QAPP Manual Section 2.8.1-Worksheet #14) 

12.1 Long Term Monitoring Task Plan 

The following is a list of field tasks that will be performed for the investigation. A short description of each 
task is provided under Section 12.2. 

• Mobilization/Demobilization and Safety Training
• Equipment Calibration
• Groundwater Sampling
• Water Level Measurements
• Survey Locations
• Decontamination
• Investigation Derived Waste (IDW) Management
• Documentation

The following is a list of additional project-related analytical and reporting tasks that will be completed as 
part of this investigation. A short description of each task is provided under Section 12.3. 

• Analytical Tasks
• Data Handling and Management
• Data Tracking
• Data Storage, Archiving, and Retrieval
• Data Security
• Electronic Data
• Data Review and Validation
• Project Reports

Bluestone Standard Operating Procedures (SOPs) and field forms for field tasks referenced in this section 
are identified by title in Worksheet #14, and copies of applicable SOPs are provided in Appendix A. Field 
activities will be conducted in accordance with Bluestone SOPs. Field sampling equipment, including 
oil/water interface meters, water level indicators, non-disposable bailers (brought into the field as a backup 
sample collection method), and other nondedicated equipment used at each sample location will be cleaned 
between uses as provided in Bluestone SOP #05. 

12.2 Field Tasks 

A summary of each field task is provided in the following sections. 

12.2.1 Mobilization/Demobilization and Safety Training 

Mobilization will consist of the delivery of equipment, materials, and supplies to the site, the complete 
assembly in satisfactory working order of such equipment at the site, and the satisfactory storage at the 
site of such materials and supplies. 

Bluestone will prepare a list of equipment and supplies necessary for the field team to perform the field 
activities. The necessary equipment and supplies include, but are not limited to, the following: 

• Documents, forms, logbooks, log sheets, labels, custody seals, air bills, and other paperwork required
by the SAP and contract wide approved Health and Safety Plan.

• Vehicles for personnel, equipment, and sample transport.

http://www.epa.gov/fedfac/pdf/ufp_qapp_v1_0305.pdf#page=78


SAP - WOD LTM Plan Rev. 4 
Final 

August 2022
_____________________________________________________________________________________________

• Personnel, supplies, and equipment (e.g., bottle ware and personal protective equipment [PPE])
required by the SAP and project-specific HASP.

• Required sample containers.
• Equipment and supplies for sample custody, preservation, and packaging.
• Other miscellaneous office and field supplies.

Project-specific health and safety training for all Bluestone field staff and subcontractors, as applicable, will 
be provided as part of site mobilization and is also addressed in Worksheet #7. During the required training 
and orientation, field team members will review the SAP and will be given any project-specific health and 
safety training based on the HASP. Field personnel must review and sign off on the project specific HASP. 
The SSHO will be responsible for reviewing the HASP with field team members. It will also be necessary 
to provide orientation and health and safety training for any additional or replacement field team members 
assigned after mobilization. 

The Bluestone field representative will also coordinate with the Facility POC, Ms. Susan Dunn, verbally or 
via email at least 1 week prior to commencement of field work to arrange for access to the site and to 
identify appropriate locations for the temporary storage of equipment and supplies. 

Demobilization will consist of the prompt and timely removal of all equipment, materials, and supplies from 
the site following completion of the work. Demobilization includes the cleanup and removal of IDW 
generated during the investigation. Upon demobilization, field investigation paperwork will be filed and 
docketed in the project file. 

12.2.3 Equipment Calibration 
Field equipment will be calibrated at the beginning of each day, unless otherwise stated by the equipment 
manufacturer or if problems are noted in the field. These procedures are described in Worksheet #15. 

12.2.5.3 Groundwater Sampling 
Groundwater samples will be collected from three wells. Groundwater samples will be collected for arsenic. 
A sample log sheet will be created to document the details of each sample. Groundwater sampling activities 
will be conducted in accordance with Bluestone SOP #12 (Appendix A). 

Water quality parameters will be monitored and recorded on field log forms during sampling activities for 
groundwater samples and the groundwater grab samples. Sampling may be conducted once three 
consecutive readings, taken at 5 to 10-minute intervals, are within the following limits: 

• pH ±0.2 standard units
• Specific conductance ±10%
• Temperature ±10%
• Turbidity less than 10 NTUs
• DO ±10%
• ORP ±10%
• A flow rate between 100 and 500 ml/min

12.2.6 Water Level Measurements 
Groundwater level measurements will be collected following the procedures outlined in Bluestone SOPs 
(Appendix A). Water level measurements will be completed within the shortest time possible on the same 
day, and no sooner than 24 hours after a significant precipitation event to minimize the precipitation effects 
on the data. Water level measurements will be recorded to the nearest 0.01 foot and referenced to a top of 
casing notch or north side of the well casing. The measurement will be decontaminated prior to conducting 
the measurement and between each well. 
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12.2.7 Survey Locations 
Survey locations will not be collected at this time. 

12.2.8 Decontamination 
Decontamination will be required for all reusable sampling/measuring equipment to prevent transferring 
potential contaminants to other locations or samples. Reusable sampling/measuring equipment will be 
decontaminated with a non-phosphate detergent scrub followed by a per- and polyfluoroalkyl substances -
free water rinse. The water used to decontaminate the tooling and equipment will be NASA potable water 
and all fluids generated during decontamination will be contained and managed as IDW. 

Decontamination procedures are detailed in Bluestone SOP #05 (Appendix A). 

12.2.9 Investigation Derived Waste Management 
IDW will consist of decontamination water and purge water. IDW will be containerized in 55-gallon drums 
or bulk storage container, properly labeled, sampled, and characterized. The temporary IDW storage 
location is Building B-29 for the Main Base. The disposal of aqueous IDW will be coordinated by Bluestone. 

If contaminants of concern concentration levels in IDW are over the PSL list, the aqueous IDW will be 
prepared for disposal off-site.  

Used PPE (i.e., nitrile gloves), soil sleeves, and general refuse will be bagged and disposed as general 
trash. 

12.2.10 Documentation 
Sample log sheets will be maintained for each sample collected. In addition, sample collection information 
will be recorded in bound field notebooks (waterproof logbooks will not be used) or on specific field forms. 
Samples will be packaged and shipped according to Bluestone SOP #10 and SOP #13 in Appendix A. 

A summary of field activities will be properly recorded in a bound logbook with consecutively numbered 
pages. Logbooks will be assigned to field personnel and stored in a secured area when not in use. Logbooks 
will be maintained in accordance with Bluestone SOP #06 (Appendix A). 

Entries will be written in ink. No erasures will be made. If an incorrect entry is made, striking a single line 
through the incorrect information will make the correction; the person making the correction will initial and 
date the change. Sampling forms, and other field forms will also be used to document field activities. 

12.3 ANALYTICAL AND REPORTING TASKS 
The following is a list of analytical and data management/reporting tasks. 

12.3.1 Analytical Tasks 
Chemical analyses of Analytes in all media will be performed by Eurofins TestAmerica located in Pittsburgh, 
PA. Eurofins Pittsburgh has been accredited to conduct the analyses required by this SAP by the of Virginia 
Environmental Laboratory Accreditation Program (VELAP). A copy of Eurofins Pittsburgh’s accreditation is 
provided in Appendix C. Analyses for Arsenic will be performed in accordance with the analytical methods 
specified in Worksheet #13. The laboratory will perform chemical analysis following laboratory-specific 
SOPs (Worksheet #17) based on the analytical methods listed in Worksheet #13. Laboratory data will be 
delivered to Bluestone in the form of an electronic data deliverable (EDD) and portable document format 
(PDF) data package. This information will be captured in the project database that will be uploaded upon 
completion of the report. 

12.3.2 Data Handling and Management 
After the sampling event is complete, the field sampling log sheets will be organized by date and medium 
and filed in the project files. The field logbooks for this project will be used only for this facility and will also 
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be categorized and maintained in the project files after completion of the field program. The field logbooks 
will be titled based on date and activity. 

Prior to placement in the project files, the logbook pages will be scanned electronically. The data handling 
procedures to be followed by the laboratory will meet the requirements of the laboratory technical 
specification. The electronic data will be automatically downloaded accordance with Bluestone SOPs. 

12.3.3 Data Tracking 
Data will be tracked from generation to archiving in the project-specific files. The Bluestone QAM/Project 
Chemist (or designee) is responsible for tracking the samples collected and shipped to the contracted 
analytical laboratory. Upon receipt of the data packages from the analytical laboratory, the project chemist 
will coordinate the data validation effort, which includes verifying that the data packages are complete and 
that results for all samples have been delivered by the analytical laboratory. 

12.3.4 Data Storage, Archiving, and Retrieval 
After the data are validated, the data packages are entered into the Bluestone and NASA file systems and 
archived in secure files. The field records including field logbooks, sample log sheets, and chain-of-custody 
records will be submitted by the Bluestone field representative to be entered into the Bluestone and NASA 
file systems prior to archiving in secure project files. As documents are finalized, all relevant data and 
records are uploaded electronically to the project database and retained there indefinitely. 

12.3.5 Data Security 
The Bluestone project files are restricted to designated personnel only. The Bluestone Data Manager 
maintains the electronic data files. Access to the data files is restricted to qualified personnel only. File and 
data backup procedures are routinely performed. 

12.3.6 Electronic Data 
One hundred percent (100%) of the laboratory data (electronic and PDF report) will be validated in 
accordance with specifications in Worksheets #19, and qualifiers will be manually added to the database. 
Data will then be compiled and loaded into the project database. This process includes a QA review of the 
data to ensure that the content and format of the data satisfy Bluestone requirements. 

12.3.7 Data Review and Validation 
Data verification, validation, and usability assessment processes are described on Worksheets #19. 

12.3.8 Project Reporting 
After completion of the data review project-specific reports will be prepared to present results of the 
investigations along with conclusions and recommendations. The draft report will be submitted to the NASA 
RPM for initial review, and NASA comments will be addressed.  

33 of 53



SAP - WOD LTM Plan Rev. 4 
Final 

August 2022
__________________________________________________________________________________________________________________________ 

SAP Worksheet #13: Sample Details Table 

(UFP-QAPP Manual Section 2.8.1-Worksheets #18,19,20 and 30) 

Waste Oil Dump 
Wallops Flight Facility,  
Wallops Island, Virginia 

(Tentative Sampling Dates – September 2022 
and twice per 5 years) 

Analysis Group Arsenic (total and dissolved) 

Preparation and Analytical Method Arsenic: SW-846 3005A/SW-846 6020A 

Analytical Laboratory/  
Analytical SOP Reference Eurofins SOP:  PT-IP-003/PT-MT-002 

Eurofins TestAmerica Pittsburgh 
Sample Receiving 
301 Alpha Drive 

Pittsburgh, PA 15238 
Project Manager:  Andy Johnson 

Phone:  615-818-9567 
Email:  Andy.Johnson@Eurofinset.com 

Data Package Turnaround Time 21 Calendar Days 

Container Type/ Volume Required 
(if different than container volume) Arsenic: 1-250 milliliter (mL) polyethylene bottle 

Preservative 
Arsenic: Nitric acid to pH<2 (Dissolved samples 
must be field-filtered through a 0.45-micron pore 
diameter membrane prior to preservation) 

Holding Time (Preparation/Analysis) Arsenic: 6 months to analysis 

Proposed Groundwater Samples 
Site Matrix Sample Location1 Sample ID2 QC 

WOD/15 Groundwater 15-MW001 WOD-15-MW001-YYYYMMDD Arsenic (total and dissolved) 
WOD/15 Groundwater 15-MW007 WOD-15-MW007-YYYYMMDD Arsenic (total and dissolved) 

WOD Groundwater WOD-MW002D WOD-MW002D-YYYYMMDD Arsenic (total and dissolved) 
Field QC Samples 

QC Field 
Duplicate TBD WOD-DUP01-YYYYYMMDD Arsenic (total and dissolved) 

QC MS 
TBD Noted on the Chain of Custody as 

“MS/MSD” 
Arsenic (total and dissolved) 

QC MSD Arsenic (total and dissolved) 

1 Sample locations are presented in Figures 9-3 and 9-4  
2 YYYYMMDD stands for the year, month, and date the sample is collected. For example, if a groundwater sample is collected from WOD-MW002D on 

September 25, 2022, the sample ID would be WOD-MW002D-20220925. 
3 One field duplicate, one matrix spike/matrix spike duplicate pair, and one field blank will be collected during each sampling round. 
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SAP Worksheet # 14: Project Sampling SOP References Table 

(UFP-QAPP Manual Section 3.1.2-Worksheet #21) 

Field SOP 
Number Title Originating 

Organization Equipment Type Location 

SOP-02 Equipment Calibration and Maintenance Bluestone Water Level Indicator, Water Quality 
Meter, PID, Soil Probes Appendix A 

SOP-05 Decontamination of Field Equipment Bluestone Decontamination Supplies Appendix A 

SOP-06 Field Documentation Bluestone Field Logbook, Field Data Sheets Appendix A 

SOP-10 Storage and Sampling of IDW Bluestone UN-approved Drums Appendix A 

SOP-12 Low-Flow GW Sampling and Sampling with 
Bailer Bluestone PID, Water Quality Meter, Groundwater 

Pump Appendix A 

SOP-13 Sample Packing and Shipping Bluestone Coolers, Ice, Bubble Wrap, Tape Appendix A 

SOP-19 Groundwater Elevation Monitoring Bluestone Water Level Indicator, Oil/Water Interface 
Probe Appendix A 
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SAP Worksheet #15: Field Equipment Calibration, Maintenance, Testing and Inspection Table 

 (UFP-QAPP Manual Section 3.1.2.4- Worksheet #22) 

Field 
Equipment 

Calibration 
Activity 

Maintenance 
Activity 

Inspection 
Activity Frequency Acceptance 

Criteria 
Corrective 

Action 
Responsible 

Person SOP Reference 

Water 
Level Meter NA NA 

Visual Inspection 
for damages or 
defects. 

Before and 
after use. 

No signs of 
damage. Replace. Field Manufacturer's 

instructions. 

Water 
Quality 
Meter – 
Horiba, YSI 
ProDSS or 
similar 

Calibration in 
accordance with 
manufacturer's 
instructions. 
Verify calibration 
with standards, 
use calibration 
checks to keep 
meter in range. 
Have extra 
calibration fluids 
and batteries.  

NA 
Visual Inspection 
for damages or 
defects. 

Before and 
after use. 

Calibration in 
range with 
manufacturer's 
instructions. 

Recalibrate 
or replace. Field Manufacturer's 

instructions. 

Peristaltic 
Pump NA NA 

Visual Inspection 
for damages or 
defects. 

Before and 
after use. 

Pump is 
operational 
and maintains 
flow rates. 

Replace. Field Manufacturer's 
instructions. 
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SAP Worksheet #16: Reference Limits and Evaluation Tables 

(UFP-QAPP Manual Section 2.8.1 – Worksheet #15) 

Laboratory Limits (Limit of Quantitation (LOQ), Limit of Detection (LOD), and Detection Limit (DL)) are current as of when the information 
was requested for the SAP and should be considered representative. Concentrations detected between the LOQ and DL will be J-qualified. 
Non-detects will be reported as the LOD. 

The Project Quantitation Limit Goal (PQLG) is PAL/2 (selected in accordance with the Intergovernmental Data Quality Task Force 
(IDQTF)) QAPP Manual Section 2.6.2.3)  

Matrix: Groundwater 
Analytical Group: Metals (SW-846 6020A) 
Units: µg/L 

Analyte CAS 
Number 

Project Action 
Limit 

Project Action Limit 
Reference1 

Project 
Quantitation 
Limit Goal 

(PQLG) 

Limit of 
Quantitation 

(LOQ) 

Detection 
Limit (DL) 

Arsenic 7440-38-2 10.0 EPA National Primary Drinking 
Water Regulations MCL 

5.00 1.00 0.282 

1 PALs determined from the EPA MCL for arsenic as outlined in the WOD ROD. 
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SAP Worksheet #17: Analytical SOP References 

(UFP-QAPP Manual Section 3.2.1 – Worksheet #23) 

Andy Johnson, Laboratory PM 
Eurofins TestAmerica Pittsburgh 
615-301-5045
Andy.Johnson@eurofinset.com 

Lab SOP 
Number 

Title, Revision Date, and/or 
Number 

Definitive or 
Screening Data 

Matrix and Analytical 
Group Instrument 

Organization 
Performing 

Analysis 

Modified 
for Project 

Work? 

(Y/N) 

PT-IP-003 
Acid Digestion of Aqueous 
Samples, Rev. 15, effective 
12/16/2019 

Preparation Aqueous, Metals N/A 
Eurofins 
TestAmerica 
Pittsburgh 

N 

PT-MT-002 

Analysis of Metals by 
Inductively Coupled 
Plasma/Mass Spectrometry 
(ICP/MS), Rev 17, effective 
9/16/2020 

Definitive Aqueous, Metals ICP/MS 
Eurofins 
TestAmerica 
Pittsburgh 

N 

http://www.epa.gov/fedfac/pdf/ufp_qapp_v1_0305.pdf#page=91
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SAP Worksheet #18: Laboratory QC Samples Table 

(UFP-QAPP Manual Section 3.4 – Worksheet #28) 

Matrix: Groundwater 
Analytical Group: Metals 
Analytical Method/SOP: SW-846 6020A/SOP PT-MT-002 
Laboratory Name: Eurofins TestAmerica Pittsburgh 

Matrix Groundwater and 
aqueous QC samples 

Analytical Group Metals 

Analytical 
Method/SOP 
Reference 

SW-846 6020A/SOP 
PT-MT-002 

Laboratory QC 
Sample 

Number/ 
Frequency 

Method/SOP 
QC 

Acceptance 
Criteria 

Corrective Action 
Title/Position of 

Person Responsible 
for Corrective 

Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance 
Criteria (MPC) 

Field Duplicate 1 per sampling round See Worksheet 
#11 

Review sampling 
procedures. 
Deviations will be 
noted during data 
validation. 

Field personnel 
Data validators Precision 

Same as QC 
Acceptance 
Criteria 

Field Blank 1 per sampling round N/A 

Clean equipment 
carefully or use 
disposable sampling 
equipment where 
possible. 
Qualify data 
according to 
validation guidance. 

Field personnel 
Data validators 

Representativen
ess 
(Bias/Contaminat
ion) 

No target 
analyte 
concentrations ≥ 
1/2 LOQ. 



SAP - WOD LTM Plan Rev. 4 
Final 

August 2022
_________________________________________________________________________________________________________________________

43 of 53

Matrix Groundwater and 
aqueous QC samples 

Analytical Group Metals 

Analytical 
Method/SOP 
Reference 

SW-846 6020A/SOP 
PT-MT-002 

Laboratory QC 
Sample 

Number/ 
Frequency 

Method/SOP 
QC 

Acceptance 
Criteria 

Corrective Action 
Title/Position of 

Person Responsible 
for Corrective 

Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance 
Criteria (MPC) 

Laboratory 
Control Sample 
(LCS) 

1 per preparatory 
batch of up to 20 
samples 

Arsenic 
%R = 80 - 120

Correct problem, 
then re-prepare and 
reanalyze the LCS 
and all samples in 
the associated 
preparatory batch for 
failed analytes, if 
sufficient sample 
material is available. 

Supervisor Accuracy Arsenic 
%R = 84 - 116 

Serial Dilution 
Test 

One per preparatory 
batch if MS or MSD 
fails.  

Five-fold dilution 
results must be 
within ± 10% 
from undiluted 
sample for 
analytes >50x 
LOQ  

Flag data and 
comment in Case 
Narrative. 

Supervisor Accuracy/Bias 

Five-fold dilution 
must agree 
within ± 10% of 
the original 
measurement. 
Only applicable 
for samples with 
concentrations > 
50xLOQ (prior 
to dilution). 

Post Digestion 
Spike (PDS) 

One per preparatory 
batch if MS/MSD fails 
(using the same 
sample as used for 
the MS/MSD if 
possible). 

%R = 80-120 

Flag data outside of 
control limits, and 
comment in Case 
Narrative. 

Supervisor Accuracy/Bias %R = 80-120 
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Matrix Groundwater and 
aqueous QC samples 

Analytical Group Metals 

Analytical 
Method/SOP 
Reference 

SW-846 6020A/SOP 
PT-MT-002 

Laboratory QC 
Sample 

Number/ 
Frequency 

Method/SOP 
QC 

Acceptance 
Criteria 

Corrective Action 
Title/Position of 

Person Responsible 
for Corrective 

Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance 
Criteria (MPC) 

Internal 
Standards 

Every field sample, 
standard and QC 
sample. 

IS intensity in 
the samples 
within 30% - 
120% of 
intensity of the 
IS in the ICAL 
blank. 

If recoveries are 
acceptable for QC 
samples, but not field 
samples, the field 
samples may be 
considered to suffer 
from a matrix effect. 
Reanalyze sample at 
5-fold dilutions until
criteria met. For
failed QC samples,
correct problem, and
rerun all associated
failed field samples.

Supervisor Accuracy 

IS intensity in 
the samples 
within 30 - 120% 
of intensity of 
the IS in the 
ICAL blank. 
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Matrix Groundwater and 
aqueous QC samples 

Analytical Group Metals 

Analytical 
Method/SOP 
Reference 

SW-846 6020A/SOP 
PT-MT-002 

Laboratory QC 
Sample 

Number/ 
Frequency 

Method/SOP 
QC 

Acceptance 
Criteria 

Corrective Action 
Title/Position of 

Person Responsible 
for Corrective 

Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance 
Criteria (MPC) 

Matrix Spike (MS) One per preparatory 
batch. 

Use in-house 
limits. 

Must contain all 
surrogates and 
analytes 
reported. 

Review project 
specific 
requirements. 
Contact client for 
additional measures. 

For the specific 
analyte in the parent 
sample, apply the J-
flag if acceptance 
criteria are not met 
and explain in the 
Case Narrative. 

For matrix evaluation 
only. If MS results 
are outside the limits, 
the data will be 
evaluated to 
determine the source 
of difference.  

Supervisor Accuracy/Bias 

Same as 
Method/SOP 
QC Acceptance 
Limits. 
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Matrix Groundwater and 
aqueous QC samples 

Analytical Group Metals 

Analytical 
Method/SOP 
Reference 

SW-846 6020A/SOP 
PT-MT-002 

Laboratory QC 
Sample 

Number/ 
Frequency 

Method/SOP 
QC 

Acceptance 
Criteria 

Corrective Action 
Title/Position of 

Person Responsible 
for Corrective 

Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance 
Criteria (MPC) 

Matrix Duplicate 
(MD) or Matrix
Spike Duplicate
(MSD)

One per preparatory 
batch. 

Use in-house 
limits. 

MSD or MD:  
RPD of all 
analytes ≤20% 
(between MS 
and MSD or 
sample and 
MD). 

MSD:   Must 
contain all 
surrogates and 
all analytes to 
be reported. 

For Sample/MD:  
RPD criteria 
only apply to 
analytes whose 
concentration in 
the sample is 
greater than or 
equal to the 
reporting limit. 

Examine the project 
specific 
requirements. 
Contact the client for 
additional measures 
to be taken. 

For the specific 
analytes 
in the parent sample, 
apply J-flag if 
acceptance 
criteria are not met 
and 
explain in the Case 
Narrative. 

The data will be 
evaluated to 
determine the source 
of difference. 

Supervisor Accuracy/Bias 

Same as 
Method/SOP 
QC Acceptance 
Limits 
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SAP Worksheet #19: Data Verification and Validation Process Table 

(UFP-QAPP Manual Section 5.2.1, UFP-QAPP Manual Section 5.2.2, Figure 37 UFP-QAPP Manual, Table 9 UFP-QAPP Manual – 
Worksheets #34, 35, 36) 

Data Review Input Description Responsible for Verification 
(name, organization) Step I/IIa/IIb 1 Internal/ 

External 
Sample log sheets, chain of 
custody forms, SAP, and 
laboratory sample login 
documentation 

The FOL will verify that samples were correctly 
identified, chain of custody records are legible, 
data will be traceable to the corresponding 
samples, the samples listed in Worksheets #11 
and #13 were collected from intended locations, 
and the correct sampling and analytical 
methods/SOPs were assigned to samples listed 
on the chain of custody record.  The PM will verify 
that the sampling plan was implemented and 
carried out as written and will make sure that any 
significant deviations are documented in the 
project report. 

FOL and PM, Bluestone I Internal 

Chain-of-custody forms Verify that the chain-of-custody form is complete 
and accurate; and was signed and dated by the 
sampler relinquishing the samples and by the 
laboratory receiving the samples.  Resolve 
discrepancies, if possible.  Alert the Bluestone 
PM verbally or via email if discrepancies are 
unresolvable. 

FOL, Bluestone I Internal 

Chain-of-custody forms Verify sample shipment completeness against the 
chain-of-custody record, verify proper sample 
preservation/integrity, sign to indicate receipt, 
note any discrepancies, and correct them as 
necessary.  Notify the Bluestone FOL or PM of 
any deviations from sample shipping 
requirements such as damaged sample 
containers, or inappropriate temperature or pH.  
Note uncorrectable discrepancies in the data 
package case narrative. 

Laboratory sample custodian, 
Eurofins/TestAmerica  

I External 

file:///D:/Documents%20and%20Settings/janice.NIELSEN/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/LTPU2KZ3/Section_2.pdf
http://www.epa.gov/fedfac/pdf/ufp_qapp_v1_0305.pdf
http://www.epa.gov/fedfac/pdf/ufp_qapp_v1_0305.pdf
http://www.epa.gov/fedfac/pdf/ufp_qapp_v1_0305.pdf
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Data Review Input Description Responsible for Verification 
(name, organization) Step I/IIa/IIb 1 Internal/ 

External 
Analytical calibration 
standards 

Verify that standards are traceable and meet 
contract, method, and procedural requirements, 
as applicable, and include certificates of analysis 
in the laboratory data package to document the 
traceability.  If discrepancies in traceability are 
found, bring the discrepancies to the laboratory 
PM attention for correction. 

Laboratory analyst, 
Eurofins/TestAmerica 

I Internal 

SAP, analytical SOPs, and 
analytical data packages 

Verify that the correct analytical methods/SOPs 
were applied. Establish that method QC samples 
were analyzed and in control as listed in the 
analytical SOPs.  If method QC is not in control, 
the Eurofins/TestAmerica PM will contact the 
Bluestone Project Chemist or PM verbally or via 
email for guidance prior to laboratory data 
package preparation. 

Laboratory PM, 
Eurofins/TestAmerica 

I Internal 

Laboratory analytical data 
package 

Verify the analytical data package for 
completeness and accuracy, including certificates 
of analysis for calibration and check standards.  
The laboratory QAM will sign the case narrative 
for each data package. 

Laboratory QAM, 
Eurofins/TestAmerica 

I Internal 

Laboratory analytical data 
package 

Review chain-of-custody records to ensure that 
the required analytical samples were collected, 
appropriate sample identifications were used, and 
correct analytical methods were applied to each 
sample.  Verify the analytical data package for 
completeness and accuracy, including certificates 
of analysis for calibration and check standards.  
Obtain missing data package elements from the 
laboratory.  Document unrecoverable elements, if 
any, in the data validation report submitted to the 
Bluestone PM and alert the project chemist or 
PM. 

Data validator, Bluestone I/IIa External 
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Data Review Input Description Responsible for Verification 
(name, organization) Step I/IIa/IIb 1 Internal/ 

External 
EDDs/Analytical data 
packages 

Verify a representative subset of EDD results for 
accuracy and completeness against the data 
package and verify the chain of custody records 
at the start of validation.  If required elements are 
missing, obtain missing elements form the 
laboratory before completing the validation.  If 
any element cannot be obtained, document the 
omission in the DV report and identify the missing 
elements to the Bluestone project chemist or PM 
as early as possible.   

Data validator, Eurofins/TestAmerica I/IIa External 

Sample shipment and 
storage conditions; and 
holding times for 
representativeness 

Verify that sample shipping and storage 
conditions satisfy Worksheet #13 requirements.  
Document deviations from requirements in the 
DV report and notify the Bluestone project 
chemist or PM if deviations from the SAP 
requirements are serious enough to warrant data 
rejection.  Document findings in the DV report. 

Data validator, Bluestone I/IIa External 

QC samples/MPC 
compliance 

Ensure that the scheduled laboratory and field 
QC samples were submitted for analysis and that 
the MPCs listed in SAP Worksheets #11, #16, 
and #18 were met for all field samples and QC 
samples.  Document findings in the DV report. 
Evaluate sample results for laboratory 
contamination and qualify false detections using 
the laboratory method/preparation blank 
summaries.  Qualify analyte concentrations 
between the MDL and the reporting limit as 
estimated (“J” qualifier).  Replace laboratory flags 
with validation qualifiers on validated data in 
accordance with the laboratory data validation 
process described below and document findings 
in the data validation report.  Retain laboratory 
flags in the EDD to document data as received 
from the laboratory. 

Data validator, Bluestone IIa/IIb External 
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Data Review Input Description Responsible for Verification 
(name, organization) Step I/IIa/IIb 1 Internal/ 

External 
Field and laboratory 
duplicate analyses for 
precision 

Verify field sampling precision by checking RPDs 
for field duplicate samples.  Verify laboratory 
precision by checking RPDs or %D values from 
calibrations, laboratory duplicates, MS/MSDs, 
and LCS/laboratory control sample duplicates 
(LCSDs).  Ensure compliance with MPC accuracy 
and precision goals listed in Worksheets #11 
and #18.  Document findings in the DV report. 

Data validator, Bluestone I/IIb External 

SAP/Laboratory data 
packages/ EDDs 

Conduct EPA Stage 4 data validation on 100% of 
the definitive laboratory data generated by the 
selected methods using QC criteria listed in this 
SAP.  Apply validation qualifiers in accordance 
with logic provided in the National Functional 
Guidelines (NFG) for Inorganic Superfund (EPA, 
2020a) data review (including EPA Region-
specific requirements, if applicable).  Document 
findings in the DV report.   

Data validator, Bluestone IIa/IIb External 
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Usability Assessment 
(UFP-QAPP Manual Section 2.6.2 and 5.2.3 Worksheet #37) 

After data validation, project team members designated by the Bluestone PM will assess whether the data 
collectively can be used as intended to support the attainment of project objectives. They will consider 
whether any missing or rejected data, deviations, or corrective actions have compromised the ability to 
make decisions or to make the decisions with the desired level of confidence.  

The following data quality indicators (DQIs) will be reviewed during the data usability assessment: 

Precision 

Precision is a measure of the degree to which two or more measurements are in agreement. Precision 
describes the reproducibility of measurements of the parameter for samples analyzed under similar 
conditions. Precision is expressed as a range (the difference between two measurements of the same 
parameter) or as Relative Percent Difference (RPD); the range relative to the mean, expressed as a 
percent. 

RPD will be calculated as follows: 

RPD =      |amount in Sample 1 – amount in Sample 2|        x 100 
0.5 (amount in Sample 1 + amount in Sample 2) 

Field precision will be assessed by the collection and analysis of field duplicate samples and precision will 
be expressed as the RPD. Laboratory precision will be assessed by calculating RPDs for laboratory 
duplicates, laboratory control sample duplicates, or matrix spike duplicates (MSDs). Results of all laboratory 
and field duplicates will be evaluated based on the measurement performance criteria presented on 
Worksheets #11 and #18. Results outside the precision limits will trigger corrective action. 

Accuracy 
Accuracy is the degree of agreement between the observed value and an accepted reference value. 
Accuracy is expressed as a percent recovery (%R). Accuracy measurements are designed to detect biases 
resulting from sample handling and analysis processes.  

The %R for each spiked sample will be calculated as follows: 

%R  =       |Amount in Spiked Sample  – Amount in Sample|       x 100 
  Known Amount Added 

The %R for LCSs will be calculated as follows: 

%R  =       Experimental Concentration   x 100 
Certified or Known Concentration 

Laboratory accuracy, expressed as %R, will be determined through the analysis of matrix spike and matrix 
spike duplicate samples (MS/MSD), and laboratory control (LCS) samples. MS analyses measure the 
combined accuracy effects of the sample matrix, sample preparation, and sample measurement. LCSs 
are used to assess the accuracy of laboratory operations with minimal sample matrix effects. The 
achievement of accurate data in the field will be addressed through the use of procedures that minimize 
bias, including calibration of field instruments and adherence to sample holding times and preservation 
requirements. Accuracy in the field will be evaluated through the use of field blanks to detect cross-
contamination. Results for all laboratory method blanks, equipment blanks, MS/MSD, and LCS samples 
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will be evaluated. The results for each analyte will be checked against the measurement performance 
criteria presented on Worksheets #11 and #18.  

Sensitivity 
Sensitivity is the ability of the laboratory method or instrument to detect the target analytes at the level of 
interest. The appropriate analytical methods will be selected to achieve LOQs that are sufficiently below 
the cleanup levels. Sensitivity of the laboratory-specific LOQs to clean-up levels for LTM will be evaluated 
before the laboratory is selected. 

Representativeness 
Representativeness expresses the degree to which data accurately and precisely represent a 
characteristic of a population or an environmental condition at the site. Representativeness is a qualitative 
parameter that is dependent on the proper design of the sampling program and proper laboratory protocol. 
The rationale of the sampling program is discussed in this SAP. Ensuring that the SAP is followed, proper 
sampling techniques are used, proper analytical procedures are followed, and sample holding times are 
not exceeded in the laboratory will satisfy representativeness. 

Comparability 
Comparability expresses the confidence with which one data set can be compared to another (e.g., 
between sampling points, between sampling events). The extent to which existing and planned data will 
be comparable depends on the similarity of sampling techniques and analytical methods. The procedures 
used to obtain the planned data, as documented in this SAP, are expected to provide comparable data. 
Any changes in procedures or QA objectives, however, may affect data comparability. Results will be 
reported in consistent units of measure and reporting and detection limits that ensure comparability with 
previous data. 

Completeness 
Completeness is a measure of the amount of valid data obtained from a measurement system compared 
to the amount that was expected to be obtained under normal conditions. “Normal conditions” are defined 
as the conditions expected if the sampling plan were implemented as planned. 

A completeness check will be done on all data generated. Field and analytical completeness will be 
calculated, with a goal of 95% for each value. 
The field completeness will be calculated by the ratio of the number of samples received in acceptable 
condition by the laboratories to the number of samples planned to be collected as specified in this 
document. The equation for field completeness is: 

The analytical completeness will be calculated by the ratio of total valid analytical data results (including 
estimated values) to the total number of analytical results requested on samples submitted for analysis. 
Valid analytical data results are defined as those that were not rejected during data validation, due to a 
significant quality assurance/quality control problem. The equation for analytical completeness is: 

% 𝐹𝑖𝑒𝑙𝑑 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒𝑠 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑏𝑦 𝐿𝑎𝑏𝑜𝑟𝑎𝑡𝑜𝑟𝑖𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒𝑠 𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝑡𝑜 𝑏𝑒 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑
 × 100 

100 x 
Obtained Data Analytical

Data Analytical Valid Total
 = ssCompletene Analytical %
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Standard Operating Procedure Number 02 
EQUIPMENT CALIBRATION AND MAINTENANCE 

1.0 INTRODUCTION AND PURPOSE 
This Standard Operating Procedure (SOP) has been prepared by Bluestone Environmental 
Group, Inc. (Bluestone) to describe the methodology for performing routine calibrations of 
equipment used in environmental investigations. This SOP also includes necessary steps for 
equipment long-term care and maintenance.  
[NOTE: Bluestone SOP Number 2 incorporates a project-specific equipment list.]  

2.0 PERSONNEL QUALIFICATIONS 
All Bluestone field personnel must complete the Occupational Safety and Health Administration 
(OSHA) 40-Hour Hazardous Waste Operators (HAZWOPER) training course and maintain the 
required 8-Hour annual refresher courses. In addition, the site safety and health officer (SSHO) 
must be certified in first aid and CPR.  

3.0 HEALTH AND SAFETY 
Field activities as detailed in this SOP will be performed in accordance with the Project 
Accident Prevention Plan (APP) and/or Site Safety and Health Plan (SSHP), the Bluestone 
Corporate Safety and Health Program, and site and/or client-specific requirements. Potential 
health and safety hazards associated calibration and equipment maintenance include splashing 
from calibration fluids and operating compressed gas cylinders, and gas fumes. Modified Level 
D Personal Protective Equipment (PPE) is generally appropriate for equipment calibration and 
maintenance, and includes safety glasses, safety shoes and nitrile gloves. Additional details 
regarding site safety and health will be provided in the APP and/or SSHP. 

4.0 PROJECT-SPECIFIC EQUIPMENT 
4.1 Water Level Indicator 
Procedures for the maintenance of a water level indicator is described in the following sections. 
The operation manual supplied by the manufacturer will be reviewed for instructions concerning 
the variations pertinent to specific equipment brands and models. 

4.1.1 Preventative Maintenance 
The water level indicator will be rinsed with soapy water, followed by deionized (D)I water after 
each use to avoid cross contamination between groundwater wells. The probe will be kept free of 
silt and product coatings. Dye-free paper towels will be used to wipe the probe. 

4.2 Water Quality Meter – YSI Pro Plus (or similar model) 
The procedures for calibration and the O&M of the YSI Pro Plus multiparameter meter is 
described in the following sections. This meter may be used to measure pH, specific 
conductance, temperature, turbidity, oxidation-reduction potential (ORP), and dissolved oxygen 
(DO). The operation manual supplied by the manufacturer will be consulted for instructions 
concerning the operation for other water quality parameters. 
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4.2.1 Calibration 
Calibration will be performed each day prior to sample collection activities or when variability is 
noted. The YSI Pro Plus requires a one-point calibration for specific conductance and ORP, a 
two-point calibration for turbidity and a three-point calibration for pH. A separate calibration 
solution is required for most of the parameters, although one solution may be used to calibrate 
multiple parameters (that is, a 7 pH and 0 NTU turbidity solution). Each parameter will be 
calibrated on an individual basis as outlined in the instruction manual. 

4.2.2 Preventative Maintenance  
The YSI Pro Plus meter will be cleaned and inspected daily before and after use. The batteries 
will be replaced frequently, and the electrodes will be replaced when cracked or when the 
instrument cannot maintain a calibration to the manufacturer specifications. The pH sensor must 
be kept moist by filling the small rubber cap with water and storing the electrode with the cap 
attached.  

4.3 Photo-Ionization Detector (MiniRAE® 3000, or similar model) & Multi-Gas Meter 
(MultiRAE®, or similar model) 
Procedures for the calibration and O&M of a MiniRAE® 3000 photo-ionization detection (PID) 
and a MultiRAE® multi-gas meter are described in the following sections. At a minimum, these 
meters will be calibrated daily; however, more frequent calibrations may be necessary if the 
instrument begins to drift from background (0 parts per million [ppm]). Justification and 
rationale for performing additional calibrations will be noted in the field book. Directions for 
calibrating are listed below and are available in the operation manual supplied by the 
manufacturer. 

4.3.1 Calibration 
To calibrate the MiniRAE® PID meter: 

1. Activate the MiniRAE® unit by pressing the [MODE] key. 
2. The unit will perform a self-diagnostic routine. 
3. After the MiniRAE® has gone through its self-diagnostic routine, simultaneously press 

[N/-] and [MODE] keys for three seconds. This will put the meter in Programming Mode. 
4. The meter will prompt “Calibrate /Select Gas”. Press [Y/+] key.  
5. The meter will prompt “Fresh air cal?” Press [Y/+] key. The display shows “zero in 

progress” followed by “wait...” and a countdown timer.  
6. After about 15 seconds, the display will show the message “update 

data…zeroed…reading = X.X ppm…”. Record this reading in the field book or 
calibration log sheet. Note: Make sure the Fresh Air Cal is done outside because this is 
the value the meter will use as zero. 

7. The meter will prompt “Span cal?’ Press [Y/+] key. 
8. The meter will prompt if the cal gas is Isobutylene. Press [Y/+] key. 
9. The meter will then ask the user to “Apply gas now!” Note: Make sure the meter is 

connected to the Isobutylene canister and open the pressure valve to release the gas.   
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10. The display will show “wait…30” with a countdown timer showing the number of 
remaining seconds. When the countdown timer reaches 0, the display shows the 
calibrated value. Record this value in the field book or calibration log sheet.  

11. The reading should be close to the actual concentration of the gas. If not, wait a few 
seconds and press the [Mode] key. This process may need to be repeated until the 
calibration gas as stabilized to 1 to 2 parts per million (ppm) with the calibration gas 
range. 

12. Press the [MODE] key to exit the standard gas calibration mode, turn off the gas, and 
disconnect the calibration gas from the MiniRAE®. The calibration gas used for 
calibration is isobutylene at a concentration of 100 ppm. The use of this calibration gas 
will result in a reading of 100 ppm during the calibration mode.  

4.3.2 Preventative Maintenance  
The MiniRAE® unit will be charged at the end of every workday.  
[NOTE: Due to instrument complexity, the use of a hand-held Global Positioning Survey (GPS) 
unit is discussed separately in Bluestone’s SOP Number 04 – GPS Survey.] 

4.4 Direct Soil pH Probe 
Procedures for the calibration and maintenance of a direct soil pH probe are described in the 
following sections. The operation manual supplied by the manufacturer will be reviewed for 
instructions concerning the variations pertinent to specific equipment brands and models. 

4.4.1 Calibration 
Calibration will be performed each day prior to sample collection activities or when variability is 
noted. The Hanna Instruments® 99121 (HI 99121) model (or similar) will be calibrated using two 
calibration buffers for pH, first using pH 7 buffer followed by pH 4 buffer. 

4.4.2 Preventative Maintenance 
The HI 99121 will be cleaned and inspected daily before and after use. The battery life indicator 
will be inspected daily, and batteries will be replaced if the battery life is low. The electrode will 
be inspected before use for scratches and cracks, and to ensure the reference junctions are 
flowing.  Any salt deposits will be rinsed with water. The electrolyte filling solution (3.5M KCl 
with AgCl reference electrolyte) will be topped off, as necessary. The electrode will be cleaned 
by soaking with vendor-supplied cleaning solution for 20 minutes each day to remove soil 
deposits. 

4.5 Soil ORP Probe 
Procedures for the calibration, maintenance, sample preparation, and sample calculations 
associated with a dedicated soil ORP probe are described in the following sections. The 
operation manual supplied by the manufacturer will be reviewed for instructions concerning the 
variations pertinent to specific equipment brands and models. 
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4.5.1 Calibration 
Calibration will be performed each day prior to sample collection activities or when variability is 
noted. The Hach® Pocket Pro ORP model (or similar) will be calibrated with a 1-point 
calibration. When the measurement is stable, the displayed ORP value will be adjusted until it is 
equivalent with the calibration solution. 

4.5.2 Preventative Maintenance 
The Hach® Pocket Pro will be cleaned and inspected daily before and after use. The sensor will 
be cleaned when stabilization is slow, or results drift or are not accurate. The sensor will be 
soaked in vendor-supplied cleaning agent and risked with deionized water for 1 minute. The 
battery life indicator will be inspected daily, and batteries will be replaced if the battery life is 
low. 

4.5.3 Sample Preparation 
Soil reduction potential (Eh) can be measured by creating a soil suspension with the ratio of one 
part soil to 2 parts distilled water (e.g., 50 g of soil to 100 mL of water). The sample should be 
sufficient to fully immerse the sensor. The slurry should be well mixed with a stirring tool. 

4.5.4  Sample Calculations 
The voltage obtained as ORP readings can be converted to Eh by correcting for the electrode 
potential of the reference electrode. Generally, reference values for electrodes range from +236 
mV for 1M KCL to +197 mV for saturated KCl solutions. The Hach® ORP Standard Solution is 
220 mV; therefore, to convert ORP readings collected with the Hach® to Eh, 220 mV will be 
added to the ORP voltage.  

5.0 EQUIPMENT DECONTAMINATION  
Decontamination procedures for re-usable field equipment must be performed in accordance 
with Bluestone’s SOP Number 05 – Decontamination of Field Equipment. 

6.0 DATA MANAGEMENT 
Equipment calibration values will be recorded in the field logbook and on field data sheets, as 
necessary. Bluestone’s SOP Number 06 – Field Documentation details the methods for data 
collection and management, and additional information will be specified in the site-specific 
Work Plan.  

7.0 QUALITY ASSURANCE/QUALITY CONTROL 
Prior to the start of any field activity, Bluestone personnel will read and acknowledge the site-
specific Work Plan, UFP-QAPP, and any applicable SOPs.  
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Standard Operating Procedure Number 05 
DECONTAMINATION OF FIELD EQUIPMENT 

1.0 INTRODUCTION AND PURPOSE 
This Standard Operating Procedure (SOP) has been prepared by Bluestone Environmental 
Group, Inc. (Bluestone) to describe the methodology used to perform decontamination activities 
during an environmental investigation. All sampling and investigation equipment that comes in 
contact with soil or groundwater must be decontaminated prior to use in the field, between soil 
borings, between sampling locations, and at the completion of field activities. 

2.0 PERSONNEL QUALIFICATIONS 
All Bluestone field personnel must complete the Occupational Safety and Health Administration 
(OSHA) 40-Hour Hazardous Waste Operators (HAZWOPER) training course and maintain the 
required 8-Hour annual refresher courses. In addition, the site safety and health officer (SSHO) 
must be certified in first aid and CPR. 

3.0 HEALTH AND SAFETY 
Field activities as detailed in this SOP will be performed in accordance with the Project 
Accident Prevention Plan (APP) and/or Site-Specific Health and Safety Plan (SSHP), the 
Bluestone Corporate Safety and Health Program, and site and/or client-specific requirements. 
Potential health and safety hazards associated decontamination activities include contact with 
potentially impacted media, splashing of decontamination fluids, pinch points, and slip/trip/fall 
hazards, etc. Modified Level D Personal Protective Equipment (PPE) is generally appropriate 
for work associated with decontamination tasks, and includes, safety glasses, safety shoes and 
nitrile gloves. Additional details regarding site safety and health must be provided in the APP 
and/or SSHP. 

4.0 DECONTAMINATION EQUIPMENT 
Standard equipment and supplies necessary to perform decontamination: 

• De-ionized water 
• Potable water 
• Spray bottle 
• 5-gallon pail 
• Scrub brush 
• Non-phosphate laboratory-grade detergent 
• Plastic sheeting 
• Contractor bags 
• Nitrile gloves 
• Paper towels 
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5.0 EQUIPMENT-SPECIFIC DECONTAMINATION PROCEDURES 
5.1 Decontamination of Non-Dedicated Pumps 
Well pumps will be decontaminated using to the following procedure: 

1. Disassemble the pump and place on clean plastic sheeting. Note, plastic sheeting must be 
replaced between each location.  

2. Use a distilled water and non-phosphate laboratory-grade detergent mixture to spray down 
the inner and outer pump and use a scrub brush to wipe away any visual sediment or 
residual contaminants.  

3. Rinse all pieces of the pump with DI water twice before reassembling. Containerize all 
decontamination water in a bucket.  

4. Place the equipment on clean plastic and allow it to air dry. 
5. Wrap equipment in plastic or aluminum foil to store until next use.  
6. Retain decontamination fluids for disposal as described in the Bluestone SOP Number 10 – 

Storage and Sampling of IDW. 

5.2 Decontamination of Sampling Equipment 
Non-disposable and other non-dedicated equipment used to collect soil and/or groundwater 
samples will be decontaminated prior to use. This equipment includes, but is not limited to, 
stainless-steel knives and spoons, split-spoon barrels, direct-push shoes and rods, and stainless-
steel bowls used to homogenize soil samples. 
Sampling equipment will be decontaminated using the following procedures: 

1. Fill a non-metallic wash tub or bucket with approximately 6 inches of DI water. Mix a 
detergent solution in the tub. The solution shall consist of approximately 1 tablespoon of 
non-phosphate laboratory-grade detergent (e.g. Liquinox®) per gallon of water. 

2. Scrub all sampling equipment with a stiff-bristled brush and detergent solution. 
3. Transfer the equipment to a separate tub partially filled with DI water and thoroughly rinse 

each piece of equipment. 
4. Perform a second rinse using fresh DI water and collect fluid into the dedicated rinse tub. 
5. Place the equipment on clean plastic sheeting and allow it to air dry. 
6. Wrap equipment in plastic or aluminum foil to store until next use. Retain decontamination 

fluids for disposal as described in Bluestone’s SOP Number 05 – Decontamination of Field 
Equipment. 

5.3 Decontamination of Drilling Equipment and Heavy Machinery 
Drilling tools including drill string, augers, drill bits, direct-push rods, etc., in addition to heavy 
equipment (i.e., drill rigs, excavators, etc.) will be decontaminated between each borehole 
according to the following procedures: 

1. Construct a decontamination pad using heavy plastic sheeting other waterproof materials or 
use a decontamination trailer or tank. 

2. Back the drill rig or direct-push rig into the decontamination pad/trailer/tank or place 
equipment in a rack off the ground inside the unit, as appropriate. 

3. Remove all visible soil and contamination from equipment surfaces by steam cleaning. 
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Include the inside of drill string, augers, and direct-push rods. If necessary, use a stiff-
bristled brush to physically remove residual soils and contamination. 

4.  Transport the unit to an area free of IDW and known impacts and allow the equipment to 
air dry. 

7. Retain all decontamination fluids for disposal as described in Bluestone’s SOP Number 10 – 
Storage and Sampling of IDW. 

6.0 EQUIPMENT BLANK SAMPLING 
For quality control purposes, an equipment blank sample must be collected if analytical samples 
are being collected. Equipment blanks are typically collected at a frequency of one per every 10 
to 20 field samples. Equipment blank samples are collected by pouring a volume of laboratory-
prepared DI water over a freshly decontaminated piece of equipment and into the sample bottle 
to determine the effectiveness of decontamination procedures. The equipment blank sample will 
be collected after sampling in contaminated areas, rather than after sampling background areas.  

7.0 DATA MANAGEMENT 
Pertinent information obtained during decontamination activities (i.e., times and methods used) 
will be recorded in the field logbook. Bluestone’s SOP Number 06 – Field Documentation 
details the methods for data collection and management, and additional information will be 
specified in the Work Plan.  Photographs are a preferred method of documenting pre- and post-
work conditions; however, the collection of photographs must be in accordance with contract 
requirements and site-specific security requirements.   

8.0 QUALITY ASSURANCE/QUALITY CONTROL 
Prior to the start of any field activity, Bluestone personnel must read and acknowledge the site-
specific Work Plan, UFP-QAPP, and any applicable SOPs.  
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Standard Operating Procedure Number 06 
FIELD DOCUMENTATION 

1.0 INTRODUCTION AND PURPOSE 
This Standard Operating Procedure (SOP) was prepared by Bluestone Environmental Group, Inc. 
(Bluestone) to describe the methods for recording and managing data obtained by performing 
tasks associated with an environmental investigation and/or long-term monitoring activities. Data 
management is a critical part of any field investigation, and requires diligence in maintaining 
accuracy, organization, and confidentiality.  
Every sample, field measurement and investigative activity conducted during a project must be 
properly documented using the official field logbook or approved field data sheets including, but 
not limited to, geologic logs, well construction logs, soil boring logs, calibration forms, field 
sampling forms, and health and safety tailgate sheets. The use of electronic field data sheets must 
be consistent with contract requirements and the site-specific Work Plan. Field documentation 
must be adequate to support each step of the investigation, from the point of sample collection 
to final validated data reporting. Records must be available to identify, track and monitor 
individual samples and provide details for all investigative activities.  

2.0 PERSONNEL QUALIFICATIONS 
All Bluestone field personnel must complete the Occupational Safety and Health Administration 
(OSHA) 40-Hour Hazardous Waste Operators (HAZWOPER) training course and maintain the 
required 8-Hour annual refresher courses. In addition, the site safety and health officer (SSHO) 
must be certified in first aid and CPR.  

2.1 Field Logbooks 
Information pertinent to an investigation or long-term monitoring must be recorded in a bound 
logbook with consecutively numbered, water-resistant pages. All site activities must be recorded 
in the field logbook including, but not limited to, arrival and departure times, a chain of events, 
progression of work tasks and a list of  site visitors. The field personnel responsible for the 
entries will sign and date each entry or page. All logbook entries will be made in indelible ink. 
The time and date of each entry will be noted in the logbook. 
Field logbooks must be kept in the field personnel's possession or in a secure location during 
field operations. Following the investigation or monitoring activities, logbooks will become part 
of the project file, and will serve as the official site document in the event of legal action. The 
following list contains typical field logbook entries: 

• Date 
• Weather conditions 
• Client 
• Names of all field personnel, including subcontractors 
• Site name, municipality, and State 
• Location of samples (may include a sketch) 
• Sample media 
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• Time (military) of sample collection 
• Sample nomenclature 
• Interval and depth of sample 
• Sample collection methods 
• Sample physical description  
• Field observations 
• Quality Control (QC) sample information 
• Number assigned to chain-of-custody (COC) 

In addition to pertinent sampling information, details with respect to anticipated health and safety 
hazards, required personal protective equipment (PPE) and a record of daily field safety briefings 
will be included in the field logbook. 

2.2 Field Data Sheets 
Sampling data will be recorded on either paper or electronic Field Sample Data Sheets. The 
following information will be recorded: 

• Sample ID 

• Sample Location 

• Sample Date/Time 

• Sample Collection Method 

• Sample Description 

• Sample Type 

• Sampled By 

3.0 PHOTOGRAPHIC DOCUMENTATION 
Photographs are a preferred method of documenting pre- and post-work conditions; however, the 
collection of photographs must be in accordance with contract requirements and site-specific 
security requirements. Project photographs may include the sample, sample collection activities, 
surrounding areas, disturbances caused by access of heavy equipment or intrusive activities, and 
final site restoration. Photographs taken to document sampling points will include two or more 
reference points to facilitate a potential return to the sample point, if necessary.   

4.0 SAMPLE DOCUMENTATION 
4.1 Sample Nomenclature 
In accordance with the site-specific Work Plan and/or Uniform Federal Policy (UFP)-Quality 
Assurance Project Plan (QAPP), each sample will be assigned a unique sample identification 
number that appears on all sample labels, COCs, field logbooks, and all other applicable 
documentation forms. 
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The sample nomenclature typically consists of three to four alphanumeric code segments, each 
separated by hyphens. The sample tracking number identifies the site, sample type or medium, 
location, depth (for soil samples), and sampling date. QC sample designations will be added, as 
appropriate, following the nomenclature presented below. However, the Work Plan and/or UFP-
QAPP will be consulted to determine the if there any site-specific requirements. Other pertinent 
information regarding sample identification will be recorded in the field logbooks or on sample 
log sheets. The sample numbers will be in the following format: “AA-BBCCC_QEEEE_QC 
Indicator”. 
The sample tracking number format is designated as follows:  

1) Location ID 
AA: Area of Concern (AOC) identifier (AOC 1 = 01; AOC 3 = 03, etc.) 
BB: Sample Media, including: 

 SS: Surface Soil  
BS/BD: Subsurface Soil [S=shallow (1-5 ft bgs); D=deep (5-10 ft bgs)] 

 GW: Groundwater  
 PW: Pore water 

2) Unique timeframe indicator 
 Q: Quarter identified (First Quarter = 1Q; Second Quarter = 2Q) 
 EEEE: Year (Example = 2019) 

3) QC indicator (if applicable) 
DUP: Field duplicate samples will be collected with ‘DUP’ in the ‘AOC identifier’. The 

actual location of the duplicate sample will be noted in the field logbook.  
MS: Matrix spike samples will be labeled with the standard sample convention, 

followed by ‘MS’ to clearly indicate to which sample the spike sample correlates.  
MSD: Matrix spike duplicate (MSD) samples will be labeled with the standard sample 

convention, followed by ‘MSD’ to clearly indicate to which sample the spike 
sample correlates.  

4.2 CCC Sequential Sample Location Number (001, 002, Etc.) Sample Labels and Tags 
Each sample collected at a site and transported to a laboratory for analysis will be identified by a 
sample label, with specific information regarding the sample. Completed sticker labels must be 
securely attached to the sample container and include the following information: 

• Date 
• Time (military) of sample collection 
• Type of analyses requested 
• Sample number 
• Sample collection depth 
• Location of sample collection 
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• Type of preservative 
• Initials of sampler 

4.3 Chain-of-Custody Records 
The COC serves as physical evidence of sample custody over the life of the sample batch. Field 
personnel will initiate a COC at the time of sample collection. All custody transfers of the 
sample batch will be recorded on the COC by the individual relinquishing and the receiver of the 
samples, and signed, dated, and time stamped at the time of transfer. Each cooler is assigned a 
separate COC on which only the samples packed in that cooler are listed.  
Laboratory-specific COCs will be provided and in general include the following information: 

• Sample identification numbers 
• Signature(s) of field personnel 
• Date of collection 
• Time (military) of collection 
• Sample type (solid, liquid, etc.) 
• Sample ID 
• Number of containers per sample 
• Preservative(s) used 
• Requested analytes 
• Signatures of all sample handlers 
• Inclusive dates and times of possession 
• Description of compromised sample integrity (if applicable) 
• Temperature of cooler upon receipt by laboratory 

After completing the COC, the original will be enclosed in a plastic bag and taped to the inside 
lid of the cooler. 

4.4 Custody Seals 
Custody seals will be placed over the lid of the cooler and remain in place from the time the 
coolers are packed until they are opened by laboratory personnel in order to preserve the integrity 
of the cooler during shipment. Custody seals must be attached so that it is necessary to break the 
seals to open the cooler. The custody seals will be secured with clear tape. As long as the COCs 
are sealed inside the sample cooler and custody seals remain intact, laboratory couriers are not 
required to sign the COC. 

5.0 DAILY REPORT 
A daily report will be generated at the end of each sampling day, and will include the following 
information: 

• Date 
• Prepared by 
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• Project and Site name 
• Weather conditions 
• Level of PPE 
• Description of project activities 
• Employees and sub-contractors present on site 
• Documentation of tailgate safety meetings 
• Daily equipment and material deliveries 
• Material(s) shipped off site 
• List of samples collected 
• Submittals 
• Planned activities for the next day 

6.0 CORRECTIONS TO DOCUMENTATION 
Data entries will be recorded with indelible ink. Accountable serialized documents will not be 
destroyed or discarded, even if they are illegible or contain inaccuracies that require a 
replacement document. Errors will be corrected by marking a single line through the error, 
entering the correct information, and initialing and dating the correction. The erroneous 
information will not be whited out. Any subsequent errors discovered later will be corrected, 
initialed, and dated by the individual who made the original entry. 

7.0 COMMUNICATION AND TECHNICAL DIRECTION 
Field personnel will support one another and maintain open communication during all aspects of 
the field activities. When a technical point is in question, field personnel will communicate with 
the Project Manager (PM) or technical lead for clarification and/or additional direction. 
Deviations, exceptions, and/or omissions from the Work Plan or best management practices must 
be communicated to the Project Manager in a timely manner. Maintain records of all such 
communications in a field logbook, describing the issue, the outcome, and individuals involved in 
the decision. 

8.0 QUALITY ASSURANCE/QUALITY CONTROL 
Prior to the start of any field activity, Bluestone personnel must read and acknowledge the site-
specific Work Plan, UFP-QAPP, and any applicable SOPs.  
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Standard Operating Procedure Number 10 
STORAGE AND SAMPLING OF INVESTIGATION-DERIVED WASTES (IDW) 

1.0 INTRODUCTION AND PURPOSE 
This Standard Operating Procedure (SOP) was prepared by Bluestone Environmental Group, Inc. 
(Bluestone) to describe the methodology for characterization and handling of investigation-
derived wastes (IDW). A field investigation typically generates solid and/or liquid wastes to be 
stored and characterized for disposal purposes. This material is classified as IDW, and typically 
includes soil cuttings generated through soil borings and monitoring well installations, 
groundwater sampling purge water, and associated decontamination fluids generated during the 
investigation or long-term monitoring activities.   

Waste management procedures for IDW are based on the requirements specified in Title 40 of 
the CFR, Part 262 (40 CFR 262) Standards Applicable to Generators of Hazardous Waste and 
industry best management practices. This SOP describes the proper on-site disposal, 
containerization, labeling, and storage of solid and liquid IDWs. Site-specific IDW disposal 
requirements will be detailed in the Work Plan, Uniform Federal Policy-Quality Assurance 
Project Plan (UFP-QAPP) and/or Accident Prevention Plan (APP). 

2.0 PERONNEL QUALIFICATIONS 
All Bluestone field personnel must complete the Occupational Safety and Health Administration 
(OSHA) 40-Hour Hazardous Waste Operators (HAZWOPER) training course and maintain the 
required 8-Hour annual refresher courses. In addition, the site safety and health officer (SSHO) 
must be certified in first aid and CPR.  

3.0 HEALTH AND SAFETY 
Field activities as detailed in this SOP will be performed in accordance with the Project 
Accident Prevention Plan (APP) and/or Site Safety and Health Plan (SSHP), the Bluestone 
Corporate Safety and Health Program, and site and/or client-specific requirements.  Potential 
health and safety hazards associated with waste characterization and disposal include exposure 
to contaminants via direct contact, inhalation or splashing, heavy lifting, pinch points, and 
slip/trip/fall hazards. Modified Level D Personal Protective Equipment (PPE) is generally 
appropriate for work associated with IDW sampling tasks, and includes a safety glasses, safety 
shoes, leather and/or nitrile gloves, and high-visibility vests. Additional details regarding site 
safety and health will be provided in the APP and/or SSHP. 

4.0 IDW CHARACTERIZATION 
4.1 Liquid IDW 
Liquid IDW includes well development water, decontamination fluids, and groundwater 
monitoring purge waters. Liquid IDW may be characterized using associated groundwater 
quality data generated from the respective samples or direct sampling, and typically qualifies as 
non-hazardous waste. Liquid IDW may be stored in a bulk frac tank or containerized separately 
in drums.   
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On-site disposition of liquid IDW is acceptable in some states, provided the wastes qualify as 
non-hazardous and do not pose a threat to surrounding properties. All liquid waste known or 
suspected to be hazardous waste must be contained. Drums and polyethylene totes may be used 
for interim storage and transport of liquid IDW. Labels will be prepared in accordance with 
applicable regulations and the guidelines outlined below. Containers must be kept closed and 
secured except when filling or disposing of the contents. Manufacturer Department of 
Transportation (DOT) specifications will be followed when sealing containers in preparation for 
transport. 
United Nations (UN)-approved drums (49 CFR 173.3), polyethylene tanks, and 5-gallon pails 
may be used to collect liquid IDW, as task appropriate. Liquid IDW collected in 5-gallon pails 
will be transferred to drums or totes as soon as possible after collection. Hazardous (or 
suspected) liquid IDW must be containerized in UN-approved drums. 
Containers of liquid IDW will be labeled to indicate the source and nature of the waste material. 
The following information must be visible on the top or sides of each container: container 
number(s), facility name, associated monitoring well or borehole ID, date of generation, 
container contents, estimated quantity, and the client point of contact (POC). 
Containers will be marked with 2-inch letters and numbers using a waterproof paint pen. A 
complete inventory of the IDW will be maintained by the Field Team Leader to facilitate 
identification and tracking of liquid IDW for appropriate disposal. This inventory will document 
the information listed above, in addition to the location of the container, and initials of the 
responsible POC. The total number of containers of liquid IDW generated will be recorded in the 
field logbook at the end of each workday. Containers of liquid IDW characterized as hazardous 
or non-hazardous transported off-site for disposal will be labeled in accordance with applicable 
State and Federal requirements including, but not limited to, Resource Conservation and 
Recovery Act (RCRA) guidelines, the Toxic Substances Control Act (TSCA), and DOT (40 CFR 
171-179). 
Containers of liquid IDW will be staged temporarily on site until characterization is complete. 
Containers of liquid IDW stored during winter months will be under-filled to allow for expansion 
during freezing.  IDW will be stored in secure areas of the site, where containers are protected 
from flooding, traffic, and unauthorized access or tampering. 
For IDW pending characterization, all containers must be properly sealed and labeled, and may 
be staged on pallets until characterization is complete.  If possible, IDW containers will be 
secured with temporary chain-link fencing; however, caution tape and/or temporary orange 
construction fencing may also be used as need to protect the IDW containers. 
Containers of liquid IDW will be characterized and disposed of accordingly in a timely manner. 
If liquid-filled containers remain in storage for 30 days or more, the containers must be staged on 
polyethylene sheeting that is surrounded by a retention berm (i.e. 2x4 lumber), and positioned with 
enough separation so all sides of the containers can be monitored for leaks. 

4.2 Solid IDW 
Solid IDW includes soil cuttings from sources such as, but not limited to, direct-push sampling, 
soil borings, and installation of monitoring wells. Solid IDW must be containerized and staged 
pending proper characterization. To characterize solid IDW, a composite sample consisting of 
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aliquots from each container will be submitted for analysis. In addition, the quality of solid IDW 
will be evaluated based on data generated from primary sample and historical site data. 
Expended personal protective equipment (PPE) may also be considered IDW, depending on site 
conditions and/or state regulations, in addition to disposable sampling equipment (i.e., bailers, 
string, acetate liners, etc.), depending on the nature of site contaminants.  In most cases, expended 
PPE and sampling equipment may be double bagged and disposed with other municipal waste at 
a local sanitary landfill. All gross contamination removed from the PPE and disposable 
equipment will be added to the appropriate IDW drums/totes. 
Solid IDW consisting of soil cuttings and excess soil volume, will be placed in a lined roll-off 
dumpster or in UN-approved drums. Five-gallon pails may be used for interim handling and 
transport of solid IDW.  On-site disposition of solid IDW (soil cuttings and excess soil volume) 
may be appropriate, provided the material is characterized as non-hazardous and such disposition 
is acceptable under State and local regulations. Any soils suspected of being hazardous must be 
drummed rather than placed into a roll-off dumpster. Containers must be kept closed and sealed 
except when adding to or disposing of the contents. Manufacturer DOT specifications must be 
followed when sealing containers in preparation for transport. 
Based on the size of the site, each area of concern (AOC) may require a staging area for solid 
IDW. Each staging area will be characterized separately, in accordance with the Management of 
Investigation Derived Waste During Site Inspections, EPA/540/G-91/009 (USEPA, 1991). 
However, solid IDW generated from multiple soil borings within a single AOC may be 
characterized as a single waste stream. 
Containers of solid IDW must be labeled to indicate the source and nature of the waste media. 
The following information will be marked on the top or sides of each container: container 
number(s), site name, associated monitoring well or soil boring ID, borehole number, date of 
generation, container contents, estimated quantity, and the client POC. 
Containers will be marked with 2-inch letters and numbers using a waterproof paint pen. A 
complete inventory of IDW will be maintained by the Field Team Leader to facilitate 
identification and tracking of solid IDW for characterization and disposal. This inventory will 
document the details list above, in addition to the location of the container, and initials of the 
responsible POC. The IDW inventory and the total number of containers of solid IDW generated 
will be recorded in the field logbook at the end of each workday. 
Solid IDW characterized as hazardous (based on laboratory analytical results) will be re-labeled in 
accordance with applicable State and Federal requirements including, but not limited to, RCRA, 
TSCA, and DOT. Containers of solid IDW will be staged temporarily at the site until 
characterization is complete. Solid IDW will be stored in secure areas of the site, where 
containers are protected from flooding, traffic, and unauthorized access or tampering. Secondary 
containment structures will be implemented as required for the storage of solid IDW. 
For solid IDW pending characterization, all containers must be properly sealed and labeled, and 
may be staged on pallets until characterization is complete. If possible, IDW containers will be 
secured within temporary chain-link fencing; however, caution tape and/or temporary orange 
construction fencing may also be used as need to protect the IDW containers. Containers of solid 
IDW will be characterized and disposed of accordingly in a timely manner.  
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5.0 IDW CHARACTERIZATION SAMPLING 
The sampling procedures for liquid and solid IDW contained in drums are described in the 
following sections. Within two weeks of the completion of field activities, an aliquot from each 
waste stream will be collected and composited except for samples to be analyzed for volatile 
organics constituents (VOCs). VOC analysis requires the collection of one representative grab 
sample from each source. For new monitoring well installations, the composite IDW sample will 
include aliquots only from drums associated with that well; however, aliquots from other 
composite samples may be grouped by AOC or field task. The list of analytes for the composite 
sample will match that of the primary investigation samples. If significant impacts are 
encountered during the field investigation, the IDW generated from these sampling locations will 
be stored in separate containers.  

5.1 Liquid IDW Drum Composite Sampling Procedures 
The procedures for collecting a sample from liquid IDW drums, with a known source are listed 
below:  

1. Conduct field screening near drum storage area. If elevated concentrations are detected, 
then increase PPE level to C or B based on the APP. 

2. Wearing clean nitrile gloves, remove bung or drum lid and store on plastic sheeting. 
3. Dip sample collector/bailer into center of drum and lower the device into the middle 

section of the drum. 
4. Slowly raise the sampling device and decant the appropriate volume into the bottleware.  
5. Repeat Steps 3 and 4 until the correct sample volume has been collected. Cap the 

bottleware between sampling containers. 
6. Replace bung or drum lid. 
7. Dispose of, or decontaminate, the sampling device. 

5.2 Solid IDW Drum Composite Sampling Procedures 
The procedures for collecting a sample from solid IDW drums, with a known source are listed 
below: Conduct field screening near drum storage area. If elevated concentrations are detected, then 
increase PPE level to C or B based on the APP. 

1.  Wearing clean nitrile gloves, remove bung or drum lid and store on plastic sheeting. 
2. Using a decontaminated trowel, gently scrape the top portion of the drum contents to one 

side. 
3. Place sample collector into center of drum contents and slowly advance the device into 

the middle section of the drum to a depth of approximately four inches below the surface. 
4. Extract the sampling device and transfer the soil to the sample jar. 
5. Repeat Steps 4 and 5 until the correct sample volume has been collected. Cap the 

bottleware between sampling containers.  
6. Replace bung or drum lid. 
7. Decontaminate sampling device and dispose of plastic as solid PPE, as needed. 

Procedures for appropriate sampling nomenclature are presented in Bluestone’s SOP Number 06 
– Field Documentation.  
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6.0 EQUIPMENT DECONTAMINATION  
Decontamination procedures for re-usable field equipment must be performed in accordance 
with Bluestone’s SOP Number 05 – Decontamination of Field Equipment. 

7.0 DATA MANAGEMENT 
Pertinent information obtained during IDW characterization sampling and handling included, 
but not limited to, sample IDs, sample collection times, methods of collection, and PID 
screening results will be record in the field logbook and on field data sheets as necessary. 
Bluestone’s SOP Number 06 – Field Documentation details the methods for data collection and 
management, and additional information will be specified in the Work Plan. Photographs are a 
preferred method of documenting pre- and post-work conditions; however, the collection of 
photographs must be in accordance with contract requirements and site-specific security 
requirements.  

8.0 QUALITY ASSURANCE/QUALITY CONTROL 
Prior to the start of any field activity, Bluestone personnel must read and acknowledge the Work 
Plan, UFP-QAPP, and any applicable SOPs.  
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Standard Operating Procedure Number 12 

LOW-FLOW GROUNDWATER SAMPLING AND SAMPLING WITH A BAILER 
 
1.0 INTRODUCTION AND PURPOSE 
This Standard Operating Procedure (SOP) was prepared by Bluestone Environmental Group, 
Inc. (Bluestone) to describe the procedures for the collection of groundwater samples using low-
flow sampling techniques in both permanent and temporary groundwater monitoring wells. This 
procedure is consistent with the USEPA SOP: Low Flow (Minimal Drawdown) Groundwater 
Sampling Procedures (USEPA, 2017). Groundwater samples will be collected from monitoring 
wells using stainless-steel or polyvinyl chloride (PVC) bladder pumps equipped with Teflon 
bladders and either polyethylene or Teflon®-lined polyethylene high density tubing. Bladder 
pumps allow groundwater samples to be retrieved with little disturbance to the sample matrix 
and minimal exposure to the atmosphere, while employing low-flow techniques. 

Groundwater and quality control (QC) samples will be collected and containerized in the order 
of the volatilization sensitivity of each constituent. If insufficient volume is available to collect 
the full analytical suite and designated QC samples, the available volume will be allocated at the 
discretion of the Project Manager and Project Chemist. This hierarchy of samples necessary for 
low yield/recharged wells will consider factors including, but not limited to, site-specific 
priorities, sample size,  and effect of turbidity on analytical results. 

2.0 PERONNEL QUALIFICATIONS 
All Bluestone field personnel must complete the Occupational Safety and Health Administration 
(OSHA) 40-Hour Hazardous Waste Operators (HAZWOPER) training course and maintain the 
required 8-Hour annual refresher courses. In addition, the site safety and health officer (SSHO) 
must be certified in first aid and CPR.  

3.0 HEALTH AND SAFETY 
Field activities as detailed in this SOP will be performed in accordance with the Project 
Accident Prevention Plan (APP) and/or Health and Safety Plan (HASP), the Bluestone 
Corporate Safety and Health Program and site and/or client-specific requirements. Potential 
health and safety hazards associated with low-flow or bailer groundwater sampling include 
biological hazards (poison ivy, bees/wasps, spiders, ticks, etc.) associated with access the well, 
twisting and repetitive motion (bailing), heaving lifting, nicks and cuts, uneven ground, acid 
preservatives, contact with contaminated water, etc. Modified Level D Personal Protective 
Equipment (PPE) is generally appropriate for work associated with groundwater sampling, 
safety glasses, safety boots with ankle support, leather and/or nitrile gloves, and high-visibility 
vests. Additional details regarding site safety and health must be provided in the APP and/or 
HASP. 
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4.0 PRE-SAMPLING ACTIVITIES 
4.1 Depth-to-Water and Total Well Depth Measurements 

Prior to the start of sampling, a synoptic round of depth-to-water measurements will be collected 
to evaluate the potentiometric surface of groundwater at the site. An electric water-level 
indicator with an accuracy of +0.01 feet will be used to collect measurements. In addition, the 
total depth of each well will be measured, and described as a ‘hard’ or ‘soft’ bottom to indicate 
the presence of sediment that may have accumulated at the bottom of the well.  

The procedures for collecting depth-to-water measurements include the following: 
1. Measurements will be recorded in field logbooks. Depth-to-water and total depth 

measurements will be collected using the following procedures: Decontaminate the water 
level probe. 

2. Check for proper instrument response by inserting the probe in cup of water. Replace the 
batteries, as needed. 

3. Document observations with respect to the condition of the well pad, surface or 
protective casing, well locks, obstructions inside the well casing, total well depth, and 
other well conditions in the field logbook, or on a well assessment field form. 
Recommendations for maintenance actions should be reported.  

4. Don a pair of clean nitrile gloves. 
5. Unlock the well cover and remove the cap. 
6. Locate the reference point on the riser pipe (notch, mark, or highest point on the riser 

pipe). 
7. Slowly lower the probe down the well until the signal indicates that the water has been 

contacted. 
8. Record the reading at the reference point as depth-to-water. 
9. Withdraw the probe and repeat steps 7 & 8. Duplicate measurements should agree within 

0.02 feet. If not, continue with measurements until 0.02 feet precision is achieved. 
10. Turn the meter to the off position and lower the probe gently until the bottom of the well 

is encountered. Record the reading at the reference point as the total well depth and 
observe and record the condition of the bottom of the well (i.e., hard or soft). 

11. Remove the probe from the well and decontaminate the unit. 

4.2 Field Measurements for Groundwater Sampling 

Immediately after removing the well cap, collect a headspace reading using a PID from the top 6 
inches inside the well casing. This information will be utilized in conjunction with the site 
health and safety plan to determine the personal safety level required during sampling. The 
headspace readings must be recorded in the field logbook. If readings exceed background (0.0 
parts per million [ppm]), air monitoring must continue for the duration of the sampling event. 
Once the headspace reading is recorded, the pump array may be set up and the pump lowered 
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into the well at the target depth. 

During the well purging process, water will pass through the flow-through cell at a controlled 
low rate, and water quality parameters (i.e., temperature, pH, specific conductance, dissolved 
oxygen (DO), oxidation-reduction potential (ORP), and turbidity) must be recorded every five 
minutes. The flow-through cell chamber and sample tubing should remain free of air bubbles 
during the purge process. Tighten or replace the sampling elbow if air bubbles are introduced. 

5.0 LOW-FLOW SAMPLING EQUIPMENT 
A list of equipment needed for the collection field measurements is summarized below: 

• PID 
• Multi-parameter water meter (i.e., HORIBA, YSI, or similar) capable of measuring pH, 

specific conductance, turbidity, temperature, DO, and ORP 
• Flow-through cell 
• Graduated cylinder 
• High-density polyethylene tubing 
• 5-gallon pails 
• Nitrile gloves 
• Pump control box 
• Compressed air source 

6.0 CALIBRATION OF MULTI-PARAMETER METER 
The multi-parameter water meter (HORIBA, YSI or similar) and PID unit must be calibrated at 
the start of each workday using the factory calibration standards provided by the manufacturer. 
In addition, ORP will be checked for accuracy using standard redox solution (200-275 millivolts 
[mV] at 25 degrees Celsius [°C]). Note: Standard Hydrogen Electrode (SHE) corrections for 
ORP field measurements will be completed at the end of the sampling event. Calibration checks 
will be performed any time the readings appear erroneous. 

DO measurements will be verified both before and after each well. An accuracy check will be 
performed on the ferrous iron colorimeter once per day. The manual will be consulted if the 
reading is not within ±0.25 milligrams per liter (mg/L) of the standard solution. 

All calibrations and calibration checks will be recorded in the field logbook and appropriate 
field forms. Extreme cold or hot weather may affect the performance of the YSI meter. In these 
conditions, the meter may require more frequent checks for instrument drift. Equipment manuals 
will be available for each instrument, and field personnel should consult the manual for 
additional technical details. Additional information regarding calibration procedures is available 
in Bluestone’s SOP Number 02 – Equipment Calibration and Maintenance. 
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7.0 LOW-FLOW SAMPLING TECHNIQUES 
7.1 Bladder Pump Sampling 

A freshly developed monitoring well must be allowed to stabilize for a minimum of 14 days 
prior to purging and sampling. To the extent possible, monitoring wells will be purged and 
sampled using bladder pumps. Non-dedicated bladder pumps will be decontaminated prior to 
and after each use. For bladder pumps used to collect volatile organic constituents (VOCs) or 
dissolved gas samples, the pump should be set to deliver Begin the task by removing the 
dedicated pump (if applicable) and collecting the depth-to-water and total well depth 
measurements, as described above. The pump should not be removed from the well except 
during the initial round of measurements. Leave the water level indicator in the well and connect 
the pump and hose assembly to a pump control box. Connect the controller to a compressed gas 
cylinder containing either nitrogen or carbon dioxide or to a portable air compressor. Connect 
the flow-through cell to the pump discharge tube so that the sample flows into the bottom of the 
flow-through cell. Direct the discharge from the flow-through cell into a 5-gallon pail. 
Groundwater purging will be conducted in accordance with applicable State and/or Federal 
regulations, as indicated below. 

If the project objectives require metal concentrations to be field-filtered, an in-line filter 
(transparent housing preferred) will be used, in addition to the same low flow procedures. Pre-
rinse the filter (0.45 µm) and verify that the filter is free of air bubbles prior to sample 
collection.  

7.2 Procedures for a Sustainable Recovery Well 

For the purpose of this SOP, a sustainable recovery well is defined as a well capable of 
maintaining a stable water level during pumping at a constant flow rate, at an elevation above 
the pump intake such that there is sufficient volume for all required samples (including any extra 
volume required for quality assurance/quality control (QA/QC) purposes), plus two additional 
sampling system volumes. Excessive drawdown refers to drawdown of the water column at a 
constant flow rate, such that a stabilized water level cannot be obtained at an elevation above the 
pump intake. 

7.3 Standard Sustainable Recovery Well 

For this SOP, a standard sustainable recovery well is defined as a well in which stabilized water 
levels can be obtained at a pumping rate equal to or greater than 100 milliliters per minute 
(mL/min). The following procedures are used for low flow sampling: 

1. Obtain well casing and borehole diameters, and filter pack percent-porosity from 
available well construction records (may be needed for calculations if the well is 
determined to be a low- recovery well). 

2. Calibrate any electronic water-quality equipment in accordance with manufacturer's 
instructions and record calibration data in the field logbook and on the calibration form . 

3. Check the function of the electronic water level meter in accordance with the 
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manufacturer’s instructions. 
4. Assemble equipment at the well and perform field preparatory activities. 
5. Measure the total well depth. Using the electronic water level meter, measure and 

document the depth of the well [to the nearest 0.01 foot (ft)] from the reference mark on 
the top of the inner well casing. 

6. Pump type specific steps. 
a. If using a non-dedicated pump, the following steps are applicable: 

i. Measure water level. Using the electronic water level meter, measure and 
document the water level to the nearest 0.01 ft. from the reference mark on the 
top of the inner well casing. 

ii. Assemble the pump and sampling line components, taking care not to contact any 
of the components with potentially-contaminated media, and ensure that the 
discharge line is affixed such that initial discharge is captured in either a 
graduated 5-gallon pail or a purge water collection/disposal drum. 

iii. Determine the depth of the portable pump intake. Measure length of pump from 
intake to tubing and cable attachment. Measure length of tubing and cable needed 
to set pump at target depth within the screened interval. 

iv. Slowly lower the pump into the well casing to the target depth, taking care not to 
encounter the bottom of the well and cause unnecessary agitation of sediment. 
Affix the pump in this position by fastening the supporting cable. Record depth 
of pump intake from the reference mark on the top of the inner well casing. 

b. If using a dedicated pump, the following steps are applicable: 
i. Obtain well depth and depth of pump intake from well construction records. 

ii. Measure water level with pump in place. Using the electronic water level meter, 
measure and document the depth to water (to the nearest 0.01 ft) from the 
reference mark on the top of the inner well casing. 

7. Determine the saturated casing volume and saturated borehole volume (saturated casing 
volume + saturated filter pack volume). This may be needed for calculations if the well is 
determined to be a low recovery well. 

8. Determine the saturated casing volume above the pump intake. This may be needed for 
calculations if the well is determined to be a low recovery well. 

9. Determine sampling system volume (volume capacity of pump, tubing, and flow-through 
cell). This may be needed for calculations if the well is determined to be a low recovery 
well. 

10. Determine volume necessary to collect all required samples, including QA/QC samples. 
This may be needed for calculations if the well is determined to be a low recovery well. 

11. Connect the flow-through cell and multi-meter to the pump tubing. 
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12. If the sustainable flow rate is not known for the well, begin purging at 100 mL/min. For 
wells with historical sustainable flow rate data, use the historical rate. 

13. Ensure that no air bubbles are entrained in the pump tubing. Raise the level of the flow- 
through cell above the well such that water must pump upward through the intake tubing 
of the cell. This will purge any bubbles through the tubing. After the cell fills with water, 
it may be lowered. 

14. Measure and record the water level and an initial set of water quality parameter 
measurements. 

15. Determine the initial purge flow rate from the well. Using a graduated cylinder, bucket, 
or other suitable container of known volume and a stopwatch, time the rate of filling. 

16. Determine whether the initial purge flow rate causes excessive water level drawdown in 
the well. Measure and record the water level and water quality parameters at 500 mL or 
five-minute intervals . The water level will be considered stable if water level readings do 
not decrease more than 0.3 ft over three successive measurements (it is acceptable for the 
water level to remain unchanged or to increase) and if the volume of water in the casing 
above the pump intake is equal to or greater than the volume needed for all required 
samples plus two sampling system volumes. 

17. If the initial purge rate of 100 mL/min does not cause excessive drawdown and is an 
appropriate rate for project analytes and purposes, document that sustainable recovery has 
been achieved at this rate and skip to Number 21 and obtain stabilized water quality 
parameter readings. 

18. If the initial purge rate of 100 mL/min does not cause excessive drawdown and a higher 
rate is desirable for project-specific reasons, adjust the flow rate and determine whether 
sustainable recovery can be obtained using the higher flow rate. Record each adjustment 
made to the pumping rate, the water level, and the multi-meter readings measured 
immediately after each adjustment. The water level and water quality parameters should 
be measured and recorded approximately every five minutes. When sustainable recovery 
has been documented at the higher flow rate, skip to Number 21 and obtain stabilized 
water quality parameter readings. (Note: Assuming a highly transmissive formation, one 
liter/minute is the maximum purge rate that will preserve laminar flow in the screened 
interval). 

If the initial purge rate of 100 mL/min causes excessive drawdown and the well is less than 30 feet 
deep, the procedure may be repeated using a peristaltic pump to determine whether sustainable 
recovery can be obtained at flow rates less than 100 mL/min (See alternative sustainable recovery 
well section below). 

19. If the initial purge rate of 100 mL/min causes excessive drawdown and alternative 
equipment with flow rates less than 100 mL/min cannot be used, see Low-Recovery 
Wells Section below. 

20. Once a stabilized water level has been obtained, the field parameters will be monitored 
for stabilization. If the flow rate is equal to or greater than 100 mL/min, measure and 
record the water quality parameters at five-minute intervals. If the flow rate is less than 
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100 mL/min, record the water quality parameters at time intervals of 500 mL divided by 
the purge rate. Field parameters will be considered stable when three consecutive 
measurements within the following ranges are obtained: 
a. Turbidity: (10% for values greater than 5 Nephelometric turbidity units (NTU), if three 

turbidity values are less than 5 NTU, consider the values as stabilized), 
b. Dissolved Oxygen: (10% for values greater than 0.5 mg/L, if three DO values are less 

than 0.5 mg/L, consider the values as stabilized), 
c. Oxidation/Reduction Potential: (+/- 10 millivolts), 
d. Specific Conductance: (3%), 
e. pH: (+/- 0.1 unit), and 
f. Temperature: (3%). 

21. Once water quality parameters have stabilized, the groundwater sample may be collected. 
If parameters other than turbidity stabilize, but turbidity stabilization cannot be attained, the Project 
Manager will be consulted. 

7.4 Alternative Sustainable Recovery Well 

An alternative sustainable recovery well is defined as a well in which stabilized water levels can 
be obtained at a pumping rate less than 100 mL/min using alternative equipment capable of lower 
flow rates (e.g., peristaltic pump, mini bladder pump). The following procedures will be used for 
alternative sustainable recovery wells: 

1. If stabilized water levels can be obtained at a pumping rate less than 100 mL/min using 
alternative equipment, refer to Number 21 above, and obtain stabilized water quality 
parameters. Note that for flow rates of less than 100 mL/min, parameter measurement 
interval is determined by 500 mL divided by the purge rate. 

7.5 Procedures for Sampling Low-Recovery Wells 

A low recovery well is defined as a well in which stabilized water levels cannot be obtained as 
described for sustainable wells, regardless of pumping rate or equipment type. The following 
procedures will be used for low recovery wells: 

1. If a purge rate of 100 mL/min causes excessive drawdown and/or alternative equipment 
with flow rates less than 100 mL/min cannot be used, the following procedures should be 
used. 

2. The following information (see previous steps 1, 7, 8, 9) is needed: 
• Obtain well casing and borehole diameters, and filter pack percent-porosity from well 

construction records. 

• Determine saturated casing volume and saturated borehole volume (casing volume + 
saturated filter pack volume). 

• Determine saturated casing volume above the pump intake. 

• Determine sampling system volume (volume capacity of pump, tubing, and flow-
through cell). 
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• Determine volume necessary to collect all required samples, including QA/QC 
samples. 

• Determine whether the saturated casing volume above the pump intake is sufficient for 
at least two sampling system volumes plus required samples. 

3. If the casing volume above the pump intake is sufficient for at least two sampling system 
volumes plus required samples, purge slowly at a constant flow rate. measure and record 
water levels and field parameters every 500 mL until two (or available) system volumes 
have been removed; collect samples; document conditions and procedures. (Note: water 
level will not be stable (i.e., drawdown will occur) and water quality parameters may not 
be stable). 

4. If the casing volume above the pump intake is not sufficient for at least two sampling 
system volumes plus required samples but is sufficient for at least one sampling system 
volumes plus required samples, purge slowly at a constant flow rate. measure and record 
water levels and water quality parameters every 500 mL until one (or available) system 
volumes have been removed; collect samples; document conditions and procedures. (Note: 
water level will not be stable (i.e., drawdown will occur) and water quality parameters may 
not be stable). 

5. If the casing volume above the pump intake is sufficient for required samples only, 
determine whether it is acceptable to collect samples without purging. If this is acceptable 
for project purposes, collect samples at a constant flow rate without purging, document 
conditions and procedures. 

6. If the casing volume above the pump intake is not sufficient for required samples, 
determine whether samples can be prioritized and if it is acceptable to collect priority 
samples without purging. If this is acceptable for project purposes, collect the priority 
samples at a constant flow rate without purging, document conditions and procedures. 

7. If the casing volume above the pump intake is not sufficient for all required samples, 
samples cannot be prioritized, and/or it is not acceptable for project purposes to collect 
samples without purging, do not collect a sample, and document conditions. 

8. If the well cannot be sampled using the low-recharge procedure: 

• Determine whether diffusion samplers or other passive methods are acceptable for 
project purposes and can be used. 

• Determine whether the well can be removed from the monitoring network. 

8.0 GROUNDWATER SAMPLING DECISION TREES 
The following decision tree will be used for purging monitoring wells (see Figures 1 and 2 below): 

1. Wells with historical purge rate data: 

• For a consistent, sustainable recovery well (i.e., stabilized water level can always be 
achieved) using either standard or alternative equipment. 

o Use historical sustainable flow rate and equipment 
o Obtain stabilized water level 
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o Obtain stabilized water quality parameters; and 
o Collect samples. 

• For a well with inconsistent recovery across multiple sampling events, determine 
whether a sustainable flow rate can be achieved during this sampling episode using 
standard or alternative equipment. 

o If yes, use sustainable rate and appropriate equipment; obtain stabilized water 
level; obtain stabilized water quality parameters; collect samples. 

o If no, use low recharge procedure. 
2. Wells without historical purge rate data but with information from well development or 

redevelopment: 
• Does well development or redevelopment record indicate a sustainable recovery well 

using either standard or alternative equipment? 
o If yes, determine a sustainable flow rate and use sustainable rate procedures and 

appropriate equipment; obtain stabilized water level; obtain stabilized water 
quality parameters; collect samples. 

o If no, use low recharge procedures. 
3. Wells without either historical purge rate or well development or redevelopment data: 

• Determine whether a sustainable flow rate can be achieved during this sampling event 
using standard or alternative equipment. 

o If yes, use the sustainable rate and appropriate equipment; obtain stabilized 
water level; obtain stabilized water quality parameters; collect samples. 

o If no, use low recharge procedures. 

9.0 EQUIPMENT MALFUNCTION PROCEDURES 
Every effort will be made to procure and maintain properly functioning equipment; however, 
equipment malfunctions may occur. In these instances, the field team leader will be contacted 
immediately, followed by the Project Manager. To the extent practicable, field crews will be 
equipped with backup sets of equipment. Any necessary replacement items will be ordered for 
next-day delivery. Since the measurement of DO is the most frequent failure point, subsequent 
wells will be purged and sampled at or below historical purge rates until 125 percent of the 
maximum volume purged during the previous three sampling events is removed from the well. All 
other stabilization parameters must also meet stabilization criteria prior to sample collection. 
Any other equipment malfunctions will be brought to the attention of the Project Manager and a 
temporary site-specific sampling protocol will be implemented. In addition, any equipment 
malfunctions and remedies must be noted in the field logbook and on the daily report. 
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10.0 GROUNDWATER SAMPLE COLLECTION USING A BAILER  
For groundwater samples collected with a bailer, a standard cleaned closed-top polyethylene or 
Teflon® bailer with Teflon® coated stainless-steel leaders must be used. A new piece of nylon 
rope must be used for each bailer. The bailer and rope are lowered slowly into the well to the top 
of the water column, allowed to fill, and removed. It is critical that the bailer be slowly and 
gently lowered into the water column, particularly during the final stages of purging, to 
minimize turbidity and disturbance of any VOCs. A straight tube should be used to displace the 
check valve at the bottom of the bailer to decant the water into sample the appropriate sample 
containers. 

11.0 EQUIPMENT DECONTAMINATION  
Decontamination procedures for re-usable field equipment must be performed in accordance 
with Bluestone’s SOP Number 05 – Decontamination of Field Equipment. 

12.0 DATA MANAGEMENT 
Data collected during well sampling activities (i.e., depth-to-groundwater measurements, total 
well depth, sampling IDs, sample collection times, etc.) will be recorded in the field logbook 
and on field data sheets as necessary. Bluestone’s SOP Number 06 – Field Documentation 
details the methods for data collection and management, and additional information should be 
specified in the Work Plan. Pre-existing conditions and post-work site restoration should be 
documented through photographs with approval from the Client. Field data and observations 
should be provided to the Project Manager periodically throughout the progression of work.  

13.0 QUALITY ASSURANCE/QUALITY CONTROL 
Prior to the start of any field activity, Bluestone personnel must read and acknowledge the Work 
Plan, UFP-QAPP, and any applicable SOPs. Field personnel will complete a minimum of 40 
hours of field training prior to working independently on environmental sites.  
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Standard Operating Procedure Number 13 

SAMPLE PACKAGING AND SHIPPING 
 

1.0 INTRODUCTION AND PURPOSE 
This Standard Operating Procedure (SOP) was prepared by Bluestone Environmental Group, 
Inc. (Bluestone) to describe the procedures for the proper packaging and shipping of 
environmental samples. All samples must be shipped priority overnight in accordance with the 
U.S. Environmental Protection Agency (USEPA) specifications and U.S. Department of 
Transportation (DOT) regulations (49 Code of Federal Regulations [CFR] Parts 172 and 173).  
Samples will be handled as a low hazard level, and  packed and shipped within 24 hours of 
collection. 

2.0 PERONNEL QUALIFICATIONS 
All Bluestone field personnel must complete the Occupational Safety and Health Administration 
(OSHA) 40-Hour Hazardous Waste Operators (HAZWOPER) training course and maintain the 
required 8-Hour annual refresher courses. In addition, the site safety and health officer (SSHO) 
must be certified in first aid and CPR.  

3.0 HEALTH AND SAFETY 
Activities as detailed in this SOP will be performed in accordance with the Project Accident 
Prevention Plan (APP) and/or Health and Safety Plan (HASP), the Bluestone Corporate Safety 
and Health Program and site and/or client-specific requirements. Potential health and safety 
hazards associated with packing and shipping samples include primarily nicks and cuts, and 
heavy lifting. Modified Level D is generally appropriate, and may be limited to nitrile gloves, 
safety glasses and safety shoes. High visibility vests or clothing will be worn when packing 
coolers in a parking lot. Additional details regarding site safety and health must be provided in 
the APP and/or HASP. 

4.0 SAMPLE PACKAGING 
The following procedure will be used to pack samples for overnight shipment: 

1. To the extent possible, group samples by sample ID, with the exception of bottleware 
designated for volatile organic constituents (VOC) analysis. Group aqueous VOC samples 
in a common shipping container. 

2. At the time of sample collection, wipe the outside of each sample bottle/jar with a paper 
towel and place a label on each container. Each glass bottle/jar will be wrapped with bubble 
wrap or the protective sleeves provided by the laboratory. Place all sample bottles in a 
Ziploc® bag. All VOC vials collected for each sample will be placed in the same plastic 
bag, if practicable. Trip blank quality control (QC) samples will be packed in the same 
manner as the VOC bottleware. 
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3. Remove as much air as possible from the plastic bag prior to sealing. 
4. Seal the drains on the shipping coolers with tape. 
5. Place an absorbent pad in the bottom of the cooler, followed by a layer of bubble wrap. 
6. Insert a plastic liner/contractor bag into the cooler. 
7. Place the sample containers inside the liner in an upright position and place sections of 

bubble wrap in between sample bottles. Group all aqueous VOC samples in a common 
cooler. Place one trip blank set (two 40-mL volatile organic analysis [VOAs]) in each 
cooler containing aqueous VOC samples. Place one temperature blank in each cooler. 

8. Preserve the samples with ice,. This may be completed by placing the ice chips directly 
inside the liner around all sample bottles or by double-bagging ice chips in Ziploc® bags 
and placing the bags at the bottom, top, and in the interstitial spaces of sample batch.  

9. Sign and date the chain of custody (COC) and record the information in the field logbook.  
10. If a laboratory courier service is arranged, the sampler and courier must both sign and date 

the COC at the time of transfer. The sampler must then take a photo of the COC before 
sealing it inside the cooler. Photographs of COCs will be provided to the sample manager 
at the end of each workday. 

11. To properly seal the completed COC inside a cooler, separate the bottom copy and place 
the remaining pages inside a Ziploc® bag and tape the bag to the inside of the cooler lid.  

12. Affix signed custody seals over lid openings (opposite corners of the cooler).  
13. Seal both ends of the cooler by wrapping three times with clear packing tape. Make sure 

that the address, phone number, and contact information for the receiving laboratory is 
placed prominently on the cooler, and wrap shipping label with packing tape.   

14. For shipments through FedEx or UPS, provide the representative with the laboratory 
shipping and receiving addresses and the Bluestone or laboratory account number, 
depending on responsible party. In addition, provide any shipping procedures or 
restrictions the laboratory may require (i.e. no Saturday delivery). 

5.0 DATA MANAGEMENT 
Data associated with the release of samples to a courier service  will be recorded in the field 
logbook and on field data sheets as necessary. Bluestone’s SOP Number 06 – Field 
Documentation details the methods for data collection and management, and additional 
information should be specified in the Work Plan.  

6.0 QUALITY ASSURANCE/QUALITY CONTROL 
Prior to the start of any field activity, Bluestone personnel must read and acknowledge the Work 
Plan, UFP-QAPP, and any applicable SOPs. Field personnel will complete a minimum of 40 
hours of field training prior to working independently on environmental sites.  
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Standard Operating Procedure Number 19 
GROUNDWATER ELEVATION MONITORING 

1.0 INTRODUCTION AND PURPOSE 
This Standard Operating Procedure (SOP) was prepared by Bluestone Environmental Group, 
Inc. (Bluestone) to describe the methodology for collecting depth-to-water measurements from 
monitoring wells and piezometers (terms used interchangeably). Hydrogeologic data gathered 
during a field investigation may be used to determine hydraulic gradient, interpret the migration 
rate and direction of contaminants (if present), produce groundwater contour maps, determine 
purge volumes for groundwater sampling, and design slug tests, packer tests and constant-rate 
pumping tests  

2.0 PERSONNEL QUALIFICATIONS 
All Bluestone field personnel must complete the Occupational Safety and Health Administration 
(OSHA) 40-Hour Hazardous Waste Operators (HAZWOPER) training course and maintain the 
required 8-Hour annual refresher courses. In addition, the site safety and health officer (SHHO) 
must be certified in first aid and CPR.  

3.0 HEALTH AND SAFETY 
Field activities as detailed in this SOP will be performed in accordance with the Project 
Accident Prevention Plan (APP) and/or Site Safety and Health Plan (SSHP), the Bluestone 
Corporate Safety and Health Program, and site and/or client-specific requirements. Potential 
health and safety hazards associated with groundwater elevation monitoring include biological 
hazards including, but not limited to, poison ivy, stinging insects, spiders, and ticks; slip/trip/fall 
hazards; and pinch points. Modified Level D Personal Protective Equipment (PPE) is generally 
appropriate for work associated with groundwater elevation monitoring, and includes a hard hat, 
safety glasses, leather/nitrile gloves, safety shoes and high-visibility vests.  

4.0 EQUIPMENT 
Equipment used in the collection of depth-to-water measurements: 

• Electronic water level indicator (Solinst® Model 101 P7 Water Level Meter or similar) 
• Oil/water interface probe (Solinst® Model 122 or similar) 
• Alconox®, Liquinox® or other non-phosphate concentrated laboratory grade soap 
• De-ionized water 
• Spray bottles 
• PPE 
• Air Monitoring instruments as required (i.e. MiniRAE®, Thermo TVA 1000 FID/PID) 
• Field logbook / field data sheets  
• Well keys 
• Decontamination supplies (SOP Number 05 – Decontamination of Field Equipment) 
• Previous depth-to-water measurements (if available). 
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5.0 PROCEDURES FOR MEASURING DEPTH-TO-WATER 
The procedures for collecting depth-to-water measurements include the following:  

1. Record the condition of the well (protective casing, concrete collar, lock in place, etc.). 
2. Check the water level tape has no obvious kinks or damage. 
3. Wearing nitrile gloves, decontaminate the water level meter in accordance with 

Bluestone’s SOP Number 05 – Decontamination of Field Equipment.  
4. Stand upwind of the well; unlock and open the well, being cautious of biological hazards. 

Remove the well cap and collect a headspace reading using a PID. Record pertinent air 
monitoring data (sustained, dissipating, background, odor) in the field logbook in 
accordance with Bluestone’s SOP Number 06 – Field Documentation. 

5. Identify the survey notch on the riser or casing (if present). Record this location in the 
field logbook or field data sheet.  

6. Activate the water level meter, check the audible indicator, reel the electronic probe into 
the well riser (with the increments visible) slowly until the meter sounds, grasp the tape 
with hand, withdraw the tape and lower it again slowly until the sound is again audible. 
Check the depth to water on the tape and make a mental note of the depth to within .01 
feet. Lower the probe again slowly and repeat the measurement for accuracy, with care to 
measure from the correct direction. 

7. Record the depth-to-water measurements in the field logbook or field data sheets and 
corresponding time of measurement.  

8. Procedures implemented in the presence of free phase petroleum products (light non-
aqueous phase liquids [LNAPL]) on the surface of the water table will be modified to 
include the use of the oil/water interface probe. The procedures during the use of this 
probe will be implemented similarly and by manufacturers' specifications. Typically, the 
procedure to collect depth-to-product measurements is similar to measuring depth-to-
water, where the oil/water interface probe will be equipped with a dual alarm that 
distinguishes between contact with oil and contact with water.  Depth-to-oil and depth-to-
water measurements will be recorded, which in turn provides the thickness of the free 
product layer.  

6.0 EQUIPMENT DECONTAMINATION  
Decontamination procedures for re-usable field equipment must be performed in accordance 
with Bluestone’s SOP Number 05 – Decontamination of Field Equipment. 

7.0 DATA MANAGEMENT 
Data collected during groundwater elevation monitoring (i.e., depth-to-groundwater and total 
depth measurements, and corresponding times, etc.) will be recorded in the field logbook and on 
field data sheets, as necessary. Bluestone’s SOP Number 06 – Field Documentation details the 
methods for data collection and management, and additional information will be specified in the 
Work Plan. Photographs are a preferred method of documenting pre- and post-work conditions; 
however, the collection of photographs must be in accordance with contract requirements and 
site-specific security requirements.  
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8.0 QUALITY ASSURANCE/QUALITY CONTROL 
Prior to the start of any field activity, Bluestone personnel must read and acknowledge the Work 
Plan, UFP-QAPP, and any applicable SOPs.  



Appendix B
Laboratory SOPs
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Laboratory 
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