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Executive Summary 

AGVIQ-CH2M HILL Joint Venture III (AGVIQ-CH2M HILL) has been retained by the Department 
of the Navy, Naval Facilities Engineering Command Southeast (NAVFAC SE) to implement the 
preferred corrective measure technologies, as indicated in the Final Corrective Measures Study [CMS] 
Final Report for SWMUs 54 and 55 (Baker Environmental, Inc. [Baker], 2005), to address groundwater 
contamination at Solid Waste Management Units (SWMUs) 54 and 55 located at Naval Activity 
Puerto Rico (NAPR) Ceiba, Puerto Rico (Figures 1 and 2 in Appendix A). This work is being 
performed under Contract Number N62470-08-D-1006, Task Order JM04.  

In February 2002, a Final Resource Conservation and Recovery Act (RCRA) Facility Investigation 
(RFI) was conducted at SWMU 54 to evaluate soil and groundwater contamination identified 
during a site characterization investigation. According to the RFI report, no further action was 
required to mitigate surface soil or subsurface soil (Baker, 2003). However, trichloroethene (TCE) 
contamination in groundwater was identified and delineated as a result of the RFI. A plume of 
benzene was also delineated in the vicinity of Bairoko Street. Because of the relatively high levels of 
benzene, it was recommended that a CMS be developed to determine remedial alternatives for 
contaminants in the groundwater at this site. According to the final CMS, only two contaminants in 
groundwater exceeded their respective human health based corrective action objectives (CAOs): 
TCE east of Bairoko Street and benzene west of Bairoko Street (Baker, 2005). The TCE CAO is 
22 micrograms per liter (µg/L), while the benzene CAO is 550 µg/L. 

Between July 2009 and April 2010, AGVIQ-CH2M HILL conducted an additional investigation at 
SWMU 54 to evaluate groundwater contamination identified in the final CMS (Baker, 2005). The 
investigation confirmed two benzene plumes exist: one in a shallow zone primarily on the west side 
of Bairoko Street and one in a deep zone on the east side of Bairoko Street. In addition, the 
investigation identified a previously unknown area of shallow benzene contamination on the 
southeast side of Bairoko Street (AGVIQ-CH2M HILL, 2010a). The investigation also showed that 
the TCE plume shifted slightly to the south (AGVIQ-CH2M HILL, 2010b). According to the final 
CMS, environmental investigations conducted at SWMU 55 concluded TCE in groundwater is the 
only compound in excess of the CAO of 22 µg/L at SWMU 55 (Baker, 2005). A TCE plume 
delineation and source investigation was performed in September 2003 (Baker, 2004). During this 
investigation, the maximum TCE concentration in groundwater was measured at monitoring well 
7MW7 at 1,800 µg/L.  

Between August 2009 and April 2010, AGVIQ-CH2M HILL conducted an additional investigation 
to evaluate the groundwater contamination identified in the final CMS (Baker, 2005). During this 
investigation, the maximum TCE concentration in groundwater was measured at injection well 
55IW01 at 33,600 µg/L (AGVIQ-CH2M HILL, 2010c). This document is the Uniform Federal Policy 
Sampling and Analysis Plan (UFP-SAP) for the work to be performed at SWMUs 54 and 55 to 
remediate groundwater impacted by volatile organic compounds. Remediation activities to be 
conducted at SWMUs 54 and 55 include:  

• Pilot-scale testing will be conducted to evaluate in situ biodegradation (ISB) via enhanced 
reductive dechlorination to remediate TCE in groundwater at SWMU 54. ISB was selected to 
enhance the natural processes already occurring and to reduce the time required to achieve 
CAOs.  
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• Pilot-scale testing will be conducted to evaluate air sparging to remediate the benzene in 

groundwater at SWMU 54. 

• Pilot-scale testing will be conducted to evaluate in situ chemical oxidation to remediate TCE in 
groundwater at SMWU 55.  

SAP Format  
This SAP has been prepared in accordance with the UFP for Quality Assurance Project Plans 
(UFP-QAPP) (U.S. Environmental Protection Agency [EPA], 2005) and the EPA Guidance for 
QAPPs, EPA QA/G-5, QAMS (EPA, 2002), and contains the 37 worksheets identified in Part 2A. It 
also contains appendices that support the information presented in the worksheets. Figures are 
presented in Appendix A. 
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Acronyms and Abbreviations 

°C degree Celsius 
%R percent recovery 
AGVIQ-CH2M HILL  AGVIQ-CH2M HILL Joint Venture III 
AS air sparge 
ASAP as soon as possible 
Baker Baker Environmental, Inc. 
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BRAC PMO SE Base Realignment and Closure Program Management Office 
Southeast 
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CPR cardiopulmonary resuscitation 
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DOD U.S. Department of Defense 
DQE data quality evaluation 
DQI data quality indicator 
DRMO Defense Reutilization and Marketing Office 
EIS Environmental Information Specialist 
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IRP Installation Restoration Program 
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ITRC Interstate Technology Regulatory Council 
KMnO4 potassium permanganate 
LCS laboratory control sample 
LDO luminescent dissolved oxygen 
LIMS Laboratory Information Management System 
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MNA monitored natural attenuation 
MnO4- permanganate 
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MSD matrix spike duplicate 
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NFESC Naval Facilities Engineering Service Center 
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ORP oxidation-reduction potential  
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PDS post-digestion spike 
PM Project Manager 
POC point of contact 
PREQB Puerto Rico Environmental Quality Board 
PQO Project Quality Objective 
PWR partially weathered rock 
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QAO Quality Assurance Officer 
QAPP Quality Assurance Project Plan 
QC quality control 
QSM Quality Systems Manual 
RCRA Resource Conservation and Recovery Act  
RFI RCRA Facility Investigation 
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RPD relative percent difference 
RPM Remedial Project Manager 
RSD relative standard deviation 
SAP Sampling and Analysis Plan 
SOP standard operating procedure 
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TBD to be determined 
TCE Trichloroethene 
TCLP Toxicity Characteristic Leaching Procedure 
TOC total organic carbon 
TOD total oxidant demand 
TWFF Tow Way Fuel Farm 
UFP Uniform Federal Policy 
UST underground storage tank 
VOC volatile organic compound 
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SAP Worksheet #2—SAP Identifying Information 

Site Name/Number:  NAPR, SWMUs 54 and 55       

Operable Unit:  2       

Contractor Name:  AGVIQ-CH2M HILL 

Contract Number:  N62470-08-D-1006-JM04  

Contract Title:  Small Business Remedial Action Contract 

 
1. This Sampling and Analysis Plan (SAP) was prepared in accordance with the requirements of 

the Uniform Federal Policy for Quality Assurance Project Plans (UFP-QAPP) (U.S. 
Environmental Protection Agency [EPA], 2005) and EPA Guidance for Quality Assurance 
Project Plans, EPA QA/G-5, QAMS (EPA, 2002).  

2. Regulatory program: Resource Conservation and Recovery Act (RCRA)  

3. This SAP is a project-specific SAP.  

4. Dates of scoping sessions:      

        
Scoping Session Date 

Site visit – Ceiba, Puerto Rico December 17, 2008 

Site visit – Ceiba, Puerto Rico January 19 – 23, 2009 

Technical Approach Meeting February 4, 2009 

 
5. Dates and titles of any SAP documents written for previous site work that are relevant to the 

current investigation: 

           
Title Date 

Baker Environmental, Inc. (Baker). 2005. Final Corrective 
Measures Study Final Report for SWMUs 54 and 55. Prepared for 
Department of the Navy, Naval Facilities Engineering Command 
Atlantic Division.  

August 2005 

 
6. Organizational partners (stakeholders) and connection with lead organization:  

− EPA Region II – Regulatory stakeholder overseeing RCRA Ceiba Environmental 
Restoration Program (ERP) implemented by lead organization 

− Puerto Rico Environmental Quality Board (PREQB) – Regulatory stakeholder overseeing 
RCRA Ceiba ERP implemented by lead organization 

− U.S. Naval Facilities Engineering Command Southeast (NAVFAC SE) – Performs 
remedial activities at specified sites at the Naval Activity Puerto Rico (NAPR).  
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7. Lead organization (see Worksheet #7 for detailed list of data users): 

− U.S. Department of Navy (Navy) 

8. The omitted SAP elements excluded and provide an explanation for their exclusion below:  

Crosswalk table is excluded as all required information is provided in this SAP.  
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SAP Worksheet #3—Distribution List 

Name of SAP 
Recipients Title/Role Organization Telephone Number E-mail Address or Mailing 

Address  
Document Control 

Number 

David Criswell 
Mark E. Davidson 

Base Realignment and 
Closure Program 
Management Office 
Southeast (BRAC PMO SE) 
Remedial Project Manager 
(RPM)/Lead Navy Point of 
Contact (POC) 

Navy (843) 743-2130 
(843) 743-2124 

david.criswell@navy.mil 
mark.e.davidson@navy.mil  

 

To be determined 
(TBD) 

Contracting Officer  Navy TBD TBD  
TBD Librarian and Records 

Manager/Final document 
archiving  

Navy TBD TBD  

Amy Wolff (will 
distribute to the 
Program Management 
Office) 

Program 
Assistant/Document 
Manager 

AGVIQ-CH2M HILL (678) 530-4393 Amy.Wolff@ch2m.com  

Doug Downey Senior Technical Consultant AGVIQ-CH2M HILL (303) 674-6547 Doug.downey@ch2m.com  
Tom Beisel Project Manager (PM) AGVIQ-CH2M HILL (678) 530-4033 Tom.beisel@ch2m.com  
Camden Robinson Project Chemist and Data 

Validator 
AGVIQ-CH2M HILL (678) 530-4292 Camden.robinson@ch2m.com  

Thomas Kessler Senior Geologist AGVIQ-CH2M HILL (678) 530-4197 Thomas.kessler@ch2m.com  
Elizabeth Martin Laboratory Project Manager 

 
Gulf Coast Analytical 
Laboratories, Inc. 
(GCAL) 

(225) 769-4900, 
ext. 308 

elizabeth.martin@gcal.com  

 

 

mailto:david.criswell@navy.mil�
mailto:elizabeth.martin@gcal.com�
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SAP Worksheet #4—Project Personnel Sign-Off Sheet 

Name Organization/Title/Role Telephone Number Signature/E-mail Receipt SAP Section 
Reviewed 

Date SAP Read 

David Criswell 
Mark E. Davidson 

BRAC PMO SE RPM/Lead Navy 
POC 

(843) 743-2130 
(843) 743-2124 

   

Tim Gordon EPA/Ceiba RPM/Regulatory 
POC 

(212) 637-4167    

Wilmarie Rivera PREQB/Ceiba RPM/Regulatory 
POC 

(787) 767-8181, 
ext. 6141 

   

Theresa Rojas AGVIQ-CH2M HILL/Program 
Quality Assurance (QA) 
Manager and Quality Control 
(QC) Manager/SAP Review 

(678) 530-4297    

Camden Robinson AGVIQ-CH2M HILL/Navy 
Program Chemist/SAP Review 

(678) 530-4292    

Nancy Ballantyne AGVIQ-CH2M HILL/Contractor 
Environmental Manager/Navy 
contractor primary POC 

(720) 286-5561    

Bethany Garvey  
 
 
Duane Johnson 

AGVIQ-CH2M HILL/ 
Environmental Information 
Specialist (EIS)/ 
Critigen/Data Tracking and 
Management 

(678) 530-4124  
 
 
(678) 530-4185 

   

Thomas Kessler  
Andrew O’Conor 

AGVIQ-CH2M HILL/ 
Geologists/Field Team Leaders 
(FTLs) 

(678) 530-4197 
(843) 200-3825 

   

Elizabeth Martin GCAL/Chemist/Laboratory PM (225) 769-4900, 
ext. 308 

   

Anita Biernacki Microbial Insights/Laboratory 
Contact 

(865) 573-8188 
ext. 108 
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SAP Worksheet #4—Project Personnel Sign-Off Sheet (continued) 

Name Organization/Title/Role Telephone Number Signature/E-mail Receipt SAP Section 
Reviewed 

Date SAP Read 

Andrew O’Connor 
Alicia Nobles 

AGVIQ-CH2M HILL/Field Team  (843) 200-3825 
(678) 530-4576 
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SAP Worksheet #5—Project Organizational Chart 
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SAP Worksheet #6—Communication Pathways 

Communication Drivers Responsible 
Affiliation Name Phone Number and/or 

E-mail Procedure  

Communication to/from Navy (e.g., 
submission of SAP for review; receipt of 
regulatory comments, etc.) 

Navy RPM David Criswell 
Mark E. Davidson 

(843) 743-2130/ 
david.criswell@navy.mil 
(843) 743-2124/  
mark.e.davidson@navy.mil 

Primary POC for Navy (via e-mail, 
telephone, hardcopy, or in-person, as 
warranted); can delegate communication 
to other internal or external points of 
contact. Navy RPM to report any 
significant corrective actions (CAs) to the 
involved regulatory agencies, unless 
otherwise directed by the Navy RPM to 
AGVIQ-CH2M HILL PM.  

Communication to/from EPA (e.g., receipt of 
SAP for review; submission of EPA 
comments) 

EPA RPM Tim Gordon (212) 637-4167 
Gordon.timothy@epa.gov 

Primary POC for EPA (via e-mail, 
telephone, hardcopy, or in-person, as 
warranted); can delegate communication 
to other internal or external points of 
contact. 

Communication to/from PREQB (e.g., receipt 
of SAP for review; submission of PREQB 
comments) 

PREQB RPM Wilmarie Rivera (787) 767-8181, ext. 6141 
Cell: (787) 365-8573 

Primary POC for PREQB (via e-mail, 
telephone, hardcopy, or in-person, as 
warranted); can delegate communication 
to other internal or external points of 
contact. 

Navy QA/QC input Navy Quality 
Assurance 
Officer (QAO) 

Jon Tucker  (757) 322-8288 
Jonathan.tucker@navy.mil 

Provides review comments to Navy 
contractor on pre-draft SAP via e-mail 
through Kevin Cloe. Provides overall 
Navy guidance via direct communication 
with Navy contractor QAO, as warranted. 

Project administration and logistics 
Communication to/from Navy contractor (e.g., 
submission of SAP for review; receipt of 
regulatory comments, updates on project 
progress, communication of stakeholder 
expectations, etc.) 

AGVIQ-
CH2M HILL PM 

Tom Beisel (678) 530-4033 Direct communication (via e-mail, 
telephone, hardcopy, or in-person, as 
warranted) to/from Navy contractor 
project staff to ensure appropriate project 
implementation. Primary POC for Navy 
contractor (via e-mail, telephone, 
hardcopy, or in-person, as warranted); 
can delegate communication to other 
contractor staff, as appropriate. 

mailto:david.criswell@navy.mil�
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SAP Worksheet #6—Communication Pathways (continued) 

Communication Drivers Responsible 
Affiliation Name 

Phone Number  
and/or E-mail 

Procedure  

Health and safety expectations and 
procedures 

AGVIQ-
CH2M HILL 
Health and 
Safety Officer 

Mike Goldman (865) 560-2908 Review of Health and Safety Plan (HSP). 
Direct communication (via e-mail, 
telephone, hardcopy, or in-person, as 
warranted) to/from AGVIQ-CH2M HILL 
project team to ensure implementation of 
appropriate health and safety procedures. 

SAP changes in the field AGVIQ-
CH2M HILL FTL 

Andrew O’Conor  (843) 200-3825  Documentation of deviations from work 
plan made in field logbooks and rationale 
for deviations; deviations made only with 
approval from AGVIQ-CH2M HILL PM. 
Deviations to the SAP will be reported 
within 1 week from the time the issue is 
identified. 

Field CAs AGVIQ-
CH2M HILL FTL 

Andrew O’Conor  (843) 200-3825  See Worksheets #32 and 32-1. Field CAs 
will be reported within 1 week from the time 
the issue is identified. 

Daily Field Progress Reports AGVIQ-
CH2M HILL FTL  

Andrew O’Conor  (843) 200-3825  FTL will e-mail or fax daily field progress 
reports to contractor PMs weekly; 
telephone communication with PMs on as-
needed basis 

Ensuring staff health and safety in the field AGVIQ-
CH2M HILL Site 
Safety 
Coordinator 
(SSC) 

Andrew O’Conor  (843) 200-3825  Daily safety tailgates; daily observations; 
real-time discussions of observations and 
changes to be implemented with field staff. 

Ensuring the project is meeting the 
requirements of this SAP and that any 
problems are corrected and communicated to 
the project administrator 

AGVIQ-
CH2M HILL QC 
Manager 

Alicia Nobles  (678) 530-4576  Complete daily QC reports and submit to 
PM and project administrator. 



AMENDED FINAL SAMPLING AND ANALYSIS PLAN 
JANAURY 2011  

PAGE 21 
 

SAP Worksheet #6—Communication Pathways (continued) 

Communication Drivers Responsible 
Affiliation Name 

Phone Number  
and/or E-mail 

Procedure  

Data tracking from collection through upload 
to database 

AGVIQ-
CH2M HILL EIS 

Bethany Garvey 

 

(678) 530-4124 

 

EIS will track data from sample collection 
through upload to database, ensuring 
QAPP requirements are met by laboratory 
and field staff. Tracking involves receipt of 
electronic and hardcopy data from 
laboratory and data validator. EIS 
communicates with AGVIQ-CH2M HILL 
project chemist, laboratory PM, and data 
validator PM, as warranted, to ensure 
adherence to project analysis and 
validation requirements. EIS also 
coordinates data upload with contractor 
database manager. 

Uploading project data and maintaining the 
database to ensure data are stored properly 
and can be retrieved by the EIS  

Critigen 
Database 
Manager 

Duane Johnson (678) 530-4185 Once contractor chemist ensures data are 
appropriate for upload to database, EIS 
submits data electronically to contractor 
database manager, who uploads data to 
database. 

Reporting lab data quality issues Laboratory PM Elizabeth Martin  (225) 769-4900 ext. 308 
 

All QA/QC issues with project field samples 
will be reported by the lab to the EIS, 
Project Chemist, and Contractor QAO via 
e-mail within 2 business days. 

Analytical CAs AGVIQ-
CH2M HILL 
Project Chemist 

Camden 
Robinson 

(770) 439-8363 See Worksheets #24, 25, and 28 for 
analytical CAs. Analytical CAs will be 
reported within 1 week from the time the 
issue is identified. 

Validated data Data Validator 
PM 

Camden 
Robinson  

(770) 439-8363 Data validator provides data validation 
reports (electronic and hardcopy) that 
provide the data qualifiers and associated 
explanations. 

Release of analytical data for upload to 
database 

AGVIQ-
CH2M HILL 
Project Chemist 

Camden 
Robinson 

(770) 439-8363 Upon review of validated data to ensure 
adherence to project requirements, project 
chemist communicates via e-mail to EIS 
that data are ready for release (i.e., upload 
to database). 
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SAP Worksheet #7—Personnel Responsibilities and Qualifications Table 

Name Title Organizational 
Affiliation Responsibilities Education and Experience 

Qualificationsa 

David Criswell  
Mark E. Davidson 

BRAC PMO SE RPM Navy Environmental restoration program activities 
implemented under this SAP. 

 

Jon Tucker  QAO Navy Navy review of SAP and QA input.  

Pedro Ruiz Ceiba ERP Site 
Manager 

Navy On-island Navy liaison; provides logistical support for 
implementation of environmental restoration program 
activities under this SAP. 

 

Tom Beisel PM AGVIQ-CH2M HILL Project administration; coordinates staffing; monitors 
project performance; directs and oversees project 
staff. 

BS, Geology; over 18 years 
experience in project management, 
including staff supervision and 
project performance monitoring 

Theresa Rojas Program QA/QC 
Manager 

AGVIQ-CH2M HILL Oversees compliance with program and project-
specific quality requirements. 

BS, Chemistry; over 20 years 
experience in laboratory analysis, 
sampling, data validation, and field 
testing; over 15 years experience in 
construction quality management 

Eric Burrell  
 

Quality Control Plan 
Coordinator 

AGVIQ-CH2M HILL Oversees project-specific QC requirements. BS, Civil Engineering; over 5 years 
experience in construction quality 
management 

Camden Robinson 
 

Project Chemist AGVIQ-CH2M HILL Establishes laboratory scope of work; ensures 
selected laboratory can meet project-required 
analytical protocol; primary communications with 
laboratory and data validator; performs data quality 
evaluation to determine availability of analytical data. 

BA, Chemistry; over 5 years 
experience in chemistry, including 
laboratory analysis, sampling, data 
validation, and field testing 

Bryan Burkingstock 
Amanda Struse 

Task Manager AGVIQ-CH2M HILL Coordinates staffing; directs and oversees project 
staff; supervises field sampling and coordinates all 
field activities; ensures onsite compliance with work 
plan; oversees and ensures safety of onsite 
personnel. 

Mr. Burkingstock has an MS and a 
BS in Hydrogeology and over 11 
years experience; Ms. Struse has an 
MS in Environmental Engineering, a 
BS in Chemical Engineering, and 
over 8 years experience in task 
management, including staff 
coordination and supervision, project 
compliance, and safety assurance 
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SAP Worksheet #7—Personnel Responsibilities and Qualifications Table (continued) 

Name Title Organizational 
Affiliation Responsibilities Education and Experience 

Qualificationsa 

Andrew O’Conor  FTL and SSC AGVIQ-CH2M HILL Supervises field sampling and coordinates all field 
activities; ensures onsite compliance with work plan; 
oversees and ensures safety of onsite personnel. 

BS, Geology; over 8 years 
experience in well installation and 
development, soil characterization, 
groundwater characterization, and 
environmental remediation 

Alicia Nobles QC Manager AGVIQ-CH2M HILL Responsible for daily QC reports, oversight of quality. 
Monitor and report on subcontractor quality and 
quantities and audit subcontractors’ offsite fabrication. 
Maintain Submittal Register. Participate in continuous 
improvement of project team and maintain lessons 
learned log. 

BS, Civil Engineering; over 2 years 
experience in well installation and 
development, soil characterization, 
groundwater characterization, and 
environmental remediation 

Mike Goldman Health and Safety 
Officer 

AGVIQ-CH2M HILL Responsible for overall Navy program health and 
safety performance; reviews project-specific HSP; 
interacts with SSC to ensure project-specific safety of 
field personnel. 

BS, Biology; over 22 years 
experience in health and safety, 
including preparing, implementing, 
and ensuring compliance with 
project-specific HSPs 

Duane Johnson Database Manager Critigen Uploads validated data to environmental database. 
Manages sample tracking; coordinates assimilation of 
data from field collection through analysis, validation, 
and upload to environmental database; performs data 
queries for data evaluation and report writing. 

BS, Chemistry; over 8 years 
experience designing data 
management systems, sample 
tracking, coordinates e-data 
deliverables with the laboratory, data 
validation and quality evaluation, and 
report preparation 

Camden Robinson Data Validator AGVIQ-CH2M HILL Responsible for validating analytical data in 
accordance with project-specific UFP-SAP. 

BA, Chemistry; over 5 years 
experience in chemistry, including 
laboratory analysis, sampling, data 
validation, and field testing 

Elizabeth Martin QAO GCAL Responsible for laboratory QA program and review of 
QC data. 

 

Elizabeth Martin Organics Department 
Manager 

GCAL Responsible for oversight, QC, and data review of 
organics laboratory. 
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SAP Worksheet #7—Personnel Responsibilities and Qualifications Table (continued) 

Name Title Organizational 
Affiliation Responsibilities Education and Experience 

Qualificationsa 

Elizabeth Martin Inorganics 
Department Manager 

GCAL Responsible for oversight, QC, and data review of 
inorganics laboratory. 

 

Elizabeth Martin PM GCAL Laboratory POC and overall manager for analytical 
work. 

 

Enid Oritz Valles Puerto Rican Chemist GCAL Responsible for certifying laboratory data  

TBD Drilling Subcontractor  Haca & Sierra Responsible for monitoring well installation.  

TBD Vegetation Clearance 
Subcontractor  

Aleut Global Solutions  Responsible for vegetation clearance, as necessary, 
to access sites and sample locations. 

 

TBD Surveying 
Subcontractor 

PJDC Professional 
Land Surveyors  

Responsible for horizontal coordinate and vertical 
elevation surveying of newly installed monitoring 
wells. 

 

TBD Utilities Clearance 
Subcontractor 

One Vision, Inc. Responsible for locating underground utilities.   

TBD Remediation Waste 
Subcontractor 

Clean Harbors Caribe 
Inc.  

Responsible for transport and disposal of remediation 
waste deemed necessary for offsite disposal. 

 

Notes: 
 
a Resumes are maintained by the individuals’ organizations and are available upon request; upon execution of the project, staff may be removed (if unnecessary to 
project execution) and other staff may be added or substituted, as necessary and available. 
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SAP Worksheet #8—Special Personnel Training Requirements Table 

Project 
Function 

Specialized Training 
by Title or Description 

of Course 
Training 
Provider Training Date 

Personnel/Groups 
Receiving 
Training 

Personnel 
Titles/Organizational 

Affiliation 
Location of Training 
Records/Certificates 

Field activities Hazardous Waste 
Operations and 
Emergency Response 
(HAZWOPER) 40-hour 
Training, 8-hour 
refreshers, as 
applicable 

Various 
qualified 
training 
organizations 

Training of AGVIQ-
CH2M HILL and 
subcontractors will be 
verified as current prior to 
starting field activities by 
SSC. 

All field personnel FTLs, field team 
members, and SSC 
(AGVIQ-CH2M HILL 
personnel); drilling 
subcontractor; 
remediation waste 
subcontractor; 
vegetation clearance 
subcontractor, 
excavation 
subcontractor, 
geophysical 
subcontractor, and 
surveying subcontractor 

CH2M HILL Human 
Resources 
Department for 
CH2M HILL 
personnel; 
subcontractor 
organizations for field 
subcontractors 

Field activities Cardiopulmonary 
resuscitation 
(CPR)/First Aid 
Training 

Various 
qualified 
training 
organizations 

Training will be verified as 
current prior to starting field 
activities. 

AGVIQ-
CH2M HILL SSC 

AGVIQ-
CH2M HILL SSC 

CH2M HILL Human 
Resources 
Department 

Field activities SSC-hazardous waste 
training 

Various 
qualified 
training 
organizations  

Training will be verified as 
current prior to starting field 
activities by SSC. 

AGVIQ-
CH2M HILL SSC 

AGVIQ-
CH2M HILL SSC 

CH2M HILL Human 
Resources 
Department 
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SAP Worksheet #9a—Project Scoping Session Participants Sheet 

Project Name: SWMUs 54 and 55  

Projected Date(s) of Sampling: April 2009 Site Name: NAPR 

PM: Tom Beisel Site Location: Ceiba, Puerto Rico 

Dates of Session: December 16, 2008 
Scoping Session Purpose: Site visit to SWMUs 54 and 55 to familiarize project team with site layout, meet Navy and AGVIQ personnel, and gauge select wells.  

Name Title Affiliation Phone # E-mail Address Project Role 

Tom Beisel Project Manger AGVIQ-
CH2M HILL  

(678) 530-4033 Tom.Beisel@ch2m.com Project Manger 

Thomas Kessler Senior Geologist AGVIQ-
CH2M HILL  

(678) 530-4197 Thomas.Kessler@ch2m.com Senior Geologist 

Bryan Burkingstock Project Geologist AGVIQ-
CH2M HILL  

(678) 530-4060 Bryan.Burkingstock@ch2m.com Task Manager for SWMU 7/8 

Kimberley Coke Project Geologist AGVIQ-
CH2M HILL  

(678) 530-4073 Kimberley.Coke@ch2m.com FTL/SSC 

Amanda Struse Project Engineer AGVIQ-
CH2M HILL  

(678) 530-4339 Amanda.Struse@ch2m.com Task Manager for SWMUs 54 and 55 

BT Thomas Project Geologist AGVIQ-
CH2M HILL  

(678) 530-4415 BT.Thomas@ch2m.com QC Manager 

Comments/Decisions: Second visit required to locate wells, clear site, and perform a comprehensive round of groundwater level gauging.  

Action Items: Groundwater level data will be used to determine the direction of groundwater flow and optimize the locations of proposed monitoring and injection 
wells. Also, determined that clearing of site was necessary to access all proposed new well locations. 

Consensus Decisions: Scheduled trip to perform clearing and gauging. Date set to complete tasks during the week of January 19, 2009. 
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SAP Worksheet #9b—Project Scoping Session Participants Sheet 

Project Name: SWMUs 54 and 55  

Projected Date(s) of Sampling: April 2009 Site Name: NAPR 

PM: Tom Beisel Site Location: Ceiba, Puerto Rico 

Dates of Session: January 19 – 23, 2009 
Scoping Session Purpose: Oversight of clearing operations, marking locations of all wells, and comprehensive round of well gauging.  

Name Title Affiliation Phone # E-mail Address Project Role 

Thomas Kessler Senior Geologist AGVIQ-
CH2M HILL  

(678) 530-4197 Thomas.Kessler@ch2m.com Senior Geologist 

Bryan Burkingstock Project Geologist AGVIQ-
CH2M HILL  

(678) 530-4060 Bryan.Burkingstock@ch2m.com Task Manager for SWMU 7/8 

Kimberley Coke Project Geologist AGVIQ-
CH2M HILL  

(678) 530-4073 Kimberley.Coke@ch2m.com FTL/SSC 

Philip Jones Project Engineer AGVIQ-
CH2M HILL  

(678) 530-4191 Philip.Jones@ch2m.com Field Team Personnel 

Doug Downey Senior Engineer AGVIQ-
CH2M HILL  

(303) 674-6507 Doug.Downey@ch2m.com Senior Technology Consultant 

Comments/Decisions: Water levels at SWMU 55 were collected. There are not enough existing wells at SWMU 54 to compete a reasonable potentiometric map. 
Also, it was not possible to locate well 510MW5R at SWMU 54. Locations of proposed wells were staked. 
Action Items: Installation of proposed injection and monitoring wells and some additional clearing. 

Consensus Decisions: Additional clearing is required at SWMU 54 to have sufficient access to proposed well locations. Well 510MW5R must be re-installed. 

 



AMENDED FINAL SAMPLING AND ANALYSIS PLAN 
JANUARY 2011 

PAGE 31 
 

SAP Worksheet #9c—Project Scoping Session Participants Sheet 

Project Name: SWMUs 54 and 55   

Projected Date(s) of Sampling: April 2009 Site Name: NAPR 

PM: Tom Beisel Site Location: Ceiba, Puerto Rico 

Dates of Session: February 4, 2009 
Scoping Session Purpose: Present and discuss technical approach for pilot test at SWMUs 54 and 55. 

Name Title Affiliation Phone # E-mail Address Project Role 

David Criswell BRAC PMO SE RPM Navy 843-743-2130 david.criswell@navy.mil Primary Navy POC 

Tom Beisel Project Manger AGVIQ-
CH2M HILL  

678-530-4033 Tom.Beisel@ch2m.com Project manager 

Doug Downey Senior Engineer AGVIQ-
CH2M HILL  

303-674-6507 Doug.Downey@ch2m.com Senior Technology Consultant 

Thomas Kessler Senior Geologist AGVIQ-
CH2M HILL  

678-530-4197 Thomas.Kessler@ch2m.com Senior Geologist 

Bryan Burkingstock Project Geologist AGVIQ-
CH2M HILL  

678-530-4060 Bryan.Burkingstock@ch2m.com Task Manager for SWMU 7/8 

Kimberley Coke Project Geologist AGVIQ-
CH2M HILL  

678-530-4073 Kimberley.Coke@ch2m.com Field Team Leader/Site Safety 
Coordinator 

Theresa Rojas QA/QC Manager AGVIQ-
CH2M HILL  

678-530-4297 Theresa.Rojas@ch2m.com Program QA/QC Manager 

Shruti Shah Environmental Scientist AGVIQ-
CH2M HILL  

678-530-4316 Shruti.Shah@ch2m.com UFP-SAP Coordinator 

Amanda Struse Project Engineer AGVIQ-
CH2M HILL  

678-530-4339 Amanda.Struse@ch2m.com Task Manager for SWMUs 54 and 55 

Comments/Decisions: Technical approach was approved by the Navy RPM.  

Action Items: Complete UFP-SAP with technical approach.  

Consensus Decisions:  

 

mailto:Shruti.Shah@ch2m.com�
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SAP Worksheet #10—Problem Definition 

General  
In general, the objective at SWMU 54 is to conduct pilot-scale testing to evaluate the use of in situ 
biodegradation (ISB) to remediate trichloroethene (TCE) contamination in groundwater and air 
sparging (AS) to remediate benzene contamination in groundwater. The objective at SWMU 55 is to 
conduct pilot-scale testing to evaluate the use of in situ chemical oxidation (ISCO) to remediate TCE 
contamination in groundwater. 

Regulatory History 
Prior to 1993, environmental activities at the former Naval Station Roosevelt Roads (NSRR), 
exclusive of underground storage tank (UST) operations, were conducted in compliance with 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) regulations 
under the Navy’s Installation Restoration Program (IRP). On October 20, 1994, the U.S. 
Environmental Protection Agency (EPA) Region 2 issued a Final RCRA Part B Permit to the NSRR, 
now NAPR. The permit contained requirements for RCRA facility investigation activities at 24 
SWMUs and three areas of concern, including SWMUs 54 and 55. The RCRA Part B Permit, issued 
for the Defense Reutilization and Marketing Office (DRMO) at NAPR, included provisions for CA 
under the Hazardous and Solid Waste Amendments (HSWA) provisions of RCRA. 

The EPA Region II is the primary agency that regulates environmental activities at the NAPR, and 
site work is performed under RCRA Administrative Order on Consent-7003. 

Conceptual Site Model Summary 
This section includes brief discussions on the following topics:  

• Physical setting and land use 
• Geologic setting 
• Hydrology 
• Background and potential release history (synopsis of secondary data) 
• Contaminant distribution 

Physical Setting and Land Use 
In 1943, the NSRR was commissioned as a Naval Operations Base and then re-designated as a 
Naval Station in 1957. The NSRR closed in March of 2004 and the NAPR was established. The 
NAPR occupies over 8,600 acres at the northeastern most portion of Puerto Rico along the Vieques 
Passage. The northern entrance to NAPR is about 35 miles east of San Juan, along the coast road 
(Route 3). The nearest large town is Fajardo, located approximately 10 miles north of NAPR on 
Route 3. The Town of Ceiba adjoins the west boundary of NAPR (Figures 1 and 2). 

SWMU 54 
SWMU 54 is the Former Naval Exchange (NEX) Repair/Maintenance Shop (Building 1914), which 
was constructed in 1979. It is currently unoccupied and lies on approximately 1 acre of land in the 
Bundy Area of NAPR (Figure 1). A UST was present at the site and used to store fuel until its 
removal in December 1992 (Blasland, Bouck, and Lee, 1995) (Figure 3). The topography of 
SWMU 54 consists of a slight slope to the west and a small hill to the east, approximately 100 feet in 
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elevation. Another small hill lies in the southern portion, which is approximately 50 feet in 
elevation. The building structure itself consists of a small concrete block building with a center 
office area and open bays on either side.  

SWMU 55 
SWMU 55 is located in the eastern portion of NAPR as shown on Figure 2. A substantial structure 
(Building 46), located on the building pad immediately northeast of 7MW7 (between Forrestal 
Drive and the well), was destroyed during Hurricane Hugo in September 1989. Building 46 was 
rebuilt in 1991 as Building 2314; a commercial storage building. Building 2314 was originally a 
Quonset-style building with a cloth roof. This building was used for cold storage, and partially 
destroyed during Hurricane Georges in September 1998. Currently, Building 2314 exists as an 
uncovered concrete foundation with several unused walk-in freezers and buoys placed on top of 
the foundation. 

Geologic Setting 
The geology of NAPR consists of the four geologic units: fill, soil consisting of saprolite and 
partially weathered rock (PWR), bedrock, and marine sediments. The fill material is comprised of 
fine- to medium-grained sand with varying amounts of silt and clay. The fill occurs at ground 
surface to depths as great as 25 feet below ground surface (bgs) in areas of the site that have been 
reworked. The fill is a combination of reworked native soil (silt, clay, and sand) and/or dredge 
material from Ensenada Honda. Soil consisting of saprolite (clayey-silt to silty-clay with rock 
fragments) and PWR gabbro bedrock underlies the fill. Soil beneath the fill is comprised of clayey-
silt and silty-clay, with rock fragments of varying size. The percentage of rock fragments increases 
with depth and grades into PWR zone that contains weather gabbro rock fragments with occasional 
clay seams. There is no well-defined contact between the residual soil and bedrock; rather, a 
gradational change of decreased weathering and fracturing occurs with increasing depth. The 
thickness of this soil and PWR unit is variable and in some places is over 40 feet. Bedrock underlies 
the PWR. Bedrock consists of gabbro that is hard and massive in some places; however, a few zones 
are highly fractured due to tectonic deformation The final zone is a zone of marine sediments 
located in the lowland area of the site near the Ensenada Honda. The sediments consist of silt with 
lesser amounts of sand and clay with coral and shell fragments. (Baker, 2005) 

Hydrology 
Groundwater beneath the site occurs at depths ranging from about 4 to 112 feet bgs. The depth to 
water is greatest in the upland areas of the site and is shallowest nearest the Ensenada Honda. 
Water level changes in the upland and lowland areas are likely caused by seasonal variations in 
precipitation. In the lowland area south of Forrestal Drive, water levels fluctuations are also a result 
of tidal influence. The primary direction of flow is south toward the Ensenada Honda. According to 
the final CMS, the average hydraulic gradient is 0.0063 foot/foot (Baker, 2005). AGVIQ-
CH2M HILL determined an average hydraulic gradient of 0.003 foot/foot at SWMU 54 and 
0.007 foot/foot at SWMU 55. 

Background and Potential Release History (Synopsis of Secondary Data) 
SWMU 54 
An UST was present at the site and used to store fuel until its removal in December 1992 (Blasland, 
Bouck, and Lee, 1995) (Figure 3). The date of installation and type of fuel stored is unknown, but is 
assumed to be gasoline. The building structure itself consists of a small concrete block building 
with a center office area and open bays on either side. The building was used to perform 
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maintenance on vehicles, including oil changes and lubrications. No wastes are known to have been 
disposed of at the unit and there are no known releases related to the unit (Baker, 2005). 

SWMU 55 
SWMU 55 is located in the eastern portion of NAPR and is presented on Figure 2. The TCE plume 
site at Tow Way Fuel Farm (TWFF) is located south of Forrestal Drive near Building 2314 (formerly 
Building 46). Prior to Hurricane Hugo in 1989, a substantial building existed at this site that was 
reportedly used for the storage and maintenance of small watercraft. It is unclear to what extent the 
building was used for storage of materials, such as solvents, and the original source could not be 
determined (Baker, 2005). However, based on previous environmental investigations conducted at 
the site, the approximate vertical extent of contamination was estimated to be from 10 to 35 feet bgs, 
and the aerial extent was estimated to be approximately 150 feet by 180 feet (Baker, 2005).  

Contaminant Distribution 
SWMU 54 

Benzene Plume 
According to the final CMS, a benzene plume was identified west of Bairoko Street (Baker, 2005) 
(Figure 5). The final CMS recommended a pilot-scale test be conducted to evaluate the use of 
aerobic biodegradation to remediate the benzene plume. 

Between August 2009 and April 2010, AGVIQ-CH2M HILL performed an additional investigation 
to determine the horizontal and vertical extent of benzene contamination in groundwater. The 
investigation confirmed that two benzene plumes above the CAO of 550 micrograms per liter 
(µg/L) exist: one in a shallow zone from 5 to 15 feet bgs primarily on the west side of Bairoko Street 
and one in a deep zone from 15 to 25 feet bgs primarily on the east side of Bairoko Street. The 
investigation also identified a previously unknown area of shallow benzene contamination present 
in monitoring well 54MW34 located on the southeast side of Bairoko Street near a drainage ditch. 
During the investigation, the maximum benzene concentration for the shallow zone plume on the 
west side of Bairoko Street was measured at monitoring well 54MW06 at 14,200 µg/L; the 
maximum benzene concentration for the shallow zone plume on the southeast side of Bairoko 
Street was measured at monitoring well 54MW34 at 10,800 µg/L; and the maximum benzene 
concentrations for the deep zone plume on the east side of Bairoko Street was measured at 
monitoring well 54MW27 at 7,410 µg/L. (AGVIQ-CH2M HILL, 2010b). Based on the results of the 
additional investigation, AGVIQ-CH2M HILL recommended installation of additional monitoring 
wells to determine the extent of benzene in both the shallow and deep zone on the east side of 
Bairoko Street (AGVIQ-CH2M HILL, 2010b).  

AGVIQ-CH2M HILL suspended the ISB pilot-scale test at the benzene plume, and in May 2010, 
conducted an AS pilot-scale test to evaluate the effectiveness of AS to remediate the benzene plume.  

TCE Plume 
According to the final CMS, a TCE plume was identified east of Bairoko Street (Baker, 2005) 
(Figure 4). The final CMS recommended pilot-scale testing to evaluate the use of ISB via enhanced 
reductive dechlorination (ERD) to remediate the TCE plume. 

Between July 2009 and January 2010, AGVIQ-CH2M HILL performed an additional investigation to 
determine the horizontal and vertical extent of TCE contamination in groundwater. A comparison 
of TCE concentrations reported in the final CMS (Baker, 2005) with the additional investigation 
concentrations indicated that TCE concentrations have decreased since 2002, and the configuration 
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of the plume shifted slightly to the south (AGVIQ-CH2M HILL, 2009a). During the investigation, 
the maximum TCE concentration was measured at injection well 54IW04 at 256 µg/L (AGVIQ-
CH2M HILL, 2010a).  

Between December 2009 and February 2010, AGVIQ-CH2M HILL conducted an ISB pilot-scale test 
to evaluate the effectiveness of ISB via ERD to remediate the TCE plume.  

SWMU 55 
According to the final CMS, environmental investigations conducted at SWMU 55 and the TWFF 
concluded TCE in groundwater is the only compound in excess of the human health based CAO of 
22 µg/L at SWMU 55 (Baker, 2005) (Figure 6). Most recently, a TCE plume delineation and source 
investigation was performed in September 2003. During this investigation, the maximum TCE 
concentration in groundwater was measured at monitoring well 7MW7 at 1,800 µg/L (Baker, 2005). 
Based on the results of this investigation, the final CMS recommended that an ISCO pilot test be 
performed to evaluate ISCO to address TCE in groundwater at SMWU 55. 

Between August 2009 and April 2010, AGVIQ-CH2M HILL performed an additional investigation 
to determine the horizontal and vertical extent of groundwater contamination. During the 
investigation, TCE was detected in groundwater to a depth of 41 feet bgs, with the greatest TCE 
concentrations detected in a vertical zone extending from approximately 15 to 25 feet bgs. The 
maximum TCE concentration was measured at injection well 55IW01 at 33,600 µg/L. A zone 
exceeding 1,000 µg/L extended from the source area to well pair 7MW23/55MW14. The 1,000 µg/L 
area, including the source area, has been defined as the target treatment zone for SWMU 55. TCE 
concentrations decline with groundwater elevation; however, the lateral extent of TCE exceeding 
the CAO of 22 µg/L increases slightly with depth. (AGVIQ-CH2M HILL, 2010c) 

In December 2009, AGVIQ-CH2M HILL conducted an ISCO pilot-scale test to evaluate the 
effectiveness of ISCO to remediate the TCE plume. The ISCO pilot-scale test indicated limited 
permanganate persistence, rapid dissipation of permanganate from the source area, and TCE 
rebound at injection well 55IW01. Based on these results, AGVIQ-CH2M HILL determined that 
ISCO injections would not be an effective or economical long-term remedy to reduce TCE 
concentrations in groundwater. Therefore, AGVIQ-CH2M HILL recommended modifying the 
remedial approach to incorporate excavation to address the northern portion of the source area, 
completing an additional ISCO application to rapidly reduce TCE mass in the 55IW01 source area, 
and using ERD to address lingering TCE concentrations in the source area and downgradient 
plume. (AGVIQ-CH2M HILL, 2010c). 

Problem Definition 
SWMU 54 
Benzene Plume 
An additional investigation was performed to delineate the vertical and horizontal extent of 
benzene exceeding the CAO of 550 µg/L in groundwater at SWMU 54. Based on the investigation, 
additional monitoring wells were installed to fully delineate the benzene source area plumes. 

An AS pilot-scale test was conducted at the benzene side of SWMU 54 to evaluate the radius of 
influence (ROI) from a single injection well, the effects of groundwater mounding and vapor 
migration during air injection, the distribution of air in the subsurface at varying injection rates, 
and the pressure required to achieve adequate distribution of air in the subsurface. 
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TCE Plume 
An additional investigation was performed to delineate the vertical and horizontal extent of TCE 
exceeding the CAO of 22 µg/L in groundwater at SWMU 54.  

An ISB pilot-scale test was conducted at the TCE plume to evaluate the ability to achieve an 
adequate injection rate, the ability to achieve an adequate ROI, the effectiveness of ISB via ERD to 
treat TCE in groundwater, the persistence of ISB substrate in the subsurface, the required frequency 
for re-application, and the impact of site geochemical properties that affect ISB performance.  

SWMU 55 
An additional groundwater investigation was performed to delineate the vertical and horizontal 
extent of TCE exceeding the CAO of 22 µg/L in groundwater at SWMU 55. An ISCO pilot-scale test 
was conducted to evaluate the ability to achieve an adequate injection rate, the ability to achieve an 
adequate ROI, the effectiveness of ISCO to treat TCE in groundwater, the persistence of sodium 
permanganate in the subsurface, and the possible rebound of TCE in groundwater. 

Based on the groundwater investigation and pilot-scale test, additional monitoring wells were 
installed to determine if the source area is present upgradient of existing injection well 55IW01.  

Environmental Questions to be Answered by the Corrective 
Measures for SWMUs 54 and 55 (Pilot-Scale Test) 
SWMU 54 Benzene Plume 
1. Is there an ability to achieve adequate distribution of air in site formation? 

Dissolved oxygen (DO) content and oxidation-reduction potential (ORP) of site groundwater 
will be monitored and recorded during active AS. If DO and ORP increases are not measured at 
least 15 feet from the AS well, an alternative technology may be considered. The extent of air 
distribution attainable at a single AS point has significant impact on the cost to complete a full-
scale implementation. 

2. Is there an ability to achieve adequate ROI at a single sparge well? 
The ROI will be measured by monitoring the aquifer response (including water levels and water 
quality parameters) at monitoring points adjacent to the AS well. If a ROI of 15 feet or greater 
cannot be achieved during the injections, an alternative technology or an alternative means of 
introducing material to the subsurface may be considered. The ROI has significant influence on 
the cost to complete subsurface injections, and a small ROI may make the technology 
economically infeasible or less implemental than an alternative technology for full-scale 
application. 

3. What is the effectiveness of AS to treat COCs in groundwater? 
The potential to effectively treat COCs in groundwater using AS will be based on the 
distribution of DO on the subsurface during the AS pilot-scale test. 

4. What is the extent of contamination in groundwater?  
AGVIQ-CH2M HILL performed an additional investigation to determine the horizontal and 
vertical extent of benzene contamination in groundwater. Based on the results of this 
investigation, AGVIQ-CH2M HILL recommended installation of monitoring wells and 
collection of water quality samples to complete delineation of the benzene plume at SWMU 54. 
Water quality samples will be analyzed for benzene using EPA Method 8260B.  
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SWMU 54 TCE Plume 
1. Is there an ability to achieve adequate injection rates in site formation? 

Injection rates will be monitored and recorded during active injection. If injection rates of 
1 gallon per minute (gpm) or greater cannot be achieved during the injections, an alternative 
technology or an alternative means of introducing material to the subsurface, such as fracturing 
of the formation, may be considered. The achievable injection rate has significant influence on 
the cost to complete subsurface injections and low injection rates may make the technology 
economically infeasible or less implementable than an alternative technology for full-scale 
application. 

2. Is there an ability to achieve adequate ROI at a single injection point? 
The ROI will be measured by monitoring the aquifer response (including water levels and water 
quality parameters) at injection and monitoring points adjacent to the injection location. If a ROI 
of 7 to 10 feet or greater cannot be achieved during the injections, an alternative technology or 
an alternative means of introducing material to the subsurface, such as fracturing of the 
formation, may be considered. The ROI has significant influence on the cost to complete 
subsurface injections and a small ROI may make the technology economically infeasible or less 
implemental than an alternative technology for full-scale application. 

3. What is the effectiveness of ISB to treat COCs in groundwater? 
The potential to effectively treat COCs in groundwater using ISB will be based on the ability to 
adequately distribute injectant into the formation. The potential to effectively treat COCs in 
groundwater within the area affected by pilot-scale testing will be evaluated by 30-day post-
injection, 90-day post-injection, and two quarterly groundwater monitoring events following 
completion of the ISB pilot-scale test.  

4. What is the persistence of injectant and required frequency for re-application? 
The cost of ISB applications is influenced by the frequency with which the follow-up injections 
must be conducted (if more than one injection required) to maintain the treatment zone. 
Substrate persistence will be determined by measuring several groundwater parameters, such 
as groundwater quality parameters (DO, total organic carbon [TOC], ORP, and conductivity), 
contaminant concentrations, biodegradation indicators, such as methane, ethane, and ethene 
(MEE). 

5. What is the impact to site geochemical properties, which impact ISB performance? 
The efficiency of ISB is dependent on several factors, including site geochemical properties. For 
example, under certain pH ranges, ISB may be rendered less effective because particular ions or 
metals needed by the bacteria may not be in solution or the bacteria responsible for ISB may be 
affected directly (Interstate Technology Regulatory Council [ITRC], 2002). 

6. What is the extent of contamination in groundwater?  
AGVIQ-CH2M HILL performed an additional investigation to determine the horizontal and 
vertical extent of TCE contamination in groundwater. AGVIQ-CH2M HILL completed 
delineation of the TCE plume at SWMU 54.  

SWMU 55  
1. Is there an ability to achieve adequate injection rates in site formation? 

Injection rates will be monitored and recorded during active injection. If injection rates of 1 gpm 
or greater cannot be achieved during the injections, an alternative technology or an alternative 
means of introducing material to the subsurface, such as fracturing of the formation, may be 
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considered. The achievable injection rate has significant influence on the cost to complete 
subsurface injections and low injection rates may make the technology economically infeasible 
or less implementable than an alternative technology for full-scale application. 

2. Is there an ability to achieve adequate ROI at a single injection point? 
The ROI will be measured by monitoring the aquifer response (including water levels and water 
quality parameters) at injection and monitoring points adjacent to the injection location. If a ROI 
of 7 to 10 feet or greater cannot be achieved during the injections, an alternative technology or 
an alternative means of introducing material to the subsurface, such as fracturing of the 
formation, may be considered. The ROI has significant influence on the cost to complete 
subsurface injections and a small ROI may make the technology economically infeasible or less 
implemental than an alternative technology for full-scale application. 

3. What is the effectiveness of ISCO to treat COCs in groundwater? 
The potential to effectively treat COCs in groundwater using ISCO will be based on the ability 
to adequately distribute injectant into the subsurface. The potential to effectively treat COCs in 
groundwater within the area affected by pilot-scale testing will be evaluated by three quarterly 
groundwater monitoring events following completion of the ISCO pilot-scale test. 

4. What is the persistence of injectant and required frequency for re-application? 
The cost of ISCO applications is influenced by the frequency with which the follow-up 
injections must be conducted (if more than one injection required) to maintain the treatment 
zone. Permanganate persistence will be determined by measuring the permanganate and ORP 
concentration in groundwater.  

5. What is the extent of contamination in groundwater?  
AGVIQ-CH2M HILL performed an additional investigation to determine the horizontal and 
vertical extent of TCE contamination in groundwater. Based on the results of this investigation, 
AGVIQ-CH2M HILL recommended installation of monitoring wells and collection of water 
quality samples to complete delineation of the TCE plume. Water quality samples will be 
analyzed for TCE using EPA Method 8260B.  
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SAP Worksheet #11—Project Quality Objectives/Systematic Planning Process 
Statements 

1. Who will use the data and what will the data be used for? 
The Navy, EPA, PREQB, subcontractors, and AGVIQ-CH2M HILL will use the data collected 
during the additional investigation and pilot-scale tests (as well as relevant historical data) to 
determine the extent of contamination and effectiveness of pilot-scale testing at SWMUs 54 
and 55. 

 
2. What are the Project Action Limits (PALs)?  

Pilot testing will be conducted to evaluate ISCO and ISB for treatment of contaminants in 
groundwater and to develop design parameters for full-scale CA. If the pilot tests are successful 
and these technologies are implemented at SWMUs 54 and 55, then the CAOs will be 
addressed. The CAOs for SWMU 54 are 22 µg/L for TCE and 550 µg/L for benzene.  
The CAO for SWMU 55 is 22 µg/L for TCE.  

 
3. What types of data are needed (matrix, target analytes, analytical groups, field screening, 

onsite analytical or offsite laboratory techniques, sampling techniques?)  
Worksheets #10 and 17 contain detailed information on the types of data needed for this project. 
Worksheet #12 defines the matrices, analytical groups, and target analytes for each site.  

No field screening will be conducted during the pilot testing activities. Sample analyses for 
COCs at both sites will be conducted by an offsite laboratory in accordance with Worksheets 
#15, 19, 23, 24, 25, 28, and 30. Analyses for sodium permanganate (NaMnO4) will be conducted 
onsite using a colorimeter. 

Drilling, monitoring well installation and developing, groundwater sampling, and related 
activities will be done in accordance with the applicable standard operating procedures (SOPs) 
in Appendix B.   

4.  How “good” do the data need to be in order to support the environmental decision? 
All data will be validated against QA/QC criteria and measurement performance criteria listed 
in this SAP and certified by a Puerto Rican chemist. Level IV package and QC sampling are 
required. Data will be used to evaluate the effectiveness of the pilot testing at SWMUs 54 
and 55. QC data requirements are detailed in Worksheet #20.  

Data need to be sufficient to meet the following:  

Visual Observations – Visual observations will be used at various sites to determine 
presence or absence of NaMnO4 and hydrocarbon staining, and soil moisture conditions. As 
such, the data are considered qualitative in that they do not need to provide an exact or 
quantified value.  

 Onsite Analytical Data – At SWMU 55, a colorimeter will be used to determine the 
concentration of NaMnO4 in groundwater following the completion of injection activities. 
Colorimeter results will be used to determine distribution of NaMnO4 in the subsurface. 
Therefore, the onsite analytical results need to be adequate to determine if the NaMnO4 
concentrations are above 2 milligrams per liter (mg/L).  
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 Offsite Analytical Data – The data need to be “good” enough to evaluate results of pilot 

testing at SWMUs 54 and 55. Ensuring data are “good” enough for this purpose is done via 
employing appropriate analytical protocol, validating the resulting data, including QA/QC 
samples to verify proper sampling and analysis protocol, and performing a data quality 
evaluation (DQE) to assess the availability and usability of the data for the intended 
purpose. Each of these is further discussed below: 

− Appropriate Analytical Protocol – See Worksheets #15, 19, 23, 24, 25, 28, and 30, and 
Item 5 below. 

− Data Validation – Validation of data increases the level of confidence in a data set for a 
particular data use. The particular type and level of validation necessary to achieve 
acceptable confidence is subjective. In other words, the appropriate type and level of 
data validation is not an absolute. Rather, it is data use- and data user-specific. For 
the groundwater sampling events, analyses for potential contaminants will be certified 
by a Puerto Rican chemist, 90 percent of the data will be validated by a AGVIQ-
CH2M HILL data validator, and 10 percent of the data will be validated by a third party 
validator using guidance from the validation criteria outlined by the U.S. Department of 
Defense (DOD) Quality System Manual (QSM). The validation criteria and guidance 
documents are listed in Worksheet #36. These documents will help the validators create 
a thorough and systematic approach to the validation process. The data validator will 
also recalculate 100 percent of the results from the raw laboratory data, which may 
identify laboratory errors in identification or quantification, if present.  

− QA/QC Samples – During the pilot test, QA/QC samples will be collected as a check on 
sampling and analytical protocol. Like data validation, the appropriate type and 
quantity of QA/QC samples is not an absolute. For this pilot test, field duplicates will be 
collected at a frequency of 1 per 10 field samples per matrix. Field duplicates help assess 
sample collection techniques and laboratory precision. Matrix spike/matrix spike 
duplicates (MS/MSDs) are collected at a frequency of 1 pair per 20 field samples per 
matrix. The frequency is such that there is one MS/MSD pair per laboratory analytical 
batch. MS/MSD samples are often required by the analytical method and/or data 
validation guidance. Equipment blanks are collected at a frequency of 1 per day per 
decontaminated equipment. Equipment blanks help assess equipment decontamination 
techniques and identify when contamination may have been carrying over from one 
sample location to another. It is important to maintain this equipment blank frequency 
because the equipment blank is collected after visiting the most contaminated location, 
and it is important to not associate too many locations with the potentially-contaminated 
equipment blank. Trip blanks are collected at a frequency of 1 per cooler containing 
volatiles. Trip blanks accompany the empty sample containers while they are stored at 
the laboratory or shipped to the site, and while they are full and shipped back to the 
laboratory. Trip blanks are useful for assessing whether or not there is any 
contamination during periods of time when the samples are not directly supervised. No 
field blanks will be collected unless on a particular day of sampling, the ambient 
conditions suggest airborne particulates may contaminate the samples being collected. 

− Data Quality Evaluation – In order to support the environmental decision, each result 
must be available to and usable for the project team. All data sets will undergo a DQE 
prior to using the data to make site-specific determinations. The terms data availability 
and data usability and the DQE process in general are described in Worksheet #37.  
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5. How much data should be collected (number of samples for each analytical group, matrix, 

and concentration)?  
 
SWMU 54 TCE Plume 

Between August 2009 and January 2010, AGVIQ-CH2M HILL performed baseline site 
characterization sampling in two events: Phase I and Phase II.  

Phase I: In August 2009, AGVIQ-CH2M HILL performed Phase I baseline site characterization 
sampling to verify the current concentrations of TCE in groundwater and verify the TCE plume 
delineation as presented in the final CMS (Baker, 2005). A total of 18 groundwater samples were 
collected from 9 new monitoring wells (510MW5R and 54MW07 through 54MW14) (see 
Figure 4) and analyzed for TCE, cis-1,2-dichloroethene (DCE), vinyl chloride, iron, manganese, 
sulfate, sulfide, TOC, DHE, MEE, and alkalinity (AGVIQ-CH2M HILL, 2009a). In addition, 
groundwater samples were collected from wells 510MW5R and 54MW07 through 54MW14 and 
analyzed for dissolved iron and dissolved manganese. Based on the results of this event, 
AGVIQ-CH2M HILL recommended installation of four new monitoring wells to delineate the 
horizontal extent of the TCE plume (AGVIQ-CH2MHILL, 2009a). 

Phase II: Between December 2009 and January 2010, AGVIQ-CH2M HILL performed Phase II 
baseline site characterization sampling to complete delineation of the TCE plume. A total of 
nine groundwater samples were collected from four new monitoring wells (54MW15 through 
54MW18) installed around the perimeter of the TCE plume and five new injection wells 
(54IW01 through 54IW05) (see Figure 4) and analyzed for TCE, DCE, vinyl chloride, iron, 
manganese, sulfate, sulfide, TOC, MEE, and alkalinity (AGVIQ-CH2M HILL, 2010a).  

ISB Pilot-Scale Test: Between December 2009 and February 2010, AGVIQ-CH2M HILL 
conducted an ISB pilot-scale test. 

Post-Injection Performance Monitoring: In February and April 2010, AGVIQ-CH2M HILL 
conducted 30-day and 90-day post-injection performance monitoring events. A total of 
13 groundwater samples were collected from monitoring wells 510MW5R and 54MW07 
through 54MW18 and analyzed for TCE, DCE, vinyl chloride, dissolved iron, dissolved 
manganese, sulfate, sulfide, TOC, MEE, and alkalinity.  

Field parameters, including DO, ORP, pH, temperature, specific conductance, and turbidity, 
were measured during purging with a YSI multiprobe. The number of QA/QC samples 
collected is detailed in Worksheet #20. All groundwater sampling was conducted according to 
the SOPs presented in Appendix B. 

Both aqueous and soil waste from the benzene and TCE plume at SWMU 54 were containerized 
together. Two aqueous waste characterization samples were collected and analyzed for RCRA 
compounds (see Worksheet #15 for specific compounds), reactivity (sulfide and cyanide), 
ignitability, and corrosivity as pH. Three soil waste characterization samples were collected and 
analyzed for Toxicity Characteristic Leaching Procedure (TCLP) compounds (see 
Worksheet #15 for specific compounds).  

Quarterly Performance Monitoring: Beginning 150 days post-injection, four quarterly 
performance monitoring events will be conducted. A total of 13 groundwater samples will be 
collected from monitoring wells 510MW5R and 54MW07 through 54MW18 and analyzed for 
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TCE, DCE, vinyl chloride, dissolved iron, dissolved manganese, sulfate, sulfide, TOC, MEE, and 
alkalinity. 

SWMU 54 Benzene Plume 

In August 2009, AGVIQ-CH2M HILL collected four soil samples during installation of two 
monitoring wells (54MW02 and 54MW03) (see Figure 5). and analyzed for benzene. Two soil 
samples were collected for each boring; one in the interval exhibiting the highest headspace 
reading and one in the interval exhibiting staining and/or a hydrocarbon odor. 

Between August 2009 and April 2010, AGVIQ-CH2M HILL performed baseline site 
characterization in three events: Phase I, Phase II, and Phase III.  

Phase I: In August 2009, AGVIQ-CH2M HILL performed Phase I baseline site characterization 
sampling to verify the current concentrations of benzene in groundwater and verify the benzene 
plume delineation presented in the final CMS (Baker, 2005). A total of six groundwater samples 
were collected from six new monitoring wells (54MW01 through 54MW06) (see Figure 5) and 
analyzed for alkalinity, TOC, nitrate, sulfide, chemical oxygen demand (COD), dissolved iron, 
benzene, and sulfate (AGVIQ-CH2MHILL, 2009a). Based on the results of this event, AGVIQ-
CH2M HILL recommended delaying the ISB pilot-scale test on the benzene plume, collecting 
and analyzing groundwater samples for volatile organic compounds (VOCs) from previously 
installed monitoring wells 510DW1, 510DW2, and 510MW1 through 510MW4, and installing 
five monitoring well pairs and analyzing for VOCs to delineate the extent of the benzene plume 
(AGVIQ-CH2M HILL, 2009a). 

Phase II: Between December 2009 and January 2010, AGVIQ-CH2M HILL performed Phase II 
baseline site characterization sampling to further characterize the benzene plume. A total of 
22 groundwater samples were collected from 10 new monitoring wells (54MW19 through 
54MW28) and 12 previously installed monitoring wells (510DW1, 510DW2, 510MW1 through 
510MW4, and 54MW01 through 54MW06) (see Figure 5) and analyzed for VOCs (AGVIQ-
CH2MHILL, 2010a). Based on the results of this event, AGVIQ-CH2M HILL recommended 
installing 13 new monitoring wells and analyzing for benzene only to further characterize the 
benzene plume (AGVIQ-CH2M HILL, 2010a). 

Phase III: In April 2010, AGVIQ-CH2M HILL performed Phase III baseline site characterization 
sampling to further characterize the benzene plume. A total of 13 groundwater samples were 
collected from 13 new monitoring wells (54MW29 through 54MW41) (see Figure 5) and 
analyzed for benzene only, with the exception of wells 54MW34 through 54MW36, which were 
also analyzed for TCE (AGVIQ-CH2MHILL, 2010b). Based on the results of this event, AGVIQ-
CH2M HILL recommended installing three new monitoring wells and analyzing for benzene 
only to further characterize the benzene plume (AGVIQ-CH2M HILL, 2010b). AGVIQ-
CH2M HILL will perform Phase IV baseline site characterization sampling, including installing 
three new monitoring wells and collecting and analyzing three groundwater samples for 
benzene, to complete characterization of the benzene plume.  

AS Pilot-Scale Test: In May 2010, AGVIQ-CH2M HILL conducted an AS pilot-scale test. 
During the active pilot-scale test, VOCs were periodically measured at both the wellheads of 
select monitoring points and at known underground utility locations using a photoionization 
detector. In addition, field parameters, including DO, ORP, and conductivity, were measured at 
select monitoring points. 
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Field parameters, including DO, ORP, pH, temperature, specific conductance, and turbidity, 
were measured during purging with a YSI multimeter. The number of QA/QC samples is 
detailed in Worksheet #20. All groundwater sampling was conducted according to the SOPs 
presented in Appendix B. 

Both aqueous and soil waste from the benzene and TCE plume at SWMU 54 were containerized 
together. Two aqueous waste characterization samples were collected and analyzed for RCRA 
compounds (see Worksheet #15 for specific compounds), reactivity (sulfide and cyanide), 
ignitability, and corrosivity as pH. Three soil waste characterization samples were collected and 
analyzed for TCLP compounds (see Worksheet #15 for specific compounds).  

At the conclusion of monitoring well installation at the benzene plume, one aqueous waste 
characterization sample will be collected and analyzed for RCRA compounds (see 
Worksheet #15 for specific compounds), reactivity (sulfide and cyanide), ignitability, and 
corrosivity as pH. One soil waste characterization sample will be collected and analyzed for 
TCLP compounds (see Worksheet #15 for specific compounds).  

SWMU 55 TCE Plume 

Between July 2009 and April 2010, AGVIQ-CH2M HILL performed baseline site 
characterization sampling in four events: Phase I through Phase IV.  

Phase I: In July 2009, AGVIQ-CH2M HILL performed Phase I baseline site characterization 
sampling to verify results of the last sampling event conducted in 2003 (Baker, 2005), evaluate 
the current extent of groundwater contamination, ensure the location of the TCE plume has not 
shifted since 2003, and possibly refine the pilot-scale test injection well locations. A total of six 
groundwater samples were collected from six existing monitoring wells (7MW7, 7MW10, and 
7MW21 through 7MW24) (see Figure 6) and analyzed for TCE. Based on the results of this 
event, AGVIQ-CH2M HILL recommended delaying the ISCO pilot-scale test and installing five 
new monitoring well pairs to delineate the vertical and horizontal extent of the TCE plume 
(AGVIQ-CH2M HILL, 2009b).  

Total Oxidant Demand (TOD) Test: A TOD test is a bench-scale test used to evaluate the total 
oxidant demand resulting from organic material (both contaminants and naturally occurring 
matter) in soil and groundwater. Because most oxidant demand results from naturally 
occurring organic material in the subsurface, the site-specific TOD is a significant factor in 
determining permanganate dosing rates and potential persistence of permanganate in the 
subsurface. 

The TOD test was conducted using potassium permanganate (KMnO4). Because the 
permanganate ion is the oxidizing agent of interest, it may be used in the lab or the field as 
either NaMnO4 or KMnO4. The bench-scale test consisted of 12 reaction vessels, 3 for each soil 
sample. The reaction vessels were each comprised of 50 grams of dry soil and 100 milliliters of 
KMnO4 solution. Each soil sample was dosed with three KMnO4 concentrations (one per 
reaction vessel), and the KMnO4 concentration was then measured over time. Because the 
resulting TOD (and subsurface permanganate persistence) is dependent on the initial 
permanganate concentration, three KMnO4 concentrations (500 mg/L, 5,000 mg/L, and 
10,000 mg/L) were tested. The permanganate doses were chosen to mimic field conditions as 
the injected permanganate solution radiates from the injection point and becomes more dilute 
with distance and time. The TOD testing was conducted for 2 weeks, and the TOD was 
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calculated for each reaction vessel by determining the decline in permanganate mass per mass 
soil treated over time.  

Phase II: In November 2009, AGVIQ-CH2M HILL performed Phase II baseline site 
characterization sampling to delineate the vertical and horizontal extent of the TCE plume. A 
total of 14 groundwater samples were collected from five new well pairs (55MW01 through 
55MW10) and four new injection wells (55IW01 through 55IW04) (see Figure 6) and analyzed 
for TCE. Based on the results of this event, AGVIQ-CH2M HIL recommended installing 10 new 
monitoring wells to further characterize the horizontal and vertical extent of the TCE plume 
(AGVIQ-CH2M HILL, 2009c). 

Phase III: In February 2010, AGVIQ-CH2M HILL performed Phase III baseline site 
characterization sampling to further characterize the horizontal and vertical extent of the TCE 
plume. A total of nine groundwater samples were collected from nine new monitoring wells 
(55MW11, 55MW12, and 55MW14 through 55MW20) (see Figure 6) and analyzed for TCE. 
Proposed monitoring well 55MW13, downgradient of the ISCO injection pilot-scale test area, 
was not installed due to the proximity of the pilot-scale test area (AGVIQ-CH2M HILL, 2009c). 
Based on the results of this event, AGVIQ-CH2M HILL recommended installing four new 
monitoring wells to further characterize the horizontal and vertical extent of the TCE plume 
(AGVIQ-CH2M HILL, 2010d). 

Phase IV: In April 2010, AGVIQ-CH2M HILL performed Phase IV baseline site characterization 
sampling to further characterize the horizontal and vertical extent of the TCE plume. A total of 
four groundwater samples were collected from four new monitoring wells (55MW13 and 
55MW21 through 55MW23) (see Figure 6) and analyzed for TCE (AGVIQ-CH2M HILL, 2010c).  

ISCO Pilot-Scale Test: In December 2009, AGVIQ-CH2M HILL conducted an ISCO pilot-scale 
test.  

Quarterly Performance Monitoring: In January 2010, AGVIQ-CH2M HILL performed the first 
quarterly performance monitoring event following the ISCO pilot-scale test. A total of 
20 groundwater samples were collected from 16 monitoring wells (55MW01 through 55MW10, 
7MW07, 7MW10, and 7MW21 through 7MW24) and four injection wells (55IW01 through 
55IW04) (see Figure 6) and analyzed for TCE. NaMnO4 was present in five of the groundwater 
samples from wells 7MW07 and 55IW01 through 55IW04. These groundwater samples were not 
submitted for chemical analysis and NaMnO4 was measured with a field colorimeter. Due to a 
rapid reaction between TCE and permanganate, it is assumed that no significant TCE 
concentration will exist in the presence of permanganate. 

In April 2010, AGVIQ-CH2M HILL performed the second quarterly monitoring event. A total of 
23 groundwater samples were collected from 19 monitoring wells (55MW01 through 55MW12, 
55MW14, 7MW07, 7MW10, and 7MW21 through 7MW24) and four injection wells (55IW01 
through 55IW04) (see Figure 6) and analyzed for TCE.  

Field parameters, including DO, turbidity, conductivity, pH, temperature, and ORP, were 
recorded during well purging with a YSI or similar field instrument. All groundwater sampling 
was conducted according to the SOPs presented in Appendix B. 

Three aqueous waste characterization samples were collected and analyzed for RCRA 
compounds (see Worksheet #15 for specific compounds), reactivity (sulfide and cyanide), 
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ignitability, and corrosivity as pH. One soil waste characterization sample was collected and 
analyzed for TCLP compounds (see Worksheet #15 for specific compounds).  

The third quarterly performance monitoring event will include the collection of 23 groundwater 
samples from 19 monitoring wells (55MW01 through 55MW12, 55MW14, 7MW07, 7MW10, and 
7MW21 through 7MW24) and four injection wells (55IW01 through 55IW04) (see Figure 6) and 
analysis for TCE. Field parameters, including DO, turbidity, conductivity, pH, temperature, and 
ORP, will be recorded during well purging with a YSI or similar field instrument. Groundwater 
sampling will be conducted according to the SOPs presented in Appendix B. 

Phase V: Based on the results of the quarterly performance monitoring and Phase IV baseline 
sampling events, AGVIQ-CH2M HILL recommended installation of two monitoring wells 
upgradient of the ISCO pilot-scale test injection area to define the source area (AGVIQ-
CH2M HILL, 2010c). AGVIQ-CH2M HILL will perform Phase V baseline site characterization 
sampling, including installing two new monitoring wells (55MW24 and 55MW25) and 
collecting and analyzing two groundwater samples for TCE, to complete characterization of the 
TCE plume.  

At the conclusion of monitoring well installation, one aqueous waste characterization sample 
will be collected and analyzed for RCRA compounds (see Worksheet #15 for specific 
compounds), reactivity (sulfide and cyanide), ignitability, and corrosivity as pH. One soil waste 
characterization sample will be collected and analyzed for TCLP compounds (see 
Worksheet #15 for specific compounds).  

6. Where, when, and how should the data be collected/generated?  
Figures 4 and 5 show the sampling locations for SWMU 54, Figure 6 shows the sampling 
locations for SWMU 55. The SOPs for groundwater sampling and NaMnO4 analyses are 
provided in Appendix B, and the sampling schedule is outlined in Worksheet #16. Sample 
collection will be conducted according to Table 1. 
 

TABLE 1  
Sample Collection Schedule 

Sampling Activity Location Timeframe Groundwater Sampling 
Parameters 

Baseline Sampling Event SWMUs 54 and 55 Conducted prior to 
injection work and as 
required for additional 
investigation 

• Water levels 
• Select VOCs 

• Select monitored 
natural attenuation 
(MNA) parameters 

• Groundwater quality 
parameters 

Injection Performance 
Monitoring 

SWMU 54  Conducted during active 
injection 

• Water levels 

• Groundwater quality 
parameters 

Injection Performance 
Monitoring 

SWMU 55  Conducted during active 
injection 

• Water levels 
• NaMnO4 
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TABLE 1  
Sample Collection Schedule 

Sampling Activity Location Timeframe Groundwater Sampling 
Parameters 

Post-Injection Performance 
Monitoring 

SWMU 54  Conducted 30 days, 
90 days, and quarterly for 
four quarters after injection 
is complete 

• Water levels 

• Select VOCs 

• Select MNA 
parameters 

• Groundwater quality 
parameters 

Post-Injection Performance 
Monitoring 

SWMU 55  Conducted quarterly for 
three quarters after 
injection is complete 

• Water levels 
• NaMnO4 

• Groundwater quality 
parameters 

• Select VOCs 

 
 

7. Who will collect and generate the data? How will the data be reported?  
AGVIQ-CH2M HILL will collect the data samples. Laboratory analytical data will be generated 
by GCAL and field data will be generated by AGVIQ-CH2M HILL. The data will be evaluated 
and reported in the SWMU 54 and SWMU 55 annual reports.  

 
8. How will the data be archived?  
 The electronic data will be loaded into the Navy Installation Restoration Information System 

(NIRIS) database. Raw data, as well as data summary tables, will be included in the annual 
reports. Hardcopy data will be released to the Navy following completion of the project. All 
field data will be collected on the appropriate field forms or logbook. This information will be 
placed with the project files.  

 
9. List the project quality objectives in the form of if/then qualitative and quantitative 

statements.  
 

SWMU 54 TCE Plume 

ISB has been widely used to address VOCs in groundwater, including TCE and benzene. 
According to the final CMS, enhanced natural attenuation was recommended for the TCE 
plume at SWMU 54; however, the time required to achieve CAOs using MNA was not 
acceptable (Baker, 2005). Therefore, ISB was selected to enhance the natural processes already 
occurring and reduce the time required to achieve CAOs. The remediation method for the TCE 
plume east of Bairoko Street will be ISB via ERD. This technology will be implemented through 
the injection of organic substrates, such as a mixture of food-grade vegetable oil and lactate. 
This is a proven method of accelerating the biodegradation of groundwater contaminants. Data 
obtained from the pilot-scale test, along with the performance monitoring results, will be 
summarized in the SWMU 54 annual report. 

The primary study question for this phase of work is as follows: Is ISB a viable technology for 
full scale application? 
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Planned actions include the following:  

− If the pilot-scale testing is considered successful, then ISB will be considered for full-scale 
application for the TCE plume at SWMU 54. 

− If the pilot-scale testing results in adequate contaminant treatment, full-scale CA may not be 
required.  

− If the pilot-scale testing is not considered successful, then an alternate remedial technology 
will be evaluated.  

SWMU 54 Benzene Plume 

According to the final CMS, enhanced natural attenuation was recommended for the benzene 
plume at SWMU 54; however, the time required to achieve CAOs using MNA was not 
acceptable (Baker, 2005). Therefore, ISB was selected to enhance the natural processes already 
occurring and reduce the time required to achieve CAOs (AGVIQ-CH2M HILL, 2009d). 
However, baseline characterization results confirmed significantly greater benzene 
concentrations in groundwater than those presented in the final CMS (Baker, 2005). ISB of the 
benzene plume is not considered a viable option due to the presence of significantly higher 
benzene concentrations. Therefore, AS was selected for evaluation. 

AS is an in situ remedial technology that involves the injection of air into the saturated zone 
approximately 10 to 15 feet below the water table to volatize VOCs and to promote aerobic 
biodegradation of hydrocarbon. AS is a proven remedial technology with relatively low capital 
and operational costs, and the technology is consistent with the approved method of using in 
situ methods to promote aerobic degradation of the benzene plume. Additionally benzene has a 
low vapor pressure and is easily volatilized by aeration. 

The primary study question for this phase of work is as follows: Is AS a viable technology for 
full-scale application?  

Planned actions include: 

− If the pilot-scale testing is considered successful, then AS will be considered for full-scale 
application for the benzene plume at SWMU 54. 

− If the pilot-scale testing results in adequate contaminant treatment, full-scale CA may not be 
required.  

− If the pilot-scale testing is not considered successful, then an alternate remedial technology 
will be evaluated. 

SWMU 55  

Chemical oxidation is an aggressive technology that may be used in situ to rapidly treat a 
variety of organic contaminants in groundwater. ISCO is typically employed for the 
degradation of chlorinated ethenes, such as TCE (Siegrist et al., 2001), and is most effective in 
source zone treatment. Generally, ISCO is implemented through the subsurface injection of 
chemical oxidants, resulting in contaminants being oxidized to carbon dioxide and other 
innocuous compounds. The most widely used oxidants include hydrogen peroxide (Fenton’s 
reagent), permanganate (MnO4-) as either NaMnO4 or as KMnO4, persulfate, and ozone. 
Permanganate was selected for the pilot test at SWMU 55 due to the stability of the MnO4- ion in 
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the subsurface resulting in long persistence in groundwater and subsequent long-term 
treatment of dissolved TCE. In addition, MnO4- does not require activation and therefore is 
more easily implemented than persulfate or potentially peroxide. 

Based on the results of the TCE plume delineation and source investigation, the final CMS 
recommended that an ISCO pilot test be performed to evaluate ISCO to address TCE in 
groundwater at SMWU 55 (Baker, 2005). Data results of the KMnO4 pilot test will be reported in 
the SWMU 55 annual report. 

The primary study question for this phase of work is as follows: Is ISCO a viable technology for 
full-scale application?  

Planned actions include:  

− If the pilot-scale testing is considered successful, then ISCO will be considered for full-scale 
application at SWMU 55. 

− If the pilot-scale testing results in adequate contaminant treatment, full-scale CA may not be 
required.  

− If the pilot-scale testing is not considered successful, then an alternate remedial technology 
will be evaluated. 



AMENDED FINAL SAMPLING AND ANALYSIS PLAN 
JANUARY 2011 

PAGE 51 
 

 

SAP Worksheet #12—Measurement Performance Criteria Table – Field QC Sample 

QC Sample Analytical Group Frequency 
Data Quality Indicators 

(DQIs) 
Measurement Performance 

Criteria 

QC Sample 
Assesses Error for 

Sampling (S), 
Analytical (A) or 

both (S&A) 

MS/MSD VOCs – SW-846 
8260B  
Water/GCAL/SOP-
GCMSV-003 
 

One MS/MSD per 
20 samples 

Accuracy/Bias/Precision QC acceptance criteria as 
specified Appendix DOD-D of 
the DOD QSM Version 3 

A 

Field Duplicates  One field duplicate per 
10 samples  

Precision NA S&A 

Equipment/Rinsate Blanks  One equipment blank 
per day per 
decontaminated 
equipment  

Bias/Contamination No target analytes greater 
than or equal to the RL; with 
the exception of common 
field/laboratory contaminants 

S 

Cooler Temperature 
Indicator 

One per cooler Accuracy/ 
Representativeness 

Samples should be received 
at the lab at less than or 
equal to 6°C 
 

S 

Data Completeness Check NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 

MS/MSD Dissolved metals – 
Iron and Manganese 
SW-846 6010B Water/ 
GCAL/SOP-MET-010 

One MS/MSD per 
20 samples 

Accuracy/Bias/Precision QC acceptance criteria as 
specified Appendix DOD-D of 
the DOD QSM Version 3 

A 

Field Duplicates  One field duplicate per 
10 samples  

Precision NA S&A 
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SAP Worksheet #12—Measurement Performance Criteria Table – Field QC Sample (continued) 

QC Sample Analytical Group Frequency DQIs 
Measurement Performance 

Criteria 

QC Sample 
Assesses Error for 

Sampling (S), 
Analytical (A) or 

both (S&A) 

Equipment/Rinsate Blanks  Dissolved metals – 
Iron and Manganese 
SW-846 6010B Water/ 
GCAL/SOP-MET-010 

One equipment blank 
per day per 
decontaminated 
equipment  

Bias/Contamination No target analytes greater 
than or equal to the RL; with 
the exception of common 
field/laboratory contaminants 

S 

Cooler Temperature 
Indicator 

One per cooler Accuracy/ 
Representativeness 

Samples should be received 
at the lab at less than or 
equal to 6°C 
 

S 

Data Completeness Check NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 

MS/MSD Sulfate and Nitrate 
EPA 300.0 Water/ 
GCAL/SOP-WL-042 

One MS/MSD per 
20 samples 

Accuracy/Bias/Precision QC acceptance criteria as 
specified Appendix DOD-D of 
the DOD QSM Version 3 

A 

Field Duplicates  One field duplicate per 
10 samples 

Precision NA S&A 

Equipment/Rinsate Blanks  One equipment blank 
per day per 
decontaminated 
equipment 

Bias/Contamination No target analytes greater 
than or equal to the RL 

S 

Cooler Temperature 
Indicator 

One per cooler Accuracy/ 
Representativeness 

Samples should be received 
at the lab at less than or 
equal to 6°C 
 

S 

Data Completeness Check NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 
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SAP Worksheet #12—Measurement Performance Criteria Table – Field QC Sample (continued) 

QC Sample Analytical Group Frequency DQIs 
Measurement Performance 

Criteria 

QC Sample 
Assesses Error for 

Sampling (S), 
Analytical (A) or 

both (S&A) 

MS Sulfide 
SM 4500-S D Water/ 
GCAL/SOP-WL-033 

One MS per 
20 samples 

Accuracy/Bias MS Recovery 75-125% A 

Field Duplicates  One field duplicate per 
10 samples 

Precision NA S&A 

Equipment/Rinsate Blanks  One equipment blank 
per day per 
decontaminated 
equipment 

Bias/Contamination No target analytes greater 
than or equal to the RL 

S 

Cooler Temperature 
Indicator 

One per cooler Accuracy/ 
Representativeness 

Samples should be received 
at the lab at less than or 
equal to 6°C 
 

S 

Data Completeness Check NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 

MS Total Organic Carbon 
SM 5310B Water/ 
GCAL/SOP-WL043 

One MS per 
20 samples 

Accuracy/Bias MS Recovery 75-125% A 

Field Duplicates  One field duplicate per 
10 samples 

Precision NA S&A 

Equipment/Rinsate Blanks  One equipment blank 
per day per 
decontaminated 
equipment 

Bias/Contamination No target analytes greater 
than or equal to the RL 

S 

Cooler Temperature 
Indicator 

One per cooler Accuracy/ 
Representativeness 

Samples should be received 
at the lab at less than or 
equal to 6°C 
 

S 
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SAP Worksheet #12—Measurement Performance Criteria Table – Field QC Sample (continued) 

QC Sample Analytical Group Frequency DQIs 
Measurement Performance 

Criteria 

QC Sample 
Assesses Error 

for Sampling (S), 
Analytical (A) or 

both (S&A) 

Data Completeness Check Total Organic Carbon 
SM 5310B Water/ 
GCAL/SOP-WL043 

NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 

MS/MSD Dissolved MEE 
RSK-175 Water/ 
GCAL/SOP-GC-024 

One MS/MSD per 
20 samples 

Accuracy/Bias/Precision MS/MSD Recovery 30-170% 
Relative percent difference 
(RPD) less than or equal to 20% 

A 

Field Duplicates  One field duplicate per 
10 samples 

Precision NA S&A 

Equipment/Rinsate Blanks  One equipment blank 
per day per 
decontaminated 
equipment 

Bias/Contamination No target analytes greater than 
or equal to the RL; with the 
exception of common 
field/laboratory contaminants 

S 

Cooler Temperature 
Indicator 

One per cooler Accuracy/ 
Representativeness 

Samples should be received at 
the lab at less than or equal to 
6°C 
 

S 

Data Completeness Check NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 

MS COD 
HACH 8000 Water/ 
GCAL/SOP-WL-021 

One MS per 
20 samples 

Accuracy/Bias MS Recovery 75-125% A 

Field Duplicates  One field duplicate per 
10 samples 

Precision NA S&A 

Equipment/Rinsate Blanks  One equipment blank 
per day per 
decontaminated 
equipment 

Bias/Contamination No target analytes greater than 
or equal to the RL 

S 
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SAP Worksheet #12—Measurement Performance Criteria Table – Field QC Sample (continued) 

QC Sample Analytical Group Frequency DQIs 
Measurement Performance 

Criteria 

QC Sample 
Assesses Error for 

Sampling (S), 
Analytical (A) or 

both (S&A) 

Cooler Temperature 
Indicator 

COD 
HACH 8000 Water/ 
GCAL/SOP-WL-021 

One per cooler Accuracy/ 
Representativeness 

Samples should be received 
at the lab at less than or 
equal to 6°C 

S 

Data Completeness Check NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 

Field Duplicates  Alkalinity 
 
SM 2320B Water/ 
GCAL/SOP-WL-063 

One field duplicate per 
10 samples 

Precision NA S&A 

Equipment/Rinsate Blanks  One equipment blank 
per day per 
decontaminated 
equipment 

Bias/Contamination No target analytes greater 
than or equal to the RL 

S 

Cooler Temperature 
Indicator 

One per cooler Accuracy/ 
Representativeness 

Samples should be received 
at the lab at less than or 
equal to 6°C 
 

S 

Data Completeness Check NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 

MS/MSD VOCs – Benzene only 
 
SW-846 8260B Soil/ 
GCAL/SOP-GCMSV-
003 

One MS/MSD per 
20 samples 

Accuracy/Bias/Precision QC acceptance criteria as 
specified Appendix DOD-D of 
the DOD QSM Version 3 

A 
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SAP Worksheet #12—Measurement Performance Criteria Table – Field QC Sample (continued) 

QC Sample Analytical Group Frequency DQIs 
Measurement Performance 

Criteria 

QC Sample 
Assesses Error for 

Sampling (S), 
Analytical (A) or 

both (S&A) 

Field Duplicates  VOCs – Benzene only 
 
SW-846 8260B Soil/ 
GCAL/SOP-GCMSV-
003 

One field duplicate per 
10 samples 

Precision NA S&A 

Equipment/Rinsate Blanks  One equipment blank 
per day per 
decontaminated 
equipment 

Bias/Contamination No target analytes greater 
than or equal to the RL; with 
the exception of common 
field/laboratory contaminants 

S 

Cooler Temperature 
Indicator 

One per cooler Accuracy/ 
Representativeness 

Samples should be received 
at the lab at less than or 
equal to 6°C 
 

S 

Data Completeness Check NA Data Completeness 100% S&A 

Comparability Check As required per 
sampling event 

Comparability NA NA 
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SAP Worksheet #13—Secondary Data Criteria and Limitations Table 

The table below provides general information on how secondary data will be used and the limitations on their use. Following the 
general table below, secondary data criteria and limitations tables are presented for each site where historical analytical data exist 
(applicable to the scope of work covered by this SAP), specifically to address the use and limitations of the historical analytical data. 

 

Secondary Data Data Source Data Generator(s) How Data Will Be Used Limitations on Data Use 

Site background 
information  

Prepared by: Baker Environmental, 
Inc.  
Report Title: Final Corrective 
Measures Study Final Report for 
SWMUs 54 and 55 
Date: August 29, 2005 

Site histories for SWMUs 54 and 55 

Data will be used to provide 
site history summaries and 
to gain an understanding of 
historical activities that led 
to a potentially CERCLA-
related release. 

Site investigations may not 
have full linear or vertical 
extent. Also, most recent 
groundwater data is from 
2002. 

Site background 
information  

Prepared by: Baker Environmental, 
Inc.  
Report Title: Final Corrective RCRA 
Facility Investigation Report for 
SWMUs 53 and 54, Naval Station 
Roosevelt Roads, Ceiba, Puerto 
Rico  
Date: July 2003 

Site history for SWMU 54 
 

Data will be used to provide 
a site history summary and 
to gain an understanding of 
historical activities that led 
to a potentially CERCLA-
related release. 

Limited data set. 
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SAP Worksheet #14—Summary of Project Tasks  

General Protocol 
Mobilization 
Mobilization will include AGVIQ-CH2M HILL staff and subcontractors traveling to the island. 
Mobilization will occur only after the following tasks have been completed: 

• The SAP has been approved by the stakeholders  
• Utility clearance 

Utility Clearance 
Drilling subcontractor will coordinate the utility clearance on potential subsurface utilities at all 
locations prior to the start of field work.  

SWMU 54 TCE Plume 
Installation of Monitoring Wells 
A total of 13 monitoring wells (510MW5R and 54MW07 through 54MW18) were installed, as shown 
on Figure 4. Well placement rationale for wells 54MW07 through 54MW14 is presented in the 
SWMU 54 work plan (AGVIQ-CH2M HILL, 2009d), and rationale for wells 54MW15 through 
54MW18 is presented in a technical memorandum (AGVIQ, CH2M HILL, 2009a). In addition to the 
eight wells proposed in the work plan, well 510MW5R was installed to replace historical well 
location 510MW5 (AGVIQ, CH2M HILL, 2009d).  

The wells were installed using hollow stem auger (HSA) drilling techniques. The well installation 
was performed in accordance with the SOP presented in Appendix B and the general requirements 
of the EPA Region 4 2008 Field Branches Quality System and Technical Procedures (EPA, 2009). Well 
installation procedures and materials also conformed to the requirements of the Puerto Rico 
Standards and Regulations as required by the PREQB.  

Installation of Injection Wells 
Prior to initiating the pilot-scale test, five injection wells (54IW01 through 54IW05) were installed in 
the vicinity of 510MW5R, as shown on Figure 4. The injection well locations were revised from 
those presented in the work plan; the rationale for this revision is presented in a technical 
memorandum (AGVIQ, CH2M HILL, 2009a). 

The wells were installed using HSA drilling techniques. The well installation was performed in 
accordance with the SOP presented in Appendix B and the general requirements of the EPA 
Region 4 2008 Field Branches Quality System and Technical Procedures (EPA, 2009). Well installation 
procedures and materials also conformed to the requirements of the Puerto Rico Standards and 
Regulations as required by PREQB.  

Preliminary Injection Test 
Preliminary injection tests were originally planned to determine the ability to inject fluids in the 
subsurface prior to procuring and shipping chemical for the pilot-scale test injections (AGVIQ, 
CH2M HILL, 2009d). However, during installation of site wells, groundwater recovery rates 
indicated a geologic lithology with lower than expected hydraulic conductivity. Therefore, slug 
tests were conducted, instead of the preliminary injection tests, to evaluate the aquifer conductivity. 
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Substrate Injection 
The TCE pilot-scale test involved the injection of a 2.5 (weight) percent emulsified vegetable oil 
(EVO) at five locations within the SWMU 54 source area. Initially, injection was conducted only at 
injection well 54IW01, while monitoring wells 510MW5R and 54MW09 through 54MW14 were used 
as monitoring points. During injection at 54IW01, groundwater samples were collected periodically 
(minimum of once per day) from the monitoring points and evaluated visually for cloudiness. The 
following groundwater quality parameters were recorded during purging of the select monitoring 
points: DO, ORP, specific conductivity, pH, and turbidity. The data were used to evaluate a 
potential ROI and the achievable injection rate. In addition, groundwater levels were measured 
twice per day. After sufficient data were attained to evaluate the ROI, injection commenced at two 
to four of the injection wells concurrently. Up to 4,700 gallons of the 2.5 percent EVO solution were 
injected at each injection well. This equates to approximately 1,040 pounds of EVO injected at each 
well.  

The EVO injection was conducted using a mobile system equipped with one mixing tank, a 
centrifugal pump, and a generator. Instrumentation for monitoring the system, such as flow meters 
and pressure gauges, was also included. The EVO injection solution was mixed onsite using a batch 
mixing process. The injection work was conducted in accordance with the HSP and SAP. 

Post-Injection Performance Monitoring 
Sampling was conducted 30 and 90 days after the EVO injection event. Sampling activities will be 
continued quarterly for 1 year after completion of the injection event. See Worksheet #11 for total 
number of samples and specific analysis.  

SWMU 54 Benzene Plume 
Installation of Monitoring Wells 
A total of 29 monitoring wells (54MW01 through 54MW06, 54MW19 through 54MW28, and 
54MW29 through 54MW41) were installed, as shown on Figure 5. Placement rationale for wells 
54MW01 through 54MW06 is presented in the work plan (AGVIQ, CH2M HILL, 2009d); rationale 
for wells 54MW19 through 54MW28 is presented in a technical memorandum (AGVIQ, 
CH2M HILL, 2009a); and rationale for wells 54MW29 through 54MW41 is presented in a Phase II 
technical memorandum (AGVIQ, CH2M HILL, 2010a). In addition, a total of three monitoring wells 
(54MW42 through 54MW44) will be installed, as shown on Figure 5. The rationale for these wells is 
presented in a Phase III technical memorandum (AGVIQ, CH2M HILL, 2010b). 

The wells are installed using HSA drilling techniques. The well installation is performed in 
accordance with the SOP presented in Appendix B and the general requirements of the EPA Region 
4 2008 Field Branches Quality System and Technical Procedures (EPA, 2009).. Well installation 
procedures and materials conform to the requirements of the Puerto Rico Standards and 
Regulations as required by PREQB. 

Installation of Air Sparge Well 
One AS well (54AS01) was installed, as shown on Figure 5. The location of the AS well was selected 
based on its location in the benzene plume, as well as the proximity and spacing of adjacent 
monitoring wells to be utilized for monitoring. The well network surrounding the proposed 
location of the pilot-scale test AS well will provide sufficient information to determine technology 
effectiveness and provide design parameters for full-scale implementation. 
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The well was installed using HSA drilling techniques. The well installation was performed in 
accordance with the SOPs presented in Appendix B and the general requirements of the EPA 
Region 4 2008 Field Branches Quality System and Technical Procedures (EPA, 2009). Well installation 
procedures and materials also conformed to the requirements of the Puerto Rico Standards and 
Regulations as required by PREQB.  

Air Sparging Pilot-Scale Test 

The AS pilot-scale test consisted of air injection at 54AS01 at varying flow rates and pressures, 
while monitoring wells 510DW1, 510DW2, 510MW1, 54MW01, 54MW03, 54MW06, 54MW19, 
54MW20, 54MW21, 54MW27, 54MW28, 54MW32, 54MW33, 54MW36, 54MW37, 54MW38, and 
54MW41 were used as monitoring points. Groundwater levels were measured prior to initiation of 
and after completion of the pilot-scale test. VOCs were periodically measured at both the wellheads 
of the monitoring points and at known underground utility locations using a photoionization 
detector. In addition, YSI data loggers were placed in select monitoring points to monitor the water 
level and the following groundwater quality parameters: DO, ORP, and conductivity. 

SWMU 55  
Installation of Monitoring Wells 
A total of 21 monitoring wells (55MW01 through 55MW23) were installed, as shown on Figure 6. 
Placement rationale for wells 55MW01 through 55MW10 is presented in a technical memorandum 
(AGVIQ, CH2M HILL, 2009b); rationale for wells 55MW11, 55MW12, 55MW14, and 55MW20 is 
presented in a Phase II technical memorandum (AGVIQ, CH2M HILL, 2009c); and rationale for 
wells 55MW13, 55MW21, 55MW22, and 55MW23 is presented in a Phase III technical memorandum 
(AGVIQ, CH2M HILL, 2010d). In addition, a total of two monitoring wells (55MW24 and 55MW25) 
will be installed, as shown on Figure 6. The rationale for these wells is presented in a Phase IV 
technical memorandum (AGVIQ, CH2M HILL, 2010c). 

The wells are installed using HSA drilling techniques, with the exception of wells where HSA 
drilling techniques are used to advance borings to auger refusal; at these wells, air rotary drilling 
techniques are used to complete the boring to the proposed depth. The well installation is 
performed in accordance with the SOPs presented in Appendix B and the general requirements of 
the EPA Region 4 2008 Field Branches Quality System and Technical Procedures (EPA, 2009). Well 
installation procedures and materials conform to the requirements of the Puerto Rico Standards and 
Regulations as required by the PREQB.  

Installation of Injection Wells 
Prior to initiating the pilot-scale test, four injection wells (55IW01 through 55IW04) were installed in 
the source area. The injection well locations were revised from those presented in the work plan 
(AGVIQ-CH2M HILL, 2009e); the rationale for this revision is presented in a technical 
memorandum (AGVIQ, CH2M HILL, 2009b). 

The wells were installed using HSA drilling techniques. The well installation was performed in 
accordance with the SOP presented in Appendix B and the general requirements of the EPA Region 
4 2008 Field Branches Quality System and Technical Procedures (EPA, 2009). Well installation 
procedures and materials also conformed to the requirements of the Puerto Rico Standards and 
Regulations as required by the PREQB.  
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Preliminary Injection Test 
Preliminary injection tests were originally planned to be conducted to evaluate the ability to 
physically inject a liquid solution into the formation (AGVIQ-CH2M HILL, 2009e). However, due to 
the high levels of TCE (greater than 14,000 µg/L) encountered in the pilot-scale test injection area, 
the preliminary injection test was not conducted to avoid unintentional dispersion of the TCE 
plume without concurrent treatment. In the place of the preliminary injection test, falling and rising 
head slug tests were completed to characterize the aquifer conductivity (AGVIQ-CH2M HILL, 
2009b). 

TOD Testing 
TOD tests were conducted on soils collected from four vertical intervals during installation of 
injection well 55IW01: 18 to 22 feet bgs and 22 to 26 feet bgs, and 55IW04: 25 to 29 feet bgs and 35 to 
41 feet bgs. All samples were collected from the decomposed gabbro since no lithified gabbro was 
encountered within 40 feet bgs. These vertical intervals were also representative of the entire pilot-
scale test injection interval of 15 to 40 feet bgs. Worksheet #11 presents the TOD sampling process. 
The SWMU 55 work plan discusses the rationale for TOD testing (AGVIQ-CH2M .  

ISCO Injection 
The ISCO pilot-scale test originally planned for the injection of a 30- to 50-gram-per-liter (g/L) 
KMnO4 solution at four locations within the SWMU 55 source area (AGVIQ-CH2M HILL, 2009e); 
however, based on the TOD test results (refer to Worksheet #11), a 16.5 g/L NaMnO4 solution 
(1.5 percent solution) was injected. Initially, injection was conducted only at injection well 55IW02, 
while monitoring wells 7MW07, 7MW22, 7MW23 and 7MW24 and injection wells 55IW01, 55IW03, 
and 55IW04 were used as monitoring points. During injection at 55IW02, groundwater samples 
were collected periodically (minimum of twice per day) from the monitoring points and analyzed 
for NaMnO4 using a field colorimeter. The data were used to evaluate a potential ROI and the 
achievable injection rate. In addition, groundwater levels were measured twice per day. Up to 
5,000 gallons of the 1.5 percent NaMnO4 solution were injected at each injection well. This equates 
to approximately 622 pounds of NaMnO4 injected at each well.  

The NaMnO4 injection was conducted using a mobile system equipped with one mixing tank, a 
centrifugal pump, and a generator. Instrumentation for monitoring the system, such as flow meters 
and pressure gauges, was also included. The NaMnO4 injection solution was mixed onsite using a 
batch mixing process. The SWMU 55 work plan presents the ISCO injection process (AGVIQ-
CH2M .  

Post-Injection Performance Monitoring 
Beginning 30 days after completion of the injection event, two quarterly performance monitoring 
events were conducted. A third performance monitoring event will be conducted. See 
Worksheet #11 for total number of samples and specific analysis.  

Sampling Locations and Quantities  
SWMU 54 

Groundwater 
During the baseline site characterization, a total of 27 groundwater samples were collected at the 
SWMU 54 TCE plume and 41 groundwater samples were collected at the SWMU 54 benzene 
plume. After installation of three additional monitoring wells (54MW42 through 54MW44) is 
complete, three additional groundwater samples will be collected. During the installation of 
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monitoring wells 54MW02 and 54MW03, four soil samples were collected for chemical analysis. All 
monitoring and injection well locations are illustrated on Figure 3. 

The samples are labeled based on the monitoring or injection well location ID. In addition to the 
horizontal coordinate information, the task order and sampling date is added to the sample 
nomenclature. For example, for a groundwater sample collected at injection well 55IW01, the 
sample identification (ID) would be labeled JM04-55IW01-mmddyy, and for a soil sample collected 
at monitoring well 55MW01, the sample ID would be labeled JM04-55MW01(sampling interval)-
mmddyy. 

SWMU 55 
During the baseline site characterization at SWMU 55, a total of 33 groundwater samples were 
collected. After installation of two additional monitoring wells (55MW24 and 55MW25) is complete, 
two additional groundwater samples will be collected. During installation of injection wells 55IW01 
and 55IW04, two soil samples were collected for use in the TOD test. All monitoring and injection 
well locations are illustrated on Figure 6.  

The samples are labeled based on the monitoring or injection well location ID. In addition to the 
horizontal coordinate information, the task order and sampling date is added to the sample 
nomenclature. For example, for a groundwater sample collected at injection well 55IW01, the 
sample ID would be labeled JM04-55IW01-mmddyy, and for a soil sample collected at monitoring 
well 55MW01, the sample ID would be labeled JM04-55MW01(sampling interval)-mmddyy. 

Sampling Procedures 
Groundwater 
All groundwater sampling procedures are presented in Appendix B. 

Soil 

SWMU 54 
Two soil samples were collected and analyzed for benzene from wells 54MW02 and 54MW03. As 
the boring was advanced, soil samples were collected every 6 inches and screened using a flame 
ionization detector (FID). Following collection, the sample was split for headspace screening, 
lithologic description, and chemical analysis. One portion of the sample was preserved as the 
possible chemical analysis sample by immediately placing the soil in the appropriate sample vessel. 
Another portion of the sample was immediately placed in a plastic bag, sealed, and allowed to 
equilibrate for 10 minutes. The bag was then be pierced with the FID probe and a headspace 
reading was recorded. The headspace reading was used to evaluate the relative concentration of 
contaminants and to aid in sample selection for laboratory analysis. The soil sample having the 
highest headspace reading within each boring was submitted for analysis. In addition, one soil 
sample from each boring was submitted for analysis due to staining and/or a hydrocarbon odor. 
Soil samples were analyzed for benzene. 

SWMU 55  
During installation of injection wells 55IW01 and 55IW04, soil samples were collected for use in the 
TOD test. All samples were collected from the decomposed gabbro since no lithified gabbro was 
encountered within 40 feet bgs. In total, approximately 2 kilograms of each soil type (approximately 
four 200-milliliter soil sample jars) were collected, stored under ice, and shipped to the TOD test 
laboratory.  
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Waste Characterization 
The composite aqueous waste characterization samples are collected in the following manner: 

1. Collect a bailer full of aqueous sample from both the top and bottom of each 55-gallon drum or 
poly tank containing aqueous waste generated during the well installation or purging activities 
and decant the water into a glass container to form a composite aqueous sample. 

2. Gently stir the sample in the container and pour the composite water sample into the 
appropriate sample jars. 

3. Close the jars and label and package the sample for shipment to the laboratory for chemical 
analysis. 

The composite soil waste characterization samples are collected in the following manner: 

1. Collect a spoonful of soil from the top of each 55-gallon drum or roll-off container containing 
soil waste generated during the installation of monitoring or injection wells and place in a bowl. 
Using a hand auger, collect a spoonful of soil from the bottom of each container and place in a 
bowl. Mix the soil to forma composite soil sample.  

2. Gently stir the sample in the container and place the composite soil sample into the appropriate 
sample jars. 

3. Close the jars and label and package the sample for shipment to the laboratory for chemical 
analysis. 

Sampling Equipment 
The following equipment is used during the sampling work:  

• Nitrile or latex gloves 

• Durable ice chest (20-gallon) for shipping samples 

• Ice for preserving samples 

• Laboratory supplied sampling containers (jars/bottles) 

• 55-gallon drums (U.S. Department of Transportation-approved), roll-off containers, and poly 
tanks for containerizing waste  

• Peristaltic pump, tubing, and filters to sample monitoring wells  

• YSI meter 

• LDO meter  

• Colorimeter 

Sampling Container, Analytical Methods, Preservatives, and Holding Time 
The analytical method, preservative, sampling containers, and holding time for the soil samples are 
presented in Worksheet #15. Worksheet #19 presents all of the analytical SOP requirements, 
including TCLP and RCRA compounds (see Worksheet #15 for specific compounds). The sample 
containers are provided by a NELAP-certified and Navy-approved laboratory. This laboratory is 
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responsible for the chemical analysis of the groundwater, soil, and waste samples and QA/QC 
samples. 

Equipment Decontamination 
An area has been designated for the decontamination of equipment and the storage of all waste. All 
decontaminated materials will be handled only with new, unused nitrile or latex gloves to avoid 
contamination. Decontamination SOPs are presented in Appendix B.  

Sample Packaging, Marking, Labeling, Shipping, and Chain-of-Custody 
Samples must be preserved to ensure that the samples are received at the laboratory at a 
temperature less than or equal to 4 degrees Celsius (°C). Ice will be placed on top of sample 
containers and the ice chest will be wrapped with duct tape. Custody seals will be applied upon 
completing the inspection of the ice chest integrity and appropriate documentation. 

All samples must be identified using a standard tag attached to the sample container and will 
include the following information (Appendix C): 

• Project name 
• Project number 
• Sample ID 
• Date and time of sample collection 
• Sampler name(s) 
• Analyses 
• Preservatives 

Chain-of-custody records are used to record the custody of all samples. An example of the chain-of-
custody is included as Appendix C. The following information must be supplied in the indicated 
spaces: 

• Client name 
• Project number 
• Project name and site location 
• Sample identification number of all samples included in the shipment 
• Sample description 
• Date and time of sample collection 
• Name, company, and signature of field technician collecting samples  
• Name and signature of laboratory custodian receiving the samples 

Quality Control  
All QC samples are listed in Worksheet #20. In reference to the field tasks, all field work will be 
overseen by an FTL who is responsible for the QC of the sampling to make sure the proper work 
plans are followed for each task. 

Accuracy and Precision 
The QA/QC field program will be continuously implemented during all sampling activities. Prior 
to beginning any sampling activities, a decontamination area will be designed for cleaning both 
sampling and storage tools and containers. Upon completion of sampling, samples will be labeled 
and placed in an ice chest. All of the sampling information will be recorded in the field book and in 
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the chain of-custody. Decontamination procedures are discussed below and will be followed before 
moving to another sample location. 

Improper sample handling may alter the accuracy of the analytical results. Consequently, the 
samples will only be collected by persons wearing disposable nitrile or latex gloves. At each 
sampling point, the sampling personnel will wear a new pairs of gloves. QA/QC will consist of 
obtaining equipment blanks, MS/MSDs and field duplicates. Field duplicate samples will be 
collected at a frequency of 1 per every 10 samples. Equipment blanks will be collected at a 
frequency of one per day per decontaminated equipment. MS/MSD will be collected at a frequency 
of 1 per every 20 samples. 

Equipment Blanks 
One equipment blank per day per decontaminated equipment will be prepared in the field. A jar 
containing de-ionized water will be opened in the field and poured over or through cleaned 
sampling equipment before equipment blank sample collection. The flushing water will be 
collected in a 1-liter amber bottle and sent to the laboratory for analysis. The equipment blank will 
constitute a test of effectiveness of sampling equipment decontamination. 

Field Duplicates 
One sample per 10 soil samples will be split into two separate portions. These two portions will be 
collected at the same time as two separate samples and placed under identical circumstances and 
treated exactly the same throughout field and laboratory procedures. Analyses of both samples give 
a measure of the precision associated with sample collection, preservation and storage, as well as 
with laboratory procedure. 

Storage 
All analytical data will be stored on CH2M HILL's SQL Server Data Warehouse, after which the 
finalized data will be uploaded to the NIRIS database as part of AVGIQ-CH2M HILL final delivery 
package. Project records will be recorded in annual reports, and this information will be available 
as public information. Project files will be stored for 7 years at the following location:  

Iron Mountain/Safesite 
660 Distribution Road  
Atlanta, GA 30336 

Sample Analysis 
The laboratory will maintain, test, inspect, and calibrate analytical instruments (Worksheets #24 
and 25). The laboratory will process and prepare samples for analysis. The laboratory will analyze 
soil and groundwater samples for various groups of parameters as shown in Worksheets #15 
and 18.  

Data Management 
The Project Database Manager, Duane Johnson, a subcontractor with Critigen, is responsible for 
data tracking and storage. In addition, a third party data validator will receive 10 percent of all 
analytical data from the laboratory, and the remaining 90 percent will be validated internally by the 
AVGIQ-CH2M HILL data validator prior to its use by the Navy. 
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Procedures for Recording and Correcting Data 
All field data will be recorded in field logbooks and updated in the electronic Field Input Sheets to 
be uploaded in the Database or recorded electronically via the Mobile Integrated Sample Tracking 
Personal Digital Assistant for upload in the Database. 
  
Project Assessment/Audit: Worksheets #31 and 32. 

Data Validation: Worksheets #35 and 36. 

Data Usability Assessment: Worksheet #37.  

Remediation Waste Management  
Remediation waste will be managed and disposed of in accordance with the Waste Management 
Plan in the work plans for SWMUs 54 and 55.  

Environmental Protection Plan 
General controls implemented during remediation-related construction activities to prevent 
pollution and protect the environment are presented in the work plans for SWMUs 54 and 55.  

Quality Control Plan 
Quality administrators and the sampling inspections associated with SWMUs 54 and 55 are 
presented in the work plans for SWMUs 54 and 55.  

Surveying 
The coordinate locations and elevations of the installed wells will be determined by a land surveyor 
registered in Puerto Rico. The wells will be surveyed relative to a previously established 
benchmark. The horizontal location will be surveyed to an accuracy of 0.1 foot, and the ground 
surface and top of casing elevations will be surveyed to an accuracy of 0.01 foot.  

Baseline Site Characterization and Pilot-Scale Test Report 
Results of the baseline site characterization and the pilot-scale tests will be reported in the 
Corrective Measures Study Addendums for SWMUs 54 and 55 (forthcoming).  
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SAP Worksheet #15—Reference Limits and Evaluation Table  

Analyte CAS Number Project Action 
Limit 

Project Action Limit 
Reference 

Project 
Quantitation 
Limit Goal 

GCAL 

Quantitation Limit Method Detection 
Limit 

Matrix: Groundwater 
Analytical Group: VOCs, Metals, MNA Parameters 

Acetone 67-64-1 NA NA NA 25 µg/L 0.791 µg/L 

Benzene 71-43-2 550 µg/L Final CMS 550 µg/L 5 µg/L 0.0747 µg/L 

Bromodichloromethane 75-27-4 NA NA NA 5 µg/L 0.0574 µg/L 

Bromoform 75-25-2 NA NA NA 5 µg/L 0.198 µg/L 

Bromomethane 74-83-9 NA NA NA 5 µg/L 0.148 µg/L 

2-Butanone 78-93-3 NA NA NA 5 µg/L 0.405 µg/L 

Carbon Disulfide 75-15-0 NA NA NA 5 µg/L 0.179 µg/L 

Carbon Tetrachloride 56-23-5 NA NA NA 5 µg/L 0.0825 µg/L 

Chlorobenzene 108-90-7 NA NA NA 5 µg/L 0.119 µg/L 

Chloroethane 75-00-3 NA NA NA 5 µg/L 0.140 µg/L 

Chloroform 67-66-3 NA NA NA 5 µg/L 0.287 µg/L 

Chloromethane 74-87-3 NA NA NA 5 µg/L 0.134 µg/L 

Cyclohexane 110-82-7 NA NA NA 5 µg/L 0.0722 µg/L 

Dibromochloromethane 124-48-1 NA NA NA 5 µg/L 0.036 µg/L 

1,2-Dibromo-3-chloropropane 96-12-8 NA NA NA 5 µg/L 0.172 µg/L 

1,2-Dibromoethane 106-93-4 NA NA NA 5 µg/L 0.0651 µg/L 

1,3-Dichlorobenzene 541-73-1 NA NA NA 5 µg/L 0.0937 µg/L 

1,4-Dichlorobenzene 106-46-7 NA NA NA 5 µg/L 0.129 µg/L 
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SAP Worksheet #15—Reference Limits and Evaluation Table (continued) 

Analyte CAS Number Project Action 
Limit 

Project Action Limit 
Reference 

Project 
Quantitation 
Limit Goal 

GCAL 

Quantitation Limit Method Detection 
Limit 

1,2-Dichlorobenzene 95-50-1 NA NA NA 5 µg/L 0.102 µg/L 

Dichlorodifluoromethane 75-71-8 NA NA NA 5 µg/L 0.0608 µg/L 

1,1-DCA 75-34-3 NA NA NA 5 µg/L 0.065 µg/L 

1,2-DCA 107-06-2 NA NA NA 5 µg/L 0.083 µg/L 

1,1-DCE 75-35-4 NA NA NA 5 µg/L 0.119 µg/L 

Cis-1,2-DCE 156-59-2 NA NA NA 5 µg/L 0.103 µg/L 

trans-1,2-DCE 156-60-5 NA NA NA 5 µg/L 0.0955 µg/L 

1,2-Dichloropropane 78-87-5 NA NA NA 5 µg/L 0.0559 µg/L 

cis-1,3-Dichloropropene 10061-01-5 NA NA NA 5 µg/L 0.040 µg/L 

trans-1,3-Dichloropropene 10061-02-6 NA NA NA 5 µg/L 0.0561 µg/L 

Ethylbenzene 100-41-4 NA NA NA 5 µg/L 0.0522 µg/L 

2-Hexanone 591-78-6 NA NA NA 5 µg/L 0.101 µg/L 

Methyl Acetate 79-20-9 NA NA NA 5 µg/L 0.373 µg/L 

Methylene Chloride 75-09-2 NA NA NA 10 µg/L 0.142 µg/L 

Methylcyclohexane 108-87-2 NA NA NA 5 µg/L 0.0456 µg/L 

4-Methyl-2-pentanone 108-10-1 NA NA NA 5 µg/L 0.531 µg/L 

Methyl tert-Butyl Ether 1634-04-4 NA NA NA 5 µg/L 0.099 µg/L 

Styrene 100-42-5 NA NA NA 5 µg/L 0.0453 µg/L 

1,1,2,2-Tetrachloroethane 79-34-5 NA NA NA 5 µg/L 0.105 µg/L 
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SAP Worksheet #15—Reference Limits and Evaluation Table (continued) 

Analyte CAS Number Project Action 
Limit 

Project Action Limit 
Reference 

Project 
Quantitation 
Limit Goal 

GCAL 

Quantitation Limit Method Detection 
Limit 

Tetrachloroethene 127-18-4 NA NA NA 5 µg/L 0.0998 µg/L 

Toluene 108-88-3 NA NA NA 5 µg/L 0.082 µg/L 

1,2,4-Trichlorobenzene 120-82-1 NA NA NA 5 µg/L 0.107 µg/L 

1,1,1-TCA 71-55-6 NA NA NA 5 µg/L 0.055 µg/L 

1,1,2-TCA 79-00-5 NA NA NA 5 µg/L 0.093 µg/L 

1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 NA NA NA 5 µg/L 0.103 µg/L 

Trichloroethene 79-01-6 22 µg/L Final CMS 22 µg/L 5 µg/L 0.1182 µg/L 

Trichlorofluoromethane 75-69-4 NA NA NA 5 µg/L 0.072 µg/L 

Vinyl chloride 75-01-4 NA NA NA 5 µg/L 0.1552 µg/L 

Xylenes, total 1330-20-7 NA NA NA 10 µg/L 0.334 µg/L 

Iron (Dissolved) 7439-89-6 NA NA NA 100 µg/L 22 µg/L 

Manganese (Dissolved) 7439-96-5 NA NA NA 15 µg/L 0.2 µg/L 

Sulfate 14808-79-8 NA NA NA 500 µg/L 80 µg/L 

Nitrate 14797-55-8 NA NA NA 500 µg/L 20 µg/L 

Sulfide 18496-25-8 NA NA NA 20 µg/L 5.3 µg/L 

TOC NA NA NA NA 1000 µg/L 149 µg/L 

Dissolved Methane 74-82-8 NA NA NA 5 µg/L 0.1163 µg/L 

Dissolved Ethane 74-84-0 NA NA NA 1 µg/L 0.0241 µg/L 

Dissolved Ethene 74-85-1 NA NA NA 1 µg/L 0.0298 µg/L 

Alkalinity NA NA NA NA 1000 µg/L 367 µg/L 
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SAP Worksheet #15—Reference Limits and Evaluation Table (continued) 

Analyte CAS Number Project Action 
Limit 

Project Action Limit 
Reference 

Project 
Quantitation 
Limit Goal 

GCAL 

Quantitation Limit Method Detection 
Limit 

COD NA NA NA NA 10 mg/L 2 mg/L 

Matrix: Groundwater 
Analytical Group: Microbiology 

Dehalococcoides Ethenogenes NA NA NA NA 500 cells/sample 100 cells/sample 

Matrix: Soil 
Analytical Group: VOCs 

Benzene 71-43-2 NA NA NA 5 µg/Kg 0.2163 µg/Kg 

Matrix: Soil Waste Characterization 
Analytical Group: TCLP Compounds 

Benzene 71-43-2 0.5 mg/L 40 CFR 261.30 Table 1 0.5 mg/L 0.2 mg/L 0.000260 mg/L 

Butanone, 2- (Methyl ethyl ketone) 78-93-3 200 mg/L 40 CFR 261.30 Table 1 200 mg/L 0.2 mg/L 0.00705 mg/L 

Carbon Tetrachloride 56-23-5 0.5 mg/L 40 CFR 261.30 Table 1 0.5 mg/L 0.2 mg/L 0.00624 mg/L 

Chlorobenzene 108-90-7 100 mg/L 40 CFR 261.30 Table 1 100 mg/L 0.2 mg/L 0.0110 mg/L 

Chloroform (Trichloromethane) 67-66-3 6 mg/L 40 CFR 261.30 Table 1 6 mg/L 0.2 mg/L 0.00658 mg/L 

1,4-Dichlorobenzene 106-46-7 7.5 mg/L 40 CFR 261.30 Table 1 7.5 mg/L 0.05 mg/L 0.0011 mg/L 

Dichloroethane, 1,2 (1,2-DCA) 107-06-2 0.5 mg/L 40 CFR 261.30 Table 1 0.5 mg/L 0.2 mg/L 0.00359 mg/L 

1,1-Dichloroethene 75-35-4 0.7 mg/L 40 CFR 261.30 Table 1 0.7 mg/L 0.2 mg/L 0.00802 mg/L 

Tetrachloroethene  127-18-4 0.7 mg/L 40 CFR 261.30 Table 1 0.7 mg/L 0.2 mg/L 0.00613 mg/L 

TCE 79-01-6 0.5 mg/L 40 CFR 261.30 Table 1 0.5 mg/L 0.2 mg/L 0.00473 mg/L 

Vinyl Chloride 75-01-4 0.2 mg/L 40 CFR 261.30 Table 1 0.2 mg/L 0.2 mg/L 0.00621 mg/L 

Cresol 108-39-4 200 mg/L 40 CFR 261.30 Table 1 200 mg/L 0.1 mg/L 0.0021 mg/L 
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SAP Worksheet #15—Reference Limits and Evaluation Table (continued) 

Analyte CAS Number Project Action 
Limit 

Project Action Limit 
Reference 

Project 
Quantitation 
Limit Goal 

GCAL 

Quantitation Limit Method Detection 
Limit 

2,4-Dinitrotoluene 121-14-2 0.1 mg/L 40 CFR 261.30 Table 1 0.1 mg/L 0.05 mg/L 0.0012 mg/L 

Hexachlorobenzene 118-74-1 0.1 mg/L 40 CFR 261.30 Table 1 0.1 mg/L 0.05 mg/L 0.0014 mg/L 

Hexachlorobutadiene 87-68-3 0.5 mg/L 40 CFR 261.30 Table 1 0.5 mg/L 0.05 mg/L 0.0013 mg/L 

Hexachloroethane 67-72-1 3 mg/L 40 CFR 261.30 Table 1 3 mg/L 0.05 mg/L 0.0047 mg/L 

Nitrobenzene 98-95-3 2 mg/L 40 CFR 261.30 Table 1 2 mg/L 0.05 mg/L 0.0007 mg/L 

Pentachlorophenol 87-86-5 100 mg/L 40 CFR 261.30 Table 1 100 mg/L 0.25 mg/L 0.0138 mg/L 

Pyridine 110-86-1 5 mg/L 40 CFR 261.30 Table 1 5 mg/L 0.05 mg/L 0.0017 mg/L 

2,4,5-Trichlorophenol 95-95-4 400 mg/L 40 CFR 261.30 Table 1 400 mg/L 0.05 mg/L 0.0017 mg/L 

2,4,6-Trichlorophenol 88-06-2 2 mg/L 40 CFR 261.30 Table 1 2 mg/L 0.05 mg/L 0.0016 mg/L 

Chlordane, technical 57-74-9 0.03 mg/L 40 CFR 261.30 Table 1 0.03 mg/L 0.025 mg/L 0.00016 mg/L 

Endrin 72-20-8 0.02 mg/L 40 CFR 261.30 Table 1 0.02 mg/L 0.001 mg/L 0.00003 mg/L 

HCH, gamma- (BHC, gamma-) 
(Lindane) 

58-89-9 0.4 mg/L 40 CFR 261.30 Table 1 0.4 mg/L 0.0005 mg/L 0.00003 mg/L 

Heptachlor 76-44-8 0.008 mg/L 40 CFR 261.30 Table 1 0.008 mg/L 0.0005 mg/L 0.00003 mg/L 

Heptachlor epoxide 1024-57-3 0.008 mg/L 40 CFR 261.30 Table 1 0.008 mg/L 0.0005 mg/L 0.00004 mg/L 

Methoxychlor 72-43-5 10 mg/L 40 CFR 261.30 Table 1 10 mg/L 0.025 mg/L 0.00005 mg/L 

Toxaphene 8001-35-2 0.5 mg/L 40 CFR 261.30 Table 1 0.5 mg/L 0.25 mg/L 0.00050 mg/L 

2,4-Dichlorophenoxyacetic acid 94-75-7 10 mg/L 40 CFR 261.30 Table 1 10 mg/L 0.005 mg/L 0.00005 mg/L 

2,4,5-TP (Silvex) 93-72-1 1 mg/L 40 CFR 261.30 Table 1 1 mg/L 0.005 mg/L 0.00006 mg/L 

Arsenic 7440-38-2 5 mg/L 40 CFR 261.30 Table 1 5 mg/L 0.2 mg/L 0.0038 mg/L 

Barium 7440-39-3 100 mg/L 40 CFR 261.30 Table 1 100 mg/L 1.0 mg/L 0.00052 mg/L 
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SAP Worksheet #15—Reference Limits and Evaluation Table (continued) 

Analyte CAS Number Project Action 
Limit 

Project Action Limit 
Reference 

Project 
Quantitation 
Limit Goal 

GCAL 

Quantitation Limit Method Detection 
Limit 

Cadmium 7440-43-9 1 mg/L 40 CFR 261.30 Table 1 1 mg/L 0.01 mg/L 0.00017 mg/L 

Chromium (total) 7440-47-3 5 mg/L 40 CFR 261.30 Table 1 5 mg/L 0.05 mg/L 0.00030 mg/L 

Lead 7439-92-1 5 mg/L 40 CFR 261.30 Table 1 5 mg/L 0.1 mg/L 0.0027 mg/L 

Mercury 7439-97-6 0.2 mg/L 40 CFR 261.30 Table 1 0.2 mg/L 0.002 mg/L 0.000066 mg/L 

Selenium 7782492 1 mg/L 40 CFR 261.30 Table 1 1 mg/L 0.1 mg/L 0.0045 mg/L 

Silver 7440224 5 mg/L 40 CFR 261.30 Table 1 5 mg/L 0.05 mg/L 0.00062 mg/L 

Aroclor-1016 12674-11-2 50 mg/L 40 CFR 761.2 50 mg/L 0.01 mg/L 0.00020 mg/L 

Aroclor-1221 11104-28-2 50 mg/L 40 CFR 761.2 50 mg/L 0.01 mg/L 0.00024 mg/L 

Aroclor-1232 11141-16-5 50 mg/L 40 CFR 761.2 50 mg/L 0.01 mg/L 0.00038 mg/L 

Aroclor-1242 53469-21-9 50 mg/L 40 CFR 761.2 50 mg/L 0.01 mg/L 0.00040 mg/L 

Aroclor-1248 12672-29-6 50 mg/L 40 CFR 761.2 50 mg/L 0.01 mg/L 0.00026 mg/L 

Aroclor-1254 11097-69-1 50 mg/L 40 CFR 761.2 50 mg/L 0.01 mg/L 0.00040 mg/L 

Aroclor-1260 11096-82-5 50 mg/L 40 CFR 761.2 50 mg/L 0.01 mg/L 0.00009 mg/L 

Matrix: Liquid Waste Characterization 
Analytical Group: RCRA Compounds 

Benzene 71-43-2 0.5 mg/L 40 CFR 261.24 Table 1 0.5 mg/L 0.2 mg/L 0.000260 mg/L 

Butanone, 2- (Methyl ethyl ketone) 78-93-3 200 mg/L 40 CFR 261.24 Table 1 200 mg/L 0.2 mg/L 0.00705 mg/L 

Carbon Tetrachloride 56-23-5 0.5 mg/L 40 CFR 261.24 Table 1 0.5 mg/L 0.2 mg/L 0.00624 mg/L 

Chlorobenzene 108-90-7 100 mg/L 40 CFR 261.24 Table 1 100 mg/L 0.2 mg/L 0.0110 mg/L 

Chloroform (Trichloromethane) 67-66-3 6 mg/L 40 CFR 261.24 Table 1 6 mg/L 0.2 mg/L 0.00658 mg/L 

1,4-Dichlorobenzene 106-46-7 7.5 mg/L 40 CFR 261.24 Table 1 7.5 mg/L 0.05 mg/L 0.0011 mg/L 
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SAP Worksheet #15—Reference Limits and Evaluation Table (continued) 

Analyte CAS Number Project Action 
Limit 

Project Action Limit 
Reference 

Project 
Quantitation 
Limit Goal 

GCAL 

Quantitation Limit Method Detection 
Limit 

Dichloroethane, 1,2 (1,2-DCA) 107-06-2 0.5 mg/L 40 CFR 261.24 Table 1 0.5 mg/L 0.2 mg/L 0.00359 mg/L 

1,1-Dichloroethene 75-35-4 0.7 mg/L 40 CFR 261.24 Table 1 0.7 mg/L 0.2 mg/L 0.00802 mg/L 

Tetrachloroethene  127-18-4 0.7 mg/L 40 CFR 261.24 Table 1 0.7 mg/L 0.2 mg/L 0.00613 mg/L 

TCE 79-01-6 0.5 mg/L 40 CFR 261.24 Table 1 0.5 mg/L 0.2 mg/L 0.00473 mg/L 

Vinyl Chloride 75-01-4 0.2 mg/L 40 CFR 261.24 Table 1 0.2 mg/L 0.2 mg/L 0.00621 mg/L 

Cresol 108-39-4 200 mg/L 40 CFR 261.24 Table 1 200 mg/L 0.1 mg/L 0.0021 mg/L 

2,4-Dinitrotoluene 121-14-2 0.1 mg/L 40 CFR 261.24 Table 1 0.1 mg/L 0.05 mg/L 0.0012 mg/L 

Hexachlorobenzene 118-74-1 0.1 mg/L 40 CFR 261.24 Table 1 0.1 mg/L 0.05 mg/L 0.0014 mg/L 

Hexachlorobutadiene 87-68-3 0.5 mg/L 40 CFR 261.24 Table 1 0.5 mg/L 0.05 mg/L 0.0013 mg/L 

Hexachloroethane 67-72-1 3 mg/L 40 CFR 261.24 Table 1 3 mg/L 0.05 mg/L 0.0047 mg/L 

Nitrobenzene 98-95-3 2 mg/L 40 CFR 261.24 Table 1 2 mg/L 0.05 mg/L 0.0007 mg/L 

Pentachlorophenol 87-86-5 100 mg/L 40 CFR 261.24 Table 1 100 mg/L 0.25 mg/L 0.0138 mg/L 

Pyridine 110-86-1 5 mg/L 40 CFR 261.24 Table 1 5 mg/L 0.05 mg/L 0.0017 mg/L 

2,4,5-Trichlorophenol 95-95-4 400 mg/L 40 CFR 261.24 Table 1 400 mg/L 0.05 mg/L 0.0017 mg/L 

2,4,6-Trichlorophenol 88-06-2 2 mg/L 40 CFR 261.24 Table 1 2 mg/L 0.05 mg/L 0.0016 mg/L 

Chlordane, technical 57-74-9 0.03 mg/L 40 CFR 261.24 Table 1 0.03 mg/L 0.025 mg/L 0.00016 mg/L 

Endrin 72-20-8 0.02 mg/L 40 CFR 261.24 Table 1 0.02 mg/L 0.001 mg/L 0.00003 mg/L 

HCH, gamma- (BHC, gamma-) 
(Lindane) 

58-89-9 0.4 mg/L 40 CFR 261.24 Table 1 0.4 mg/L 0.0005 mg/L 0.00003 mg/L 

Heptachlor 76-44-8 0.008 mg/L 40 CFR 261.24 Table 1 0.008 mg/L 0.0005 mg/L 0.00003 mg/L 

Heptachlor epoxide 1024-57-3 0.008 mg/L 40 CFR 261.24 Table 1 0.008 mg/L 0.0005 mg/L 0.00004 mg/L 
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SAP Worksheet #15—Reference Limits and Evaluation Table (continued) 

Analyte CAS Number Project Action 
Limit 

Project Action Limit 
Reference 

Project 
Quantitation 
Limit Goal 

GCAL 

Quantitation Limit Method Detection 
Limit 

Methoxychlor 72-43-5 10 mg/L 40 CFR 261.24 Table 1 10 mg/L 0.025 mg/L 0.00005 mg/L 

Toxaphene 8001-35-2 0.5 mg/L 40 CFR 261.24 Table 1 0.5 mg/L 0.25 mg/L 0.00050 mg/L 

2,4-Dichlorophenoxyacetic acid 94-75-7 10 mg/L 40 CFR 261.24 Table 1 10 mg/L 0.005 mg/L 0.00005 mg/L 

2,4,5-TP (Silvex) 93-72-1 1 mg/L 40 CFR 261.24 Table 1 1 mg/L 0.005 mg/L 0.00006 mg/L 

Arsenic 7440-38-2 5 mg/L 40 CFR 261.24 Table 1 5 mg/L 0.2 mg/L 0.0038 mg/L 

Barium 7440-39-3 100 mg/L 40 CFR 261.24 Table 1 100 mg/L 1.0 mg/L 0.00052 mg/L 

Cadmium 7440-43-9 1 mg/L 40 CFR 261.24 Table 1 1 mg/L 0.01 mg/L 0.00017 mg/L 

Chromium (total) 7440-47-3 5 mg/L 40 CFR 261.24 Table 1 5 mg/L 0.05 mg/L 0.00030 mg/L 

Lead 7439-92-1 5 mg/L 40 CFR 261.24 Table 1 5 mg/L 0.1 mg/L 0.0027 mg/L 

Mercury 7439-97-6 0.2 mg/L 40 CFR 261.24 Table 1 0.2 mg/L 0.002 mg/L 0.000066 mg/L 

Selenium 7782492 1 mg/L 40 CFR 261.24 Table 1 1 mg/L 0.1 mg/L 0.0045 mg/L 

Silver 7440224 5 mg/L 40 CFR 261.24 Table 1 5 mg/L 0.05 mg/L 0.00062 mg/L 

Aroclor-1016 12674-11-2 NA NA NA 0.01 mg/L 0.00020 mg/L 

Aroclor-1221  11104-28-2 NA NA NA 0.01 mg/L 0.00024 mg/L 

Aroclor-1232 11141-16-5 NA NA NA 0.01 mg/L 0.00038 mg/L 

Aroclor-1242 53469-21-9 NA NA NA 0.01 mg/L 0.00040 mg/L 

Aroclor-1248 12672-29-6 NA NA NA 0.01 mg/L 0.00026 mg/L 

Aroclor-1254 11097-69-1 NA NA NA 0.01 mg/L 0.00040 mg/L 

Aroclor-1260  11096-82-5 NA NA NA 0.01 mg/L 0.00009 mg/L 
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SAP Worksheet #16—Project Schedule 

Sampling Event Start Date End Date 

SWMU 54 Benzene  

Installation of 6 Monitoring Wells August 2009 August 2009 

Phase I Baseline Characterization Event September 2009 September 2009 

Aquifer Slug Testing October 2009 October 2009 

Installation of 10 Monitoring Wells November 2009 December 2009 

Phase II Baseline Characterization Event December 2009 January 2010 

Installation of 13 Monitoring Wells February 2010 March 2010 

Phase III Baseline Characterization Event and Installation of 1 AS Well April 2010 April 2010 

AS pilot-Scale Test May 2010 May 2010 

Phase IV Baseline Characterization Event October 2010 October 2010 

SWMU 54 TCE  

Installation of 9 Monitoring Wells  July 2009  July 2009 

Phase I Baseline Characterization Event August 2009 August 2009 

Aquifer Slug Testing and Installation of 1 Injection Well October 2009 October 2009 

Installation of 4 Monitoring Wells November 2009 November 2009 

Phase II Baseline Characterization Event December 2009 January 2010 

ISB Pilot-Scale Test December 2009 February 2010 

30-Day Post-Injection Performance Monitoring February 2010 February 2010 

90-Day Post-Injection Performance Monitoring April 2010  April 2010 

1st Quarter Post-Injection Performance Monitoring  August 2010 August 2010 

2nd Quarter Post-Injection Performance Monitoring November 2010 November 2010 

3rd Quarter Post-Injection Performance Monitoring February 2011 February 2011 

4th Quarter Post-Injection Performance Monitoring May 2011 May 2011 

SWMU 55  

Phase I Baseline Characterization Event July 2009 July 2009 

Installation of 4 Injection Wells September 2009 October 2009 

Aquifer Slug Testing  October 2009 October 2009 

Phase II Baseline Characterization Event November 2009 November 2009 

ISCO Pilot-Scale Test December 2009 December 2009 

Phase III Baseline Characterization Event February 2010 February 2010 

Installation of 4 Monitoring Wells April 2010 April 2010 
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SAP Worksheet #16—Project Schedule (continued) 

Sampling Event Start Date End Date 

Phase IV Baseline Characterization Event April 2010 April 2010 

1st Quarter Post-Injection Performance Monitoring January 2010 January 2010 

2nd Quarter Post-Injection Performance Monitoring  April 2010 April 2010 

3rd Quarter Post-Injection Performance Monitoring  August 2010 August 2010 

Phase V Baseline Characterization Event October 2010 October 2010 
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SAP Worksheet #17—Sampling Design and Rationale 

SWMU 54  
The SWMU 54 TCE pilot test will include installation of monitoring wells, baseline sampling, 
installation of carbon substrate injection wells, substrate injection, and performance monitoring.  

The SWMU 54 benzene pilot-scale test will include installation of monitoring wells, baseline 
sampling, installation of an AS well, and AS. For the above corrective measure approaches, the 
rationale for the matrices to be sampled, the number of samples per matrix, the analytical groups, 
and the concentration levels are discussed in Worksheets #10, 11, 14, and 15. Sample location 
figures are provided in Appendix A.  

SWMU 55  
The ISCO pilot test at SWMU 55 will include a baseline site characterization sampling event, a 
preliminary injection test, installation of injection wells, TOD study, ISCO injections, and quarterly 
monitoring.  

For the above corrective measure approaches, the rationale for the matrices to be sampled, the 
number of samples per matrix, the analytical groups, and the concentration levels are discussed in 
Worksheets #10, 11, 14, and 15. Sample location figures are provided in Appendix A.  
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table 

Sampling 
Location ID Number Matrix 

Depth 
(feet 
bgs) 

Analytical Group No. 
Samples  Sampling SOP Reference  

SWMU 54 Benzene  

54MW01 JM04-54MW01-mmddyy Groundwater 3.9 – 
13.9 

Phase I baseline site characterization 
sampling event: benzene, dissolved iron, 
sulfate, sulfide, TOC, nitrate, COD, and 
alkalinity  
Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW02 JM04-54MW02-mmddyy Groundwater 4.8 – 
14.8 

Phase I baseline site characterization 
sampling event: benzene, dissolved iron, 
sulfate, sulfide, TOC, nitrate, COD, and 
alkalinity  
Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW02 JM04-54MW02-mmddyy Soil  10.5 – 
11 and 
13.5 - 
14 

Benzene 2 See Worksheet #14 

54MW03 JM04-54MW03-mmddyy Groundwater 4.5-14.5 Phase I baseline site characterization 
sampling event: benzene, dissolved iron, 
sulfate, sulfide, TOC, nitrate, COD, and 
alkalinity  
Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW03 JM04-54MW03-mmddyy Soil  10.5 – 
11 and 
13 – 
13.5 

Benzene 2 See Worksheet #14 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

54MW04 JM04-54MW04-mmddyy Groundwater 6.3 – 
21.3 

Phase I baseline site characterization 
sampling event: benzene, dissolved iron, 
sulfate, sulfide, TOC, nitrate, COD, and 
alkalinity  
Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW05 JM04-54MW05-mmddyy Groundwater 6.3 – 
21.3 

Phase I baseline site characterization 
sampling event: benzene, dissolved iron, 
sulfate, sulfide, TOC, nitrate, COD, and 
alkalinity  
Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW06 JM04-54MW06-mmddyy Groundwater  5.0 – 
15.0 

Phase I baseline site characterization 
sampling event: benzene, dissolved iron, 
sulfate, sulfide, TOC, nitrate, COD, and 
alkalinity  
Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

510DW1 JM04-510DW1-mmddyy Groundwater 19.6 – 
24.6 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

510DW2 JM04-510DW2-mmddyy Groundwater 39.2 – 
44.2 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

510MW1 JM04-510MW1-mmddyy Groundwater 3.2 – 
13.2 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

510MW2 JM04-510MW2-mmddyy Groundwater 3.2 – 
18.2 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

510MW3 JM04-510MW3-mmddyy Groundwater 4.9 – 
14.9 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

510MW4 JM04-510MW4-mmddyy Groundwater 4.8 – 
14.8 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW19 JM04-54MW19-mmddyy Groundwater 15.3 – 
25.3 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW20 JM04-54MW20-mmddyy Groundwater 4.9 – 
14.9 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW21 JM04-54MW21-mmddyy Groundwater 15.5 – 
25.5 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW22 JM04-54MW22-mmddyy Groundwater 5.1 – 
15.1 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW23 JM04-54MW23-mmddyy Groundwater 15.2 – 
25.2 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW24 JM04-54MW24-mmddyy Groundwater 5.2 – 
15.2 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW25 JM04-54MW25-mmddyy Groundwater 15.5 – 
25.5 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW26 JM04-54MW26-mmddyy Groundwater 4.9 – 
14.9 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

54MW27 JM04-54MW27-mmddyy Groundwater 15.2 – 
25.2 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW28 JM04-54MW28-mmddyy Groundwater 4.8 – 
14.8 

Phase II baseline site characterization 
sampling event: VOCs 

1 for each 
sampling 
event 

See Appendix B 

54MW29 JM04-54MW29-mmddyy Groundwater 25.3 – 
40.3 

Phase III baseline site characterization 
sampling event: benzene only 

1 for each 
sampling 
event 

See Appendix B 

54MW30 JM04-54MW30-mmddyy Groundwater 14.4 – 
24.4 

Phase III baseline site characterization 
sampling event: benzene only 

1 for each 
sampling 
event 

See Appendix B 

54MW31 JM04-54MW31-mmddyy Groundwater 25.1 – 
40.1 

Phase III baseline site characterization 
sampling event: benzene only 

1 for each 
sampling 
event 

See Appendix B 

54MW32 JM04-54MW32-mmddyy Groundwater 14.1 – 
24.1 

Phase III baseline site characterization 
sampling event: benzene only 

1 for each 
sampling 
event 

See Appendix B 

54MW33 JM04-54MW33-mmddyy Groundwater 25.3 – 
40.3 

Phase III baseline site characterization 
sampling event: benzene only 

1 for each 
sampling 
event 

See Appendix B 

54MW34 JM04-54MW34-mmddyy Groundwater 5.1 – 
15.1 

Phase III baseline site characterization 
sampling event: benzene only 

1 for each 
sampling 
event 

See Appendix B 

54MW35 JM04-54MW35-mmddyy Groundwater 25.3 – 
40.3 

Phase III baseline site characterization 
sampling event: benzene only 

1 for each 
sampling 
event 

See Appendix B 

54MW36 JM04-54MW36-mmddyy Groundwater 15.1 – 
25.1 

Phase III baseline site characterization 
sampling event: benzene only 

1 for each 
sampling 
event 

See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

54MW37 JM04-54MW37-mmddyy Groundwater 25.2 – 
40.2 

Phase III baseline site characterization 
sampling event: benzene only 
 

1 for each 
sampling 
event 

See Appendix B 

54MW38 JM04-54MW38-mmddyy Groundwater 14.9 – 
24.9 

Phase III baseline site characterization 
sampling event: benzene only 
 

1 for each 
sampling 
event 

See Appendix B 

54MW39 JM04-54MW39-mmddyy Groundwater 14.8 – 
24.8 

Phase III baseline site characterization 
sampling event: benzene only 
 

1 for each 
sampling 
event 

See Appendix B 

54MW40 JM04-54MW40-mmddyy Groundwater 4.8 – 
14.8 

Phase III baseline site characterization 
sampling event: benzene only 
 

1 for each 
sampling 
event 

See Appendix B 

54MW41 JM04-54MW41-mmddyy Groundwater 15.0 – 
25.0 

Phase III baseline site characterization 
sampling event: benzene only 
 

1 for each 
sampling 
event 

See Appendix B 

54MW42 JM04-54MW42-mmddyy Groundwater 5.0 – 
15.0 

Phase IV baseline site characterization 
sampling event: benzene only 
 

1 for each 
sampling 
event 

See Appendix B 

54MW43 JM04-54MW43-mmddyy Groundwater 5.0 – 
15.0 

Phase IV baseline site characterization 
sampling event: benzene only 
 

1 for each 
sampling 
event 

See Appendix B 

54MW44 JM04-54MW44-mmddyy Groundwater 15.0 – 
25.0 

Phase IV baseline site characterization 
sampling event: benzene only 
 

1 for each 
sampling 
event 

See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

SWMU 54 TCE  

54MW07 JM04-54MW07-mmddyy Groundwater 17.7 – 
27.7 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, dehaloccoides ethennogenes (DHE), 
and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW08 JM04-54MW08-mmddyy Groundwater 16.8 – 
26.8 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, DHE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW09 JM04-54MW09-mmddyy Groundwater 18.4 – 
28.4 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, DHE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW10 JM04-54MW10-mmddyy Groundwater 17.7 – 
27.7 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, DHE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW11 JM04-54MW11-mmddyy Groundwater 17.6 – 
27.6 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, DHE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW12 JM04-54MW12-mmddyy Groundwater 17.8 – 
27.8 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, DHE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

54MW13 JM04-54MW13-mmddyy Groundwater 19.9 – 
29.9 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, DHE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW14 JM04-54MW14-mmddyy Groundwater 17.6 – 
27.6 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, DHE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

510MW5R JM04-510MW5R-mmddyy Groundwater 17.7 – 
27.7 

Phase I baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, DHE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW15 JM04-54MW15-mmddyy Groundwater 17.2 – 
27.2 

Phase II baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW16 JM04-54MW16-mmddyy Groundwater 17.1 – 
27.1 

Phase II baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW17 JM04-54MW17-mmddyy Groundwater 17.4 – 
27.4 

Phase II baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 

54MW18 JM04-54MW18-mmddyy Groundwater 17.2 – 
27.2 

Phase II baseline site characterization and 
performance monitoring sampling events: 
TCE, DCE, vinyl chloride, dissolved iron, 
dissolved manganese, sulfate, sulfide, TOC, 
MEE, and alkalinity 

1 for each 
sampling 
event 

See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

54IW01  JM04-54IW01-mmddyy  Groundwater 17.3 – 
27.3 

Phase II baseline site characterization 
sampling events: TCE, DCE, vinyl chloride, 
dissolved iron, dissolved manganese, 
sulfate, sulfide, TOC, MEE, DHE, and 
alkalinity 

1 See Appendix B 

54IW02 JM04-54IW02-mmddyy Groundwater 16.9 – 
26.9 

Phase II baseline site characterization 
sampling events: TCE, DCE, vinyl chloride, 
dissolved iron, dissolved manganese, 
sulfate, sulfide, TOC, MEE, DHE, and 
alkalinity 

1 See Appendix B 

54IW03 JM04-54IW03-mmddyy Groundwater 17.2 - 
27.2 

Phase II baseline site characterization 
sampling events: TCE, DCE, vinyl chloride, 
dissolved iron, dissolved manganese, 
sulfate, sulfide, TOC, MEE, DHE, and 
alkalinity 

1 See Appendix B 

54IW04 JM04-54IW04-mmddyy Groundwater 17.3 – 
27.3 

Phase II baseline site characterization 
sampling events: TCE, DCE, vinyl chloride, 
dissolved iron, dissolved manganese, 
sulfate, sulfide, TOC, MEE, DHE, and 
alkalinity 

1 See Appendix B 

54IW05 JM04-54IW05-mmddyy Groundwater 17.4 – 
27.4 

Phase II baseline site characterization 
sampling events: TCE, DCE, vinyl chloride, 
dissolved iron, dissolved manganese, 
sulfate, sulfide, TOC, MEE, DHE, and 
alkalinity 

1 See Appendix B 

SWMU 54 Benzene and TCE Waste Characterization 

NA JM04-54AQW-mmddyy Aqueous 
Waste 

NA RCRA compounds (see Worksheet #15 for 
specific compounds), reactivity (sulfide and 
cyanide), ignitability, and corrosivity as pH  

1 See Worksheet #14 

NA JM04-54SLW-mmddyy Soil Waste NA Toxicity compounds (see Worksheet #15 for 
specific compounds), reactivity (sulfide and 
cyanide), ignitability, and corrosivity as pH  

1 See Worksheet #14 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

SWMU 55 

7MW7 JM04-7MW7-mmddyy Groundwater 10.5 – 
25.5 

Phase I baseline characterization event and 
performance monitoring sampling events: TCE  

1 See Appendix B 

7MW10 JM04-7MW10-mmddyy Groundwater 1.8 – 
11.8 

Phase I baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B  

7MW21 JM04-7MW21-mmddyy Groundwater 9.5 – 
19.5 

Phase I baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

7MW22 JM04-7MW22-mmddyy Groundwater 11.9 – 
21.9 

Phase I baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

7MW23 JM04-7MW23-mmddyy Groundwater 8.5 – 
18.5 

Phase I baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

7MW24 JM04-7MW24-mmddyy Groundwater 12.0 – 
22.0 

Phase I baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW01 JM04-55MW01-mmddyy Groundwater 24.6 – 
39.6 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B  

55MW02 JM04-55MW02-mmddyy Groundwater 9.1 – 
24.1 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW03 JM04-55MW03-mmddyy Groundwater 24.2 – 
39.2 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW04 JM04-55MW04-mmddyy Groundwater 10.1 – 
25.1 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW05 JM04-55MW05-mmddyy Groundwater 25.4 – 
40.4 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B  

55MW06 JM04-55MW06-mmddyy Groundwater 10.0 – 
25.0 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW07 JM04-55MW07-mmddyy Groundwater 25.2 – 
40.2 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

55MW08 JM04-55MW08-mmddyy Groundwater 10.1 – 
25.1 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW09 JM04-55MW09-mmddyy Groundwater 25.1 – 
40.1 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW10 JM04-55MW10-mmddyy Groundwater 8.2 – 
23.2 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55IW01 JM04-55IW01-mmddyy Groundwater 10.5 – 
25.5 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B  

55IW02 JM04-55IW02-mmddyy Groundwater 25.1 – 
40.1 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55IW03 JM04-55IW03-mmddyy Groundwater 15.7 – 
30.7 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55IW04 JM04-55IW04-mmddyy Groundwater 24.9 – 
39.9 

Phase II baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55IW01 JM04-55IW01-
decomposed-mmddyy 

Soil NA TOD  1 See Worksheet #14 

55IW01 JM04-55IW01-lithified-
mmddyy 

Soil NA TOD  1 See Worksheet #14 

55IW04 JM04-55IW4decomposed-
mmddyy 

Soil NA TOD  1 See Worksheet #14 

55IW04 JM04-55IW4lithified-
mmddyy 

Soil NA TOD  1 See Worksheet #14 

55MW11 JM04-55MW11-mmddyy Groundwater 24.3 – 
39.3 

Phase III baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B  

55MW12 JM04-55MW12-mmddyy Groundwater 15.1 – 
30.1 

Phase III baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW13 JM04-55MW13-mmddyy Groundwater 15.4 – 
25.4 

Phase IV baseline characterization event: TCE 1 See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

55MW14 JM04-55MW14-mmddyy Groundwater 25.4 – 
40.4 

Phase III baseline characterization event and 
performance monitoring sampling events: TCE 

1 See Appendix B 

55MW15 JM04-55MW15-mmddyy Groundwater 40.3 – 
55.3 

Phase III baseline characterization event: TCE 1 See Appendix B  

55MW16 JM04-55MW16-mmddyy Groundwater 15.1 – 
30.1 

Phase III baseline characterization event: TCE 1 See Appendix B 

55MW17 JM04-55MW17-mmddyy Groundwater 7.3 – 
22.3 

Phase III baseline characterization event: TCE 1 See Appendix B 

55MW18 JM04-55MW18-mmddyy Groundwater 49.0 – 
59.0 

Phase III baseline characterization event: TCE 1 See Appendix B 

55MW19 JM04-55MW19-mmddyy Groundwater 49.3 – 
59.3 

Phase III baseline characterization event: TCE 1 See Appendix B 

55MW20 JM04-55MW20-mmddyy Groundwater 14.3 – 
29.3 

Phase III baseline characterization event: TCE 1 See Appendix B 

55MW21 JM04-55MW21-mmddyy Groundwater 25.4 – 
40.4 

Phase IV baseline characterization event: TCE 1 See Appendix B 

55MW22 JM04-55MW22-mmddyy Groundwater 52.7 – 
67.7 

Phase IV baseline characterization event: TCE 1 See Appendix B 

55MW23 JM04-55MW23-mmddyy Groundwater 28.7 – 
43.7 

Phase IV baseline characterization event: TCE 1 See Appendix B 

55MW24 JM04-55MW24-mmddyy Groundwater 10.0-
25.0 

Phase V baseline characterization event: TCE 1 See Appendix B 

55MW25 JM04-55MW25-mmddyy Groundwater 10.0-
25.0 

Phase V baseline characterization event: TCE 1 See Appendix B 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sampling 
Location 

 
ID Number Matrix Depth 

(feet) Analytical Group No. 
Samples  Sampling SOP Reference  

SWMU 55 Waste Characterization 

NA JM04-55AQW-mmddyy Aqueous 
Waste 

NA RCRA compounds (see Worksheet #15 for 
specific compounds), reactivity (sulfide and 
cyanide), ignitability, and corrosivity as pH  

1 See Worksheet #14 

NA JM04-55SLW-mmddyy Soil Waste NA Toxicity compounds (see Worksheet #15 for 
specific compounds), reactivity (sulfide and 
cyanide), ignitability, and corrosivity as pH  

1 See Worksheet #14 



AMENDED FINAL SAMPLING AND ANALYSIS PLAN 
JANUARY 2011 

PAGE 93 
 

 

SAP Worksheet #19—Analytical SOP Requirements Table  

Matrix Analytical Group Analytical and Preparation 
Method/SOP Reference Container Sample 

Volume 
Preservation 

Requirements 
Maximum Holding 

Time 

Groundwater VOCs SW-846 5030B, 8260B/ 
GCMSV-003 

(3) 40-mL glass 40 mL pH less than 2 with HCl, 
Cool to 4°C 

14 days 

Groundwater Dissolved Metals SW-846 3010A, 6010B/ 
MET-005, MET-010 

(1) 250-mL 
plastic 

50 mL Field filter, Cool to 4°C, 
pH less than 2 with HNO3 

180 days 

Groundwater Sulfate, Nitrate EPA 300.0/WL-042 (1) 250-mL 
plastic 

50 mL Cool to 4°C 28 days for sulfate; 
48 hours for nitrate 

Groundwater Sulfide SM 4500 S D/WL-033 (1) 1-L plastic 500 mL Cool to 4°C, pH greater 
than 9 with NaOH and Zn 
Acetate 

7 days 

Groundwater TOC SM 5310B/WL-043 (2) 40-mL glass 5 mL pH less than 2 with HCl, 
Cool to 4°C 

28 days 

Groundwater MEE RSK-175/GC-024 (2) 40-mL glass 40 mL Cool to 4°C 14 days 

Groundwater Alkalinity SM 2320B/WL-063 (1) 250-mL 
plastic 

50 mL Cool to 4°C 14 days 

Groundwater COD HACH 8000/WL-021 (1) 50-mL glass 2 mL pH less than 2 with 
H2SO4, Cool to 4°C 

28 days 

Groundwater Dehalococcoides 
Ethenogenes 

q-PCR/MI SOP-q-PCR Bio-Flo Filter 
with 1-L volume 
passed through 
it or 1-L plastic 

1,000 mL Cool to 4oC 24 hours 

Soil VOCs – Benzene only SW-846 5035, 8260B/ 
GCMSV-003 

(3) 40-mL glass 
plus 2-oz jar 

5 grams Cool to 4oC, methanol 
and DI water 

48 hours to preserve/ 
14 days analysis 

Aqueous VOCs – RCRA compounds 
(see Worksheet #15 for 
specific compounds). 

SW-846 5030B, 8260B/ 
GCMSV-003 

(3) 40-mL glass 40 mL pH less than 2 with HCl, 
Cool to 4°C 

14 days 

Aqueous SVOCs – RCRA 
compounds (see 
Worksheet #15 for specific 
compounds). 

SW-846 3510C,8270C/ 
EXT-003, GCMSSV-001 

(2) 1-L WMG 1,000 mL Cool to 4oC 7 days extract/ 
40 days analysis 



AMENDED FINAL SAMPLING AND ANALYSIS PLAN 
JANUARY 2011  
PAGE 94 

 

SAP Worksheet #19—Analytical SOP Requirements Table (continued)  

Matrix Analytical Group Analytical and Preparation 
Method/SOP Reference Container Sample 

Volume 
Preservation 

Requirements 
Maximum Holding 

Time 

Aqueous Pesticides – RCRA 
compounds (see 
Worksheet #15 for specific 
compounds). 

SW-846 3510C, 8081B/ 
EXT-010, GC-013 

(2) 1-L WMG 1,000 mL Cool to 4oC 7 days extract/ 
40 days analysis 

Aqueous Herbicides – RCRA 
compounds (see 
Worksheet #15 for specific 
compounds). 

SW-846 3535A, 8151A/ 
EXT-017, GC-011 

(2) 1-L WMG 1,000 mL Cool to 4oC 7 days extract/ 
40 days analysis 

Aqueous Metals – RCRA compounds 
(see Worksheet #15 for 
specific compounds). 

SW-846 3010A, 6010B, 
7470A/MET-005, MET-010, 
MET-006, MET-008 

(1) 250-mL 
plastic 

50 mL Cool to 4°C, pH less than 
2 with HNO3 

180 days except Hg; 
28 days for mercury 

Aqueous PCBs – RCRA compounds 
(see Worksheet #15 for 
specific compounds). 

SW-846 3510C, 8082A/ 
EXT-010, GC-023 

(2) 1-L WMG  
1,000 mL 

Cool to 4oC 7 days extract/ 
40 days analysis 

Aqueous Ignitability SW-846 1010A/WL-060 (1) 8-oz glass 50 mL Cool to 4oC As soon as possible 
(ASAP) 

Aqueous Corrosivity SW-846 9040B/EXT-033 (1) 2-oz glass 50 mL Cool to 4oC ASAP 

Aqueous Reactive Cyanide and 
Sulfide 

SW-846 7.3.3.2, 7.3.4.2/ 
WL-054 

(1) 8-oz glass 10 mL Cool to 4oC ASAP 

Solid/Soil TCLP – VOC SW-846 1311, 5030B, 
8260B/EXT-026, GCMSV-
003 

(1) 4-oz glass 25 grams Cool 4°C 14 days to TCLP 
extract/14 days 
analysis 

Solid/Soil TCLP – Semivolatile 
Organic Compounds 

SW-846 1311, 3510C, 
8270C/EXT-026, EXT-003, 
GCMSSV-001 

(1) 8-oz glass 100 grams Cool 4°C 14 days TCLP 
extract/7 to prep 
extract/40 days 
analysis 

Solid/Soil TCLP – Organochlorine 
Pesticides 

SW-846 1311, 3510C, 
8081B/EXT-026, EXT-010, 
GC-013 

(1) 8-oz glass 100 grams Cool 4°C 14 days TCLP extract 
/7 to prep extract /40 
days analysis 

Solid/Soil TCLP – Herbicides SW-846 1311, 3535A, 
8151A/EXT-026, EXT-017, 
GC-011 

(1) 8-oz glass 100 grams Cool 4°C 14 days TCLP extract 
/7 to prep extract /40 
days analysis 
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SAP Worksheet #19—Analytical SOP Requirements Table (continued)  

Matrix Analytical Group Analytical and Preparation 
Method/SOP Reference Container Sample 

Volume 
Preservation 

Requirements 
Maximum Holding 

Time 

Solid/Soil TCLP- Metals SW-846 1311, 3010A, 
6010B, 7470A/EXT-026, 
MET-005, MET-010, MET-
006, MET-008 

(1) 8-oz glass 100 grams Cool 4°C 180/180 daysg; Hg 
28/28 daysh

 

Solid/Soil PCBs SW-846 3550C, 8082A/ 
EXT-002, GC-023 

(1) 8-oz glass 30 grams Cool 4°C 14 days extract/14 
days analysis 

Solid/Soil Corrosivity SW-846 9045C/EXT-032 (1) 8-oz glass 20 grams Cool 4°C Immediate 

Solid/Soil Ignitability SW-846 1010A/WL-060 (1) 8-oz glass 100 grams Cool 4°C Immediate 

Solid/Soil Reactive Cyanide and 
Sulfide 

SW-846 7.3.3.2, 7.3.4.2/ 
WL-054 

(1) 8-oz glass 10 grams Cool 4°C Immediate 
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SAP Worksheet #20—Field Quality Control Sample Summary Table 

Matrix Analytical Group No. of Samples to 
be Collected  

No. of 
Field 

Duplicates 

No. of 
MS/MSDs 

No. of Field 
Blanks 

No. of 
Equipment 

Blanks 

No. of VOC 
Trip Blanks 

No. of 
Proficiency 

Testing 
Samples 

Total 
No. of 

Samples 
to Lab 

SWMU 55 

Water VOCs– 
Trichloroethene only 

Phases I through V 
baseline event = 
35 samples  

6 5 8 (1 for each 
day of 
sample 
shipment) 

4 (1 per day per 
decontaminated 
equipment)  

8 (1 for each 
day of 
sample 
shipment) 

0 66 

Performance 
Monitoring = 69 
(23 samples x 
3 events) 

9 6 15 (1 for 
each day of 
sample 
shipment) 

15 (1 per day 
per 
decontaminated 
equipment) 

15 (1 for 
each day of 
sample 
shipment) 

0 129 

SWMU 54 TCE Plume 

Water VOCs – Limited List: 
Trichlorobenzene, cis-
1,2-Dichlorobenzene 
and Vinyl Chloride 

Phases I and II 
baseline event = 
18 samples 

2 2 2 (1 for each 
day of 
sample 
shipment) 

3 (1 per day per 
decontaminated 
equipment)  

2 (1 for each 
day of 
sample 
shipment) 

0 29 

Performance 
Monitoring = 
78 samples 
(13 samples x 
6 events) 

12 6 18 (1 for 
each day of 
sample 
shipment) 

18 (1 per day 
per 
decontaminated 
equipment) 

18 (1 for 
each day of 
sample 
shipment) 

0 150 

Water Dissolved Metals-Iron 
and Manganese only 

Phases I and II 
baseline event = 
18 samples 

2 2 2 (1 for each 
day of 
sample 
shipment) 

3 (1 per day per 
decontaminated 
equipment)  

2 (1 for each 
day of 
sample 
shipment) 

0 29 

Performance 
Monitoring = 
78 samples 
(13 samples x 
6 events) 
 

12 6 18 (1 for 
each day of 
sample 
shipment) 

18 (1 per day 
per 
decontaminated 
equipment) 

18 (1 for 
each day of 
sample 
shipment) 

0 150 



AMENDED FINAL SAMPLING AND ANALYSIS PLAN 
JANUARY 2011  
PAGE 98 

 

SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group No. of Samples to 
be Collected  

No. of 
Field 

Duplicates 
No. of 

MS/MSDs 
No. of Field 

Blanks 

No. of 
Equipment 

Blanks 
No. of VOC 
Trip Blanks 

No. of 
Proficiency 

Testing 
Samples 

Total No. 
of 

Samples 
to Lab 

Water Sulfate Phases I and II 
baseline event = 
18 samples 

2 2 2 (1 for each 
day of 
sample 
shipment) 

3 (1 per day per 
decontaminated 
equipment)  

2 (1 for each 
day of 
sample 
shipment) 

0 29 

Performance 
Monitoring = 
78 samples 
(13 samples x 
6 events) 

12 6 18 (1 for 
each day of 
sample 
shipment) 

18 (1 per day 
per 
decontaminated 
equipment) 

18 (1 for 
each day of 
sample 
shipment) 

0 150 

Water Sulfide Phases I and II 
baseline event = 
18 samples 

2 2 2 (1 for each 
day of 
sample 
shipment) 

3 (1 per day per 
decontaminated 
equipment)  

2 (1 for each 
day of 
sample 
shipment) 

0 29 

Performance 
Monitoring = 
78 samples 
(13 samples x 
6 events) 

12 6 18 (1 for 
each day of 
sample 
shipment) 

18 (1 per day 
per 
decontaminated 
equipment) 

18 (1 for 
each day of 
sample 
shipment) 

0 150 

Water TOC Phases I and II 
baseline event = 
18 samples 

2 2 2 (1 for each 
day of 
sample 
shipment) 

3 (1 per day per 
decontaminated 
equipment)  

2 (1 for each 
day of 
sample 
shipment) 

0 29 

Performance 
Monitoring = 
78 samples 
(13 samples x 
6 events) 

12 6 18 (1 for 
each day of 
sample 
shipment) 

18 (1 per day 
per 
decontaminated 
equipment) 

18 (1 for 
each day of 
sample 
shipment) 

0 150 
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SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group No. of Samples to 
be Collected  

No. of 
Field 

Duplicates 
No. of 

MS/MSDs 
No. of Field 

Blanks 

No. of 
Equipment 

Blanks 
No. of VOC 
Trip Blanks 

No. of 
Proficiency 

Testing 
Samples 

Total No. 
of 

Samples 
to Lab 

Water MEE Phases I and II 
baseline event = 
18 samples 

2 2 2 (1 for each 
day of 
sample 
shipment) 

3 (1 per day per 
decontaminated 
equipment)  

2 (1 for each 
day of 
sample 
shipment) 

0 29 

Performance 
Monitoring = 
78 samples 
(13 samples x 
6 events) 

12 6 18 (1 for 
each day of 
sample 
shipment) 

18 (1 per day 
per 
decontaminated 
equipment) 

18 (1 for 
each day of 
sample 
shipment) 

0 150 

Water Alkalinity Performance 
Monitoring = 
52 samples 

8 4 12 (1 for 
each day of 
sample 
shipment) 

12 (1 per day 
per 
decontaminated 
equipment) 

12 (1 for 
each day of 
sample 
shipment)  

0 100 

Water Dehalococcoides 
ethenogenes 

12 (3 samples x 
4 events) 

0 NA 0 0 NA 0 12 

SWMU 54 Benzene Plume 

Water VOCs – Benzene only Phases I, III, and 
IV baseline event = 
22 samples  

4 3 6 (1 for each 
day of 
sample 
shipment) 

6 (1 per day per 
decontaminated 
equipment) 

6 (1 for each 
day of 
sample 
shipment) 

0 47 

Water VOCs Phase II baseline 
event = 22 
samples 

3 2 5 (1 for each 
day of 
sample 
shipment) 

5 (1 per day per 
decontaminated 
equipment) 

5 (1 for each 
day of 
sample 
shipment) 

0 42 

Water TCE  Phase III baseline 
event = 3 samples 

1 1 1 (1 for each 
day of 
sample 
shipment) 

1 (1 per day per 
decontaminated 
equipment) 

1 (1 for each 
day of 
sample 
shipment) 

0 8 
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SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group No. of Samples to 
be Collected  

No. of 
Field 

Duplicates 
No. of 

MS/MSDs 
No. of Field 

Blanks 

No. of 
Equipment 

Blanks 
No. of VOC 
Trip Blanks 

No. of 
Proficiency 

Testing 
Samples 

Total No. 
of 

Samples 
to Lab 

Water COD Phase I baseline 
sampling = 
6 samples  

1 1 2 (1 for each 
day of 
sample 
shipment) 

2 (1 per day per 
decontaminated 
equipment) 

2 (1 for each 
day of 
sample 
shipment) 

0 14 

Water Dissolved Iron Phase I baseline 
sampling = 
6 samples  

1 1 2 (1 for each 
day of 
sample 
shipment) 

2 (1 per day per 
decontaminated 
equipment) 

2 (1 for each 
day of 
sample 
shipment) 

0 14 

Water Sulfate Phase I baseline 
sampling = 
6 samples  

1 1 2 (1 for each 
day of 
sample 
shipment) 

2 (1 per day per 
decontaminated 
equipment) 

2 (1 for each 
day of 
sample 
shipment) 

0 14 

Water Sulfide Phase I baseline 
sampling = 
6 samples  

1 1 2 (1 for each 
day of 
sample 
shipment) 

2 (1 per day per 
decontaminated 
equipment) 

2 (1 for each 
day of 
sample 
shipment) 

0 14 

Water TOC Phase I baseline 
sampling = 
6 samples  

1 1 2 (1 for each 
day of 
sample 
shipment) 

2 (1 per day per 
decontaminated 
equipment) 

2 (1 for each 
day of 
sample 
shipment) 

0 14 

Water Nitrate Phase I baseline 
sampling = 
6 samples  

1 1 2 (1 for each 
day of 
sample 
shipment) 

2 (1 per day per 
decontaminated 
equipment) 

2 (1 for each 
day of 
sample 
shipment) 

0 14 

Water Alkalinity Phase I baseline 
sampling = 
6 samples  

1 1 2 (1 for each 
day of 
sample 
shipment) 

2 (1 per day per 
decontaminated 
equipment) 

2 (1 for each 
day of 
sample 
shipment) 

0 14 

Soil VOCs – Benzene only 4 (2 sample near 
MW02; 2 sample 
near MW03) 

1 1 2 (1 for each 
day of 
sample 
shipment) 

2 (1per day per 
decontaminated 
equipment) 

2 (1 for each 
day of 
sample 
shipment) 

0 12 
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SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group No. of Samples to 
be Collected  

No. of 
Field 

Duplicates 
No. of 

MS/MSDs 
No. of Field 

Blanks 

No. of 
Equipment 

Blanks 
No. of VOC 
Trip Blanks 

No. of 
Proficiency 

Testing 
Samples 

Total No. 
of 

Samples 
to Lab 

SWMUs 54 and 55 

Aqueous VOCs – RCRA 
compounds (see 
Worksheet #15 for 
specific compounds). 

7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Aqueous SVOCs – RCRA 
compounds (see 
Worksheet #15 for 
specific compounds). 

7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Aqueous Pesticides – RCRA 
compounds (see 
Worksheet #15 for 
specific compounds). 

7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Aqueous Herbicides – RCRA 
compounds (see 
Worksheet #15 for 
specific compounds). 

7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Aqueous Metals – RCRA 
compounds (see 
Worksheet #15 for 
specific compounds). 

7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Aqueous PCBs – RCRA 
compounds (see 
Worksheet #15 for 
specific compounds). 

7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Aqueous Ignitability 7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 
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SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group No. of Samples to 
be Collected  

No. of 
Field 

Duplicates 
No. of 

MS/MSDs 
No. of Field 

Blanks 

No. of 
Equipment 

Blanks 
No. of VOC 
Trip Blanks 

No. of 
Proficiency 

Testing 
Samples 

Total No. 
of 

Samples 
to Lab 

Aqueous Corrosivity 7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Aqueous Reactive Cyanide 7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Aqueous Reactive Sulfide 7 (3 sample for 
SWMU 54; 
4 sample for 
SWMU 55) 

0 0 0 0 NA 0 7 

Solid TCLP – Volatile 
Organic Compounds 

6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 

Solid TCLP – Semivolatile 
Organic Compounds 

6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 

Solid TCLP – 
Organochlorine 
Pesticides 

6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 

Solid TCLP – Herbicides 6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 

Solid TCLP – Metals 6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 
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SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group No. of Samples to 
be Collected  

No. of 
Field 

Duplicates 
No. of 

MS/MSDs 
No. of Field 

Blanks 

No. of 
Equipment 

Blanks 
No. of VOC 
Trip Blanks 

No. of 
Proficiency 

Testing 
Samples 

Total No. 
of 

Samples 
to Lab 

Solid PCBs 6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 

Solid Corrosivity 6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 

Solid Ignitability 6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 

Solid Reactive Cyanide and 
Sulfide 

6 (4 sample for 
SWMU 54; 
2 sample for 
SWMU 55) 

0 0 0 0 NA 0 6 
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SAP Worksheet #21—Project Sampling SOP Reference Table 

Reference Number Title, Revision Date, 
and/or Number 

Originating 
Organization of 
Sampling SOP 

Equipment 
Type 

Modified for 
Project 

Work? (Y/N) 
Comments 

Appendix B for SOP Monitoring Well Installation  AGVIQ-
CH2M HILL Drill rig  N 

Survey of monitoring wells will be 
conducted as indicated on Worksheet 
#14. 

Appendix B for SOP Injection Well Installation  AGVIQ-
CH2M HILL Drill rig N 

Survey of injection wells will be 
conducted as indicated on Worksheet 
#14. 

See Worksheet #18 for 
groundwater sampling 
locations and Appendix B for 
SOPs 

Groundwater Sampling  AGVIQ-
CH2M HILL  

Groundwater 
sampling pumps 
and tubing 

N  

See Worksheet #18 for soil 
sampling locations and 
Appendix B for SOPs 

Soil Sampling AGVIQ-
CH2M HILL  Drill rig  N  

See Worksheet #18 for all soil 
sampling locations and 
Worksheet #14 for sampling 
procedures. 

Soil Waste Characterization AGVIQ-
CH2M HILL  None N  

See Worksheet #18 for all soil 
sampling locations and 
Worksheet #14 for sampling 
procedures. 

Aqueous Waste 
Characterization 

AGVIQ-
CH2M HILL  None N  

See Appendix B for SOPs Decontamination of Drilling 
Rigs and Equipment 

AGVIQ-
CH2M HILL  

Pressure 
washer N  

See Appendix B for SOPs Decontamination of 
Personnel and Equipment  

AGVIQ-
CH2M HILL  

Decontaminate 
equipment  N  
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SAP Worksheet #22—Field Equipment Calibration, Maintenance, Testing, and Inspection Table 

Field Equipment Calibration 
Activity 

Maintenance 
Frequency 

Testing/Inspection 
Activity 

Frequency Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person 

YSI multi-meter Calibrate probe 
using multiple 
Calibration 
Standard 
Solutions. 

Calibrate 
mechanical and 
electronic parts, 
verify system 
continuity, check 
battery, and clean 
probes. 
Calibration check. 

Visual Inspection Daily before 
use, at the end 
of the day, and 
when unstable 
readings occur 

Stable readings 
after 3 minutes 
pH read 4.0 +/- 
3% 
conductivity reads 
4.49 +/- 3% 

Clean probe with 
deionized water 
and calibrate 
again. Do not use 
this instrument if 
unable to calibrate 
properly. 

FTL 

HACH LDO meter  No calibration 
required. 

Recharge battery 
daily.  

Visual Inspection  NA NA NA FTL 

PID Calibrate using 
ambient air and 
isobutylene 
100-ppm 
calibration gas. 

Recharge battery 
daily. 

Visual Inspection Daily, before 
use 

Ambient air reads 
0.0 ppm  
+/- 3% 
Isobutylene gas 
reads 100 ppm  
+/- 3% 

Follow instructions 
in manual to clean 
sensor. Do not 
use this 
instrument if 
unable to calibrate 
properly. 

FTL 

FID Calibrate using 
ambient air and 
isobutylene 
100-ppm 
calibration gas. 

Recharge battery 
daily. 

Visual Inspection Daily, before 
use 

Methane gas 
reads 100 ppm  
+/- 3% 

Follow instructions 
in manual to clean 
sensor. Do not 
use this 
instrument if 
unable to calibrate 
properly. 

FTL 

Groundwater 
sampling pumps 
and tubing 

No calibration 
required. An 
absorbance 
testing standard 
will be purchased 
from the 
manufacturer and 
used daily to 
ensure instrument 
is functioning 
properly. 

NA Inspect pumps, 
tubing and 
air/sample line 
quick-connects 

Regularly  Maintained in 
good working 
order per 
manufacturer’s 
recommendations 

Replace items. FTL 
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SAP Worksheet #22—Field Equipment Calibration, Maintenance, Testing, and Inspection Table (continued) 

Field Equipment Calibration 
Activity 

Maintenance 
Frequency 

Testing/Inspection 
Activity 

Frequency Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person 

Colorimeter  No calibration 
required.  

Replace batteries 
when needed.  

Visual Inspection NA Potassium 
permanganate 
solution must be 
less than 62.4 
mg/L 

If solution is 
greater than 62.4 
mg/L, then 
solution will need 
to be diluted and 
reanalyzed.  

FTL 
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SAP Worksheet #23—Analytical SOP References Table 

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) 

GCMSV-003 SOPs for the Analysis 
of Volatile Mass Spec 
Samples Method 
8260B, Revision 16 

Definitive Groundwater, Soil, 
Soil TCLP Extract/ 
Liquid Waste 
Characterization 

Agilent 6890 or 7890 
GC with a 5973 or 
5975 Mass 
Spectrometer 

GCAL N 

MET-010 SOP for Analysis of 
Samples by ICP, 
Revision 16 

Definitive Groundwater Perkin Elmer 
5300DV or 4300DV 
ICP 

GCAL N 

WL-042 SOP for IC, Revision 12 Definitive Groundwater Dionex Series 500i 
Ion Chromatograph 

GCAL N 

WL-033 SOP for Sulfide, 
Revision 5 

Definitive Groundwater HACH 2800 
Spectrophotometer 

GCAL N 

WL-043 SOP for TOC, Revision 
7 

Definitive Groundwater Shimadzu TOC-5050 GCAL N 

GC-024 SOP for the Analysis of 
Dissolved Gas in 
Groundwater, 
Revision 5 

Definitive Groundwater HP 5890 Series II 
GC 

GCAL N 

WL-063 SOP for Automated 
Analysis of Alkalinity, 
Revision 5 

Definitive Groundwater Mettler Toledo DL53 
Autotitrator 

GCAL N 

WL-021 SOP for COD, 
Revision 8 

Definitive Groundwater HACH 2800 
Spectrophotometer 
 

GCAL N 

MI SOP-qPCR Quantitative Polymerse 
Chain Reaction (qPCR) 
revision date 5/22/09 
 

Definitive Groundwater ABI 7300 Microbial Insights, 
Inc. 

N 
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SAP Worksheet #23—Analytical SOP References Table (continued) 

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) 

EXT-026 
 

SOP for Toxicity 
Characteristic Leaching 
Procedure – Method 
1311, Revision 7 

Definitive Soil TCLP Extract NA GCAL 
 

N 

EXT-003 SOP for 
Base/Neutral/Acid 
Sample Extraction 
Using Separatory 
Funnel, Revision 15 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

NA GCAL 
 

N 

GCMSSV-001 SOP for the Analysis of 
Semi-volatile Mass 
Spec Samples for 
8270C, Revision 14 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

Agilent/5973-689ON 
or 5975-6890N 
GC/MS 

GCAL 
 

N 

EXT-010 SOP for Preparation of 
Pesticide/PCB Sample 
Extraction Using 
Separatory Funnel, 
Revision 12 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

NA GCAL 
 

N 

GC-013 SOP for Pesticides – 
Method 8081B, 
Revision 12 
 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

Agilent 6890N 
GC/ECD 

GCAL 
 

N 

EXT-017 SOP for Preparation of 
Aqueous Samples for 
Herbicides, Revision 19 

Definitive 
 
 

Soil TCLP Extract/ 
Liquid Waste 
Characterization 

NA 
 

GCAL 
 

N 
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SAP Worksheet #23—Analytical SOP References Table (continued) 

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) 

GC-011 SOP for Chlorinated 
Herbicides 8151A, 
Revision 7 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

Agilent 6890N 
GC/ECD 

GCAL 
 

N 

MET-005 SOP for ICP Water 
Preparation, Revision 
12 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

NA GCAL 
 

N 

MET-010 SOP for Analysis of 
Samples by ICP, 
Revision 16 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

Perkin Elmer 
5300DV or 4300DV 
ICP 

GCAL 
 

N 

MET-006 SOP for Sample 
Preparation – Mercury, 
Revision 17 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

NA GCAL 
 

N 

MET-008 SOP for Mercury 
Analysis, Revision 14 

Definitive Soil TCLP Extract/ 
Liquid Waste 
Characterization 

Perkin Elmer FIMS 
400 Mercury 
Analyzer 

GCAL 
 

N 

EXT-002 SOP for Preparation of 
Pesticide/PCB Low 
Level Soil/Sediment 
Samples, Revision 13 

Definitive Soil Waste 
Characterization 

NA GCAL 
 

N 

GC-023 SOP for PCB – Method 
8082A, Revision 8 

Definitive Soil Waste 
Characterization/ 
Liquid Waste 
Characterization 
 

Agilent 6890N 
GC/ECD 

GCAL 
 

N 

EXT-032 SOP for Determining 
pH in Solid or Waste 
Samples, Revision 8 

Definitive Soil Waste 
Characterization 

Orion SA720 pH 
Meter 

GCAL 
 

N 
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SAP Worksheet #23—Analytical SOP References Table (continued) 

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) 

EXT-033 SOP for Determining 
pH in Water Samples, 
Revision 7 

Definitive Liquid Waste 
Characterization 

Orion SA720 pH 
Meter 

GCAL 
 

N 

WL-060 SOP for Flashpoint – 
Automated, Revision 3 

Definitive Soil Waste 
Characterization/ 
Liquid Waste 
Characterization 

Herzog MP-330-
Automated Pensky 
Marten Closed Cup 
Flashpoint Tester 

GCAL 
 

N 

WL-054 SOP for Reactive 
Cyanide and Reactive 
Sulfide, Revision 7 

Definitive Soil Waste 
Characterization/ 
Liquid Waste 
Characterization 

NA GCAL 
 

N 

SAD-001 SOP for Log-In, 
Revision 13 

NA Groundwater/Soil/ 
Soil Waste 
Characterization/ 
Liquid Waste 
Characterization 

NA GCAL 
 

N 

GEN-009 SOP for Waste 
Collection, Storage, 
and Disposal, 
Revision 5 

NA Groundwater/Soil/ 
Soil Waste 
Characterization/ 
Liquid Waste 
Characterization 

NA GCAL 
 

N 
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SAP Worksheet #24—Analytical Instrument Calibration Table  

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action 

Person 
Responsible 

for CA 

SOP 
Reference 

GCMS – VOCs  
 
 
 
 
 
 
 

Initial Calibration 
(ICAL) – Minimum 
five-point calibration 
for all analytes 

Initial calibration 
prior to sample 
analysis 

Relative standard 
deviation (RSD) less 
than or equal to 30 for 
RFs of the CCCs; 
Average %RSD less than 
or equal to 15% for all 
compounds 

Repeat calibration if criterion 
is not met. 

Analyst, 
Supervisor 

GCAL SOP 
GCMSV-003 

Second source 
calibration 
verification 

Once after each 
initial calibration 

All analytes within ± 25% 
of expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

Calibration 
verification (CV) 

CV daily, before 
sample analysis, 
and every 12 hours 
of analysis time 

CCCs less than or equal 
to 20%D 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

GCMS 
Semivolatiles 

ICAL – Minimum 
five-point calibration 
for all analytes 

Initial calibration 
prior to sample 
analysis 

RSD less than or equal 
to 30 for RFs of the 
CCCs; Average %RSD 
less than or equal to 15% 
for all compounds 

Repeat calibration if criterion 
is not met. 

Analyst, 
Supervisor 

GCAL SOP 
GCMSSV-001 

Second source 
calibration 
verification 

Once after each 
initial calibration 

All analytes within ± 25% 
of expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

CV CV daily, before 
sample analysis, 
and every 12 hours 
of analysis time 

CCCs less than or equal 
to 20%D 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

Pesticides/PCBs 
Herbicides 
GC/ECD 

ICAL – Minimum 
five-point calibration 
for all analytes 

Initial calibration 
prior to sample 
analysis 

RSD less than or equal 
to 20% for all compounds 
or linear or quadratic 
calibration correlation 
coefficient greater than 
0.990 

Repeat calibration if criterion 
is not met. 

Analyst, 
Supervisor 

GCAL SOP  
GC-013 
GC-023 
GC-011 

Second source 
calibration 
verification 

Once after each 
initial calibration 

All analytes within ± 15% 
of expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

CCV CCV after every 10 
samples and at the 
end of the 
analytical 
sequence 

%D or Drift less than 
20% for all analytes 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

RSK-175 
GC FID 

ICAL – Minimum 
five-point calibration 
for all analytes 

Initial calibration 
prior to sample 
analysis 

RSD less than or equal 
to 25% for all compounds 
or linear or quadratic 
calibration correlation 
coefficient greater than 
0.990 

Repeat calibration if criterion 
is not met. 

Analyst, 
Supervisor 

GCAL SOP 
GC-024 

Second source 
calibration 
verification 

Once after each 
initial calibration 

All analytes within ± 25% 
of expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

CV CV daily, before 
sample analysis, 
and every 12 hours 
of analysis time 

%D or Drift less than 
20% for all analytes 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

ICP – Metals  ICAL – Minimum 
one standard and a 
calibration blank 

Daily initial 
calibration prior to 
sample analysis 

No acceptance criteria 
for blank and one 
standard 

Recalibrate and/or perform 
necessary equipment 
maintenance.  

Analyst, 
Supervisor 

GCAL SOP 
MET-010 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

ICP – Metals  
 
 
 
 
 
 
 

Initial calibration 
verification (ICV) 

Once after each 
initial calibration 

All analytes within ± 10% 
of expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 
 

Analyst, 
Supervisor 

GCAL SOP 
MET-010 

CCV CCV after every 10 
samples and at the 
end of the 
analytical 
sequence 

All analytes within ± 10% 
of expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

IC – Anions  ICAL – Minimum 
three standards and 
a calibration blank 
 

Initial calibration 
prior to sample 
analysis 

Correlation coefficient 
less than or equal to 
0.995 for linear 
regression 

Recalibrate and/or perform 
necessary equipment 
maintenance.  

Analyst, 
Supervisor 

GCAL SOP 
WL-042 

ICV Once after each 
initial calibration 

All analytes within ± 10% 
of expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 
 

Analyst, 
Supervisor 

CCV CCV after every 10 
samples and at the 
end of the 
analytical 
sequence 

All analytes within ± 10% 
of expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

COD, Sulfide –  
HACH 2800 
Spectrophotometer 

ICAL – Minimum 
three standards and 
a calibration blank 

Initial calibration 
prior to sample 
analysis 

Correlation coefficient 
greater than or equal to 
0.995 for linear 
regression 

Recalibrate and/or perform 
necessary equipment 
maintenance. 

Analyst, 
Supervisor 

GCAL SOP  
WL-033 

ICV Once after each 
initial calibration 

Analyte within ± 10% of 
expected value 

Repeat initial calibration.  Analyst, 
Supervisor 

CCV CCV after every 10 
samples and at the 
end of the 
analytical 
sequence 

Analyte within ± 10% of 
expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

TOC – 
Shimadzu TOC 
5050 Analyzer 

ICAL – Minimum 
three standards and 
a calibration blank 
for TC and IC 

Initial calibration 
prior to sample 
analysis 

Correlation coefficient 
greater than or equal to 
0.995 for linear 
regression for TC and IC 

Recalibrate and/or perform 
necessary equipment 
maintenance. 

Analyst, 
Supervisor 

GCAL SOP  
WL-043 

ICV for TC and IC Once after each 
initial calibration 

Analyte within ± 10% of 
expected value for TC 
and IC 

Repeat initial calibration. Analyst, 
Supervisor 

CCV CCV after every 10 
samples and at the 
end of the 
analytical 
sequence 

Analyte within ± 10% of 
expected value for TC 
and IC 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

Alkalinity –  
Mettler Toledo 
DL53 Autotitrator  

Calibration of pH 
buffers 4, 7, and 10 

Daily before use Slope is -52 to-65  Recalibrate and/or perform 
necessary equipment 
maintenance. 

Analyst, 
Supervisor 

GCAL SOP  
WL-063 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria CA 

Person 
Responsible 

for CA 

SOP 
Reference 

Corrosivity (pH) 
Orion SA720 pH 
Meter 

Calibration of pH 
buffers 4, 7, and 10 

Daily before use QC check of mid-range 
buffer must be within 
0.05 pH units of the true 
value. 

Recalibrate and/or perform 
necessary equipment 
maintenance. 

Analyst, 
Supervisor 

GCAL SOP 
EXT-032 
EXT-033 

Ignitibility – 
Closed Cup 
Flashpoint Tester 

NA NA NA NA NA GCAL SOP 
WL-066 

Reactivity 
Cyanide – Lachat 

ICAL – Minimum 
three standards and 
a calibration blank 

Initial calibration 
prior to sample 
analysis 

Correlation coefficient 
greater than or equal to 
0.995 for linear 
regression 

Repeat initial calibration. Analyst, 
Supervisor 

GCAL SOP 
WL-015 

ICV Once after each 
initial calibration 

Analyte within ± 10% of 
expected value 

Repeat initial calibration. Analyst, 
Supervisor 

CCV CCV after every 10 
samples and at the 
end of the 
analytical 
sequence 

Analyte within ± 10% of 
expected value 

Repeat initial calibration and 
reanalyze all samples 
analyzed since the last 
successful CV. 

Analyst, 
Supervisor 

Reactivity Sulfide-  
Titration (manual) 

NA NA NA NA NA GCAL SOP 
WL-051 

Dehalococcoides 
Ethenogenes- ABI 
7300 

CCV 
 

Primary – annual Standard curve 
correlation coefficient 
greater than 0.95 

Rerun assay/check reagents. Anita 
Biernacki/ 
Microbial 
Insights 

MI SOP q-PCR 

CV Secondary – every 
plate (assay) 

CT value within 2 units of 
same point on standard 
curve 

Reprocess the sample until it 
meets criteria. 

Anita 
Biernacki/ 
Microbial 
Insights 
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SAP Worksheet #25—Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table 

Instrument/Equipment Maintenance Activity Testing Activity Inspection Activity Frequency Acceptance Criteria Corrective Action Responsible 
Person(s) 

SOP 
Reference 

Gas Chromatograph / Mass 
Spectrometer (GC/MS) 

Check for leaks, replace 
gas line filters, recondition 
or replace trap, replace 
column, clean injection 
port/liner 

Volatiles  Monitor instrument performance via 
CCV 

As needed No maintenance is required as long as 
instrument QC meets DOD criteria 

Replace connections, clean source, 
replace gas line filters, replace trap, 
replace GC column, clip column, replace 
injection port liner, clean injection port, 
replace Electron Multiplier 

Analyst, 
Supervisor 

GCAL SOP 
GCMSV-003 

GCMS -  Clean Injection port and 
replace liner; clip column; 
leak check; maintain 
pumps by checking 
replacing pump oil 

Semi-volatiles  Monitor instrument performance via 
CCV DFTPP tune, breakdown and 
tailing 

Daily No maintenance is required as long as 
instrument QC meets DOD criteria 

Change column; clean source Analyst, 
Supervisor 

GCAL SOP 
GCMSSV-001 

GC ECD Clean injection port and 
replace liner; clip column; 
maintain pumps; ECD wipe 
test 

Pest/PCBs/Herb Monitor instrument performance via 
CCV Monitor DDT and Endrin 
breakdown for 8081/8082 

Daily; wipe test 
annually 

Breakdown less than 15%,calibration and 
QC criteria met 

Change column; instrument maintenance Analyst, 
Supervisor 

GCAL SOP 
GC-013, 
GC-023, 
GC-011 

GC/FID  Change septa and liner Dissolved MEE Monitor instrument performance via 
CCV 

Check septa at 
least daily; change 
liner every three 
batches 

Calibration and QC criteria met Change column; instrument maintenance Analyst, 
Supervisor 

GCAL SOP 
GC-024 

ICP - Metals Perform leak test, change 
pump tubing, change torch 
and window, clean filters 

TAL Metals  Monitor instrument performance via 
CCV and CCBlank  

As needed No maintenance is required as long as 
instrument QC meets DOD criteria 

Change pump tubing, change torch and 
window, clean filters; recalibrate and 
reanalyze affected data 

Analyst, 
Supervisor 

GCAL SOP 
MET-010 

FIMS 400 Mercury 
Analyzer 

Change pump tubing, clean 
optical cell and lenses, 
replace mercury lamp 

Mercury Check pump tubing, monitor 
absorbance of standards 

As needed QC meets DOD acceptance criteria Clean and replace parts as needed; 
recalibrate and reanalyze affected data 

Analyst, 
Supervisor 

GCAL SOP 
MET-008 

IC - Anions Prime pump, change 
column 

Sulfate and 
Nitrate  

Monitor instrument performance via 
CCV and CCBlank  

As needed No maintenance is required as long as 
instrument QC meets DOD criteria 

Change column; recalibrate and 
reanalyze affected data 

Analyst, 
Supervisor 

GCAL SOP 
WL-042 

HACH 2800 
Spectrophotometer 

Inspect cell; lamp 
maintenance 

Sulfide  Monitor instrument performance via 
CCV and CCBlank 

As needed No instrument error message Clean or replace as necessary Analyst, 
Supervisor 

GCAL SOP 
WL-033 

Shimadzu TOC 5050 
Analyzer 

Injection port; injection 
needle; catalyst 

TOC  Monitor instrument performance via 
CCV and CCBlank 

Daily with loss of 
sensitivity or lack 
of response 

QC meets DOD acceptance criteria Replace or clean as needed Analyst, 
Supervisor 

GCAL SOP 
WL043 

Mettler Toledo DL53 
Autotitrator 

Burette drive Alkalinity Calibration check performed by 
contractor 

Annual 5,000 to 1 accuracy to volume ratio Instrument maintenance Performed by 
contractor 

GCAL SOP 
WL-063 
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SAP Worksheet #25—Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table (continued) 

Instrument/Equipment Maintenance Activity Testing Activity Inspection Activity Frequency Acceptance Criteria Corrective Action Responsible 
Person(s) 

SOP 
Reference 

HACH 2800 
Spectrophotometer 

Inspect cell; lamp 
maintenance 

COD Check thermometer against NIST 
thermometer 

Quarterly No more than 2ºC correction Place correction factor on digestion block 
or replace 

QA GCAL SOP 
WL-021 

Orion SA720 pH Meter Check electrode Corrosivity (pH); 
calibration check 

Flush and refill electrode; clean 
electrode with methanol 

As needed No instrument error message Clean or replace as necessary Analyst, 
Supervisor 

GCAL SOP 
EXT-032, 
EXT-033 

Closed Cup Flashpoint 
Tester – Ignitability  

Hood flow; torch 
temperature 

Ignitability Check hood flow and temp Each day of use Air flow 140 feet/minute 
Temperature greater than 1,000ºC 

Adjust sash for air flow; adjust or replace 
torch 

Analyst, 
Supervisor 

GCAL SOP 
WL-066 

LACHAT Clean probe and 
colorimeter filters 

Reactivity 
Cyanide  
 

Leak check; tubing With loss of 
sensitivity or erratic 
response; inspect 
tubing and filters 
daily 

QC meets DOD acceptance criteria Clean and replace parts as needed Analyst, 
Supervisor 

GCAL SOP 
WL-015 

Titration NA Reactivity 
Sulfide  

NA NA NA NA NA NA 

ABI 7300 Manufacturer Maintenance 
Service Contract 

Dehalococcoides 
ethenogens 

Pure spectra calibration; region of 
interest calibration; SDS software 
update; inspection and thorough 
cleaning of instrument 
 
 
 

Twice a year As defined by ABI 7300 Sequence 
Detection System and ROI calibration 

Rerun calibration until it fits into 
specifications. 
 

Manufacturer MI SOP-qPCR 
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SAP Worksheet #26—Sample Handling System 

S ample C ollec tion, P ac kaging, and S hipment 

Sample Collection (Personnel/Organization): Andrew O’Conor/AGVIQ-CH2M HILL  

Sample Packaging (Personnel/Organization): Andrew O’ConorAGVIQ-CH2M HILL  

Coordination of Shipment (Personnel/Organization): Andrew O’Conor/AGVIQ-CH2M HILL  

Type of Shipment/Carrier: Overnight/FedEx 

S ample R ec eipt and Analys is  

Sample Receipt (Personnel/Organization): Michelle Raborn/GCAL 

Sample Custody and Storage (Personnel/Organization): Michelle Raborn/GCAL 

Sample Preparation (Personnel/Organization): John Bailey/GCAL 

Sample Determinative Analysis (Personnel/Organization): Mark Peterman/GCAL 

S ample Arc hiving 

Field Sample Storage (No. of days from sample collection): 60 days from receipt 

Sample Extract/Digestate Storage (No. of days from extraction/digestion): 60 days from receipt 

Biological Sample Storage (No. of days from sample collection): NA 

S ample Dis pos al 

Personnel/Organization: Obbie Tillotson/GCAL 

Number of Days from Analysis: 60 days from receipt 



AMENDED FINAL SAMPLING AND ANALYSIS PLAN 
JANUARY 2011  
PAGE 122 

 

This page intentionally left blank. 



AMENDED FINAL SAMPLING AND ANALYSIS PLAN 
JANUARY 2011 

PAGE 123 
 

 

SAP Worksheet #27—Sample Custody Requirements Table  

Sample Labeling 
Sample labels will include, at a minimum, client name, site, sample ID, date/time collected, analysis 
group or method, preservative, and sampler’s initials. Labels will be taped to the jar to ensure they do 
not separate. 

Field Sample Custody Procedures (Sample Collection, Packaging, Shipment, and 
Delivery to Laboratory) 
Samples will be collected by field team members under the supervision of the field team leader. As 
samples are collected, they will be placed into containers and labeled, as outlined above. Samples will 
be cushioned with packaging material and placed into coolers containing enough ice to keep the 
samples below 4°C until they are received by the laboratory. The chain-of-custody will also be placed 
into the cooler. Coolers will be shipped to the laboratory via FedEx, with the air bill number indicated 
on the chain-of-custody (to relinquish custody). Upon delivery, the laboratory will log in each cooler 
and report the status of the samples. 

Laboratory Sample Custody Procedures (Receipt of Samples, Archiving, Disposal) 
See the laboratory sample handling and disposal SOPs: GCAL SOP SAD-001 and GCAL SOP GEN 
009. 

Sample Identification Procedures 
Upon opening the cooler, the receiving clerk signs the chain-of-custody and then takes the 
temperature using the temperature blank (if absent, then a sample container or infrared thermometer 
is used). The sample containers in the cooler are unpacked and checked against the client’s chain-of-
custody and any discrepancies or breakage is noted on the chain-of-custody. Next, if any water 
samples require preservative, the clerk will check the pH values to see if they are in the acceptable pH 
range. The clerk will deliver the chain-of-custody (and any other paperwork; e.g. temperature or pH 
QA notice) to the project manager for Laboratory Information Management System (LIMS) entry and 
client contact (if needed). 

The field logbook will identify the sample ID with the location, depth, date/time collected, and the 
parameters requested. The laboratory will assign each field sample a laboratory sample ID based on 
information in the chain-of-custody. The laboratory will send sample log-in forms to the EIS to check 
sample IDs and parameters are correct. 

Chain-of-Custody Procedures 
Chains-of-custody will include, at a minimum, laboratory contact information, client contact 
information, sample information, and relinquished by/received by information. Sample information 
will include sample ID, date/time collected, number and type of containers, preservative information, 
analysis method, and comments. The chain-of-custody will also have the sampler’s name and 
signature. The chain-of-custody will link location of the sample from the field logbook to the 
laboratory receipt of the sample. The laboratory will use the sample information to populate the LIMS 
database for each sample. 
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SAP Worksheet #28—Laboratory QC Samples Table 

QC Sample: Frequency/Number Method/SOP QC Acceptance Limits Corrective Action Person(s) Responsible for 
Corrective Action 

Data Quality 
Indicator (DQI) Measurement Performance Criteria 

Matrix: Groundwater, Soil 
Analytical Group: VOCs 
Analytical Method/SOP Reference: SW-846 8260B/GCAL SOP GCMSV-003 

Internal standards 
verification 

In all field samples and 
standards; four internal 
standards per sample. 

Retention time ± 30 seconds from retention 
time of the midpoint standard in the ICAL. 
 
EICP area within –50% to +100% of ICAL 
midpoint standard. 

Inspect mass spectrometer and GC for malfunctions. 
Reanalyze samples with IS failures. 

Analyst, Supervisor, QA 
Manager Accuracy 

Bias 
 

Retention time ± 30 seconds from retention time of the 
midpoint standard in the ICAL. 
 
EICP area within –50% to +100% of ICAL midpoint 
standard. 

Method blank One per batch No analytes detected greater than ½ the RL. 
For common laboratory contaminants, no 
analytes detected greater than RL. 

Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL. For 
common laboratory contaminants, no analytes detected 
greater than the RL. 

Laboratory Control 
Sample (LCS) 

One per batch QC acceptance criteria as specified Appendix 
DOD-D of the DOD QSM Version 3.0 

Correct problem; reanalyze all samples in the associated 
batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

QC acceptance criteria as specified Appendix DOD-D 
of the DOD QSM Version 3 

MS One per batch per matrix Same criteria as LCS Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Same criteria as LCS 

MSD One per batch per matrix RPD less than or equal to 30% Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

RPD less than or equal to 30% 

Surrogate spike In all field and QC samples; 
four surrogates per sample 
for waters, two surrogates per 
sample for soils. 

QC acceptance criteria as specified Appendix 
DOD-D of the DOD QSM Version 3.0 

Correct problem; reanalyze all failed samples for failed 
surrogates if sufficient sample is available. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

QC acceptance criteria as specified Appendix DOD-D 
of the DOD QSM Version 3 

Matrix: Groundwater 
Analytical Group: Metals 
Analytical Method/SOP Reference: SW-846 6010 B/GCAL SOP MET-010 

Method blank One per preparatory batch No analytes detected greater than ½ the RL. 
For common laboratory contaminants, no 
analytes detected greater than RL. 

Correct problem; reprep and reanalyze any sample 
associated with a blank that fails criteria, except when the 
sample analysis resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL. For 
common laboratory contaminants, no analytes detected 
greater than the RL. 

LCS One per preparatory batch QC acceptance criteria as specified Appendix 
DOD-D of the DOD QSM Version 3.0 

Correct problem; reprep and reanalyze all samples in the 
associated batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

QC acceptance criteria as specified Appendix DOD-D 
of the DOD QSM Version 3 

Dilution test Each preparatory batch or 
when a new or unusual matrix 
is encountered 

Five-fold dilution must agree within ± 10% of 
the original determination. 

Perform post-digestion spike (PDS) addition Analyst, Supervisor, QA 
Manager 

Accuracy/Bias, 
Precision 

Five-fold dilution must agree within ± 10% of the 
original determination. 

Post-digestion spike 
(PDS) addition 

When dilution test fails or 
analyte concentration in all 
samples is less than 50 times 
the MDL 

Recovery within 75-125% of expected result. Flag data. Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Recovery within 75-125% of expected result. 
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SAP Worksheet #28—Laboratory QC Samples Table (continued) 

QC Sample: Frequency/Number Method/SOP QC Acceptance Limits Corrective Action Person(s) Responsible for 
Corrective Action DQI Measurement Performance Criteria 

MS One per preparatory batch 
per matrix 

Same criteria as LCS Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Same criteria as LCS 

MSD or sample 
duplicate 

One per preparatory batch 
per matrix 

RPD less than or equal to 20% Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

RPD less than 20% 

Matrix: Groundwater 
Analytical Group: Anions 
Analytical Method/SOP Reference: EPA 300.0/GCAL SOP WL-042 

Method blank One per batch of 20 or fewer 
samples 

No analytes detected greater than ½ the RL. 
For common laboratory contaminants, no 
analytes detected greater than RL. 

Correct problem; reprep and reanalyze any sample 
associated with a blank that fails criteria, except when the 
sample analysis resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL. For 
common laboratory contaminants, no analytes detected 
greater than the RL. 

LCS One per batch of 20 or fewer 
samples 

QC acceptance criteria as specified Appendix 
DOD-D of the DOD QSM Version 3.0 

Correct problem; reprep and reanalyze all samples in the 
associated batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

QC acceptance criteria as specified Appendix DOD-D 
of the DOD QSM Version 3 

MS One per batch of 20 or fewer 
samples 

Same criteria as LCS Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Same criteria as LCS 

MSD One per batch of 20 or fewer 
samples 

RPD less than or equal to 20% Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

RPD less than or equal to 20% 

Sample duplicate One per every 10 samples %D less than or equal to 10% Correct problem and reanalyze sample and duplicate. Analyst, Supervisor, QA 
Manager 

Precision %D less than or equal to 10% 

Matrix: Groundwater 
Analytical Group: Sulfide 
Analytical Method/SOP Reference: SM 4500 S D/GCAL SOP WL-033 

Method blank One per batch of 20 or fewer 
samples 

No analytes detected greater than ½ the RL.  Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL.  

LCS One per batch of 20 or fewer 
samples 

Recovery 80-120% Correct problem; reanalyze any sample associated with an 
LCS that fails criteria. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Recovery 80-120% 

MS One per batch of 20 or fewer 
samples 

Recovery 75-125% Report data with a narrative stating the sample is affected by 
a matrix interference. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Recovery 75-125% 

Sample duplicate One per batch of 20 or fewer 
samples 

RPD less than or equal to 25% for 
concentrations greater than 5 times the RL 

Correct problem and reanalyze sample and duplicate. Analyst, Supervisor, QA 
Manager 

Precision RPD less than or equal to 25% for concentrations 
greater than 5 times the RL 

Matrix: Groundwater 
Analytical Group: TOC 
Analytical Method/SOP Reference: SM 5310B/GCAL SOP WL-043 
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SAP Worksheet #28—Laboratory QC Samples Table (continued) 

QC Sample: Frequency/Number Method/SOP QC Acceptance Limits Corrective Action Person(s) Responsible for 
Corrective Action DQI Measurement Performance Criteria 

Method blank One per batch of 20 or fewer 
samples 

No analytes detected greater than ½ the RL.  Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL.  

LCS One per batch of 20 or fewer 
samples 

Recovery 80-120% Correct problem; reanalyze any sample associated with an 
LCS that fails criteria. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Recovery 80-120% 

MS One per batch of 10 or fewer 
samples 

Recovery 75-125% Report data with a narrative stating the sample is affected by 
a matrix interference. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Recovery 75-125% 

Sample duplicate One per batch of 20 or fewer 
samples 

RPD less than or equal to 25% for 
concentrations greater than 5 times the RL 

Correct problem and reanalyze sample and duplicate. Analyst, Supervisor, QA 
Manager 

Precision RPD less than or equal to 25% for concentrations 
greater than 5 times the RL 

Matrix: Groundwater 
Analytical Group: COD 
Analytical Method/SOP Reference: HACH 8000/GCAL SOP WL-021 

Method blank One per batch of 20 or fewer 
samples 

No analytes detected greater than ½ the RL.  Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL.  

LCS One per batch of 20 or fewer 
samples 

Recovery 80-120% Correct problem; reanalyze any sample associated with an 
LCS that fails criteria. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Recovery 80-120% 

MS One per batch of 20 or fewer 
samples 

Recovery 75-125% Report data with a narrative stating the sample is affected by 
a matrix interference. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Recovery 75-125% 

Sample duplicate One per batch of 20 or fewer 
samples 

RPD less than or equal to 25% for 
concentrations greater than 5 times the RL 

Correct problem and reanalyze sample and duplicate. Analyst, Supervisor, QA 
Manager 

Precision RPD less than or equal to 25% for concentrations 
greater than 5 times the RL 

Matrix: Groundwater 
Analytical Group: Alkalinity 
Analytical Method/SOP Reference: SM 2320B/GCAL SOP WL-063 

LCS One per batch of 20 or fewer 
samples 

Recovery 90-110% Correct problem; reanalyze any sample associated with an 
LCS that fails criteria. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Recovery 90-110% 

Sample duplicate One per batch of 20 or fewer 
samples 

RPD less than or equal to 10% for 
concentrations greater than 5 times the RL 

Correct problem and reanalyze sample and duplicate. Analyst, Supervisor, QA 
Manager 

Precision RPD less than or equal to 10% for concentrations 
greater than 5 times the RL 

Matrix: Groundwater 
Analytical Group: MEE 
Analytical Method/SOP Reference: RSK-175/GCAL SOP GC-024 

Method blank One per batch No analytes detected greater than the RL. Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than the RL. 
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SAP Worksheet #28—Laboratory QC Samples Table (continued) 

QC Sample: Frequency/Number Method/SOP QC Acceptance Limits Corrective Action Person(s) Responsible for 
Corrective Action DQI Measurement Performance Criteria 

LCS One per batch Recovery 30-170% Correct problem; reanalyze all samples in the associated 
batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Recovery 30-170% 

MS One per batch per matrix Same criteria as LCS Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Same criteria as LCS. 

MSD  One per batch per matrix RPD less than or equal to 20% Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

RPD less than or equal to 20% 

Surrogate spike In all field and QC samples Surrogate Recovery 40-160% Correct problem; reanalyze all failed samples for failed 
surrogates if sufficient sample is available. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Surrogate Recovery 40-160% 

Matrix: Groundwater 
Analytical Group: Microbiological 
Analytical Method/SOP Reference: qPCR/MI SOP qPCR 

Positive control 
1 per analytical assay plate 
 

CT value within 2 units of same point on 
standard curve 
 

Rerun assay/check reagents. 
 

Anita Biernacki 
Bias 
Contamination 

CT value within 2 units of same point on standard 
curve. 
 

Negative control 
1 per analytical assay plate 
 

values for positive samples are set above any 
fluorescence for the negative control 
 

Rerun assay; may have to reoptimize assay. 
 

Anita Biernacki 
Bias 
Contamination 

Values for positive samples are set above any 
fluorescence for the negative control. 

Matrix: Aqueous Waste/Solid Waste 
Analytical Group: Total (Aq.)/TCLP (SW) VOCs – RCRA Compounds Only 
Analytical Method/SOP Reference: SW-846 8260B/GCAL SOP GCMSV-003 

Internal standards 
verification 

In all field samples and 
standards; four internal 
standards per sample. 

Retention time ± 30 seconds from retention 
time of the midpoint standard in the ICAL 
 
EICP area within –50% to +100% of ICAL 
midpoint standard. 

Inspect mass spectrometer and GC for malfunctions. 
Reanalyze samples with IS failures. 

Analyst, Supervisor, QA 
Manager Accuracy 

Bias 
 

Retention time ± 30 seconds from retention time of the 
midpoint standard in the ICAL. 
 
EICP area within –50% to +100% of ICAL midpoint 
standard. 

Method blank One per batch No analytes detected greater than ½ the RL. 
For common laboratory contaminants, no 
analytes detected greater than the RL. 

Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL. For 
common laboratory contaminants, no analytes detected 
greater than the RL. 

LCS One per batch Laboratory limits. Correct problem; reanalyze all samples in the associated 
batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits 

MS One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Laboratory limits 

MSD One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

Laboratory limits 
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SAP Worksheet #28—Laboratory QC Samples Table (continued) 

QC Sample: Frequency/Number Method/SOP QC Acceptance Limits Corrective Action Person(s) Responsible for 
Corrective Action DQI Measurement Performance Criteria 

Surrogate spike In all field and QC samples; 
four surrogates per sample. 

Laboratory limits. Correct problem; reanalyze all failed samples for failed 
surrogates if sufficient sample is available. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits 

Matrix: Aqueous Waste/Solid Waste 
Analytical Group: Total (Aq.)/TCLP (SW) SVOCs – RCRA Compounds Only 
Analytical Method/SOP Reference: SW-846 8270C/GCAL SOP GCMSSV-001 

Internal standards 
verification 

In all field samples and 
standards; six internal 
standards per sample. 

Retention time ± 30 seconds from retention 
time of the midpoint standard in the ICAL 
 
EICP area within –50% to +100% of ICAL 
midpoint standard. 

Inspect mass spectrometer and GC for malfunctions. 
Reanalyze samples with IS failures. 

Analyst, Supervisor, QA 
Manager Accuracy 

Bias 
 

Retention time ± 30 seconds from retention time of the 
midpoint standard in the ICAL 
 
EICP area within –50% to +100% of ICAL midpoint 
standard. 

Method blank One per batch No analytes detected greater than ½ the RL. 
For common laboratory contaminants, no 
analytes detected greater than the RL. 

Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL. For 
common laboratory contaminants, no analytes detected 
greater than the RL. 

LCS One per batch Laboratory limits. Correct problem; reanalyze all samples in the associated 
batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits 

MS One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Laboratory limits 

MSD One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

Laboratory limits 

Surrogate spike In all field and QC samples; 
six surrogates per sample. 

Laboratory limits. Correct problem; reanalyze all failed samples for failed 
surrogates if sufficient sample is available. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits 

Matrix: Aqueous Waste/Solid Waste 
Analytical Group: Total (Aq.)/TCLP (SW) Pesticides/Herbicides – RCRA Compounds Only 
Analytical Method/SOP Reference: SW-846 8081B/8151A/GCAL SOP GC-013/GC-011 

Method blank One per batch No analytes detected greater than ½ the RL. 
For common laboratory contaminants, no 
analytes detected greater than the RL. 

Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL. For 
common laboratory contaminants, no analytes detected 
greater than the RL. 

LCS One per batch Laboratory limits. Correct problem; reanalyze all samples in the associated 
batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits 

MS One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Laboratory limits 

MSD One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

Laboratory limits 
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SAP Worksheet #28—Laboratory QC Samples Table (continued) 

QC Sample: Frequency/Number Method/SOP QC Acceptance Limits Corrective Action Person(s) Responsible for 
Corrective Action DQI Measurement Performance Criteria 

Surrogate spike In all field and QC samples; 
two surrogates per sample for 
pesticides and one surrogate 
per sample for herbicides. 

Laboratory limits. Correct problem; reanalyze all failed samples for failed 
surrogates if sufficient sample is available. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits 

Matrix: Aqueous Waste/Solid Waste 
Analytical Group: PCBs 
Analytical Method/SOP Reference: SW-846 8082A/GCAL SOP GC-023 

Method blank One per batch No analytes detected greater than ½ the RL. 
For common laboratory contaminants, no 
analytes detected greater than the RL. 

Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL. For 
common laboratory contaminants, no analytes detected 
greater than the RL. 

LCS One per batch Laboratory limits. Correct problem; reanalyze all samples in the associated 
batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits. 

MS One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Laboratory limits. 

MSD One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

Laboratory limits. 

Surrogate spike In all field and QC samples; 
one surrogate per sample. 

Laboratory limits. Correct problem; reanalyze all failed samples for failed 
surrogates if sufficient sample is available. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits. 

Matrix: Aqueous Waste/Solid Waste 
Analytical Group: Total (Aq.)/TCLP (SW) Metals – RCRA Compounds Only 
Analytical Method/SOP Reference: SW-846 6010B/7470A/GCAL SOP MET-010/MET-008 

Method blank One per batch No analytes detected greater than ½ the RL. 
For common laboratory contaminants, no 
analytes detected greater than the RL. 

Correct problem; reanalyze any sample associated with a 
blank that fails criteria, except when the sample analysis 
resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than ½ the RL. For 
common laboratory contaminants, no analytes detected 
greater than the RL. 

LCS One per batch Laboratory limits. Correct problem; reanalyze all samples in the associated 
batch for failed analytes. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits. 

MS One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Laboratory limits. 

MSD One per batch per matrix Laboratory limits. Contact the client to determine if additional measures are 
required. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
Precision 

Laboratory limits. 

Dilution test Each preparatory batch or 
when a new or unusual matrix 
is encountered 

Five-fold dilution must agree within ± 10% of 
the original determination 

Perform PDS addition Analyst, Supervisor, QA 
Manager 

Accuracy/Bias, 
Precision 

Five-fold dilution must agree within ± 10% of the 
original determination 
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SAP Worksheet #28—Laboratory QC Samples Table (continued) 

QC Sample: Frequency/Number Method/SOP QC Acceptance Limits Corrective Action Person(s) Responsible for 
Corrective Action DQI Measurement Performance Criteria 

PDS addition When dilution test fails or 
analyte concentration in all 
samples is less than 50 times 
the MDL 

Recovery within 75-125% of expected result. Flag data. Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 

Recovery within 75-125% of expected result. 

Matrix: Aqueous Waste/Solid Waste 
Analytical Group: Reactivity Cyanide, Sulfide 
Analytical Method/SOP Reference: SW-846 Ch.7/GCAL SOP WL-054 

Method blank One per batch of 20 or fewer 
samples 

No analytes detected greater than the RL. Correct problem; reprep and reanalyze any sample 
associated with a blank that fails criteria, except when the 
sample analysis resulted in a non-detect. 

Analyst, Supervisor, QA 
Manager 

Bias 
Contamination 

No analytes detected greater than the RL. 

LCS One per batch of 20 or fewer 
samples 

Laboratory limits. Correct problem; reanalyze any sample associated with an 
LCS that fails criteria. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

Laboratory limits. 

Sample duplicate One per batch of 20 or fewer 
samples 

RPD less than or equal to 25% for 
concentrations greater than 5 times the RL 

Correct problem and reanalyze sample and duplicate. Analyst, Supervisor, QA 
Manager 

Precision RPD less than or equal to 25% for concentrations 
greater than 5 times the RL 

Matrix: Aqueous Waste/Solid Waste 
Analytical Group: Ignitability 
Analytical Method/SOP Reference: SW-846 1010A/GCAL SOP WL-060 

 
LCS (o-Xylene) 
 

One per batch of 20 or fewer 
samples 

Flashpoint 90 ± 2oF Do not analyze samples without a daily LCS which meets 
criteria. 

Analyst, Supervisor, QA 
Manager Accuracy Flashpoint 90 ± 2oF 

Matrix: Aqueous Waste/Solid Waste 
Analytical Group: Corrosivity (pH) 
Analytical Method/SOP Reference: SW-846 9040B/9045C/GCAL SOP EXT-033/EXT-032 

 
Sample Duplicate 
 

One per batch of 20 or fewer 
samples 

RPD less than or equal to 5%  Correct problem and reanalyze sample and duplicate. Analyst, Supervisor, QA 
Manager Precision 

RPD less than or equal to 5%  

 
QC check 

Analyze a mid-range buffer 
as a QC check after 
calibration 

The determined pH must be within +/- 0.05 pH 
units 

Correct problem; recalibrate and reanalyze any sample 
associated with QC that fails criteria. 

Analyst, Supervisor, QA 
Manager 

Accuracy 
Bias 
 

The determined pH must be within +/- 0.05 pH units 
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SAP Worksheet #29—Project Documents and Records Table 

Document Where Maintained 

Field Notebooks Electronic .pdf copies in the project file. Hardcopy (bound notebook) in the project file. Archived at project 
closeouta. 

Chain-of-Custody Records Electronic .pdf copies in the project file. Hardcopy in the project file. Archived at project closeout. 

Air Bills Hardcopy in the project file. Archived at project closeout. 

Telephone Logs Hardcopy in the project file. Archived at project closeout. 

Corrective Action Forms Electronic .pdf copies in the project file. Hardcopy in the project file. Archived at project closeout. 

Electronic Field Data Deliverables Loaded in the Field Database then transferred to the SQL Data Warehouse as the final repository. 

Various field measurements Recorded in Field Notebook and stored in SQL Data Warehouse. 

All field equipment calibration information Recorded in Field Notebook. 

Pertinent telephone conversations Recorded in Field Notebook. 

Field equipment maintenance records Inspected by Field Team Leader. Not maintained. 

Sample Receipt, Custody, and Tracking Records Electronic .pdf copies in the project file. Hardcopy in the full data package and stored in SQL sample 
tracking database. 

Standard Traceability Logs Hardcopy in the full data package. Archived at project closeout. 

Equipment Calibration Logs Hardcopy in the full data package. Archived at project closeout. 

Sample Prep Logs Hardcopy in the full data package. Archived at project closeout. 

Run Logs Hardcopy in the full data package. Archived at project closeout. 

Equipment Maintenance, Testing, and Inspection Logs Hardcopy in the full data package. Archived at project closeout. 

Reported Field Sample Results Electronic .pdf copies in the project file. Hardcopy in the data package. Archived at project closeout. 

Reported Results for Standards, QC Checks, and QC 
Samples 

Hardcopy in the full data package. Archived at project closeout. 
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SAP Worksheet #29—Project Documents and Records Table (continued) 

Document Where Maintained 

Instrument Printouts (raw data) for Field Samples, 
Standards, QC Checks, and QC Samples 

Hardcopy in the full data package. Archived at project closeout. 

Data Package Completeness Checklists Hardcopy in the data validation report. Archived at project closeout. 

Sample Disposal Records Maintained by the laboratory. 

Extraction/Cleanup Records Maintained by the laboratory. 

Raw Data Hardcopy in the full data package. Archived at project closeout. Hard copies at Iron Mountain and 
DVD/CD backups onsite at AGVIQ-CH2M HILL. 

Field Sampling Audit Checklists Hardcopy in the project file. Archived at project closeout. 

Fixed Laboratory Audit Checklists If completed, hardcopy in the project file. Archived at project closeout. 

Data Validation Reports Electronic .pdf copies in the project file. Hardcopy stored with the data package. Archived at project 
closeout. Hard copies at Iron Mountain and DVD/CD backups onsite at AGVIQ-CH2M HILL. 

Electronic Data Deliverables and Electronic Login 
Deliverables 
 

EDDs are loaded into the SQL Data Warehouse as the final repository. The ELDs are loaded into the 
SQL Sample Tracking DB as the final repository. 

Notes: 
 
a Data archiving will be done in accordance with Navy requirements. AGVIQ-CH2M HILL will provide the Navy (currently Bonnie Capito) all data and reports for 
archiving. 
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SAP Worksheet #30—Analytical Services Table 

All samples will be shipped to GCAL, in Baton Rouge, Louisiana for analysis. The data package will include hardcopy data (including 
raw data), a CD-ROM containing portable document format (PDF) versions of the data package, and an electronic data deliverable. The 
data package will be due within 14 calendar days of sample receipt. 

 

Matrix Analytical 
Group 

Sample Locations/ID 
Number 

Analytical 
Method 

Data 
Package 

Turnaround 
Time 

Laboratory/Organization Backup Laboratory/ 
Organization 

Groundwater VOCs See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

SW-846 5030B, 
8260B  

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Groundwater Dissolved 
Metals 

See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

SW-846 3010A, 
6010B 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Groundwater Sulfate, 
Nitrate 

See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

EPA 300.0 14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Groundwater Sulfide See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

SM 4500 S D 14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Groundwater TOC See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

SM 5310B 14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 
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SAP Worksheet #30—Analytical Services Table (continued) 

Matrix Analytical 
Group 

Sample Locations/ID 
Number 

Analytical 
Method 

Data 
Package 

Turnaround 
Time 

Laboratory/Organization Backup Laboratory/ 
Organization 

Groundwater MEE See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

RSK-175 14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Groundwater Alkalinity See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

SM 2320B 14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Groundwater COD See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

HACH 8000 14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Groundwater Dehalococcoides 
Ethenogenes 

See Worksheet #18 and 
Figures 4, 5, and 6 for 
monitoring or injection well 
locations. 

q-PCR 14 days Microbial Insights, Inc. 
2340 Stock Creek Blvd. 
Rockford, TN 37853-3044 
Phone: (865) 573-8188 

TBD 

Soil VOCs-Benzene 
only 

See Worksheet #18. SW-846 
5035, 8260B 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 
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SAP Worksheet #30—Analytical Services Table (continued) 

Matrix Analytical 
Group 

Sample Locations/ID 
Number 

Analytical 
Method 

Data 
Package 

Turnaround 
Time 

Laboratory/Organization Backup Laboratory/ 
Organization 

Aqueous 
Waste 

VOCs – RCRA 
compounds (see 
Worksheet #15 
for specific 
compounds). 

See Worksheet #18. SW-846 
5030B, 
8260B 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Aqueous 
Waste 

SVOCs – RCRA 
compounds (see 
Worksheet #15 
for specific 
compounds). 

See Worksheet #18. SW-846 
3510C,8270
C 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Aqueous 
Waste 

Pesticides/PCBs 
– RCRA 
compounds (see 
Worksheet #15 
for specific 
compounds). 

See Worksheet #18. SW-846 
3510C, 
8081B/8082
A 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Aqueous 
Waste 

Herbicides – 
RCRA 
compounds (see 
Worksheet #15 
for specific 
compounds). 

See Worksheet #18. SW-846 
3535A, 
8151A 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Aqueous 
Waste 

Metals – RCRA 
compounds (see 
Worksheet #15 
for specific 
compounds). 

See Worksheet #18. SW-846 
3010A, 
6010B, 
7470A 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Aqueous 
Waste 

Corrosivity See Worksheet #18. SW-846 
9040B 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 
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SAP Worksheet #30—Analytical Services Table (continued) 

Matrix Analytical 
Group 

Sample Locations/ID 
Number 

Analytical 
Method 

Data 
Package 

Turnaround 
Time 

Laboratory/Organization Backup Laboratory/ 
Organization 

Aqueous 
Waste 

Ignitability See Worksheet #18. SW-846 
1010A 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Aqueous 
Waste 

Reactive 
Cyanide/Sulfide 

See Worksheet #18. SW-846 
7.3.3.2, 
7.3.4.2 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Solid Waste TCLP VOCs See Worksheet #18. SW-846 
1311, 
5030B, 
8260B 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Solid Waste TCLP SVOCs See Worksheet #18. SW-846 
1311, 
3510C, 
8270C 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Solid Waste TCLP Pesticides See Worksheet #18. SW-846 
1311, 
3510C, 
8081B 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Solid Waste TCLP Herbicides See Worksheet #18. SW-846 
1311, 
3535A, 
8151A 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 
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SAP Worksheet #30—Analytical Services Table (continued) 

Matrix Analytical 
Group 

Sample Locations/ID 
Number 

Analytical 
Method 

Data 
Package 

Turnaround 
Time 

Laboratory/Organization Backup Laboratory/ 
Organization 

Solid Waste TCLP Metals See Worksheet #18. SW-846 
1311, 
3010A, 
6010B, 
7470A 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Solid Waste Total PCBs See Worksheet #18. SW-846 
3550C, 
8082A 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Solid Waste Corrosivity See Worksheet #18. SW-846 
9045C 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Solid Waste Ignitability See Worksheet #18. SW-846 
1010A 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 

Solid Waste Reactive 
Cyanide/Sulfide 

See Worksheet #18. SW-846 
7.3.3.2, 
7.3.4.2 

14 days GCAL 
7979 GSRI Ave. 
Baton Rouge, LA 70820 
Contact: Shelley Bourgeois 
Phone: 225-769-4900 

TBD 
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SAP Worksheet #31—Planned Project Assessments Table 

Assessment 
Type Frequency 

Internal 
or 

External 

Organization 
Performing 
Assessment 

Person(s) 
Responsible 

for Performing 
Assessment  

 

Person(s) 
Responsible for 
Responding to 

Assessment 
Findings 

 

Person(s) 
Responsible for 
Identifying and 

Implementing CA 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of 

CA  
 

Field 
Performance 
Audit 

One during sampling activities Internal AGVIQ-
CH2M HILL  

Alicia Nobles, 
QC Manager 
AGVIQ-
CH2M HILL  

Project Field 
Team 
AGVIQ-
CH2M HILL  

Tom Beisel, PM 
AGVIQ-
CH2M HILL  

Theresa Rojas, 
Program QA/QC 
Manager 
AGVIQ-
CH2M HILL  

Safe Work 
Observation 

One per week during field 
activities 

Internal AGVIQ-
CH2M HILL  

Andrew 
O’Conor, SSC 
AGVIQ-
CH2M HILL  

Project Field 
Team 
AGVIQ-
CH2M HILL  

Mike Goldman, 
H&S Officer 
AGVIQ-
CH2M HILL  

Andrew O’Conor, 
SSC 
AGVIQ-
CH2M HILL  

Offsite 
Laboratory 
Technical 
Systems Audit 

Laboratory must have current 
Naval Facilities Engineering 
Service Center (NFESC) 
evaluation letter which will 
identify the period of 
performance. The laboratory 
must be re-evaluated prior to 
expiration of period of 
performance 

External U.S. Navy 
NFESC 

Theresa Rojas, 
Program QA/QC 
Manager 
AGVIQ-
CH2M HILL  

Karen Koenreich, 
Laboratory RAM 
GCAL 

Karen Koenreich, 
Laboratory RAM 
GCAL 

Camden 
Robinson,  
Project Chemist 
AGVIQ-
CH2M HILL  
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SAP Worksheet #32—Assessment Findings and Corrective Action Responses 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) 
Notified of Findings  

 

Timeframe of 
Notification 

Nature of CA 
Response 

Documentation  

Individual(s) Receiving 
CA Response  

 

Timeframe for 
Response 

Field 
Performance  
Audit 

Field Performance 
Audit Checklist 

Field Team 
Tom Beisel, PM 
Theresa Rojas, 
Program QA/QC 
Manager  
AGVIQ-CH2M HILL  

Within 1 day of audit Verbal and CA 
Form 

Andrew O’Conor, FTL  
AGVIQ-CH2M HILL  

Within 1 day of 
receipt of CA 
Form 

Safe Work 
Observation 

Safe Work 
Observation Form 

Field Team 
Andrew O’Conor, 
FTL 
Tom Beisel, PM 
AGVIQ-CH2M HILL  

Immediately (person 
involved or observed 
person). Following day 
(field team). 
 
Within 1 week if worthy 
of elevation (H&S 
officer) 

On Safe Work 
Observation Form 

Andrew O’Conor, FTL, and 
individual being observed, 
and Tom Beisel, PM, and if 
elevated to Mike Goldman, 
H&S officer.  
AGVIQ-CH2M HILL  

Corrected in the 
field immediately, 
and within 1 week 
if elevated. 

Offsite 
Laboratory 
Technical 
Systems Audit 

Written Audit 
Report 

Karen Koenreich, 
Laboratory RAM 
GCAL 

Within 2 months of audit Memorandum NFESC Auditor, TBD Within 2 months 
of receipt of initial 
notification  
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SAP Worksheet #32-1—Corrective Action Form 

Person initiating CA        Date     

Description of problem and when identified:        

             

             

             

      

Cause of problem, if known or suspected:         

             

             

    

Sequence of CA: (including date implemented, action planned and personnel/data affected)  

             

             

             

             

             

             

              

CA implemented by:        Date:     
CA initially approved by:       Date:     
Follow-up date:           
Final CA approved by:       Date:     
Information copies to: 
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SAP Worksheet #32-2—Field Performance Audit Checklist  

Project Responsibilities 
 
Project No.:  Date:  
 
Project Location:  Signature:  
 

Team Members: 
 
Yes  No  1) Is the approved work plan being followed? 
   Comments:  
 
    
 
Yes  No  2) Was a briefing held for project participants? 
   Comments:  
 
    
 
 
Yes  No  3) Were additional instructions given to project participants? 
   Comments:  
 
    
 

Sample Collection: 
 
Yes  No  1) Is there a written list of sampling locations and descriptions? 
   Comments:  
 
    
 
Yes  No  2) Are samples collected as stated in the Master SOPs? 
   Comments:  
 
    
 
 
Yes  No  3) Are samples collected in the type of containers specified in the work plan? 
   Comments:  
 
    
 
 
Yes  No  4) Are samples preserved as specified in the work plan? 
   Comments:  
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Yes  No  5) Are the number, frequency, and type of samples collected as specified in 
   the work plan? 
   Comments:  
 
Yes  No  6) Are QA checks performed as specified in the work plan? 
   Comments:  
 
    
 
 
Yes  No  7) Are photographs taken and documented? 
   Comments:  
 
    
 

Document Control: 
 
Yes  No  1) Have any accountable documents been lost? 
   Comments:  
 
    
 
 
Yes  No  2) Have any accountable documents been voided? 
   Comments:  
 
    
 
 
Yes  No  3) Have any accountable documents been disposed of? 
   Comments:  
 
 
 
Yes  No  4) Are the samples identified with sample tags? 
   Comments:  
 
    
 
 
Yes  No  5) Are blank and duplicate samples properly identified? 
   Comments:  
 
    
 
 
Yes  No  6) Are samples listed on a chain-of-custody record? 
   Comments:  
 
    
 
 
Yes  No  7) Is chain-of-custody documented and maintained? 
   Comments:  
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SAP Worksheet #32-3—Safe Work Observation Form 

Project: Observer: Date: 

Position/Title of worker 
observed:  

Background 
Information/comments: 

 

Task/Observation 
Observed: 

 

 

 Identify and reinforce safe work practices/behaviors 
 Identify and improve on at-risk practices/acts 
 Identify and improve on practices, conditions, controls, and compliance that eliminate or reduce 

hazards 
 Proactive PM support facilitates eliminating/reducing hazards (do you have what you need?) 
 Positive, corrective, cooperative, collaborative feedback/recommendations 

Actions & Behaviors Safe At-
Risk Observations/Comments 

Current and accurate Pre-Task 
Planning/Briefing (Project Safety Plan, 
Safety Task Analysis Card, Activity 
Hazard Analysis, Pre-Task Safety Plan, 
tailgate briefing, etc., as needed) 

  Positive Observations/Safe Work Practices: 

Properly trained/qualified/experienced    

Tools/equipment available and adequate    

Proper use of tools   Questionable Activity/Unsafe Condition 
Observed: 

Barricades/work zone control    

Housekeeping    

Communication    

Work Approach/Habits    

Attitude    

Focus/attentiveness   Observer’s CAs/Comments: 

Pace    

Uncomfortable/unsafe position    

Inconvenient/unsafe location    

Position/Line of fire    

Apparel (hair, loose clothing, jewelry)    

Repetitive motion   Observed Worker’s CAs/Comments: 

Other…    
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SAP Worksheet #33—QA Management Reports Table 

Type of Report Frequency Projected Delivery 
Date(s) 

Person(s) Responsible 
for Report Preparation Report Recipient(s) 

Field Audit Report One during sampling 
activities 

Submitted with 
report in which data 
is analyzed and 
presented 

Tom Beisel, PM 
AGVIQ-CH2M HILL  

AGVIQ-CH2M HILL 
Regional Health, 
Safety, Environment, 
and Quality Manager, 
Included in project files 

Field Progress 
Reports (during 
construction 
activities, only) 

Daily Weekly or daily 
reporting will be 
submitted the 
following Monday 
during construction 
activities. 

Site Superintendent Reports will be included 
as an attachment to the 
Construction 
Completion Report. 
Construction 
Completion Report 
distribution will include 
the Navy and EPA 

QA Management 
Report/Technical 
Memorandum 

Once results are 
received from data 
validator 

TBD AGVIQ-CH2M HILL AGVIQ-CH2M HILL, 
EPA Region II, PREQB, 
NAVFAC SE  

 
The following will be addressed in the QA/QC section of QA Management 
Report/Technical Memorandum: 
• Summary of project QA/QC programs and trainings  
• Conformance of project activities to SAP requirements and procedures 
• Status of project and schedule delays 
• Deviations from approved SAP and approved amendments to SAP 
• Description and findings of audits 
• Results of data review activities in terms of amount of usable data generated (results of 

the Chemist’s QC check on data prior to loading into AGVIQ-CH2M HILL’s database) 
• Required corrective actions and effectiveness of corrective action implementation 
• Data usability assessments in terms of accuracy, precision, representativeness, 

completeness, comparability and sensitivity  
• Limitations on use of measurement data generated  

 
The report will also include data quality concerns: 
• Narrative and timelines of project activities summary of project quality objective (PQO) 

development  
• Reconciliation of project data with PQOs 
• Summary of major problems encountered and their resolution  
• Data summary, including tables, charts, graphs, with appropriate sample identification 

or station location numbers, concentration units, percent solids (not applicable), and 
data quality flags  

• Conclusions and recommendations 
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SAP Worksheet #34—Verification (Step I) Process Table 

Verification Input Description Internal/ 
External Responsible for Verification 

Field Notebooks Field notebooks will be reviewed internally and placed into the project file for 
archival at project closeout. 

Internal Andrew O’Conor/AGVIQ-
CH2M HILL 

Chains of Custody and 
Shipping Forms 

Chain-of-custody forms and shipping documentation will be reviewed internally 
upon their completion and verified against the packed sample coolers they 
represent. The shipper's signature on the chain-of-custody will be initialed by 
the reviewer, a copy of the chain-of-custody retained in the site file, and the 
original and remaining copies taped inside the cooler for shipment. 

Internal Andrew O’Conor/AGVIQ-
CH2M HILL 
 

Sample Condition upon 
Receipt 

Any discrepancies, missing, or broken containers will be communicated to the 
project chemist or designee in the form of laboratory logins.  

Internal Project Chemist or designee: 
Camden Robinson/AGVIQ-
CH2M HILL 

Sample Chronology Holding times from collection to extraction or analysis and from extraction to 
analysis will be considered by the data validator during the data validation 
process. 

External and 
Internal 

Third Part Data Validator: Mike 
Stewart/eDATApro 
Project Chemist: Camden 
Robinson/ 
AGVIQ-CH2M HILL 

Documentation of 
Laboratory Method 
Deviations 

Laboratory method deviations will be discussed and approved by the project 
chemist. Documentation will be incorporated into the case narrative which 
becomes part of the final hardcopy data package. 

Internal Project Chemist: Camden 
Robinson/AGVIQ-CH2M HILL 

Electronic Data 
Deliverables 

Electronic data deliverables will be compared against hardcopy laboratory 
results. 

Internal Project Data Coordinator: Kama 
White/AGVIQ-CH2M HILL  

Case Narrative Case narratives will be reviewed by the data validator during the data 
validation process. 

External and 
Internal 

Third Party Data Validator: Mike 
Stewart/eDATApro 
Project Chemist: Camden 
Robinson/AGVIQ-CH2M HILL 
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SAP Worksheet #34—Verification (Step I) Process Table (continued) 

Verification Input Description Internal/ 
External Responsible for Verification 

Laboratory Data All laboratory data packages will be verified internally by the laboratory 
performing the work for completeness and technical accuracy prior to 
submittal. 
 
All received data packages will be verified internally by the project chemist. 
10% of data packages received will be verified externally by the third party 
validator.  

Internal and 
External 

Respective Laboratory QA Officer 
 
Third Party Data Validator: Mike 
Stewart/eDATApro 
Project Chemist: Camden 
Robinson/AGVIQ-CH2M HILL 
 

Audit Reports Upon report completion, a copy of all audit reports will be placed in the site file. 
If corrective actions are required, a copy of the documented corrective action 
taken will be attached to the appropriate audit report in the QA site file. 
Periodically, and at the completion of site work, site file audit reports and 
corrective action forms will be reviewed internally to ensure that all appropriate 
corrective actions have been taken and that corrective action reports are 
attached. If corrective actions have not been taken, the site manager will be 
notified to ensure action is taken. 

Internal Project Manager: Tom Beisel/ 
AGVIQ-CH2M HILL  
QC Manager: Eric Burrell/AGVIQ-
CH2M HILL 
Program QA/QC Manager: 
Theresa Rojas/AGVIQ-
CH2M HILL  

Corrective Action Reports Corrective action reports will be reviewed by the project chemist or project 
manager and placed into the project file for archival at project closeout. 

Internal Project Chemist: Camden 
Robinson/AGVIQ-CH2M HILL  
Project Manager: Tom 
Beisel/AGVIQ-CH2M HILL 
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SAP Worksheet #35—Validation (Steps IIa and IIb) Process Table  

Step IIa/IIb Validation Input Description Responsible for Validation  

IIb Onsite Screening Ensure that all field data meet SAP requirements for completeness and 
accuracy based on the field calibration records. Andrew O’Conor/AGVIQ-CH2M HILL 

IIa SOPs Ensure that all sampling and analytical SOPs were followed. Andrew O’Conor/AGVIQ-CH2M HILL 
Karen Koenreich/GCAL 

IIa Method QC Results Ensure that all required QC samples were run and met method and/or 
project required limits. 

Mike Stewart/eDATApro 
Camden Robinson/AGVIQ-
CH2M HILL  

IIb SAP QC Sample 
Results 

Ensure that all required SAP QC samples were run and met required limits. Camden Robinson/AGVIQ-
CH2M HILL 
Mike Stewart/eDATApro 

IIb QLs Ensure all sample results met the project quantification limit specified in the 
SAP. 

Camden Robinson/AGVIQ-
CH2M HILL 

IIa Raw Data Ten percent review of raw data to confirm laboratory calculations Mike Stewart/eDATApro 

IIa Raw Data Review all raw data to confirm laboratory calculations. Camden Robinson/AGVIQ-
CH2M HILL 

Notes: 
 
IIa = compliance with methods, procedures, and contracts 
IIb = comparison with measurement performance criteria in the SAP 
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SAP Worksheet #36—Analytical Data Validation (Steps IIa and IIb) Summary Table 

Step 
IIa/IIb Matrix Analytical Group Validation Criteria Data Validator 

IIa Aqueous 

VOCs; MEE; 
Dissolved Metals – 
Iron, Manganese; 
General Chemistry 
Parameters – 
TOC; Sulfate; 
Sulfide, Alkalinity, 
Dehalococcoides 
Ethenogenes 

Analytical methods and laboratory SOPs as 
presented in this SAP will be used to evaluate 
compliance against QA/QC criteria. Should 
adherence to QA/QC criteria yield deficiencies, data 
may be qualified. The data qualifiers that may be 
used are those presented in EPA Contract 
Laboratory Program National Functional Guidelines 
for Organic Data Review (June 2008) and Inorganic 
Data Review (January 2010) using guidance of DOD 
QSM - Version 3.0a Final April 22, 2010 (based on 
NELAC Voted Version 5 – June 2003). 

Mike Stewart/ 
eDATApro 
Camden Robinson/ 
AGVIQ-CH2M HILL 

IIa Aqueous VOCs; Dissolved 
Iron; General 
Chemistry 
Parameters – 
TOC; Sulfate; 
Nitrate; Sulfide; 
COD; Alkalinity  

Analytical methods and laboratory SOPs as 
presented in this SAP will be used to evaluate 
compliance against QA/QC criteria. Should 
adherence to QA/QC criteria yield deficiencies, data 
may be qualified. The data qualifiers that may be 
used are those presented in EPA Contract 
Laboratory Program National Functional Guidelines 
for Organic Data Review (June 2008) and Inorganic 
Data Review (January 2010) using guidance of DOD 
QSM – Version 3.0a Final April 22, 2010(based on 
NELAC Voted Version 5 – June 2003). 

Mike Stewart/ 
eDATApro 
Camden Robinson/ 
AGVIQ-CH2M HILL 

IIa Aqueous VOCs; MEE; 
Dissolved Metals – 
Iron, Manganese; 
General Chemistry 
Parameters – 
TOC; Sulfate; 
Sulfide, Alkalinity, 
Dehalococcoides 
Ethenogenes 

Data will be reviewed against the analytical methods 
for outstanding QA/QC issues and anomalies by the 
laboratory. Issues will be summarized in the case 
narrative.  
AGVIQ-CH2M HILL chemist and PM will review 
the analytical results and case narrative 
before the data is loaded to ensure no major 
problems exist. 

Karen 
Koenreich/GCAL  
Camden Robinson/ 
AGVIQ-CH2M HILL 
Tom Beisel/ 
AGVIQ-CH2M HILL 

IIa Aqueous VOCs; Dissolved 
Iron; General 
Chemistry 
Parameters – 
TOC; Sulfate; 
Nitrate; Sulfide; 
COD; Alkalinity  

Data will be reviewed against the analytical methods 
for outstanding QA/QC issues and anomalies by the 
laboratory. Issues will be summarized in the case 
narrative.  
AGVIQ-CH2M HILL chemist and PM will review 
the analytical results and case narrative 
before the data is loaded to ensure no major 
problems exist. 

Karen 
Koenreich/GCAL  
Camden Robinson/ 
AGVIQ-CH2M HILL 
Tom Beisel/ 
AGVIQ-CH2M HILL 

IIb Aqueous VOCs; MEE; 
Dissolved Metals – 
Iron, Manganese; 
General Chemistry 
Parameters – 
TOC; Sulfate; 
Sulfide, Alkalinity, 
Dehalococcoides 
Ethenogenes 

Results will be compared to Project Action Limits in 
Worksheet #15. 

Camden Robinson/ 
AGVIQ-CH2M HILL 
Tom Beisel/ 
AGVIQ-CH2M HILL 
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SAP Worksheet #36—Analytical Data Validation (Steps IIa and IIb) Summary Table 
(continued) 

Step 
IIa/IIb Matrix Analytical Group Validation Criteria Data Validator 

IIb Aqueous VOCs; Dissolved 
Iron; General 
Chemistry 
Parameters – 
TOC; Sulfate; 
Nitrate; Sulfide; 
COD; Alkalinity  

Results will be compared to Project Action Limits in 
Worksheet #15. 

Camden Robinson/ 
AGVIQ-CH2M HILL 
Tom Beisel/ 
AGVIQ-CH2M HILL 

Notes: 
 
a In order to stay consistent with historical data and to meet the requirements of the regulatory documents, this SAP is 
using guidance of DOD QSM - Version 3.0. 
IIa = compliance with methods, procedures, and contracts 
IIb = comparison with measurement performance criteria in the SAP 

 
Appendix D presents the data validation checklists for SW-846. A Level IV data package is required 
for this project, and data package deliverables are presented in Appendix D. For a Level IV data 
package, chromatograms are included before and after each of the manual integrations. Manual 
integrations are evaluated based on the following process: 

Manual integrations are an integral part of the chromatographic analysis process and will be used 
only as a CA measure. Examples of instances where manual integration would be warranted 
include, but are not limited to, co-eluting compounds resulting in poor-peak resolution, a 
misidentified peak, an incorrect retention time, or a problematic baseline.  

When manual integrations are used, the following procedures will be implemented for 
documenting the event and for consistency in performing the manual integration: 

• A laboratory SOP will be followed for manual integrations. This SOP will specify: (1) when 
automated integrations by the instrument are likely to be unreliable; (2) what constitutes an 
unacceptable automated integration; (3) how the problems should be resolved by the analyst; 
and (4) the procedures for the analyst to follow in documenting any required manual 
integrations. 

• Raw data records will include a complete audit trail for those manipulations, including: 
(1) results of both the automated and manual integrations; (2) notation of the cause and 
justification for performing the manual integrations; (3) date; and (4) signature or initials of 
person performing the manual operations. 

• All manual integrations must be reviewed and approved by the section supervisor and/or the 
QA officer.  
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SAP Worksheet #37—Usability Assessment 

The data usability assessment is an evaluation based on the results of data verification and 
validation in the context of the overall project decisions or objectives. The assessment determines 
whether the project execution and resulting data meet the project DQOs. Both the sampling and 
analytical activities must be considered, with the ultimate goal of assessing whether the final, 
qualified results support the decisions to be made with the data. 

The following sections summarize the processes to determine whether the collected data are of the 
right type, quality, and quantity to support the environmental decision-making for the project, and 
describes how data quality issues will be addressed and how limitations of the use of the data will 
be handled. 

Summarize the usability assessment process and all procedures, including interim steps and any 
statistics, equations, and computer algorithms that will be used: 

• Data gaps may be present if: (1) a sample is not collected; (2) a sample is not analyzed for the 
requested parameters; or (3) the data are determined to be unusable. The need for further 
investigation will be determined on a case-by-case basis, depending on whether data can be 
extrapolated from adjacent sample locations, and whether the data are needed based on the 
results from adjacent sample locations.  

• Non-detected site contaminants will be evaluated to ensure that project-required quantitation 
limits in Worksheet #15 were achieved. If project quantitation limits were achieved and the 
verification and validation steps yielded acceptable data, then the data is considered usable. 

• During verification and validation steps, data may be qualified as estimated with the following 
qualifiers: J, UJ, B, or JB. These qualifiers represent minor QC deficiencies which will not affect 
the usability of the data. When major QC deficiencies are encountered, data will be qualified 
with an R or UR and in most cases is not considered usable for project decisions.  

• For statistical comparisons non-detect values will be represented by a concentration equal to 
one-half the sample reporting limit. For duplicate sample results, the most conservative value 
will be used for project decisions. 

• Analytical data will be checked to ensure the values and any qualifiers are appropriately 
transferred to the electronic database. These checks include comparison of hardcopy data and 
qualifiers to the electronic data deliverable. Once the data has been uploaded into the electronic 
database, another check will be performed to ensure all results were loaded accurately. 

• Field and laboratory precision will be compared as RPD between the two results. 

• Deviations from the UFP-SAP will be reviewed to assess whether corrective action is warranted 
and to assess impacts to achievement of project objectives. 

Describe the evaluative procedures used to assess overall measurement error associated with the 
project: 

• To assess whether a sufficient quantity of acceptable data are available for decision making, the 
data will be reconciled with measurement performance criteria following validation and review 
of data quality indicator.  
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• If significant biases are detected with laboratory QA/QC samples it will be evaluated to assess 

impact on decision making. Low biases will be described in greater detail as they represent a 
possible inability to detect compounds that may be present at the site. 

• If significant deviations are noted between lab and field precision the cause will be further 
evaluated to assess impact on decision making. 

Describe the documentation that will be generated during the usability assessment and how 
usability assessment results will be presented so that they identify trends, relationships 
(correlations), and anomalies: 

The following will be prepared by AGVIQ-CH2M HILL and presented to and submitted to the 
Tier I Partnering Team for review and decisions on the path forward for the site. 
 
• Data tables will be produced to reflect detected and non-detected site COCs. Data qualifiers will 

be reflected in the tables and discussed in the data quality evaluation.  

• Graphical representations will be produced to reflect increasing and/or decreasing 
concentrations of COCs and geochemical parameters. 

•  Maps will be produced to reflect increasing and/or decreasing areas of soil contamination. 

• A data quality evaluation considering all of the above will be provided as part of presentations 
to the Tier I Partnering Team, followed by the technical memorandum prepared to assess 
remedy effectiveness. The technical memorandum will identify any data usability limitations 
and make recommendations for corrective action if necessary. 

Data Quality Evaluation 
The Project Chemist or designee will perform the DQE. The DQE process is used to assess the effect 
of the overall analytical process on the usability of the data. The two major categories of data 
evaluation are laboratory performance and matrix interferences. Evaluation of laboratory 
performance is a check for compliance with the method requirements. It is a straight-forward 
examination: either the laboratory did, or did not, analyze the samples within the limits of the 
analytical method. Evaluation of the matrix interferences is more subtle and involves analysis of 
several results, including surrogate spike recoveries, matrix spike recoveries, and duplicate sample 
results. The project team will evaluate the data validation results. This evaluation will assess how 
the data, as qualified by the data validation, can be used on the project. 

Once each of the data packages has been validated, and the data validation worksheets completed, 
then the entire data set will be evaluated for overall trends in data quality and usability. 
Information summarized as part of the DQE may include chemical compound frequencies of 
detection, dilution factors that might affect data usability, and patterns of target compound 
distribution. The data set also will be evaluated to identify potential data limitations or 
uncertainties in the laboratory. 

Reconciliation with Data Quality Objectives 
The final activity of the DQE process is to assess whether the data meet the planned DQOs for the 
project. The final results, as adjusted for the findings of any data validation and data evaluation, 
will be checked against the DQOs, and an assessment will be made as to whether the data are of 
sufficient quality to support the DQOs. The decision as to data sufficiency may be affected by the 
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overall precision, accuracy, and completeness of the data as demonstrated by the data validation 
process. The main project objective should be met assuming the 90 percent completeness goal is 
obtained after all of the data have undergone sufficient data validation. If the data, after validation 
and evaluation, are sufficient to achieve project objectives, the data quality and project managers 
will release the data and work may proceed. 

Identify the personnel responsible for performing the usability assessment:  

The AGVIQ-CH2M HILL team, including the PM, Project Chemist, and Senior ERD Technologist, 
will review the data and compile a presentation for the Partnering Team. The Tier I Partnering 
Team as a whole will assess the usability of the data. 

Usability Assessment Documentation 
All the results will be assembled and statistically reported for an overall quality assessment. 
AGVIQ-CH2M HILL will prepare a report that will identify precision and accuracy exceedances 
with respect to the laboratory performance for each batch of samples, as well as comparability of 
field and lab duplicates. The report will also include discussions regarding the precision, accuracy, 
representativeness, comparability, and completeness. The report will also include data tables to 
reflect detected and non-detected site contaminants and geochemical parameters. Data qualifiers 
will be reflected in the tables and discussed in the DQE. Figures will be produced representing 
contaminant concentrations.  

Precision 
Laboratory precision is measured by the variability associated with duplicate (two) or replicate 
(more than two) analyses. One type of sample that can be used to assess laboratory precision is the 
LCS. Multiple LCS analyses over the duration of the project can be used to evaluate the overall 
laboratory precision for the project. In this case, the comparison is not between a sample and a 
duplicate sample analyzed in the same batch, but between LCSs analyzed in multiple batches. 

Total precision is the measurement of the variability associated with the entire sampling and 
analytical process. The required level of precision for each method, matrix, and analyte are 
provided in Worksheet #15.The level of precision is determined by analysis of duplicate field 
samples and measures variability introduced by both the laboratory and field operations. Field 
duplicate and MSD samples will be analyzed to assess field and laboratory precision at a frequency 
described in Worksheet #20. For duplicate sample results, the precision is evaluated using the RPD. 
For replicate results, the precision is measured using the RSD. The formulas for the calculation of 
RPD and RSD are provided below.  

If calculated from duplicate measurements: 

 
2/)(

%100)(

21

21

CC
xCCRPD

+
−

=  (1) 

Where:  

RPD = relative percent difference 
C1= larger of the two observed values 
C2 = smaller of the two observed values 
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If calculated from three or more replicates, use RSD rather than RPD: 

 %100)/( xysRSD =  (2) 

Where: 

RSD = relative standard deviation 
 s = standard deviation 
y = mean of replicate analyses 

Standard deviation, s, is defined as follows: 

 
1
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−
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= n

yyiS
n

i

 (3) 

Where: 

S = standard deviation 
yi = measured value of the ith replicate 
y = mean of replicate analyses 

n = number of replicates 

Accuracy  
Accuracy reflects the total error associated with a measurement. A measurement is considered 
accurate when the reported value agrees with the true value or known concentration of the spike or 
standard within acceptable limits. Analytical accuracy is measured by comparing the percent 
recovery (%R) of analytes spiked into an LCS to a control limit. For many methods of organic 
compound analysis, surrogate compound recoveries are also used to assess accuracy and method 
performance for each sample analyzed.  

Both accuracy and precision are calculated for each analytical batch, and the associated sample 
results are interpreted by considering these specific measurements. The formula for calculation of 
accuracy is presented below as %R from pure and sample matrices. Accuracy requirements are 
listed for each method, matrix, and analyte in Worksheet #28. 

For measurements where MS are used: 

 






 −
=

saC
USxR %100%  (4) 

Where:  

%R = percent recovery 
S = measured concentration in spiked aliquot 
U = measured concentration in unspiked aliquot 
Csa = actual concentration of spike added 
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For situations where a standard reference material (SRM) is used instead of or in addition to MS: 

 







=

sm

m

C
CxR %100%  (5) 

Where: 

%R  = percent recovery 
Cm = measured concentration of SRM 
Csm = actual concentration of SRM 

Representativeness 
Representativeness is a qualitative term that refers to the degree in which data accurately and 
precisely depicts the characteristics of a population, whether referring to the distribution of 
contaminant within a sample, a sample within a matrix, or the distribution of a contaminant at 
a site. Representativeness is determined by appropriate program design, with consideration of 
elements, such as proper well locations, drilling and installation procedures, operations process 
locations, and sampling locations. Objectives for representativeness are defined for each sampling 
and analysis task and are a function of the investigative objectives. Assessment of 
representativeness will be achieved through use of the standard field, sampling, and analytical 
procedures. Decisions regarding sample/well/boring locations process and numbers and the 
statistical sampling design are documented in Worksheets #10, #11, and #17. 

Comparability 
Comparability is a qualitative indicator of the confidence with which one data set can be compared 
to another data set. The objective for this QA/QC program is to produce data with the greatest 
possible degree of comparability. The number of matrices that are sampled and the range of field 
conditions encountered are considered in determining comparability. Comparability is achieved by 
using standard methods for sampling and analysis, reporting data in standard units, normalizing 
results to standard conditions, and using standard and comprehensive reporting formats. Complete 
field documentation using standardized data collection forms will support the assessment of 
comparability. Historical comparability will be achieved through consistent use of methods and 
documentation procedures throughout the project. Assessment of comparability is primarily 
subjective and results should be interpreted by experienced environmental professionals with a 
clear knowledge of the PQOs and project decisions.  

Completeness 
Completeness is a measure of the amount of valid data obtained compared with the amount that 
was expected to be obtained under correct, normal conditions. It is calculated for the aggregation of 
data for each analyte measured for any particular sampling event or other defined set of samples 
(for example, by site) as set out in the PQOs. Valid data are data that are usable in the context of the 
project goals. Completeness is calculated and reported for each method, matrix, and analyte 
combination. The number of valid results divided by the number of possible individual analyte 
results, expressed as a percentage, determines the completeness of the data set. For completeness 
requirements, valid results are all results not qualified with an R-flag after a usability assessment 
has been performed. Completeness should not be determined only on the basis of laboratory data 
qualifiers. The goal for completeness is 95 percent for aqueous samples and 90 percent for soil 
samples.  
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Defined as follows for all measurements: 

 



=
T
VxC %100%  (6) 

Where: 

%C = percent completeness 
V = number of measurements judged valid 
T = total number of measurements 
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APPENDIX B 

Standard Operating Procedures



Standard Operating Procedures (SOPs) 

The following Standard Operating Procedures (SOPs) will be used, as applicable, during the 
pilot studies at SWMU 54 and 55 sampling event to ensure that consistent methods are used 
and that defensible data are collected. Any deviations from these SOPs will be approved by 
the Navy and properly documented. 

Documentation 

Injections (One Permanent Well and One DPT) 

Drilling Procedures 

Purpose and Applicability 

This procedure conforms to the applicable EPA Quality Assurance Requirements. The 
procedure describes the method for installing monitoring wells. 

Definitions 

DPT: Direct Push Technology  
HSA: Hollow-Stem Auger 

Procedure 

All drilling activities shall conform to state and local regulations and shall be supervised by 
a professional geologist, engineer, or hydrogeologist. The driller shall obtain all necessary 
permits, applications, and other documents required by state and local authorities. 

The location of all borings shall be coordinated with drilling subcontractor point of contact 
(POC) or equivalent before drilling commences and cleared by a utility locating company. 
When drilling boreholes through more than one water bearing zone or aquifer, double cased 
wells will be constructed to prevent cross-connection or cross-contamination of the zones or 
aquifers (EPA Region 4, May 1996). 

Prior to each monitoring well installation, the drilling rig, equipment, and tools should be 
decontaminated according to the decontamination procedures described in this document. 
The drill rig should not leak any fluids, because the fluids could enter the borehole or 
contaminate equipment placed in the hole. The use of rags or absorbent materials to absorb 
leaking fluids is unacceptable. 

Lubricants with constituents that are toxic or that increase, decrease, or mask the target 
chemical species of the investigation shall not be permitted. The driller shall be prepared to 
provide chemical analyses of all lubricants proposed for downhole use. Chemical detection 
limits shall be equivalent to those used in analyzing project groundwater samples. 



A log of drilling activities shall be kept in a bound field notebook. Information in the log 
book shall include location, time on site, personnel present, equipment present, down time, 
materials used, samples collected, measurements taken, and any other observations or 
information that would be necessary to reconstruct field activities at a later date. 

Direct Push Technology and Geoprobe™ 

The direct push technology (DPT) and Geoprobe units are rugged, lightweight hydraulic 
and/or hammer driven systems utilized to advance soil borings with minimal lithological 
disturbance, minimal IDW production, and minimal time for evaluation of contaminant 
extent. 

Drilling and sampling procedures for DPT and Geoprobe are similar. 

• DPT and Geoprobe units are generally operated from a station mounted at the rear of a 
truck, bobcat, or four-wheeler-mounted unit. The probing unit is hydraulically and/or 
hammer driven via a power takeoff pump mounted directly to the truck's 
transmission. 

• Soil samples may be obtained by using a wide variety of devices. Sampling 

devices range from 2-inch O.D. (outside diameter) tubes to sampling systems that allow 
for the collection of continuous soil samples. 

• The samplers are threaded onto the leading edge of the DPT drive rods and advanced to 
depth using the direct push systems. 

• Soil samples are retrieved by retracting the probe rod and sampler to the 
surface and disassembling the sampler. 

• Samples are obtained in sleeves made of brass, stainless steel, Teflon® or acetate. The 
sleeves are removed from the sampler, containerized, and transported to the laboratory 
for analysis. 

Hollow-Stem Auger Drilling Methods 

This type of drilling method consists of using a hollow, steel stem or shaft auger with a 
continuous, spiraled steel flight welded to its exterior and an auger bit connected to its end. 
The hollow-stem auger transports cuttings to the surface when rotated. This method is best 
suited to soils that have a tendency to collapse when disturbed. A monitoring well can be 
installed inside a hollow-stem auger with little or no concern for the caving potential of the 
soils and/or water table. However, retracting an auger in caving sand conditions while 
installing a monitoring well can be extremely difficult or impossible, especially since the 
auger has to be extracted without being rotated. 

If caving sand conditions exist during monitoring well installation, a drilling rig must be 
used that has enough power to extract the auger from the borehole without having to rotate 
it. A bottom plug, trap door, or pilot bit assembly can be fastened to the bottom of the auger 
to keep out the soils and water that have a tendency clog the bottom of the auger during 
drilling. Potable water (analyzed for contaminates of concern) may be poured into the auger 
(where applicable) to equalize pressure so that the inflow of formation materials and water 
will be held to a minimum when the bottom plug is released. A watertight center plug is not 
acceptable because it creates suction when extracted from the auger. This suction forces or 



pulls cuttings and formation materials into the auger, defeating the purpose of the center 
plug. Augering without a center plug or pilot bit assembly is permitted. Provided that the 
soil plug formed in the bottom of the auger is removed by either washing out the plug using 
a side discharge rotary bit, or by augering out the plug with a solid-stem auger bit sized to 
fit inside the hollow-stem auger. Prior to drilling operations, the type of bottom plug, trap 
door, or pilot bit assembly proposed for the drilling activity should be approved by a senior 
field geologist and AFCEE. Boreholes can be augered to depths of 150 feet or more 
(depending on the auger size), but generally boreholes are augered to depths less than 100 
feet (EPA Region 4, May 1996). 

Drilling and sampling procedures for HSA are as follows: 

1. The HSA is advanced and sampled either at discrete intervals, continuously (18-inch 
intervals), or with "CME-type" 5-foot long continuous sampler. 

2. The HSA sampler consists of a split-spoon sampling device, which is a thick-walled, 
steel tube split lengthwise. A cutting shoe is attached to the lower end of the tube; the 
upper end is connected to the drill rods. The split-spoon sampler is lowered into the hole 
on the bottom of the drill rods, and into the soil ahead of the auger bit. 

3. The density of the sampled material is obtained by counting the blows per foot (blow 
count). The split spoon sampler is driven into the soil by a 140-pound hammer which 
falls at 30 inches intervals per blow. 

4. Soil samples are retrieved by retracting the split-spoon rod and split-spoon to the 
surface. Brass or stainless steel rings should be used in the split-spoon sampler when 
sampling for VOCs. 

5. Groundwater samples may be obtained utilizing either inert nylaflow tubing and 
sampling syringe, stainless steel bailer, a jiggle tube type of pump, or a peristaltic pump. 
Groundwater samples may also be taken via a temporary or permanent piezometer or 
monitoring well, where sampling can be accomplished at any time using bailers, jiggle 
tubes, pumps, or other methods. 



Monitoring Well Installation 

Purpose and Applicability 

This procedure conforms to the EPA Quality Assurance Requirements and describes the 
method for installing permanent monitoring wells.  

Definitions 

None. 

Procedure 

The methods for installing permanent monitoring wells are described below. 

Permanent Monitoring Wells 

After adequate soil and groundwater samples have been collected to characterize the soil 
boring lithologically , hydrologically, and chemically, the well screen and casing are 
installed to depth. A minimum 2-inch annular space is required between the casing and the 
borehole wall. The well casing, screen, sediment trap, and end cap are assembled and 
installed so as to prevent damage to the sections and joints. No glue, solvents, or pipe dope 
should be used on casing threads to secure casing joints. 

Well Casing and Screen Assembly 
The casing for the monitoring wells is new, unused, threaded Schedule 40 PVC pipe (such 
as pipe manufactured by Brainard-Kilman). Joints are flush-threaded and assembled with 
Teflon® tape. 0-rings are removed prior to assembly; however, if the 0-rings are made of 
Teflon®, they can be used in the well assembly to insure a tight fit of casing joints. 

The well screens are new, unused, factory-made, machine-slotted Schedule 40 PVC pipe. 
Screens will be 10 feet in length and will be placed at the bottom of the well. Each well 
screen is sealed by a threaded end cap. The screen has flush-threaded joints compatible with 
the well casing. Threaded joints are secured with Teflon® tape to insure a tight fit of the 
casing joints. 

Before the well casing and screen are placed on the bottom of the borehole, at least 6 inches 
of filter material should be placed at the bottom of the borehole to serve as a firm footing. 
The top of the casing has a temporary cap during installation of the annulus materials. 

Filter Pack Installation 
After the casing and screen assemblies are set at the appropriate depth, the sand filter pack 
is inserted. The sand filter pack consists of a thoroughly washed, sound, durable, siliceous 
material containing less than 5 percent silt or clay (commercially available 20/30-grain size 
or equivalent). No organic material, anhydrite, gypsum, mica, or calcareous material is 
allowed. The minimum specific gravity of the sand pack material is 2.5. No water is used 
unless approved. The filter pack is installed around the well screen (preferably using a 
tremie) in approximate 2-foot lifts to prevent bridging. The depth to the top of the sand filter 
pack is measured periodically using a weighted measuring tape. 



Transition Seal 
At least 3 feet of bentonite transition seal is placed above the sand filter pack. The bentonite 
seal is in pellet form. (Note: If wells are deeper that 15 feet, then seal and grout must be 
tremmied down borehole). Depths to the bottom and top of the bentonite seal are measured 
and documented to ensure that the transition seal meets design requirements. The bentonite 
is allowed to hydrate for at least 1 hour prior to beginning emplacement of the 
cement-bentonite grout. Potable water may be added to the borehole to hydrate well seals 
placed above the water table surface. 

Annular Grout Seal 
The grout seal is Portland cement conforming to ASTM C-150, Type 1. The maximum 
allowable water content of the grout mix is 7 gallons per 94-pound sack of cement. The 
maximum amount of bentonite allowable in the grout mix is 2.7 pounds per 94-pound sack 
of cement. Bentonite is either mixed into the water prior to adding the cement or it is mixed 
into the cement powder prior to adding water. The grout is mixed thoroughly before being 
placed in the borehole. 

Surface Completion of Well 
For wells located in paved areas, all concrete and asphalt at each boring location will be 
removed to create a 2-foot-square opening in the pavement (opening needs to be large 
enough to accommodate drilling activities and monitoring well activities subsequent to 
drilling). A concrete saw will be used to cut the opening in the concrete or asphalt. Jagged-
edged openings will not be permitted. A jackhammer or similar tool may be required to 
remove the concrete pavement after cutting through the pavement with the concrete saw. 
The well head will be completed either by constructing a flush-mount cover consisting of a 
concrete slab at least 4 inches thick in the 2-foot-square opening or by a lockable steel 
encasement on stick-up wells. Construction of the pads and guard posts shall not begin for a 
minimum of 24 hours after well completion to allow the grout to cure. 

The well cap will be a watertight cap or cover made specifically for the PVC well casings. 
The cap will be lockable and include a brass padlock. Wells will be keyed alike to match the 
facility's standard monitoring well lock. 

Flush Mount 

On flush-mounted completions, an 8-inch-diameter vault will be placed 0.25 inch above the 
existing pavement surface, with the concrete surface sloping smoothly from the vault 
surface to the existing pavement surface. The vault will be centered in the 2-foot-square 
pavement opening, with each vault having bolt-on traffic-bearing iron covers. The slab will 
be reinforced with four 20-inch-long steel reinforcing rods (#3 minimum size) placed 
uniformly around the vault within the concrete slab. The concrete surface will be finished 
smoothly, and a metal survey marker will be embedded in the fresh concrete. 

Above Ground Finish 

On stick-up wells, a protective outer casing with a hinged lid will be installed and centered 
on each monitoring well casing. At least one weep hole shall be drilled near the base of the 
protective cover to allow rainwater to drain out. Concrete filled guard posts (2 to 4 per well 
location), consisting of 3-inch diameter Schedule 40 steel, shall surround each well to protect 
it. The posts shall be a minimum of 5 feet in length and shall be installed to a minimum 
depth of 2 feet bgs in a concrete footing and extend a minimum of 3 feet above ground 



surface. The protective casing and guard posts shall be painted with a rust-inhibiting paint 
and an acceptable color. 

Well Development Procedures 

Well development procedures should be completed within 48 hours after a well is installed. 
The wells should be developed by alternately pumping and surging until the water is 
visibly free of sediment. Development water will be contained as IDW. Development 
equipment is to be decontaminated as specified in Section C.13. Newly installed wells 
should not be developed for at least 24 hours after installation to allow sufficient time for 
the well materials to cure. Wells should be developed by surging, bailing, and pumping as 
follows: 

1. Remove the well cap or cover and monitor for vapors using the instruments listed in the 
HSP. 

2. Obtain depth to water measurements and determine the well volume. 

3. Pump/bail the well as necessary to lower the water level and draw sediments from the 
sand pack into the well. Bail or pump until the water is relatively clear. Containerize this 
development water as IDW. For unproductive wells and to aid in the development 
process, a surge-block can be used to slowly swab the screened interval in between 
pumping/bailing. 

4. As each well volume of water is removed, measure and record pH, temperature, specific 
conductance, and turbidity. 

5. Bail or pump at least five well volumes of water from the well while taking field 
measurements (pH, temperature, specific conductance, and turbidity). 

Development is considered complete if a minimum of five well volumes of water have been 
removed and three successive measurements of pH, temperature, specific conductance, and 
turbidity have remained stable (See Groundwater Sampling Section). 

 



Cleaning and Decontamination of Sampling Equipment 

Purpose and Applicability 

This procedure conforms to the applicable EPA Quality Assurance Requirements and it 
establishes standard methodologies for cleaning and decontaminating sample containers 
and sampling devices. The procedure applies to all field investigations. 

Definitions 

DOM: Delivery Order Manager 

Procedure 

Sampling devices are cleaned and decontaminated before and after field use, as well as 
between each sample collection location. Sample containers are cleaned by the supplier 
before issuance to field personnel. All decontamination fluids are regarded as IDW and will 
be containerized and disposed of as such. Specific cleaning and decontamination materials 
and methods are discussed below. 

Cleaning and Decontamination Materials  

The following materials may be used for decontamination: 

1. Trisodium phosphate or a laboratory detergent, such as Alquinox, Liquinox, or the 
equivalent. 

2. Pesticide-grade isopropanol. The DOM must justify the use of any solvent other than 
pesticide-grade isopropanol for cleaning and decontamination. 

3. Tap water from an acceptable municipal water treatment system. 

4. Organic/Metal-free water rinse. 

During cleaning and decontamination operations, the substitution of higher-grade water for 
tap water is permitted and does not have to be noted as a variation. 

Marking and Storage 

Cleaned and decontaminated equipment is bagged and wrapped in aluminum foil or 
plastic, depending on the size of the equipment, and the decontamination 
process/occurrences are recorded in the field logbook. Cleaned and decontaminated items 
are stored in a contaminant-free environment. 

Unused field equipment, reusable or disposable sample containers, and sample tubing that 
have been transported to a facility or site where contamination is known or suspected to be 
present or which may have become contaminated during the course of the field 
investigation should not be replaced in storage without being cleaned and decontaminated. 

Decontamination Quality Control 

Source Water Blank 



Collecting samples in containers provided by the laboratory and submitting them for 
analysis monitors the quality of tap and organic-free rinse water. At least one sample per lot 
of organic-free water is collected and submitted for analysis, and each tap water source used 
for decontamination will be sampled. When field deionizing or organic-free water units are 
used, QC samples are collected and analyzed more frequently. An initial sample plus 
subsequent weekly sampling is the minimum acceptable frequency of QC sampling. The 
rinse water will be collected and submitted for analyses of all constituents for which normal 
samples collected with that piece of equipment are being analyzed. 

Equipment Rinsate 
The effectiveness of the cleaning and decontamination procedures used in the field may be 
monitored by rinsing cleaned and decontaminated equipment with the organic-free water 
and submitting the rinse water to the laboratory for analysis. At least one rinse blank will be 
collected during each week (or 10 day event) of sampling operations. An attempt should be 
made to included as many of the same type of sampling for each rinse performed. This will 
help to ensure that a representative sampling is obtained. A rinsate should be collected from 
each type of sampling equipment being used. Any time a cleaning material different from 
those specified in the Cleaning and Decontamination Materials Section is used, an 
equipment rinsate sample must be submitted to the laboratory for analysis. The rinse water 
will be collected and submitted for analyses of all constituents for which normal samples 
collected with that piece of equipment are being analyzed. 

Specified Field Equipment Cleaning and Decontamination Steps 

Equipment used to collect samples that contain oil, grease, or other material difficult to 
remove may need to be rinsed several times with methanol or hexane before regular 
cleaning and decontamination steps are taken. In extreme cases, it may be necessary to 
steam clean the equipment. If the equipment cannot be adequately cleaned and 
decontaminated using these methods, it should be discarded. 

Teflon® and Glass Field Sampling Equipment 
1. Wash the equipment thoroughly with laboratory detergent and water using a brush to 
remove any particulate matter or surface film. 

2. Rinse the equipment thoroughly with tap water. 

3. If necessary (metals analyses), rinse the equipment with a 10 percent or stronger nitric 
acid solution. Small and awkward equipment, such as vacuum bottle inserts and well 
bailers, may be soaked in the nitric acid solution instead of being rinsed with it. Prepare 
fresh nitric acid solution for each cleaning. 

4. Rinse the equipment thoroughly with tap water. 

5. Rinse the equipment twice with pesticide-grade isopropyl alcohol and allow to air dry. 

6. Rinse the equipment thoroughly with organic-free water. 

7. Wrap the equipment completely with aluminum foil (dull side in) to prevent 
contamination during storage and/or transport to the field. 



Stainless Steel or Metal Field Sampling Equipment 
1. Wash the equipment thoroughly with laboratory detergent and water using a brush to 
remove any particulate matter or surface film. 

2. Rinse the equipment thoroughly with tap water. 

3. Rinse the equipment twice with pesticide-grade isopropyl alcohol and allow to air dry. 

4. Rinse the equipment thoroughly with organic-free water and allow to air dry. 

5. Wrap the equipment completely with aluminum foil (dull side in) to prevent 
contamination during storage or transport to the field. Larger pieces of equipment (e.g., 
auger flights with 5-foot split spoon samplers attached) may be wrapped in new 
Visqueen or the equivalent. 

Specific Cleaning and Decontamination Steps for Sample Tubing 

Silastic Rubber Pump Tubing (Automatic Samplers and Peristaltic Pumps) 
New cleaned tubing is used for each automatic sampler setup. The silastic rubber pump 
tubing need not be replaced in peristaltic pumps where the sample does not contact the 
tubing or where the pump is being used for purging purposes (i.e., not being used to collect 
samples). 

The silastic tubing is cleaned as follows: 

1. Flush the tubing with tap water and phosphate-free laboratory detergent. 
2. Rinse the tubing thoroughly with tap water. 
3. Rinse the tubing with organic-free water. 
4. Cap both ends of the tubing with aluminum foil (dull side in) until ready for use. 

Teflon® Tubing (bladder pumps and small diameter electric pumps) 

New Teflon® tubing, used for collection of samples for organic compound analyses, is 
cleaned as follows: 

1. Cut the Teflon® tubing into convenient lengths before cleaning. 

2. Rinse the outside of the tubing with pesticide-grade isopropyl alcohol. 

3. Flush the interior of the tubing with pesticide-grade isopropyl alcohol. 

4. Rinse the equipment thoroughly with organic-free water. 

5. Wrap the equipment completely with aluminum foil (dull side in) to prevent 
contamination during storage or transport to the field. 

Polyvinyl Chloride (PVC) Tubing (bladder pumps and small diameter electric pumps) PVC 
tubing is used selectively and only where organic compounds are of no concern. Only new 
tubing is used. The tubing is flushed with sample immediately before use to remove 
residues from the manufacturing or extruding process. The tubing is stored in the original 
container and not removed until needed. 



Stainless Steel Tubing 
Stainless steel tubing is washed with laboratory detergent and water using a long, narrow 
bottle brush. Steps 2 through 6, as outlined in Section C.13.3.4, are then followed. 

Glass Tubing 
Only new glass tubing is used. The tubing is cleaned as follows: 

1. Rinse the tubing thoroughly with pesticide-grade isopropyl alcohol. 

2. Air dry the tubing. 

3. Wrap the tubing completely with aluminum foil (dull side in) to prevent contamination 
during storage. 

Specific Cleaning and Decontamination Steps for Miscellaneous Equipment 
Submersible Pumps and Hoses Used to Purge Groundwater Wells 

1. Wash the equipment with laboratory detergent and tap water, running solutions 
through the pumps and pump hoses. 

2. Rinse the equipment with tap water. 

3. Rinse the equipment thoroughly with pesticide-grade isopropyl alcohol. 

4. Rinse the equipment with organic-free water and allow to air dry. 

5. Place the equipment in a polyethylene bag or wrap with polyethylene film to prevent 
contamination during storage or transit. 

Well Sounders or Tapes Used to Measure Groundwater Levels 
1. Rinse the equipment with pesticide-grade isopropyl alcohol. 

2. Rinse the equipment with organic-free water. 

3. Air dry the equipment. 

4. Wrap the equipment completely with aluminum foil (dull side in) to prevent 
contamination during storage. 

Drilling Rigs and Equipment 
1. Before being mobilized and brought onsite, clean the engine and power head with a 
power washer or steam cleaner, or hand washed with a brush using detergent (does not 
have to be laboratory detergent but should not be a degreaser) to remove oil, grease, and 
hydraulic fluid from the exterior of the unit. Rinse these units thoroughly with tap 
water. 

2. Steam clean and rinse all auger flights, auger bits, drilling rods, drill bits, hollow-stem 
augers, split-spoon samplers, Shelby tubes, or other parts of the drilling equipment that 
will contact the soil or groundwater prior to arriving onsite and between each boring. 

Miscellaneous Sampling, Flow Measuring, and Field Instrumentation and Equipment  
Miscellaneous flow measuring and sampling instrumentation is washed with laboratory 
detergent, rinsed with tap water, followed by a thorough deionized or organic-free water 



rinse, and dried before being stored. This procedure does not apply to any equipment used 
for the collection of samples for trace organic compounds or metals analyses. 

The exterior of sealed, watertight equipment, such as flow meters, should be washed with a 
mild detergent (e.g., liquid dishwashing detergent) and rinsed with tap water before 
storage. The interior of such equipment may be wiped with a damp cloth if necessary. 

Other field instruments should be wiped with a clean, damp cloth; pH meter electrodes, 
conductivity electrodes, dissolved oxygen meter electrodes, etc., should be rinsed with 
deionized water before storage. 

Ice chests and reusable shipping containers are washed with laboratory detergent (interior 
and exterior), rinsed with tap water and air dried before storage. In the event that an ice 
chest or shipping container becomes severely contaminated, it is cleaned as thoroughly as 
possible, rendered unusable, and disposed of properly. 

Pressure Field Filtration Apparatus 
The steps for cleaning Teflon® and glass equipment are used (Section C.13.3.4), except that 
the apparatus is assembled and pressure is applied after each rinse step to drive the rinse 
liquid through the porous glass filter holder in the bottom of the apparatus. After cleaning 
and decontamination, the apparatus is assembled and the pressure inlet and sample 
discharge lines are capped with aluminum foil (dull side in) to prevent contamination 
during storage. 

Decontamination Procedures for Modified Low-Flow sampling 

Refer to the modified low-flow sampling procedures discussed below. The following 
procedures will be followed to reduce contamination between sampling points during 
modified low-flow sampling. 

1. All wells sampled via modified low-flow techniques will be equipped with dedicated, 
Teflon®-lined, HDPE tubing. 

2. Prior to using new tubing, pump a deionized water rinse through the tubing and wash 
the tubing surface thoroughly with laboratory detergent and water, using a brush to 
remove any particulate matter or surface film. Rinse the tubing surface with isopropyl 
alcohol, followed by deionized water, and allow to air dry. 

3. Decontaminate the submersible pump per decontamination procedures prior to each 
use. 

4. Decontaminate the field parameter instrumentation prior to each use according to the 
procedures outlined above. 

5. After each well has been sampled, pump a deionized water rinse through the tubing, 
and if necessary, wash the surface with laboratory detergent and water to remove any 
particulate matter or surface film. Rinse the tubing surface with isopropyl alcohol, 
followed by deionized water, and allow to air dry. 

6. After the tubing has been allowed to air dry, place it in a polyethylene bag and label 
with the monitoring well ID. 



7. Take periodic equipment rinses from the tubing in order to determine decontamination 
effectiveness and tubing integrity. At visible signs of tubing wear (staining, odor, 
excessive nicks and scrapes) or positive equipment rinse results, replace dedicated 
tubing. 



Groundwater Sampling 

Purpose and Applicability 

This procedure conforms to the EPA Quality Assurance Requirements. It describes methods 
for purging and sampling a groundwater monitoring well to ensure that the sample 
collected is representative of the formation groundwater. 

Definitions 

Bailer: A hollow tube constructed of stainless steel or Teflon® that is used to collect 
groundwater samples. A dedicated bailer remains in the well casing. 

Procedures 

Purging 

The following equipment is required for well purging: 

1. Bailer or pump. The device used depends upon aquifer properties, individual well 
construction, well yield, and DQOs. 

2. Water level measuring device. 

3. Tape measuring device. 

4. pH, specific conductance, turbidity, and temperature measuring device.  

Well purging is performed as follows: 

1. For the well to be purged/ sampled, obtain and record the following information on the 
groundwater purging/sampling data sheet or in the field log book: date, field 
conditions, well location, well ID, well diameter, groundwater elevation, total well 
depth, screened interval, water quality field measurements (pH, specific conductance, 
turbidity, and temperature), and the method for disposal of purged water. 

2. Calibrate field instruments prior to use and according to manufacturer's instructions. 

3. Prior to opening the well, place plastic sheeting on the ground surrounding the well 
head to prevent contamination by sample spillage. 

4. Unlock and open the well and take an FID/PID reading immediately. 

5. Measure the water level and the total depth of the well. 

6. Calculate the volume in gallons of water in the well casing or sections of telescoping 
well casing as follows: 

(∏ r2h) 7.48 = gallons 
where: ∏ = 3.142 

r = Radius of the well pipe in feet 
h = Linear feet of water in well 

7.48 = Gallons per cubic foot of water 



The volume of water in typical well casings may be calculated as follows: 

gallons/feet x _ (linear feet of water) = total gallons 

 
where:  
2-inch well = 0.163 gallons/foot 
3-inch well = 0.367 gallons/foot 
4-inch well = 0.653 gallons/foot 
5-inch well = 1.02 gallons/foot 
6-inch well = 1.469 gallons/foot 
7-inch well = 1.999 gallons/foot 
8-inch well = 2.611 gallons/foot 
10-inch well = 4.28 gallons/foot  
12-inch well = 5.87 

gallons/foot  
7. To purge the well, lower the decontaminated purging apparatus (pump or bailer) to the 
standing water column so that the water will be pulled through the casing and the entire 
static volume will be removed. Use a bailer when the well does not yield sufficient water 
for pumping; otherwise, a pump is preferred.  

8. Measure the initial pH, specific conductance, turbidity, and temperature of water and 
record in the field logbook, along with the odor, color, clarity, silt concentrations, and 
general water condition. During purging, measure field parameters at least once during 
each well volume (more often is preferable). Record changes in the physical condition of 
the monitoring wells that could affect the well integrity. 

9. For purging to be complete, remove at least 3-5 volumes of groundwater from the well, 
and allow the field parameters to stabilize. Measure the amount of purged fluid by 
filling a graduated bucket or using a stopwatch and noting the flow rate of the pump 
versus elapsed time. Stabilization for each field parameter is defined as follows: pH 
measurements ± 0.1 units, temperature measurements ±1°C, specific conductance 
measurements ± 10 percent, and ± 10 percent for turbidity). 

10. Purge wells with little or no recharge to near dryness, and allow the well to recover 
before sampling. 

11. When using a pump prior to the completion of purging activities, bring the pump to the 
water surface to ensure complete removal of stagnant water. 

12. Place purged water in a storage tank and disposed as IDW (as specified in IDW Plan). 

Wells will be sampled immediately after purging, if possible, but generally no later than 6 
hours after purging. Wells that recharge slowly will be purged dry and allowed to recharge 
before sampling. If excessive time (greater than 10 hours) is required for the slow recharging 
wells to recharge, it will be documented in the field log. 

Sample Collection 

Following are the general procedures for groundwater sampling along with methods for 
utilizing specific sampling devices and techniques. 



General 
1. With the exception of low-flow sampling, before samples are taken, purge the well. 

2. Clean and decontaminate sampling equipment prior to the commencement of sampling 
activities. A new pair of disposable gloves will be worn at each location by sampling 
personnel. 

3. Use pre-labeled, pre-cleaned sample bottles with preservative added to contain the 
groundwater samples. Volatile organic analysis (VOA) samples will be collected first, 
followed by other organic analyses. 

4.  As the sample is taken, tilt the sample container slightly to allow the water to run down 
the inside of the sample bottle with a minimum of splashing. 

5. Leave adequate space in the bottle to allow for expansion, except for VOA vials, which 
are filled to overflowing and capped. Check VOA vials for air bubbles; if air bubbles are 
detected, carefully add more sample to the vial, taking care to minimize the loss of 
preservative. 

6. Place samples in appropriate containers and pack with ice in coolers immediately after 
the sample is collected. 

7. Measure pH, conductivity, temperature, and turbidity after sample bottles have been 
filled and record the measurements in logbook. 

Bailer 
A decontaminated Teflon® bailer can be used to remove groundwater samples from a well 
as follows: 

1. Lower a decontaminated and properly secured bailer to the sampling interval from 
which the sample will be collected. 

2. Allow the bailer to fill with a minimum of surface disturbance to prevent sample water 
aeration. When the bailer is raised, the bailer cord must not touch the ground. 

3. Slowly pour the sample from the bailer, tilting the bottle slightly to allow the water to 
run down the inside of the sample bottle with a minimum of splashing. 

4. If the bailer is dedicated, return it to the well and cap and lock the well. Clean and 
decontaminate nondedicated samplers after use. 

Purging/Sampling Using Modified Low-Flow Techniques 

Low-flow techniques are utilized to obtain a more representative sample from the aquifer 
formation. AGVIQ-CH2M HILL will use this procedure for the groundwater sampling at 
SWMU 54 and 55. In general, the advantages of low-flow purging include (EPA, 1996c): 

• Samples which are representative of the mobile load of contaminants present (dissolved 
and colloid-associated) 

• Minimal disturbance of the sampling point, thereby minimizing sampling artifacts (i.e. 
less turbidity) 



• Less operator variability, greater operator control 

• Reduced stress on the formation (minimal drawdown) 

• Less mixing of stagnant casing water with formation water 

• Reduces the need for filtration and thus the time needed for sampling  

• Smaller purging volume which decreases IDW disposal costs  

• Better sample consistency; reduced artificial sample variability 

The pumps selected to perform low-flow sampling should be capable of producing purge 
rates sufficient to allow for the modified low-flow sampling technique. Pumps, which meet 
these requirements include, but are not limited to, bladder-type pumps (provided that 
reagent grade nitrogen is used for bladder inflation) and the Grundfos Redi-Flow2 pump. 

Following are the procedures for modified low-flow groundwater sampling. These 
procedures include adaptations from EPA's paper entitled "Low-Flow (Minimal 
Drawdown) Ground-Water Sampling Procedures" (EPA, 1996c): 

1. Slowly lower the decontaminated pump to the middle of the screened interval. This 
method will minimize the mixing of stagnant water in the casing above the screen with 
the screened interval zone water, and minimize re-suspension of solids which have 
collected at the bottom of the well. 

2. Once the pump is positioned in the well, an airtight flow-through cell (equipped with a 
YSI or Horiba-type water quality meter) is plumbed to the water discharge line. 

3. Lower a decontaminated water level gauge into the well to monitor the water table. 

4. Once purging is initiated, water level measurements should be continuously monitored, 
and pumping rates adjusted as necessary (e.g., 0.1 - 0.3L/min) to maintain minimal 
drawdown. Modified low-flow techniques should cause less than 3 feet of drawdown 
during purging. 

5. While purging, the groundwater field parameters (including water level) should be 
continuously monitored every 3-5 minutes until all parameters have stabilized for three 
consecutive readings. 

6. Stabilization for each parameter is defined as follows: ±0.1 for pH, ±3 percent for 
conductivity, ±10 my for redox potential, ±10 percent for turbidity, ±10 percent 
for dissolved oxygen (DO), and ±3 ft for drawdown. 

Once field parameters have stabilized for three consecutive readings, samples may be taken. 
The same device used for purging should be used for sampling (remove flow-through cell). 

 

 



Potassium Permanganate Injections 

Purpose and Applicability 

This procedure describes methods for potassium permanganate (KMnO4) injections.  

General  

The KMnO4 solution will be mixed onsite at a central mix station. The solution will be mixed 
to the maximum KMnO4 concentration possible using site water. The KMnO4 solution will 
be transported to the injection wells using transport trailers. DO NOT LEAVE 
TRANSPORT TRAILERS UNATTENDED DURING FILLING OR INJECTIONS. The 
ISCO injections consist of the following tasks: 

• Mixing the KMnO4 solution;  

• Filling the transport tanks on the injection trailers; 

• Injections in existing wells; and 

• Monitoring during injections. 

These steps are described in detail below.  

Mixing the KMnO4 Solution 

The KMnO4 solution will be mixed using the Carus™ Cycle Bin (Cycle Bin) and a 9,000-
gallon Baker™ mix tank. The estimated KMnO4 injection concentration will range from 30 to 
40 g/L. To achieve this concentration, the KMnO4 solutions will be mixed with 
approximately 8,000 gallons of water and 1 super sack (approximately 2,000 pounds) of 
KMnO4. Mix time required to achieve KMnO4 solubility will be based on field observations. 
The following steps will be followed to mix the KMnO4 injection solution: 

1. Plumb the backflow prevention assembly and water service meter to the water supply 
hydrant. 

2. Ensure the water supply hydrant is plumbed correctly to the mix tank and the hydrant 
discharge valve is closed (Valve 1 on Figure 2-2). 

3. Completely open the hydrant valve. 

4. Note the reading on the hydrant flow meter and record in the Mix System Log. 

5. Open the inlet valve (Valve 5 on Figure 2-2) on the mix tank. 

6. Open the hydrant discharge valve (Valve 1 on Figure 2-2). 

7. Fill the mix tank until the mixer blades are covered with water. 

8. Start the mixers. 

9. Use a forklift to place a KMnO4 super sack on the Cycle Bin. Note, only individuals 
with proper certification may operate the forklift. 

10. Open the inlet valve on the mix tank. 



11. Open the sludge discharge valve (Valve 2 on Figure 2-2) on the Cycle Bin. 

12. Open inlet valve (Valve 8 on Figure 2-2) to initiate flow of water into the Cycle Bin. 

13. Turn on power to the Cycle Bin. 

14. Simultaneously allow water from the hydrant and the Cycle Bin to fill the mix tank.  

15. In sequence, close Valves 1, 5, 8, 6, and 2 when all the KMnO4 in the Cycle Bin has been 
transferred to the mix tank and the mix tank contains approximately 8,000 gallons water. 

16. Note the reading on the hydrant flow meter and record in the Mix System Log. 

17. Continue stirring the mix tank until adequate mix time is reached. 

18. Turn off mixers. 

Filling the Transport Tanks 

DO NOT LEAVE THE TRANSPORT TRAILER UNATTENDED DURING THE FILLING 
PROCESS. The process flow diagram for the transport trailer is shown on Figure 2-3. Note 
that all transfer hoses will be fitted with quick connection hardware. The transport tanks 
will be filled only with KMnO4 solution from the mix tank--no other material may ever be 
put in the transport tanks. The following steps will be followed to fill the transport tanks: 

1. Park the transport trailer on level ground, engage the parking brake, and place wheel 
chocks. 

2. Connect the mix system discharge hose to the fill port for transport tanks. 

3. Ensure all valves on the transfer trailer (Valves 1, 2, 3, 4, 5 on Figure 2-3) and on the 
transport tanks are closed.  

4. Ensure transfer valve to trailer is closed (Valve 4 on Figure 2-2). 

5. Open transfer pump valve and recirculation valve on mix system (Valves 7 and 3 on 
Figure 2-2). 

6. Turn on the transfer/recirculation pump to establish recirculation in the mix tank. 

7. Slowly open the transfer valve to trailer (Valve 4 on Figure 2-2), allowing flow into the 
transport tanks. 

8. Watch the sight glass on the transport tanks to evaluate the fill rate. 

a. If the fill rate is insufficient, slowly close the mix system recirculation valve 
(Valve 3 on Figure 2-2) until a reasonable fill rate is achieved. 

b. If the fill rate is sufficient, allow the transport tank(s) to fill. 

9. When the transport tanks are full, turn off the transfer pump. 

10. In sequence, close the transfer pump valve (Valve 7 on Figure 2-2), recirculation valve 
(Valve 3 on Figure 2-2), and transfer valve to trailer (Valve 4 on Figure 2-2).  



11. Disconnect the mix system discharge hose from the fill port. Ensure the discharge hose is 
inside the mix system secondary containment. 

12. Ensure all valves on trailer are securely closed and there are no leaks. 

13. Remove wheel chocks before attempting to move trailer. 

KMnO4 Injection 

DO NOT LEAVE THE TRANSPORT TRAILER UNATTENDED DURING THE 
INJECTION PROCESS. A total of approximately 16,000 gallons of KMnO4 solution will be 
injected at each well. The following steps will be followed to conduct the KMnO4 injections: 

1. Park the transport trailer on level ground, engage the parking brake, and set wheel 
chocks. 

2. Remove well cap(s) and connect the trailer discharge hose(s) to the well head(s). 

3. Either zero the flow meter(s) or note the totalizer volume using the Injection System Log 
(see Appendix C). 

4. Open the injection system recirculation valve (Valve 3 on Figure 2-3). 

5. Ensure that injection valves are closed (Valves 4 and 5 on Figure 2-3). 

6. Open injection pump valves (Valves 1 and 2 on Figure 2-3). 

7. Start the transfer pump, establishing flow back into the transport tank(s). 

8. Slowly open first injection valve (Valve 4 on Figure 2-3) on one leg of the manifold and 
establish flow to one well. 

9. Slowly open the first injection valve (Valve 4 on Figure 2-3) until the well head pressure 
is maximized at 30 psi. Make small, incremental adjustments and allow time for the 
pressure to equilibrate between adjustments. If necessary to increase well head pressure, 
partially close recirculation valve (Valve 3 on Figure 2-3).  

10. While stabilizing injection flow, look around the injection area to check for surfacing of 
injection fluid. If KMnO4 is surfacing, immediately turn off power to the injection pump, 
close all valves, and initiate spill response. 

11. Slowly open the second injection valve (Valve 5 on Figure 2-3) on the other leg of the 
manifold and establish flow to the second well. 

12. Slowly open the second injection valve (Valve 5 on Figure 2-3) until the well head 
pressure is maximized at 30 psi. Make small, incremental adjustments and allow time 
for the pressure to equilibrate between adjustments. If necessary to increase well head 
pressure, partially close recirculation valve (Valve 3 on Figure 2-3). 

13. While stabilizing injection flow, look around the injection area to check for surfacing of 
injection fluid. If KMnO4 is surfacing, immediately turn off power to the injection pump, 
close all valves, and initiate spill response. 

14. Check pressure in first well. Maintain pressure by adjusting valve (Valve 4 on Figure 
2-3). 



15. When flow has stabilized at both wells, look around the injection area to check for 
surfacing of injection fluid. If KMnO4 is surfacing, immediately turn off power to the 
injection pump, close all valves, and initiate spill response. 

16. Frequently monitor the KMnO4 solution level in the transport tank(s) – DO NOT allow 
the tank(s) to drain completely. Operation of the injection pump without liquid will 
burn up the pump. 

17. Continuously monitor the area for signs that injection solution is surfacing. If KMnO4 is 
surfacing, immediately turn off power to the injection pump, close all valves, and 
initiate spill response. 

18. Record injection flow rates, totalizer volume, and pressures approximately every 30 
minutes on the Injection Log. 

19. When the transport tank(s) need to be refilled, turn off the injection pump, close all 
valves and check for leaks. 

20. Disconnect the discharge lines from the trailer manifold and place the ends in 5-gallon 
buckets at each well. 

21. Remove wheel chocks before attempting to move trailer. 

22. Upon completing injection at a well, disconnect discharge line from well head and 
secure well cap. 

Spill Response 

General 

Four chemicals will be used during the ISCO injections: KMnO4, sodium thiosulfate 
(Na2O3S2), hydrogen peroxide (H2O2), and acetic acid (vinegar). Potassium permanganate 
will be present in two forms: solid (KMnO4 powder) and aqueous solution of 30 to 40 g/L 
KMnO4 solution. The remaining chemicals, Na2O3S2, H2O2, and vinegar are used to 
neutralize KMnO4 drips and spills. The Na2O3S2 will also be present in two forms: solid 
(Na2O3S2 powder) and aqueous solution of approximately 6 percent Na2O3S2 solution. This 
section describes spill response procedures for each of these four chemicals. The material 
safety data sheets (MSDS) for each chemical are provided in Appendix D. 

Neutralization of KMnO4 solutions is required under three circumstances: 1) drips and 
small spills of injection solution, 2) large spills of injection solution, and 3) handling of purge 
water during post-injection monitoring. Drips and small spills (less than 1 gallon of KMnO4) 
should be neutralized by spraying the area with a 1 percent H2O2 solution. The 1 percent 
H2O2 solution is made from equal volumes of 3 percent H2O2, vinegar, and water. Larger 
spills (greater than 1 gallon KMnO4) should be neutralized by spraying the area with a 
6 percent sodium thiosulfate (Na2O3S2) solution, made of 55 gallons water and 27.5 pounds 
sodium thiosulfate. In both cases, the neutralizing agent (either H2O2 or Na2O3S2) should be 
sprayed on the spill area and allowed to react for 2 minutes before additional application. 
The person conducting the neutralization should ensure that the KMnO4 and the 
neutralizing agent are fully mixed AND that sufficient reaction time has elapsed 



(approximately 2 minutes or until there is no longer evidence of change in color) before 
adding more material.  

If excessive gas or steam generation is observed during neutralization, STOP adding 
neutralizing chemical and add water. Allow the heat to dissipate before addressing the spill 
further. 

KMnO4 Solution Spill Response 

• Clear personnel from the spill area.  

• Dress in protective face shield and chemical-resistant clothing. 

• Contain spill with soil berms or other chemically compatible materials.  

• Neutralize the KMnO4 solution with a 6 percent Na2O3S2 solution, according to the 
general method described above, until spill is fully contained and neutralized. 

If personnel are exposed to KMnO4 solution, thoroughly rinse all affected areas with water 
immediately. Consult the KMnO4 MSDS (Appendix D) for first aid procedures.  

KMnO4 Solid Spill Response 

• Clear personnel from the spill area.  

• Clean up spills immediately by sweeping or shoveling up the material. Transfer spilled 
material to a clean metal drum. Do not return spilled material to the original container. 
Flush the contaminated surface with water. 

• If necessary, neutralize the contaminated surface with a 6 percent Na2O3S2 solution, 
according to the general method described above, until spill is fully contained and 
neutralized. 

Na2O3S2 Solution Spill Response 

• Clear personnel from the spill area. 

• Remove metal tools from the area. 

• Contain spill with soil berms or other chemically compatible materials. 

• Dilute the spilled solution with water (approximately 10 volumes of water per volume 
of Na2O3S2 solution). 

• The diluted solution may be rinsed into the water treatment system or storm drain. 
Otherwise, the diluted solution may be containerized for disposal offsite. 

If personnel are exposed to Na2O3S2, thoroughly rinse all affected areas with water 
immediately and consult the Na2O3S2 MSDS (see Appendix D) for first aid procedures.  

Na2O3S2 Solid Spill Response 

• Clear personnel from the spill area.  



• Clean up spills immediately by sweeping or shoveling up the material. Transfer spilled 
material to a clean plastic drum. Do not return spilled material to the original container. 
Flush the contaminated surface with water. 

H2O2 Spill Response 

• Clear personnel from the spill area.  

• Dilute the H2O2 spill with water. 

• The diluted solution may be rinsed into the water treatment system or storm drain. 
Otherwise, the diluted solution may be containerized for disposal off-site.  

If personnel are exposed to H2O2, thoroughly rinse all affected areas with water immediately 
and consult the H2O2 MSDS (see Appendix D) for first aid procedures.  

Vinegar Spill Response 

• Clear personnel from the spill area.  

• Dilute the vinegar spill with water. 

• The diluted solution may be rinsed into the water treatment system or storm drain. 
Otherwise, the diluted solution may be containerized for disposal off-site.  

If personnel are exposed to vinegar, thoroughly rinse all affected areas with water 
immediately and consult the vinegar MSDS (see Appendix D) for first aid procedures.  

Personal Protective Equipment 

The PPE required for site activities is a minimum of level D. This includes long pants, steel-
toed safety shoes, and safety glasses. When there is risk workers may be exposed to the 
KMnO4 injection solution, for example during spill response, workers should don face 
shields, chemical aprons, and chemical gloves. Rubber boots are also recommended. 
Additional PPE requirements are explained in the H&S (Appendix D of the PAWP) and the 
AHAs presented in Appendix A of this document. 

Logs and Record Keeping 

In addition to the site log book (maintained by the Field Team Leader), logs and forms will 
be completed in association with the ISCO injection activities: 

• Mix System Log 

• Injection System Log 

• Daily Report 

• Pre-Task Safety Plan  

• Safe Behavior Observation Form 

• Material Receipt Form 
 



Analytical SOPs from Worksheet #23 

 

















































































































































































































































































































































































































































































APPENDIX C 

Standard Label and Chain-of-Custody Record 



CHAIN-OF-CUSTODY RECORD

THIS AREA FOR LAB USE ONLY
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Project Name:  ______________________  Project No:  __________ 

Sample ID:  _____________________________________________ 

Sample Date:  ___________________  Sample Time:  ___________ 

Sampler(s):  _____________________________________________ 

Analyses:  _______________________________________________  

Preservatives:  ___________________________________________ 

 



APPENDIX D 

Data Validation Checklists for SW-846 Methods, 
Level IV Data Package Deliverables, and Data 

Reporting Form 



DATA DELIVERABLE PACKAGE REQUIREMENTS 
 

Method Deliverable Requirement Equivalent 
EPA Form 

Preliminary 
Results 

CCI  
Level A 

CCI 
Level B  

CCI 
Level C 

Organics by Case Narrative (See Note 1)   X X X 
GC or HPLC Corrective Action Report   X X X 
 Cross-reference of CCI Sample Numbers, Lab IDs, and analytical QC batches IV X X X X 
 Chain-of-Custody Form, Cooler Receipt form  X X X X 
 Data Summary (Form 1) for each blank and sample (See Note 2) I X X X X 
 Blank Spike or Lab Control Sample (LCS) results (including concentration spiked, percent 

recovered, percent recovery acceptance limits) 
Note:  The LCS shall be spiked with all analytes of interest. 

 X X X X 

 Surrogate Recovery Report (including concentration spiked, percent recovered, and percent 
recovery acceptance limits) 

II X X X X 

 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Report (including concentration spiked, percent 
recovered, percent recovery acceptance limits, relative percent difference (RPD), and RPD 
acceptance limits) 
Note:  MS/MSD must be performed on each batch of 20 Navy samples.  Matrix spike QC must 
contain all the targeted analytes of interest at a concentration not less than 10 times the MDL.  
When using analytical methods for determination of classes of compounds (e.g. fuels analysis for 
TPH-gasoline or TPH-diesel), the matrix spike must contain each targeted class of compounds. 

III X X X X 

 Initial Calibration Data for each column (indicate which column was used for quantitation)  
Note: All analytes must meet calibration acceptance criteria prior to analysis of samples. 

VI   X X 

 Continuing Calibration Identification Summary for Single or Multicomponent  Analytes (Pest/ 
PCBs only) 

X     X X

 Second Source Verification (including acceptance limits) 
Note:  Result should be reported in terms of percent recovery failing within  (75-125%) 

     X X

 Continuing Calibration Data (indicate which column was used for quantitation) 
Note: All analytes must meet calibration acceptance criteria prior to analysis of samples. 

VII   X X 

 Chromatograms for each sample (and reruns), confirmation runs, blank, spike, duplicate, and 
standards 

    X 

 Raw Quantitation Report (area vs. retention time)      X 
 Evidence of  Manual Intergrations     X 

 Copies of Sample Preparation Bench Sheets     X X 
 Copies of Standard Preparation Logs      X 
 Copies of Run Logs VIII     X 
 EDD   X X X 



 
DATA DELIVERABLE PACKAGE REQUIREMENTS 

 
Method Deliverable Requirement Equivalent 

EPA Form 
Preliminary 

Results 
CCI  

Level A 
CCI 

Level B  
CCI 

Level C 
Organics  Case Narrative (See Note 1)   X X X 
by GC/MS Corrective Action Report   X X X 
 Cross-reference of CCI sample numbers, Lab IDs, and analytical QC batches IV X  X X 
 Chain-of-Custody Form, Cooler Receipt Form  X X X X 
 Data Summary (Form 1) for each blank and sample (See Note 2) I X X X X 
 Tentatively Identified Compounds (TICs) for each sample (twenty  peaks) – Not required  unless 

specified in project instructions 
I,TIC     

 Blank Spike/Lab Control Sample (LCS) results (including concentration spiked, percent 
recovered, percent recovery acceptance limits) 
Note:  The LCS shall be spiked with all analytes of interest. 

 X X X X 

 Surrogate Recovery Report (including concentration spiked, percent recovered, and percent 
recovery acceptance limits) 

II X X X X 

 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Report (including concentration spiked, percent 
recovered, percent recovery acceptance limits, relative percent difference (RPD), and RPD 
acceptance limits) 
Note:  MS/MSD must be performed on each batch of 20 Navy samples.  Matrix spike QC must 
contain all the targeted analytes of interest at a concentration not less than 10 times the MDL. 

III X X X X 

 Instrument Performance Check (Tuning) Report including raw data. V   X X 
 Initial Calibration Data (including acceptance limits) VI   X X 
 Second Source Verification (including acceptance limits) 

Note:  Result should be reported in terms of per cent recovery failing within  (75-125%) 
     X X

 Continuing Calibration Data (including acceptance limits) 
Note:  All analytes must meet calibration acceptance criteria prior to analysis of samples.  The 
GC/MS calibration check solutions must include all targeted analytes, including all non-CCC and 
non-SPCC compounds. 

VII   X X 

 Internal Standard Areas and Retention Times Reports (including acceptance limits and out-of-
control flags) 

VIII   X X 

 Reconstructed Ion Chromatogram for each sample and rerun, blank, spike, duplicate, and 
standard 

    X 

 Raw Quantitation Report     X 
 Raw and background subtracted mass spectra for each target analyte found     X 
 Mass spectra of TICs with library spectra of 10 best-fit matches - Not required  unless specified 

in project instructions 
    X 

 Evidence of Manual Intergrations     X 
 Copies of Sample Preparation Bench Sheets     X X 
 Copies of Standard Preparation Logs      X 
 Copies of Run Logs     X 
 EDD   X X X 



 
 DATA DELIVERABLE PACKAGE REQUIREMENTS 

 
Method Deliverable Requirement Equivalent 

EPA Form 
Preliminary 

Results 
CCI  

Level A 
CCI 

Level B  
CCI 

Level C 
Metals Case Narrative (See Note 1)   X X X 
 Corrective Action Report   X X X 
 Cross-reference of CCI Sample Numbers, Lab IDs, and analytical QC batches  X X X X 
 Chain-of-Custody Form, Cooler Receipt form  X X X X 
 Data Summary (Form 1) for Each Sample (See Note 2) I-IN X X X X 
 Blank Spike or Lab Control Sample (LCS) results (including concentration spiked, percent 

recovered, percent recovery acceptance limits) 
Note:  The LCS shall be spiked with all analytes of interest. 

VII-IN X X X X 

 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Report (including concentration spiked, 
percent recovered, percent recovery acceptance limits, relative percent difference (RPD), and 
RPD acceptance limits) 
Note:  MS/MSD must be performed on each batch of 20 Navy samples.  Matrix spike QC must 
contain all the targeted analytes of interest at a concentration not less than 10 times the MDL. 

V (PART 1)IN X X X X 

 Dilution Test  VIII-IN  X  X X 
 Post-digestion Spike Recovery for ICP only V (PART 2)IN  X X X 
 Recovery test for GFAA only      X X X

 Duplicate Sample Report   X X X 
 Blank Results(Prep, ICB, CCB) III-IN X X X X 
 Initial Calibration Data III-IN   X X 
 Second Source Verification   

Note:  Result should be reported in terms of per cent recovery failing within  (75-125 %) 
     X X

 Continuing Calibration Data 
Note:  All analytes must meet calibration acceptance criteria prior to analysis of samples. 

II (PART I)-IN   X X 

 ICP Interference Check Sample Report II (PART I)-IN   X X 
 Standard Addition Results IV-IN   X X 
 Instrument and Method Detection Limit Summary      X X

 Linear Range Summary       X

 Copies of  Preparation Logs IX-IN    X X 
 Copies of Analysis Run Logs XIII-IN     X X 
 Copies of Standard Preparation Logs XIV-IN    X 
 Raw Data and Instrument Printouts     X 
 EDD   X X X 



 

 
DATA DELIVERABLE PACKAGE REQUIREMENTS 

 
Method Deliverable Requirement Equivalent 

EPA Form 
Preliminary 

Results 
CCI  

Level A 
CCI 

Level B  
CCI 

Level C 
Inorganic Case Narrative (See Note 1)   X X X 
Chemistry  Corrective Action Report   X X X 
(Note 3) Cross-reference of CCI sample numbers, Lab IDs, and analytical QC batches  X X X X 
 Chain-of-Custody Form, Cooler Receipt form  X X X X 
 Data Summary (Form 1) for each blank and sample (See Note 2)  X X X X 
 Blank Spike or Lab Control Sample (LCS) results (including concentration spiked, percent 

recovered, percent recovery acceptance limits) 
Note:  The LCS shall be spiked with all analytes of interest 

 X X X X 

 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Report (including concentration spiked, percent 
recovered, percent recovery acceptance limits) 
Note:  MS/MSD must be performed on each batch of 20 Navy samples.  Matrix spike QC must 
contain all the targeted analytes of interest at a concentration not less than 10 times the MDL. 

 X X X X 

 Duplicate Sample Report   X X X 
 Calibration Reports Initial and Continuing 

Note:  All analytes must meet calibration acceptance criteria prior to analysis of samples 
    X 

 Second Source Verification (including acceptance limits) 
Note:  Result should be reported in terms of per cent recovery failing within  (75-125 %) 

     X X

 Copies of Sample Preparation logs     X X 
 Raw Data and Instrument Printouts     X 
 EDD   X X X 
 
 
Notes:  
1) Case narrative must include: Project summary referencing the analytical methodology, discussion of all protocol/procedure deviations, QC issues encountered during analyses and corrective actions taken as a result, summary and discussion of samples that were 

diluted because of the presence of an interference, non-target analyte, or target analyte, and discussion of QC samples exceeding established control limits and corrective actions taken. 
2) Must include: Sample ID, Lab ID, date/time sampled, date received, extracted/analyzed Reporting Limit, Method Detection Limit, Dilution Factor, comments, results and qualifiers. 
3) Deliverables depend on method required QC. 
4) Laboratory should use in-house quality control acceptance criteria if the window is less than or equal to 60 point window (ex 75 125). Laboratory should indicate at the time of bid, which will be provided. 
5) Laboratory should provide evidence at the time of bid of its ability to routinely meet contractual regulatory guidance criteria.(i.e. FL GCTL)   
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No * - should be explained; P/C ** - SW846 40% GCMS VOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods: E524 E624 SW-846 8260B OLM04.1 Other

Program: AFCEE CLP NFESC Navy RAC III/IV/SBRAC

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP): All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No * 
Holding Times (HT):    Water (14d/7d)  pH <2 pH >2 HT Met  HT Exceeded *  N/A 
   1, 4, COC, Ext. Logs    Soil, low (2d/14d)  Preserved   HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

 Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

 Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht

MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD MS/LD None *   Lab Limits Meth/Prog. Limits
 

 Partial list  %R OK No * RPD OK No * See Spike Wksht

LCS (BS): 3  LCS/LCSD  LCS only  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB Freq. OK All ND Blanks have detects See Blank Wrksht

Tune -BFB (TN) 5 Frequency OK Mass Assignment OK Ion Abundance OK NO*

Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht J/UR

   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met No * Not provided See Calib Wksht  
Internal Standards (IS): 8 IS used No IS All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM) All hits within cal. Range No * Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  
 Samples analyzed w/in 12hr clock  
 Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD) 1 Field Dup reported N/A Precision criteria met No *

QC I tem

Volatile Organic Compounds (GC/MS)

Comments Flags



No * - should be explained; P/C ** - SW846 40% GCMS VOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Volatile Organic Compounds (GC/MS)

                     %                      %                      %                      %                      %Sample Fraction                      %

     

Organic Surrogate Worksheet

   

Surrogate Compound & acceptance limits (%)



No * - should be explained; P/C ** - SW846 40% GCMS VOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Volatile Organic Compounds (GC/MS)

   

 

 

Blank Detects

 

 

 

     

 

MB1

  

 

 

ug/kgug/L
 

ug/kg
MB

ug/L ug/Lug/Lug/L
EB1 AB1 TB1   

ug/L
x 5/10 x 5/10 Associated

Organic Blank Worksheet

 

 

 

 

 

 

 

 

 

 

 

 

 

Limit% recov Limits RPD RPD% recov % recov

  

Parameter % recov
MS/MSD LCS/LCSD RPD Associated

Samples

Organic Spike Worksheet
MS MSD LCS LCSD Recovery

   

  

  

     

       

       

       

       

       

       

       

       

       

       

       

       

ug/kgug/L Samples



No * - should be explained; P/C ** - SW846 40% GCMS VOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Volatile Organic Compounds (GC/MS)

InstrumParameter
IC: CCV:

Affected SamplesRRF Linearity RRF Linearity

Organic Calibration Worksheet



No * - should be explained; P/C ** - SW846 40% GCMS SVOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods: E525 E625 SW-846 8270D OLM04.1 Other

Program: AFCEE CLP NFESC Navy RAC III/IV/SBRAC

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP): All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No * 
Holding Times (HT):    Water (7d/40d)  HT Met  HT Exceeded *  N/A

   1, 4, COC, Ext. Logs    Soil, low (14d/40d)  HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

  Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

  Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht

MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD MS/LD None *   Lab Limits Meth/Prog. Limits
 

 Partial list  %R OK No * RPD OK No * See Spike Wksht

LCS (BS): 3  LCS/LCSD  LCS only  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB Freq. OK All ND Blanks have detects See Blank Wrksht

Tune - DFTPP (TN) Frequency OK Mass Assignment OK Ion Abundance OK NO*

Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht  
   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met No * Not provided See Calib Wksht  
Internal Standards (IS): 8 IS used No IS All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM) All hits within cal. Range No * Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  
 Samples analyzed w/in 12hr clock  
 Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD) Field Dup reported N/A Precision criteria met No *

QC I tem Comments Flags

Semivolatile Organic Compounds (GC/MS)



No * - should be explained; P/C ** - SW846 40% GCMS SVOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Semivolatile Organic Compounds (GC/MS)

 

Surrogate Compound & acceptance limits (%)
     

Organic Surrogate Worksheet

  

                     %                      %Sample Fraction                      %                      %                      %                      %



No * - should be explained; P/C ** - SW846 40% GCMS SVOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Semivolatile Organic Compounds (GC/MS)

ug/kg

Organic Blank Worksheet

       

       

       

       

       

       

       

       

       

       

       

     

    

  

  

     

 

RPD Associated

  

Organic Spike Worksheet
MS MSD LCS LCSD Recovery

Parameter % recov
MS/MSD LCS/LCSD

 

Limit% recov Limits RPD RPD% recov % recov Samples

 

 

 

  

 

 

 

 

 

 

 

 

 

MB
ug/L

x 5/10 x 5/10 Associated
Samples

EB1 AB1 TB1   
ug/L

 
ug/kgug/Lug/L ug/L ug/kg

 

ug/L ug/L

  

 

 

MB1

    

 

 

 

 

 

 

 

Blank Detects



No * - should be explained; P/C ** - SW846 40% GCMS SVOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Semivolatile Organic Compounds (GC/MS)

Organic Calibration Worksheet

RRF Linearity RRF Linearity
CCV:

Affected Samples
IC:

InstrumParameter



No * - should be explained; P/C ** - SW846 40% GC VOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods: E601 E602  SW-846 8021A SW-846 8015M Other

Program: AFCEE CLP NFESC Navy RAC III/IV/SBRAC

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP):  All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No * 
Holding Times (HT):    Water (14d/7d)  pH <2  pH >2  HT Met  HT Exceeded *  N/A 
   1, 4, COC, Ext. Logs    Soil, low (2d/14d)  Preserved   HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

  Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

  Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht

MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD MS/LD None *    Lab Limits Meth/Prog. Limits
 

 Partial list  %R OK  No *  RPD OK  No * See Spike Wksht  

LCS (BS): 3  LCS/LCSD  LCS only  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB  Freq. OK  All ND Blanks have detects See Blank Wrksht 
   MB, IB  Freq. OK  All ND Blanks have detects See Blank Wrksht

Calibration:

   Initial (IC)  6, 8  # of Levels/Linearity Criteria Met  No * Not provided See Calib Wksht  

     PID ElCD FID   Resolution criteria met No *  
   Continuing (CCV) 7, 8  Correct Frequency/Criteria Met  No * Not provided See Calib Wksht  

Internal Standards (IS): 8  IS used No IS  All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM)  All hits within cal. Range No *  Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  
  Confirmation analyzed/reported P/C ** <40%D %D out N/A  
  Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD)  Field Dup reported N/A  Precision criteria met No *

QC I tem Comments Flags

  

 

 

 

GC VOC



No * - should be explained; P/C ** - SW846 40% GC VOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

 

 

GC VOC



No * - should be explained; P/C ** - SW846 40% GC VOC page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

 

 

GC VOC

     

   

  

  

    

   

     

  

                     %

    

    

                     %Sample Fraction                      %                      %

   

                     %

    

Organic Surrogate Worksheet
Surrogate Compound & acceptance limits (%)

  

  

 

  

                     %

  



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC OC Pest page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods:  E608  SW-846 8081B  OLM03.2/OLM04.1  Other

Program:  AFCEE CLP NFESC Navy RAC III/IV/  

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP):  All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No *

Holding Times (HT):    Water (7d/40d)  HT Met  HT Exceeded *  N/A

   1, 4, COC, Ext. Logs    Soil, low (14d/40d)  HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

  Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

  Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht

MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD MS/LD None *   Lab Limits Meth/Prog. Limits
 

 Partial list  %R OK No * RPD OK No * See Spike Wksht

LCS (BS): 3  LCS/LCSD  LCS only  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB Freq. OK All ND Blanks have detects See Blank Wrksht

Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht  
    Degradation Criteria Met No * Resolution criteria met No *  
   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met No * Not provided See Calib Wksht  
Internal Standards (IS): 8 IS used No IS All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM) All hits within cal. Range No * Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  
 Confirmation analyzed/reported P/C ** <25/40%D %D out N/A  
 Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD) Field Dup reported N/A Precision criteria met No *

QC I tem

Organochlorine Pesticides

 

 

Comments Flags



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC OC Pest page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organochlorine Pesticides

 

Organic Surrogate Worksheet
Surrogate Compound & acceptance limits (%)

        

Sample Fraction                      %                      %                      %                      %                      %                      %

       



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC OC Pest page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organochlorine Pesticides

 

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

Organic Spike Worksheet
MS MSD LCS LCSD Recovery MS/MSD LCS/LCSD RPD Associated

Parameter % recov % recov % recov % recov Limits RPD RPD Limit Samples

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Organic Blank Worksheet
MB1 EB1 AB1 TB1   MB  x 5/10 x 5/10 Associated

Blank Detects ug/L ug/L ug/L ug/L ug/L ug/L ug/kg ug/kg ug/L ug/kg Samples



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC OC Pest page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organochlorine Pesticides

 

Organic Calibration Worksheet

Parameter Instrum
IC: CCV:

Affected SamplesRRF Linearity RRF Linearity



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC Herb page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods:  E608  SW-846 8151A  OLM03.2/OLM04.1  Other

Program:  AFCEE CLP NFESC Navy RAC III/IV/  

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP):  All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No *

Holding Times (HT):    Water (7d/40d)  HT Met  HT Exceeded *  N/A

   1, 4, COC, Ext. Logs    Soil, low (14d/40d)  HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

  Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

  Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht

MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD MS/LD None *   Lab Limits Meth/Prog. Limits
 

 Partial list  %R OK No * RPD OK No * See Spike Wksht

LCS (BS): 3  LCS/LCSD  LCS only  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB Freq. OK All ND Blanks have detects See Blank Wrksht

Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht  
    Degradation Criteria Met No * Resolution criteria met No *  
   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met No * Not provided See Calib Wksht  
Internal Standards (IS): 8 IS used No IS All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM) All hits within cal. Range No * Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  
 Confirmation analyzed/reported P/C ** <25/40%D %D out N/A  
 Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD) Field Dup reported N/A Precision criteria met No *

QC I tem Comments Flags

 

Organochlorine Pesticides

 



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC Herb page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organochlorine Pesticides

 

       

                     %                      %                      %                      %Sample Fraction                      %                      %

Organic Surrogate Worksheet
Surrogate Compound & acceptance limits (%)

        



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC Herb page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organochlorine Pesticides

 

ug/kg ug/LBlank Detects ug/L ug/L ug/L ug/kg Samplesug/L ug/L ug/L ug/kg
 x 5/10 x 5/10 Associated

Organic Blank Worksheet
MB1 EB1 AB1 TB1   MB

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Samples

 

Associated
Parameter % recov % recov % recov % recov Limits RPD RPD Limit

Organic Spike Worksheet
MS MSD LCS LCSD Recovery MS/MSD LCS/LCSD RPD

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC Herb page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organochlorine Pesticides

 

Linearity

Organic Calibration Worksheet

Parameter Instrum
IC: CCV:

Affected SamplesRRF Linearity RRF



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC PCBs page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods:  E608  SW-846 8082  OLM03.2/OLM04.1  Other

Program:  AFCEE CLP NFESC Navy RA   

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP):  All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No *

Holding Times (HT):    Water (7d/40d)  HT Met  HT Exceeded *  N/A

   1, 4, COC, Ext. Logs    Soil, low (14d/40d)  HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

  Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

  Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht

MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD MS/LD None *   Lab Limits Meth/Prog. Limits
 

 Partial list  %R OK No * RPD OK No * See Spike Wksht

LCS (BS): 3  LCS/LCSD  LCS only  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB Freq. OK All ND Blanks have detects See Blank Wrksht

Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht  
    # of peaks used acceptable No * see comments regarding aroclor calib.  
   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met No * Not provided See Calib Wksht  
Internal Standards (IS): 8 IS used No IS All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM) All hits within cal. Range No * Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  
 Confirmation analyzed/reported P/C ** <25/40%D %D out N/A  
 Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD) Field Dup reported N/A Precision criteria met No *

QC I tem

 

 

Polychlorinated Biphenyls (PCBs)

Comments Flags



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC PCBs page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

 

Polychlorinated Biphenyls (PCBs)

                     %                      %                      %                      %                      %Sample Fraction                      %

     

Organic Surrogate Worksheet

   

Surrogate Compound & acceptance limits (%)



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC PCBs page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

 

Polychlorinated Biphenyls (PCBs)

Blank Detects

  

 

 

 

 

     

  

 

  

 

 

MB1 x 5/10  x 5/10EB1 AB1 TB1
ug/L ug/Lug/Lug/L ug/kg

MB
ug/kgug/L

 Associated
ug/kgug/L Samples

Organic Blank Worksheet

ug/L

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Limit% recov Limits RPD RPD% recov % recov

  

Parameter % recov
MS/MSD LCS/LCSD RPD Associated

Samples

Organic Spike Worksheet
MS MSD LCS LCSD Recovery

   

  

  

     

     

     

       

       

       

       

       

       

       

       

       

       



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC PCBs page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

 

Polychlorinated Biphenyls (PCBs)

InstrumParameter
IC: CCV:

Affected SamplesRRF Linearity RRF Linearity

Organic Calibration Worksheet



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC OP Pest page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods:  E614  E622  SW-846 8141A  Other

Program:  AFCEE CLP NFESC

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

 

         Flags applied

Data Pkg (DP):  All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No *

Holding Times (HT):    Water (7d/40d)  HT Met  HT Exceeded *  N/A

   1, 4, COC, Ext. Logs    Soil, low (14d/40d)  HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

  Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

  Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht

MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD MS/LD None *   Lab Limits Meth/Prog. Limits
 

 Partial list  %R OK No * RPD OK No * See Spike Wksht

LCS (BS): 3  LCS/LCSD  LCS only  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB Freq. OK All ND Blanks have detects See Blank Wrksht

Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht  
    Degradation Criteria Met No * Resolution criteria met No *  
   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met No * Not provided See Calib Wksht  
Internal Standards (IS): 8 IS used No IS All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM) All hits within cal. Range No * Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  
 Confirmation analyzed/reported P/C ** <40%D %D out N/A  
 Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD) Field Dup reported N/A Precision criteria met No *

QC I tem Flags

Organophosphorus Pesticides

 

Navy RAC III/IV/SBRAC

Comments



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC OP Pest page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organophosphorus Pesticides

 

                     %                      %                      %

       

                     %                      %Sample Fraction                      %

     

Organic Surrogate Worksheet

   

Surrogate Compound & acceptance limits (%)



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC OP Pest page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organophosphorus Pesticides

 

Blank Detects

  

 

 

 

 

    

 

  

 

 

MB1
ug/L ug/kgug/L ug/Lug/Lug/L Samples

EB1 AB1 TB1   
ug/L

 
ug/kg

MB x 5/10 x 5/10
Organic Blank Worksheet

ug/L
Associated

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Limit% recov Limits RPD RPD% recov % recov

  

Parameter % recov
MS/MSD LCS/LCSD RPD Associated

Samples

Organic Spike Worksheet
MS MSD LCS LCSD Recovery

   

  

  

     

       

       

       

       

       

       

       

       

       

       

       

ug/kg



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC OP Pest page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Organophosphorus Pesticides

 

InstrumParameter RRF Linearity
IC: CCV:

Affected SamplesRRF Linearity

Organic Calibration Worksheet



No * - should be explained, P/C ** - SW846 40%, CLP 25% GCHPLC PAH page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods:  E610  SW-846 8100  SW-846 8310  Other

Program:  AFCEE CLP NFESC

Field QC Samples:

Reviewed by & Date:

Matrix:  Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP): All required deliverables in pkg. Deliverables Missing *
 

    pkg., COC, invoice All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No *

Holding Times (HT):    Water (7d/40d) HT Met  HT Exceeded *  N/A

   1, 4, COC, Ext. Logs    Soil, low (14d/40d)  HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

 Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

 Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht  

MS/MSD or MS/LD: 3

     Spiked: All targets MS/MSD MS/LD None *    Lab Limits Meth/Prog. Limits
 

 Partial list %R OK  No *  RPD OK  No * See Spike Wksht  

LCS (BS): 3  LCS/LCSD  LCS  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB Freq. OK All ND Blanks have detects See Blank Wrksht

Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht  
    Degradation Criteria Met No * Resolution criteria met No *  
   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met No * Not provided See Calib Wksht  
Internal Standards (IS): 8 IS used No IS  All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM) All hits within cal. Range  No * Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  

 Confirmation analyzed/reported P/C ** <40%D %D out N/A  
  Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD) Field Dup reported N/A  Precision criteria met No *

QC I tem

 

  

Navy RAC III/IV/

 

 

PAH by HPLC

FlagsComments



No * - should be explained, P/C ** - SW846 40%, CLP 25% GCHPLC PAH page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:  

 

PAH by HPLC

 

Surrogate Compound & acceptance limits (%)
     

Organic Surrogate Worksheet

  

                     %                      %Sample Fraction                      %                      %                      %                      %



No * - should be explained, P/C ** - SW846 40%, CLP 25% GCHPLC PAH page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:  

 

PAH by HPLC

ug/L ug/kg

       

       

       

       

       

       

       

       

       

       

     

     

    

  

  

  

     

 

RPD Associated

  

Organic Spike Worksheet
MS MSD LCS LCSD Recovery

Parameter % recov
MS/MSD LCS/LCSD

 

Limit% recov Limits RPD RPD% recov % recov Samples

 

 

 

 

 

 

 

 

 

 

 

 

 

  
ug/L

x 5/10 x 5/10 
ug/kgug/kgug/L ug/Lug/Lug/L ug/L

MB1 MBEB1 AB1 TB1 Associated
Samples

Organic Blank Worksheet

 

  

 

 

 

    

 

 

 

 

Blank Detects

  

 



No * - should be explained, P/C ** - SW846 40%, CLP 25% GCHPLC PAH page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:  

 

PAH by HPLC

Organic Calibration Worksheet
IC: CCV:

Affected SamplesRRF Linearity RRF LinearityInstrumParameter



No * - should be explained, P/C ** - SW846 40%, CLP 25% GC TPH page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods:  GRO  SW-846 8100  SW-846 8310  Other

Program:  AFCEE CLP NFESC

Field QC Samples:

Reviewed by & Date:

Matrix:  Water  Soil/Solid  TCLP/SPLP  Other:

Case Narrative:  No exceptions  not provided Exceptions:

         Flags applied

Data Pkg (DP): All required deliverables in pkg.  Deliverables Missing *   
    pkg., COC, invoice All samples on COC reported  Samples not reported *  

 Invoice received/correct  Receipt temperatures ok  No *  

Holding Times (HT):    Water Purge/Ext. HT Met  Analysis HT Met  HT Exceeded *  N/A  

   1, 4, COC, Ext. Logs    Soil  Purge/Ext. HT Met  Analysis HT Met  HT Exceeded *  N/A  
Surrogates (SS):  1, 2

 Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits  

 Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht  
MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD  MS/LD  None *    Lab Limits  Meth/Prog. Limits  
 

 Partial list  %R OK No *  RPD OK No * See Spike Wksht

LCS (BS): 3 LCS/LCSD  LCS only  All criteria met  No*   See Spike Wksht  

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK  All ND  Blanks have detects  See Blank Wrksht    
   MB, IB  Freq. OK  All ND  Blanks have detects  See Blank Wrksht  
Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met  No *  Not provided  See Calib Wksht  

    Degradation Criteria Met  No *  Resolution criteria met  No *  

   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met  No *  Not provided  See Calib Wksht  

Internal Standards (IS): 8  IS used  No IS  All samples/stds. IS criteria met  IS out *  

Sample Evaluations (SAM) All hits within cal. Range  No *  Hits w/in RT windows  No *  

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  

  Fingerprinting requested  Fingerprinting evaluated  ID correct  N/A  

  Samples bracketed by CCV  No *  Manual integration performed   
Field Duplicates (FD) Field Dup reported  N/A  Precision criteria met  No *  

QC I tem Flags

 

TPH-TNRCC

 

Navy RAC III/IV/

Comments



No * - should be explained, P/C ** - SW846 40%, CLP 25% Dioxins page ___ of ___

Data Review and Validation for Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods:  SW-846 8280  SW-846 8290  Other:

Program:  AFCEE CLP NFESC

Field QC Samples:

Reviewed by & Date:

Matrix: X Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP):  All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No *

Holding Times (HT):    Water (7d/40d)  HT Met  HT Exceeded *  N/A

   1, 4, COC, Ext. Logs    Soil, low (14d/40d)  HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

  Correct surrogates  N/A  No*  Lab Limits  Meth/Prog. Limits

  Recov. OK  1 or more recov.out *  Surr. Diluted out  See Surr Wksht  
MS/MSD or MS/LD: 3

     Spiked:  All targets  MS/MSD MS/LD None *    Lab Limits Meth/Prog. Limits
 

 Partial list  %R OK  No * RPD OK  No * See Spike Wksht  

LCS (BS): 3  LCS/LCSD  LCS  All criteria met  No*   See Spike Wksht

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB  Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB  Freq. OK All ND Blanks have detects See Blank Wrksht

Tune  (TN) 5 Frequency OK Mass Assignment OK Ion Abundance OK NO*

Calibration:

   Initial (IC)  6, 8  # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht  
    Degradation Criteria Met No * Resolution criteria met No *  
   Continuing (CCV) 7, 8  Correct Frequency/Criteria Met No * Not provided See Calib Wksht  
Internal Standards (IS): 8  IS used No IS  All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM)  All hits within cal. Range No * Hits w/in RT windows No *

       1, 8, 10, raw  Mult Dilutions/Runs  Data rejected - only 1 valid result for each parameter/samp.  
 Confirmation analyzed/reported N/A  
  Samples bracketed by CCV No * Manual integration performed  
Field Duplicates (FD)  Field Dup reported N/A  Precision criteria met No *

QC I tem Comments

  

Dioxins

 

Navy RAC III/IV/SBR

 

Flags



No * - should be explained, P/C ** - SW846 40%, CLP 25% Dioxins page ___ of ___

Data Review and Validation for Number of Samples:

Project Name & Task:

Project # & Case/SDG:

  

Dioxins

 



No * - should be explained, P/C ** - SW846 40%, CLP 25% Air page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods:  EPA 18  TO-   GC  GC/MS  Other: 

Program:  AFCEE  CLP  NFESC  Navy RAC III/IV/  

Field QC Samples:

Reviewed by & Date:

Matrix:  Tedlar Bag  Suma Canister  Tube ______Other: 

Case Narrative:  No exceptions  not provided Exceptions:

         Flags applied

Data Pkg (DP):  All required deliverables in pkg.  Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

 Invoice received/correct  Receipt temperatures ok  No * 
Holding Times (HT):    Tedlar (72hrs)  HT Met  HT Exceeded *  N/A   
   1, 4, COC, Ext. Logs    Suma (7/14d)  HT Met  HT Exceeded *  N/A

Surrogates (SS):  1, 2

  Correct surrogates N/A No*  Lab Limits Meth/Prog. Limits

  Recov. OK 1 or more recov.out * Surr. Diluted out See Surr Wksht

MS/MSD or MS/LD: 3

     Spiked: All targets MS/MSD MS/LD  None *   Lab Limits Meth/Prog. Limits
 

Partial list %R OK No * RPD OK No * See Spike Wksht

LCS (BS): 3  LCS/LCSD  LCS  All criteria met  No*  See Spike Wksht  

Blanks (BL): 1, 4, Ext Logs

   PB, EB, FB/AB Freq. OK All ND Blanks have detects See Blank Wrksht 
   MB, IB  Freq. OK All ND Blanks have detects See Blank Wrksht

Calibration:

   Initial (IC)  6, 8 # of Levels/Linearity Criteria Met No * Not provided See Calib Wksht

    PID ElCD FID  MS Resolution criteria met No *

   Continuing (CCV) 7, 8 Correct Frequency/Criteria Met No * Not provided See Calib Wksht

Internal Standards (IS): 8 IS used No IS  All samples/stds. IS criteria met IS out *

Sample Evaluations (SAM) All hits within cal. Range No * Hits w/in RT windows No *

       1, 8, 10, raw Mult Dilutions/Runs Data rejected - only 1 valid result for each parameter/samp.

 Confirmation analyzed/reported P/C ** <40%D %D out N/A

  Samples bracketed by CCV No * Manual integration performed

Field Duplicates (FD) Field Dup reported  N/A Precision criteria met No *

QC I tem Comments Flags

Air Sample Analysis  
  

 

 

  

 
 

 



No * - should be explained, P/C ** - SW846 40%, CLP 25% Metals page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:  
Project # & Case/SDG:

Methods:  ILM04.1  SW6010B/7000 Series  EPA 200 Series  1600 series  Other

Program:  AFCEE CLP NFESC

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP):  All required deliverables in pkg. Deliverables Missing * 
    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No *

Holding Times (HT): Cyanide (14days) OK No *  N/A

 Mercury (28days) OK No *  N/A

Metals (180days)  OK No *  N/A

Calibration:

   Initial (IC)   # of Levels/Linearity OK No * N/A Not provided See Calib Wksht

    ICV criteria met No * N/A Not provided See Calib Wksht

   Continuing (CCV)  CCV Freq/Criteria Acceptable No * Not provided See Calib Wksht

Blanks (BL): DigAmt 0.5g  1g 2g FV  50mL 100mL 200mL

   MB, PB Freq. OK All ND Blanks have detects N/A See Blank Wrksht

   EB, FB/AB Freq. OK All ND Blanks have detects N/A See Blank Wrksht 
   ICB/CCB Freq. OK All ND Blanks have detects N/A See Blank Wrksht

ICP Interference Check  ICS criteria met  N/A  No*  Not provided  

MS/MSD or MS/LD: 

     Spiked:  All targets  MS/MSD MS/LD None * N/A  Meth/Prog. Limits 
 Partial list  %R OK No * RPD OK No * See Spike Wksht

Post Spike  Post Spike Acceptable No * Not provided N/A See Spike Wksht

Lab Duplicate (LD): Lab Duplicate RPD OK No * Not provided N/A See Comments

LCS (BS):   LCS/LCSD  LCS only  All criteria met  No*  N/A  See Spike Wksht

Standard Addition:  Std. Addition Acceptable No * Not provided N/A See Comments

ICP Serial Dilution (SD):  Serial Dilution Acceptable No * Not provided N/A See Comments

Sample Evaluations (SAM) All hits within cal. Range No * Total > Dissolved

Field Duplicates (FD) Field Dup reported N/A Precision criteria met No *

QC I tem

Navy RAC III/IV/SBRAC

 

 

Metals

  

  

Comments Flags



No * - should be explained, P/C ** - SW846 40%, CLP 25% Metals page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:  
Project # & Case/SDG:

Metals

  

  

MSD
Inorganic Spike Worksheet

Inorganic Blank Worksheet

LCS LCSD Recovery
Parameter % recov

MS/MSD RPD AssociatedMS

PB1 EB1 AB1 ICB CCB AB2

LCS/LCSD
% recov % recov Limit% recov RPD SamplesLimits RPD

PB  x 5/10 x 5/10 Associated
Blank Detects ug/L ug/L ug/L ug/L ug/L ug/L ug/kg ug/kg ug/L ug/kg Samples



No * - should be explained, P/C ** - SW846 40%, CLP 25% Metals page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:  
Project # & Case/SDG:

Metals

  

  

Inorganic Post-Spike Worksheet
MS MSD LCS LCSD Recovery MS/MSD LCS/LCSD RPD Associated

Parameter % recov % recov % recov % recov Limits RPD RPD Limit Samples

 

 

 

 

 

 

 

 

Inorganic Calibration Worksheet

 

 

 

 

 

 

 

 

 

 

CCV:
Affected Samples  

 

IC:
  

 

InstrumParameter



No * - should be explained, P/C ** - SW846 40%, CLP 25% GenChem page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

Methods: Method(s): Parameters:

Program:  AFCEE CLP NFESC

Field QC Samples:

Reviewed by & Date:

Matrix: Water Soil/Solid TCLP/SPLP  Other:

Case Narrative:  No exceptions not provided Exceptions:

         Flags applied

Data Pkg (DP):  All required deliverables in pkg. Deliverables Missing *
 

    pkg., COC, invoice  All samples on COC reported  Samples not reported *

Invoice received/correct  Receipt temperatures ok  No *

Holding Times (HT): Water HT (method) OK No *  N/A

 Soil HT (method) OK No *  N/A

Calibration:

   Initial (IC)   # of Levels/Linearity OK No * N/A Not provided See Calib Wksht

    ICV criteria met No * N/A Not provided See Calib Wksht

   Continuing (CCV)  CCV Freq/Criteria Acceptable No * Not provided See Calib Wksht

Blanks (BL): 

   MB, PB Freq. OK All ND Blanks have detects N/A See Blank Wrksht

   EB, FB/AB Freq. OK All ND Blanks have detects N/A See Blank Wrksht 
   ICB/CCB Freq. OK All ND Blanks have detects N/A See Blank Wrksht

MS/MSD or MS/LD: 

     Spiked:  All targets  MS/MSD MS/LD None * N/A  Meth/Prog. Limits 
 Partial list  %R OK No * RPD OK No * See Spike Wksht

Post Spike  Post Spike Acceptable No * Not provided N/A See Spike Wksht

Lab Duplicate (LD): Lab Duplicate RPD OK No * Not provided N/A See Comments

LCS (BS):   LCS/LCSD  LCS only  All criteria met  No*  N/A  See Spike Wksht

Standard Addition:  Std. Addition Acceptable No * Not provided N/A See Comments

Sample Evaluations (SAM) All hits within cal. Range No * Total > Dissolved

Field Duplicates (FD) Field Dup reported N/A Precision criteria met No *

QC I tem

Navy RAC III/IV/SBR

 

Comments Flags

General/Wet Chemistry

  

  



No * - should be explained, P/C ** - SW846 40%, CLP 25% GenChem page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

General/Wet Chemistry

  

  

Blank Detects
PB1

ug/Lug/L ug/Lug/Lug/L
EB1 Associatedx 5/10 x 5/10 

RPD AssociatedLCSD Recovery LCS/LCSD

AB1 ICB CCB

MS MSD LCS
% recov

 

MS/MSD
Limit% recov Limits RPD RPD SamplesParameter % recov % recov

ug/L
PB

ug/kg

Inorganic Blank Worksheet
 

ug/kg ug/L Samplesug/kg

Inorganic Spike Worksheet



No * - should be explained, P/C ** - SW846 40%, CLP 25% GenChem page ___ of ___

Data Review and Validation for: Number of Samples:

Project Name & Task:

Project # & Case/SDG:

General/Wet Chemistry

  

  

Inorganic Calibration Worksheet

 

 

 

IC:
  InstrumParameter

CCV:
Affected Samples  

 

 

 

 

 

 

 

 

 

MS

 

MSD

 

 

 

 

 

Samples

 

Associated
Parameter % recov % recov % recov % recov Limits RPD RPD Limit

Recovery MS/MSD LCS/LCSD RPDLCS LCSD
Inorganic Post-Spike Worksheet



APPENDIX E 

Laboratory Quality Assurance Program Plan and 
Custody Seal 
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GULF COAST ANALYTICAL LABORATORIES 
 CERTIFICATIONS 
 
Scopes of Accreditation are maintained by the QA/QC department and are available for review upon request. 
 
 
< State of Illinois Environmental Protection Agency, NELAP Accreditation #200048, Certification No. 
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AGVIQ-CH2M HILL Joint Venture III (AGVIQ-CH2M HILL) has been retained by the 
Department of the Navy, Naval Facilities Engineering Command Southeast (NAVFAC SE) 
to conduct a pilot study at Solid Waste Management Unit (SWMU) 54 located at Naval 
Activity Puerto Rico (NAPR), formerly known as Naval Station Roosevelt Roads, Ceiba, 
Puerto Rico. This work is being performed under Contract Number N62470-08-D-1006, Task 
Order JM04. As detailed in the Pilot Study Work Plan for SWMU 54 (AGVIQ-CH2M HILL, 
2009), the pilot study will evaluate the effectiveness of in situ bioremediation (ISB) in  
remediating groundwater contaminated with trichloroethene (TCE) and benzene and 
reducing the time required to achieve corrective action objectives. The pilot study will be 
performed on the TCE and benzene plumes identified in the Final Corrective Measures Study 
(CMS) Final Report (Baker Environmental, Inc. [Baker], 2005).  

As described in the Pilot Study Work Plan, ISB pilot testing at SWMU 54 will include a 
baseline site characterization sampling event, a preliminary injection test, installation of 
injection wells, ISB injections, and performance monitoring (AGVIQ-CH2M HILL, 2009). 
Installation and sampling of monitoring wells has been completed as described in the Work 
Plan; however, the analytical results indicate the extents of the TCE and benzene plumes 
have not been fully characterized. This technical memorandum presents the August 2009 
analytical results and makes recommendations for additional site work based on the 
evaluation of these data. 
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Baseline Sampling Event Results 
The baseline sampling event at SWMU 54 was conducted in August 2009. Sampling was 
performed to verify the current concentrations of TCE and benzene in groundwater and 
determine any changes in the locations or extents of the contaminant plumes since the last 
sampling event in 2002. During the August event, the following work was performed: 

• Installed six new monitoring wells (54MW01, 54MW02, 54MW03, 54MW04, 54MW05, 
and 54MW06) in the benzene plume area and collected samples from these wells for the 
analysis of benzene using U.S. Environmental Protection Agency (EPA) Method 8260B. 

• Installed nine new monitoring wells (54MW07, 54MW08, 54MW09, 54MW10, 54MW11, 
54MW12, 54MW13, 54MW14, and 510MW5R) in the TCE plume area and collected 
samples from these wells for the analysis of TCE using EPA Method 8260B. 

Well locations are illustrated on Figure 1.  

TCE Plume 
The TCE sampling results obtained in August 2009 are summarized in Table 1. Table 1 also 
includes the TCE sampling results from February 2002 (Baker, 2005). Figures 2 and 3 depict 
the distribution of TCE in groundwater in 2002 and 2009, respectively. A comparison of the 
2002 TCE distribution (Figure 2) with the 2009 TCE distribution (Figure 3) suggests that TCE 
concentrations in groundwater have decreased since 2002. However, the 2009 data show the 
highest TCE concentration (139 micrograms per liter [µg/L]) now occurs in 54MW08, which 
is located about 50 feet south of 510MW5 where the highest TCE concentration occurred in 
2002. The 2009 data also show that the extent of the TCE plume to the southeast, west, and 
south, which includes the area with the highest measured TCE concentration in the vicinity 
of 54MW08, has not been fully characterized. 

TABLE 1 
Summary of 2002 and 2009 TCE Analytical Results 

Well Identification Sample Date TCE Concentration 
(µg/L) 

54MW07 08/2009 72.6 

54MW08 08/2009 139 

54MW09 08/2009 42.5 

54MW10 08/2009 29.6 

54MW11 08/2009 35.7 

54MW12 08/2009 18.8 

54MW13 08/2009 2.5 

54MW14 08/2009 6.18 

510MW05R 08/2009 50.9 

54TW03a 02/2002 53 

54TW04a 02/2002 84 
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TABLE 1 
Summary of 2002 and 2009 TCE Analytical Results 

Well Identification Sample Date TCE Concentration 
(µg/L) 

54TW05a 02/2002 170D 

54TW06a 02/2002 34 

54TW11a 02/2002 140 

54TW12a 02/2002 5U 

54TW14a 02/2002 25 

54TW18a 02/2002 5U 

54PZ01a 02/2002 2.4J 

510MW5a 02/2002 190 

Notes:  
a Final Corrective Measures Study Final Report for SWMUs 54 and 55 (Baker, 2005) 
D = The sample was diluted for analysis. 
J = The analyte was detected between the laboratory minimum detection limit and reporting limit. 
µg/L = microgram per liter 
U = The analyte was not detected above the laboratory reporting limit. 

Benzene Plume 
The benzene sampling results obtained in August 2009 are summarized in Table 2. Table 2 
also includes benzene sampling results from February 2002 (Baker, 2005). Figures 4 and 5 
depict the distribution of benzene in groundwater in 2002 and 2009, respectively. A 
comparison of the 2002 and 2009 data indicates benzene was detected at significantly higher 
concentrations during the 2009 sampling event than during the 2002 event (9,260 µg/L in 
54MW06 versus 3,000 µg/L in 54TW15). In addition, benzene was detected in excess of its 
treatment standard at multiple locations in 2009. These results indicate the potential 
benzene source area has not been identified, and the extent of benzene in groundwater has 
not been defined.  

TABLE 2 
Summary of 2002 and 2009 Benzene Analytical Results 

Well Identification Sample Date Benzene Concentration 
(µg/L) 

54MW01 08/2009 707 

54MW02 08/2009 394 

54MW03 08/2009 347 

54MW04 08/2009 2.83 

54MW05 08/2009 2.2 

54MW06 08/2009 9,260 

54TW15a 02/2002 3,000 

Notes: 
a Final Corrective Measures Study Final Report for SWMUs 54 and 55 (Baker, 2005) 



REVISED PILOT STUDY INJECTION WELL LOCATIONS AND ADDITIONAL SAMPLING REQUIREMENTS FOR SWMU 54 
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

OCTOBER 2009 

Conclusions and Recommendations 
Test results from the 2009 sampling indicate that the extent of TCE and benzene in 
groundwater beneath SWMU 54 has not been fully defined, and additional site 
characterization is necessary to determine the extent of dissolve contamination and identify 
the individual source areas. Based on this information, CH2M HILL recommends the 
following: 

• Shift the TCE pilot study injection wells to the locations shown on Figure 3. 

• Install four monitoring wells at the locations shown on Figure 3 to delineate the extent of 
TCE beneath SWMU 54. Once the wells are installed and developed, collect 
groundwater samples for the analyses of total volatile organic compounds (VOCs), 
dissolved iron, dissolved manganese, sulfate, sulfide, total organic carbon, methane, 
ethene, ethane, and alkalinity using the analytical methods required in the Pilot Study 
Work Plan for SWMU 54 (AGVIQ-CH2M HILL, 2009). 

• Delay the ISB pilot test on the benzene plume until the source area and plume extent are 
better characterized and the cost and feasibility of ISB using ORC can be properly 
assessed.  

• Collect groundwater samples from previously installed monitoring wells 510MW1, 
510DW1, 510MW2, 510DW2, 510MW3, and 510MW4 (see Figure 5), and analyze for 
VOCs using EPA Method 8260B. 

• Install five monitoring well pairs at the locations shown on Figure 5 to delineate the 
extent of benzene beneath SWMU 54. The proposed well pairs will consist of two 
screened intervals, 5 to 15 feet below ground surface (ft bgs) and 15 to 25 ft bgs. Once 
installed and developed, collect groundwater samples from these wells for the analysis 
of VOCs using EPA Method 8260B. 

• Survey the locations and elevations of the newly installed wells and develop a 
potentiometric map. 

• Evaluate the data to determine the most suitable course of corrective action for the site. 
For the TCE plume, ISB using enhanced reductive dechlorination is still the best 
remediation option and a pilot test should be completed.  

Once additional characterization of the benzene plume is complete, CH2M HILL will 
evaluate ISB and alternative technologies for source and plume remediation.  Remedial 
technologies may include excavation, an air sparging trench, and ISB using ORC. 

References 
AGVIQ-CH2M HILL. 2009. Pilot Study Work Plan for SWMU 54. Prepared for Naval Facilities 
Engineering Command Southeast. January. 

Baker Environmental, Inc. (Baker). 2005. Final Corrective Measures Study Final Report for 
SWMUs 54 and 55. Prepared for Department of the Navy, Naval Facilities Engineering 
Command Atlantic Division. August. 
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AGVIQ-CH2M HILL Joint Venture III (AGVIQ-CH2M HILL) has been retained by the 
Department of the Navy, Base Closure and Realignment (BRAC) Program Management 
Office Southeast (PMO SE) to conduct a pilot study at Solid Waste Management Unit 
(SWMU) 54 located at Naval Activity Puerto Rico (NAPR), formerly known as Naval Station 
Roosevelt Roads, Ceiba, Puerto Rico. This work is being performed under Contract No. 
N62470-08-D-1006, Task Order JM04. As detailed in the Pilot Study Work Plan for SWMU 54 
(AGVIQ-CH2M HILL, 2009a), the purpose of the pilot study is to evaluate the effectiveness 
of in situ bioremediation (ISB) to remediate groundwater contaminated with trichloroethene 
(TCE) and benzene. The pilot study is being performed on the TCE and benzene plumes 
identified in the Final Corrective Measures Study (CMS) Final Report (Baker Environmental, 
Inc. [Baker], 2005).  

As described in the Work Plan, ISB pilot testing at SWMU 54 includes a baseline site 
characterization sampling event, a preliminary injection test, installation of injection wells, 
ISB injections, and performance monitoring (AGVIQ-CH2M HILL, 2009a). Installation and 
sampling of monitoring wells has been completed as described in the Work Plan, as well as 
the ISB injection at the TCE plume. In addition, 4 monitoring wells at the TCE plume and 
10 monitoring wells at the benzene plume were installed and sampled, according to the 
Revised Pilot Study Injection Well Locations and Additional Sampling Requirements for SWMU 54 
(AGVIQ-CH2M HILL, 2009b). Results from this sampling event indicate that the extent of 
TCE contamination has been essentially delineated; however, the benzene area has not been 
fully characterized, vertically or horizontally. 

This technical memorandum presents the December 2009 and January 2010 analytical 
results and makes recommendations for additional site work based on the evaluation of 
these data. 
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Phase I Additional Characterization Sampling Event Results 
The phase I additional characterization sampling event was conducted between December 
2009 and January 2010. Sampling was performed to supplement the August 2009 
groundwater monitoring data and further characterize the TCE and benzene plumes. 
During the Phase I event, the following work was performed: 

• Installed four new monitoring wells (54MW15, 54MW16, 54MW17, and 54MW18) in the 
TCE plume area and collected samples from these wells for the analysis of volatile 
organic compounds (VOCs) using U.S. Environmental Protection Agency (EPA) 
Method 8260B. 

• Installed five new injection wells (54IW01, 54IW02, 54IW03, 54IW04, and 54IW05) in the 
TCE plume area and collected samples from these wells for the analysis of VOCs using 
EPA Method 8260B. 

• Installed 10 new monitoring wells (54MW19, 54MW20, 54MW21, 54MW22, 54MW23, 
54MW24, 54MW25, 54MW26, 54MW27, and 54MW28) in the benzene plume area and 
collected samples from these wells for the analysis of VOCs using EPA Method 8260B. 

• Sampled existing monitoring wells (54MW01, 54MW02, 54MW03, 54MW04, 54MW05, 
and 54MW06) for the analysis of VOCs using EPA Method 8260B. 

Well locations are illustrated on Figure 1.  

TCE Plume 
The TCE sampling results from August and December 2009 are summarized in Table 1. 
Figure 2 depicts the distribution of TCE in groundwater using the August and December 
data collectively. TCE concentrations were detected slightly above the NAPR cleanup 
criterion of 22 micrograms per liter (µg/L) at wells 54MW11 (35.7 µg/L), 54MW15 
(39.2 µg/L), 54MW16 (26.3 µg/L), and 54MW18 (26.7 µg/L), indicating that the extent of 
TCE in groundwater exceeding the cleanup criterion has been essentially defined in TCE 
plume area of SWMU 54. 

TABLE 1 
Summary of August and December 2009 TCE Analytical Results 

Well Identification Sample Date TCE Concentration 
(µg/L) 

54MW07 08/2009 72.6 

54MW08 08/2009 139 

54MW09 08/2009 42.5 

54MW10 08/2009 29.6 

54MW11 08/2009 35.7 

54MW12 08/2009 18.8 

54MW13 08/2009 2.5 

54MW14 08/2009 6.18 

54MW15 12/2009 39.2 
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TABLE 1 
Summary of August and December 2009 TCE Analytical Results 

Well Identification Sample Date TCE Concentration 
(µg/L) 

54MW16 12/2009 26.3 

54MW17 12/2009 7.96 

54MW18 12/2009 26.7 

54IW01 12/2009 55.2 

54IW02 12/2009 246 

54IW03 12/2009 181 

54IW04 12/2009 256 

54IW05 12/2009 75.6 

Notes:  
Bold indicates the measured concentration exceeds the TCE cleanup criterion of 22 µg/L. 

In addition to TCE, the VOCs 1,2-dichlorobenzene, cis-1,2-dichloroethene (DCE), 
chloroform, and methylene chloride were also detected. However, individual constituent 
concentrations were less than 10 µg/L and do not warrant further investigation. 

Benzene Plume 
The benzene sampling results from August 2009 and January 2010 are summarized in 
Table 2. Figures 3 and 4 depict the distribution of benzene in the deep and shallow zones of 
the overburden aquifer, respectively. Two separate areas of benzene contamination 
exceeding the 550 µg/L cleanup criterion were indentified: one immediately south of the 
former pump island and 4,000-gallon underground storage tank (UST) (Figure 3) and the 
second west of Bairoko Street (Figure 4). It is likely the benzene detected west of Bairoko 
Street is associated with a tank truck fuel spill, rather than the UST. The benzene near well 
54MW06 (west of Bairoko Street) appears to occur primarily in the shallow zone (5 to 15 feet 
below ground surface [ft bgs]), while the benzene near well 54MW27 (south of the former 
pump island) appears to exist in a deeper zone (25 to 40 ft bgs). The data on Figures 3 and 4 
demonstrate that the lateral and vertical extent of benzene contamination has not been fully 
defined in either area. 

 

TABLE 2 
Summary of August 2009 and January 2010 Benzene Analytical Results 

Well Identification Sample Date Benzene Concentration 
(µg/L) 

54MW01 08/2009 707 

54MW02 08/2009 394 

54MW03 08/2009 347 

54MW04 08/2009 2.83 

54MW05 08/2009 2.2 
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TABLE 2 
Summary of August 2009 and January 2010 Benzene Analytical Results 

Well Identification Sample Date Benzene Concentration 
(µg/L) 

54MW06 08/2009 9,260 

54MW01 01/2010 653 

54MW02 01/2010 500 

54MW03 01/2010 357 

54MW04 01/2010 <5 

54MW05 01/2010 1.52 

54MW06 01/2010 14,200 

54MW19 01/2010 45.2 

54MW20 01/2010 208 

54MW21 01/2010 15.2 

54MW22 01/2010 20.7 

54MW23 01/2010 <5 

54MW24 01/2010 <5 

54MW25 01/2010 <5 

54MW26 01/2010 <5 

54MW27 01/2010 7,410 

54MW28 01/2010 <5 

Notes: 
Bold indicates the measured concentration exceeds the benzene cleanup criterion of 550 µg/L. 

In addition to benzene, the VOCs acetone, chloroform, cis-1,2-DCE, cyclohexane, 1,2-
dichloroethane (DCA), ethylbenzene, 4-methyl-2-pentanone, isopropylbenzene, 
methylcyclohexane, methyl tert butyl ether, toluene, TCE, and xylenes were detected in 
benzene plume wells during this sampling event. With the exception of concentrations of 
1,2-DCA (8.04 J µg/L) at 54MW02, ethylbenzene at 54MW01 (893 µg/L), TCE at 54MW04 
(24.9 µg/L) and 54MW05 (40.9 µg/L), and ethylbenzene (1,300 µg/L) and toluene (1,150 
µg/L) at 54MW06, the VOCs were either measured below their Maximum Contaminant 
Levels or did not exceed the previously calculated risk-based cleanup criteria (Baker, 2005). 
Therefore, these detections do not warrant further investigation. However, the two TCE 
detections at wells 54MW04 and 54MW05 exceeded the cleanup criterion of 22 µg/L. These 
wells are located west of Bairoko Street and are separated by wells with lower TCE 
concentrations, suggesting a separate TCE source may be present. In addition, neither of 
these wells had benzene detections, further suggesting the existence of a separate TCE 
source.  

Conclusions and Recommendations 
Test results from the 2009 and 2010 sampling events indicate that the extent of TCE 
contamination in the known source area, as established by Baker in the CMS, has been 
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adequately characterized and no additional groundwater monitoring wells are required for 
this purpose. However, data associated with the former fueling system indicate that the 
vertical and horizontal extent of benzene in the overburden aquifer has not been 
determined. The data also show a second benzene source area west of Bairoko Street. 
Therefore, additional site characterization is necessary to determine the horizontal and 
vertical extent of benzene in groundwater. 

During sampling associated with the benzene plume, TCE was detected above the cleanup 
criterion of 22 µg/L in monitoring wells 54MW04 and 54MW05. These wells are located 
west of Bairoko Street and appear to represent a separate area of TCE contamination; 
therefore, the installation of one additional monitoring well is recommended to determine if 
a separate TCE source exists. 

Based on these findings, CH2M HILL recommends the following: 

• TCE Plume: Return to original limited VOC analyte list (TCE, cis-1,2-DCE, and vinyl 
chloride) for remainder of groundwater sampling at the TCE area. 

• Benzene Plume: Return to original analyte list (benzene only) for remainder of 
groundwater sampling at the benzene area. 

• Benzene Plume (Deep): Install eight monitoring wells at the locations shown on Figure 3 
to delineate the extent of benzene in the deep zone beneath SWMU 54. The new 
monitoring wells will include deep wells (screened 25 to 40 ft bgs) paired with 54MW01 
and 54MW27 to ensure the benzene contamination in this area is confined to this zone. 
Well pairs (screened 15 to 25 and 25 to 40 feet bgs) will be installed around 54MW27 to 
fully define the extent of benzene contamination in this area. Once the wells are installed 
and developed, collect groundwater samples for the analyses of benzene using EPA 
Method 8260B. 

• Benzene Plume (Shallow): Install four monitoring wells at the locations shown on 
Figure 4 to delineate the extent of benzene in the shallow zone beneath SWMU 54. The 
new monitoring wells will include deep wells (screened 15 to 25 ft bgs) paired with 
54MW06 and 54MW02 to ensure the benzene contamination in this area is only in the 
shallow zone and a well pair between 54MW06 and 510MW3 (screened 5 to 15 ft bgs and 
15 to 25 ft bgs) to further define the extent of benzene contamination in this direction 
and limit the area requiring treatment. Once the wells are installed and developed, 
collect groundwater samples for the analyses of benzene using EPA Method 8260B. 

• Benzene Plume (Shallow): Install one monitoring well (screened 5 to 15 ft bgs) east of 
54MW04 and 54MW05 at the location shown on Figure 4 to determine if the TCE 
detections are linked to the TCE plume east of Bairoko Street. Once the well is installed 
and developed, collect groundwater samples for the analyses of TCE using EPA 
Method 8260B. 

• Survey the locations and elevations of the newly installed wells. 

• Evaluate the data to determine the most suitable course of corrective action for the 
benzene plume.  
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Once additional characterization of the benzene plume is complete, CH2M HILL will 
evaluate ISB and alternative technologies for source and plume remediation. Remedial 
technologies may include excavation, an air sparging trench, and ISB using oxygen release 
compound (ORC®). 
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T E C H N I C A L  M E M O R A N D U M   

Phase III Additional Sampling Requirements for 
SWMU 54, Naval Activity Puerto Rico, Ceiba, Puerto 
Rico 
PREPARED FOR: Mark Davidson/PMO SE 

Pedro Ruiz/NAPR  

PREPARED BY: Amanda Struse/CH2M HILL 
Doug Downey/CH2M HILL  
Tom Beisel/CH2M HILL  

DATE: July 29, 2010 

 

AGVIQ-CH2M HILL Joint Venture III (AGVIQ-CH2M HILL) was retained by the 
Department of the Navy, Base Closure and Realignment (BRAC) Program Management 
Office Southeast (PMO SE) to conduct pilot testing at Solid Waste Management Unit 
(SWMU) 54 located at Naval Activity Puerto Rico (NAPR), formerly known as Naval Station 
Roosevelt Roads (NSRR), Ceiba, Puerto Rico. This work was performed under Contract 
No. N62470-08-D-1006, Task Order JM04. This technical memorandum (TM) presents the 
results obtained following the collection of water quality samples in April 2010 from wells 
that were recently (February and March 2010) installed to determine the horizontal and 
vertical extent of benzene in groundwater and to determine if trichloroethene (TCE) was 
present downgradient of the previously identified TCE source area. The TM also includes 
recommendations for additional work based on interpretation of the recently collected data. 

Background 
In January 2009, AGVIQ-CH2M HILL prepared and submitted a work plan to the Navy, 
describing the procedures that would be used to evaluate the effectiveness of in situ 
bioremediation (ISB) to remediate groundwater impacted by TCE and benzene beneath 
SWMU 54 (AGVIQ-CH2M HILL, 2009a). The areas targeted for pilot testing were based on 
the TCE and benzene plume maps presented in the Final Corrective Measures Study [CMS] 
Final Report (Baker Environmental, Inc. [Baker], 2005).  

The work included the installation of 14 baseline monitoring wells (510MWR and 54MW01 
through 54MW13), collection of baseline water quality samples, installation of five ISB 
injection wells (54IW01 through 54IW05), installation of five additional monitoring wells 
(54MW14 through 54MW18) to define the extent of TCE following review of the baseline 
data, completion of an ISB injection event, and completion of two quarterly post-injection 
groundwater sampling events. Sampling results indicated the extent of TCE was 
determined; however, the horizontal and vertical extent of the benzene plume was not 
defined. Therefore, in October 2009, AGVIQ-CH2M HILL submitted a revised work plan to 
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the Navy, describing the scope of work to install 10 additional monitoring wells (54MW19 
through 54MW28) to determine the vertical and horizontal extent of benzene in 
groundwater (AGVIQ-CH2M HILL, 2009b). Between October and December 2009, 
monitoring wells 54MW19 through 54MW28 were installed and sampled. Sampling results 
from these wells suggested that the benzene plume appeared to be split into two separate 
sources: a deep source associated with the former underground storage tanks (USTs) located 
on the east side of Bairoko Street, and a shallow source related to a surface spill of fuel that 
reportedly occurred on the west side of Bairoko Street (Figure 1).  

Based on these results, in February 2010, AGVIQ-CH2M HILL prepared a TM, 
recommending the installation of 12 additional monitoring wells (54MW29 through 
54MW33 and 54MW35 through 54MW41) to determine the extent of benzene in 
groundwater (AGVIQ-CH2M HILL, 2010). In addition, a thirteenth well (54MW34) was 
proposed to determine if TCE was present in groundwater along the southern portion of 
SWMU 54 because TCE was detected in previously installed well 54MW18. 

Therefore, between late-February and early-April 2010, AGVIQ-CH2M HILL installed and 
collected groundwater samples from monitoring wells 54MW29 through 54MW41 as part of 
the Phase II investigation. The sampling results obtained from the Phase II work are 
discussed in the following subsections, and well locations from the recent Phase II work, as 
well as the previous work, are provided on Figure 1.  

Phase II Additional Characterization Sampling Results 
The Phase II sampling event was conducted on April 14 and 15, 2010. Sampling results from 
this event are summarized in Table 1, along with previous data collected in September 2009, 
December 2009, and January 2010. Isoconcentration maps depicting the April 2010 extent of 
benzene to the corrective action objective (CAO) of 550 micrograms per liter (µg/L) in the 
shallow zone (upper 5 to 15 feet of the water table aquifer) and deep zone (lower 15 to 
25 feet of the water table aquifer) are illustrated on Figures 2 and 3, respectively. In addition, 
TCE results from well 54MW34 are also discussed below. 

Distribution of Benzene 
The April 2010 sampling results confirm that there are two benzene plumes: one existing in 
the shallow zone primarily on the west side of Bairoko Street and one in the deep zone on 
the east side of Bairoko Street (refer to Figures 2 and 3). The data also identified a previously 
unknown area of shallow benzene contamination that is present in 54MW34 located on the 
southeast side of Bairoko Street near a drainage ditch. Sampling results by zone are 
discussed below. 

Shallow Zone (5 to 15 feet) 
Sampling results from groundwater wells installed on the west side of Bairoko Street 
(54MW38, 54MW39, and 54MW41) indicate that benzene concentrations above the CAO are 
confined to the shallow zone (5 to 15 feet) of the water table aquifer and that the horizontal 
extent of benzene has been defined to the CAO (Figure 2). However, the sampling results 
also indicate that a benzene concentration of 10,800 µg/L was detected in shallow zone 
monitoring well 54MW34 located on the east-side of Bairoko Street. Monitoring well 
54MW34 is located approximately 60 feet southeast of monitoring well 54MW06, where a 
benzene concentration of 14,200 µg/L was measured in January 2010. Because well 54MW34 
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is also separated by shallow zone wells 54MW02 and 54MW03 that have significantly lower 
benzene concentrations, it is likely that the benzene detected in 54MW34 is unrelated to the 
surface spill of fuel that reportedly occurred on the west side of Bairoko Street.  

Sampling results from wells installed east of Bairoko Street indicate that benzene 
concentrations in the upper 15 feet of the water table aquifer are below the CAO (Figure 2). 

Deeper Zone (15 to 25 feet) 
As shown on Figure 3, benzene concentrations are below the CAO of 550 µg/L west of 
Bairoko Street, but exceed the CAO in wells 54MW27, 54MW30, and 54MW32 located on the 
east side of Bairoko Street. Comparison of benzene distribution with screen placement (see 
Table 1) shows that benzene concentrations exceeding the CAO are confined to wells 
screened between approximately 15 and 25 feet below ground surface (bgs) and that 
benzene concentrations decrease to levels that are significantly below the CAO in wells 
screened deeper than 25 feet bgs (refer to Table 1 for wells 54MW29, 54MW31, 54MW33, 
54MW35, 54MW37, and 510DW2). 

Figure 3 also shows that the extent of benzene contamination between 15 and 25 feet bgs is 
not defined north of 54MW32.  

TCE – 54MW34  
Monitoring well 54MW34 was installed to determine the extent of TCE along the southern 
portion of SWMU 54 because low concentrations of TCE were detected in previously 
installed well 54MW18. TCE was not detected in well 54MW34 during the April 2010 
sampling event, indicating that a separate TCE source does not exist. 

Conclusions and Recommendations  
The data collected in April 2010 indicate the horizontal extent of benzene in the shallow 
zone on the west side of Bairoko Street is defined to the CAO of 550 µg/L. However, an 
isolated area of elevated benzene contamination was detected in shallow zone monitoring 
well 54MW34 on the east side of Bairoko Street. Because 54MW34 is also separated by 
shallow zone wells 54MW02 and 54MW03 that have significantly lower benzene 
concentrations, it is likely that the benzene detected in 54MW34 is unrelated to the release 
that occurred on the west side of Bairoko Street.  

The April 2010 data also show that within the deep zone, benzene concentrations exceeding 
the CAO are confined to the east side of Bairoko Street in wells screened between 
approximately 15 and 25 feet bgs. The data also show that benzene concentrations decrease 
to levels that are below the CAO at depths greater than 25 feet bgs. 

Lastly, TCE was not detected in 54MW34, indicating that a separate TCE source does not 
exist. 

Based on these findings, CH2M HILL recommends the following: 

• Shallow Zone (east side of Bairoko Street): Install two monitoring wells at the locations 
shown on Figure 2 to determine the extent of benzene in groundwater south and east of 
well 54MW54. The new monitoring wells will be screened from 5 to 15 feet bgs and 
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groundwater will be analyzed for benzene using U.S. Environmental Protection Agency 
(EPA) Method 8260B. 

• Deep Zone (east side of Bairoko Street): Install one monitoring well at the location 
shown on Figure 3 to define the extent of benzene in the deep zone beneath SWMU 54. 
The new monitoring well will be screened from 15 to 25 feet bgs and groundwater will 
be analyzed for benzene using EPA Method 8260B. 

• Survey the locations and elevations of the newly installed wells. 
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TABLE 1 
Summary of Benzene Analytical Results 
Naval Activity Puerto Rico, Ceiba, Puerto Rico 

Well 
Identification 

Screened 
Interval 
(ft bgs) 

Sep-09 Dec-09 Jan-10 Apr-10 

510DW1 19.6 – 24.6 -- -- 21.8 -- 

510DW2 39.2 – 44.2 -- -- <5 -- 

510MW1 3.2 – 13.2 -- -- <5 -- 

510MW2 3.2 – 18.2 -- -- <5 -- 

510MW3 4.9 – 14.9 -- -- <5 -- 

510MW4 4.8 – 14.8 -- -- <5 -- 

54MW01 3.9 – 13.9 707 JB -- 653 -- 

54MW02 4.8 – 14.8 394 JB -- 500 -- 

54MW03 4.5 – 14.5 347 JB -- 357 -- 

54MW04 6.3 – 21.3 2.83 JB -- <5 -- 

54MW05 6.3 – 21.3 2.2 JB -- 1.52 J -- 

54MW06 5.0 – 15.0 9,260 JB -- 14,200 -- 

54MW19 15.3 – 25.3 NI NI 45.2 -- 

54MW20 4.9 – 14.9 NI NI 208 -- 

54MW21 15.5 – 25.5 NI NI 15.2 -- 

54MW22 5.1 – 15.1 NI NI 20.7 -- 

54MW23 15.2 – 25.2 NI NI <5 -- 

54MW24 5.2 – 15.2 NI NI <5 -- 

54MW25 15.5 – 25.5 NI NI <5 -- 

54MW26 4.9 – 14.9 NI NI <5 -- 

54MW27 15.2 – 25.2 NI NI 7,410 -- 

54MW28 4.8 – 14.8 NI NI <5 -- 

54MW29 25.3 – 40.3 NI NI NI 2.45 J 

54MW30 14.4 – 24.4 NI NI NI 621 

54MW31 25.1 – 40.1 NI NI NI 31.4 

54MW32 14.1 – 24.1 NI NI NI 1,100 

54MW33 25.9 – 40.9 NI NI NI 238 

54MW34 5.1 – 15.1 NI NI NI 10,800 

54MW35 25.3 – 40.3 NI NI NI 6.17 

54MW36 15.1 – 25.1 NI NI NI 330 
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TABLE 1 
Summary of Benzene Analytical Results 
Naval Activity Puerto Rico, Ceiba, Puerto Rico 

Well 
Identification 

Screened 
Interval 
(ft bgs) 

Sep-09 Dec-09 Jan-10 Apr-10 

54MW37 25.2 – 40.2 NI NI NI 13 

54MW38 14.9 – 24.9 NI NI NI 117 

54MW39 14.8 – 24.8 NI NI NI <5 

54MW40 4.8 – 14.8 NI NI NI 0.74 J 

54MW41 15.0 – 25.0 NI NI NI 115 

Notes: 
B = Indicates the analyte was detected in the associated method blank. 
J = The analyte was positively identified; the associated numerical value is the approximate 
concentration of the analyte in the sample. 
NI = the well was not yet installed 
-- = the well was not sampled 
Bold indicates the measured concentration exceeds the benzene CAO of 550 µg/L. 
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AGVIQ-CH2M HILL has been retained by the Department of the Navy, Naval Facilities 
Engineering Command Southeast (NAVFAC SE) to conduct pilot testing at solid waste 
management unit (SWMU) 55 located at Naval Activity Puerto Rico (NAPR) formerly 
known as Naval Station Roosevelt Roads (NSRR), Ceiba, Puerto Rico. This work is 
performed under Contract Number N62470-08-D-1006, Contract Task Order (CTO) JM04.  
As detailed in the Pilot Study Work Plan for SWMU 55 (CH2M HILL, 2009), the pilot testing 
will be conducted to evaluate the use of in situ chemical oxidation (ISCO) with potassium 
permanganate (KMnO4) to remediate contaminated groundwater exceeding the corrective 
action objectives (CAOs) as described in the November 2005 Final Corrective Measures 
Study (CMS) Final Report (Baker Environmental, Inc. [Baker], 2005).  According to the Pilot 
Study Work Plan, the ISCO pilot test at SWMU 55 will include a baseline site characterization 
sampling event, a preliminary injection test, installation of injection wells, a total oxidant 
demand (TOD) study, ISCO injections, and quarterly monitoring.  To date, the first phase of 
the pilot testing program, the baseline sampling event for existing wells, has been 
completed and installation of the pilot test injection wells is in progress.  This technical 
memorandum (TM) is intended to document changes to the Pilot Study Work Plan and 
additional site characterization required in response to the baseline sampling event 
analytical results. 

Baseline Sampling Event Results 
The baseline sampling event at SWMU 55 was conducted in July 2009, during which, 
groundwater at 6 existing monitoring wells (7MW7, 7MW10,  7MW21, 7MW22, 7MW23, 
and 7MW24) was sampled and analyzed for TCE according to EPA Method SW846 8260B.  
The baseline sampling was conducted to verify results of the last sampling event (conducted 
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in 2003), evaluate the current extent of groundwater contamination, ensure the location of 
the TCE plume has not shifted since 2003, and possibly refine the pilot test injection well 
locations.   

As summarized in Table 1, TCE was measured at monitoring well 7MW7 at 14,500 µg/L, an 
order of magnitude increase compared to the September 2003 measurement of 1,800 µg/L.   
In addition, there was also an order of magnitude increase in the TCE concentration in 
monitoring well 7MW23.  The TCE concentration at 7MW24 remained essentially the same.  
The locations of the wells sampled and the estimated extent of TCE contamination in 
groundwater, using mining visualization software (MVS), are shown in Figure 1.  The 2003 
and 2009 analytical results are summarized in Table 1. 

 

TABLE 1 
Summary of 2003 and 2009 TCE Analytical Results 

Well Identification Sample Date 
TCE 

Concentration 
(µg/L) 

7MW7 
09/2003 1,800 

07/2009 14,500 

7MW10 
09/2003 <1 

07/2009 <5 

7MW21 
09/2003 <1 

07/2009 <5 

7MW22 
09/2003 <1 

07/2009 1.86 

7MW23 
09/2003 87 

07/2009 1,080 

7MW24 
09/2003 1,600 

07/2009 1,430 

 

As shown in Figure 1, the extent of TCE in groundwater is not defined on the north, south, 
or east sides of the TCE plume.  According to the Final Corrective Measures Study Final Report 
for SWMUs 54 and 55 (Baker, 2005), TCE was measured (in 1999) at 1,500 µg/L at TWC, 
approximately 53 feet southeast of 7MW7 and (in 2003) at 66 µg/L at 7TCETW206, 
approximately 90 feet southeast of 7MW7 (Figure 2-12).  Both of these locations could be 
upgradient of 7MW23 and 7MW24.  In light of the significant increases in TCE 
concentrations at 7MW7 and 7MW23, and it is possible the TCE source area has not been 
adequately defined.  In addition, the total downgradient extent (south of 7MW23) of TCE 
has not been delineated.  Also, because the deepest existing monitoring wells are screened 
only about 25 feet below ground surface (ft bgs), the vertical extent of TCE contamination 
does not appear to be delineated. 
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Pilot Study Work Plan Changes 
As a result of the baseline sampling event data, two changes were made to the pilot study 
work plan: an alteration in the preliminary injection test and the locations of the four ISCO 
injection wells. 

The preliminary injection test was to be conducted to ensure it is possible to physically inject 
fluids in the site formation prior to delivering ISCO chemicals to the facility.  Because of the 
high levels of TCE (> 14,000 µg/L) encountered in the pilot test injection area, it was 
determined the preliminary injection test was not warranted to avoid unintentional 
dispersion of the TCE plume without concurrent treatment.  Also, rapid recharge of 
groundwater in monitoring wells was observed during groundwater sampling, indicating 
easy movement of groundwater in the subsurface.  In the place of the preliminary injection 
test, falling and rising head slug tests will be completed to characterize the aquifer 
conductivity.  It will be assumed that it will not be difficult to inject in an aquifer with 
significant conductivity. 

In addition to replacing the preliminary injection test with a slug test, the locations of the 
ISCO injection wells were altered based on the baseline monitoring results.  The new 
proposed injection well locations are shown on Figure 1.  The locations and screen intervals 
of these wells were revised based on the baseline sampling results.  The revised locations 
and screen intervals were selected to gain additional insight to the TCE concentrations in 
groundwater in the area of the 7MW07.  The revised injection well locations and screen 
intervals are shown in Figure 1. 

Recommended Path Forward  
Based on the above information, CH2M HILL recommends a short delay of the SWMU 55 
ISCO pilot test and installation of five monitoring well pairs to more fully delineate the TCE 
plume at SWMU 55.  The proposed well pairs would be placed as shown in Figure 3 and 
consist of two screened intervals, 10-25 ft bgs and 25-40 ft bgs.  These wells would be 
sampled for TCE and the data would then be considered part of the baseline sampling 
event.  This data should improve the quality of the ISCO pilot test and our understanding of 
the plume by: 

• Better defining the true source of TCE contamination and allowing us to focus the 
ISCO pilot test in the area of highest concentrations, 

• Better defining the vertical extent of TCE in the source area so the ISCO targets the 
proper depth intervals, and; 

• Delineating the downgradient extent of TCE contamination.  

References 
  
AGVIQ-CH2M HILL. 2009. Pilot Study Work Plan for SWMU 55.  Prepared for Naval 
Facilities Engineering Command Southeast.  January. 

Baker Environmental, Inc. (Baker). 2005. Final Corrective Measures Study Final Report for 
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AGVIQ-CH2M HILL Join Venture III (AGVIQ-CH2M HILL) has been retained by the 
Department of the Navy, Base Closure and Realignment (BRAC) Program Management 
Office Southeast (PMO SE) to conduct pilot testing at solid waste management unit (SWMU) 
55 located at Naval Activity Puerto Rico (NAPR) formerly known as Naval Station 
Roosevelt Roads (NSRR), Ceiba, Puerto Rico. This work is performed under Contract No. 
N62470-08-D-1006, Task Order JM04. As detailed in the Pilot Study Work Plan for SWMU 55 
(AGVIQ-CH2M HILL, 2009a), the pilot testing is in progress to evaluate the use of in situ 
chemical oxidation (ISCO) with permanganate to remediate contaminated groundwater 
with trichloroethene (TCE) levels exceeding the corrective action objectives (CAOs) 
described in the November 2005 Final Corrective Measures Study Final Report (Baker 
Environmental, Inc. [Baker], 2005). The ISCO pilot test at SWMU 55 includes a baseline site 
characterization sampling event, a preliminary injection test, installation of injection wells, a 
total oxidant demand (TOD) study, ISCO injections, and quarterly monitoring (AGVIQ-
CH2M HILL, 2009a). To date, the baseline sampling event for existing wells, installation of 
injection wells, and TOD testing have been completed. The ISCO injections are in progress.  

This technical memorandum documents additional site characterization needed in response 
to the baseline sampling event, ISCO injection well sampling, and Phase I additional 
characterization sampling analytical results. 

Baseline Sampling Event Results 
The baseline sampling event at SWMU 55 was conducted in July 2009. During this event, 
groundwater from six existing monitoring wells (7MW7, 7MW10, 7MW21, 7MW22, 7MW23, 
and 7MW24) was sampled and analyzed for TCE according to U.S. Environmental 
Protection Agency (EPA) Method SW846 8260B. The baseline sampling was conducted to 
verify results of the previous sampling event (conducted in September 2003), evaluate the 
current extent of groundwater contamination, confirm that the location of the TCE plume 
has not shifted since 2003, and possibly refine the pilot test injection well locations.  
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As summarized in Table 1, three wells had TCE detections exceeding the CAO of 
22 micrograms per liter (µg/L). TCE was measured at monitoring well 7MW7 at 
14,500 micrograms per liter (µg/L), an order of magnitude increase compared to the 
September 2003 measurement of 1,800 µg/L. In addition, there was also an order of 
magnitude increase in the TCE concentration in monitoring well 7MW23. The TCE 
concentration at 7MW24 remained essentially the same. The locations of the wells sampled 
and the estimated extent of TCE contamination in groundwater, using mining visualization 
software (MVS), are shown on Figure 1. The 2003 and 2009 analytical results are 
summarized in Table 1. 

TABLE 1 
Summary of 2003 and 2009 TCE Analytical Results 
Naval Activity Puerto Rico, Ceiba, Puerto Rico 

Well Identification Sample Date TCE Concentration 
(µg/L) 

7MW7 
09/2003 1,800 

07/2009 14,500 

7MW10 
09/2003 <1 

07/2009 <5 

7MW21 
09/2003 <1 

07/2009 <5 

7MW22 
09/2003 <1 

07/2009 1.86 

7MW23 
09/2003 87 

07/2009 1,080 

7MW24 
09/2003 1,600 

07/2009 1,430 

Notes: 
Bold values indicate concentrations in excess of the CAO of 22 µg/L. 

 
Based on the above data, the extent of TCE in groundwater was not defined on the north, 
south, or east sides of the TCE plume, the source area was not adequately defined, and the 
vertical extent of TCE contamination was not delineated (AGVIQ-CH2M HILL, 2009b).  

Injection Well and Phase I Additional Characterization Sampling Event Results 
Four ISCO injection wells (55IW01 through 55IW04) were installed in September 2009, and 
groundwater from these wells was sampled and analyzed for TCE according to EPA 
Method SW846 8260B, as directed in the Pilot Study Work Plan for SWMU 55. As summarized 
in Table 2, TCE was measured at concentrations between 137 and 33,700 µg/L. 

Based on the results of the baseline sampling at existing wells, AGVIQ-CH2M HILL 
recommended installation and sampling of 10 additional wells to fully define the horizontal 
and vertical extent of TCE plume at SWMU 55 (AGVIQ-CH2M HILL, 2009b). These wells 
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(55MW01 through 55MW10) were installed during the same phase as the injection wells in 
September 2009. The Phase I additional baseline sampling event at SWMU 55 was 
conducted in November 2009. During this event, groundwater from the 10 new monitoring 
wells and 4 new injection wells was sampled and analyzed for TCE according to EPA 
Method SW846 8260B.  

As summarized in Table 2, TCE was measured above the CAO of 22 µg/L at monitoring 
wells on the eastern and southeastern sides of the plume. The locations of injection and 
monitoring wells sampled and the estimated extent of TCE contamination in groundwater, 
using MVS, are shown on Figure 1. 

TABLE 2 
Summary of November 2009 Phase I Additional Baseline TCE 
Analytical Results 
Naval Activity Puerto Rico, Ceiba, Puerto Rico 

Well 
Identification 

Screen Interval 
(ft bgs) 

TCE Concentration 
(µg/L) 

55MW01 25-40 640 

55MW02 10-25 71.2 

55MW03 25-40 108 

55MW04 10-25 7.6 

55MW05 25-40 0.21 J 

55MW06 10-25 7.2 

55MW07 25-40 2.0 J 

55MW08 10-25 3.1 J 

55MW09 25-40 384 

55MW10 10-25 184 

55IW01 10-25 33,600 

55IW02 25-40 1,660 

55IW03 15-30 3,600 

55IW04 25-40 137 

Notes: 
Bold values indicate concentrations in excess of the CAO of 22 µg/L. 
ft bgs = foot below ground surface 

 

As shown on Figure 1, the horizontal extent of TCE in groundwater is still not defined on 
the east or southeast sides of the TCE plume. Also, the significant TCE detections in the 
injection wells screened to 40 ft bgs indicate that the vertical extent of TCE contamination in 
the source zone is not delineated. 

Recommended Path Forward  
Based on the above information, AGVIQ-CH2M HILL recommends the installation of 
10 new monitoring wells to more fully delineate the horizontal and vertical extent of the 
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TCE plume at SWMU 55. The proposed wells (55MW11 through 55MW20) would be placed 
as shown on Figure 1 and screened according to the intervals indicated on Figure 1. 
AGVIQ-CH2M HILL recommends sampling groundwater from these wells for TCE and 
considering the data as part of the baseline sampling event. These data should improve the 
definition and characterization of the TCE plume in the following ways: 

• Better defining the true source of TCE contamination and allowing potential future ISCO 
injections to be focused in the appropriate areas 

• Better defining the vertical extent of TCE in the source area so that the ISCO targets the 
proper depth intervals 

• Delineating the downgradient extent of TCE contamination  

References 
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Facilities Engineering Command Southeast. January. 
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AGVIQ-CH2M HILL Joint Venture III (AGVIQ-CH2M HILL) has been retained by the 
Department of the Navy, Base Closure and Realignment (BRAC) Program Management 
Office Southeast (PMO SE) to conduct a pilot-scale study at Solid Waste Management Unit 
(SWMU) 55 located at Naval Activity Puerto Rico (NAPR), formerly known as Naval Station 
Roosevelt Roads (NSRR), Ceiba, Puerto Rico. This work is being performed under Contract 
No. N62470-08-D-1006, Task Order JM04. As detailed in the Pilot Study Work Plan for 
SWMU 55 (AGVIQ-CH2M HILL, 2009a), the pilot testing is in progress to evaluate the use 
of in situ chemical oxidation (ISCO) with permanganate to remediate contaminated 
groundwater with trichloroethene (TCE) levels exceeding the corrective action objectives 
(CAOs) described in the November 2005 Final Corrective Measures Study Final Report (Baker 
Environmental, Inc., 2005). The ISCO pilot test at SWMU 55 includes a baseline site 
characterization sampling event, a preliminary injection test, installation of injection wells, a 
total oxidant demand (TOD) study, ISCO injections, and quarterly monitoring (AGVIQ-
CH2M HILL, 2009a). To date, the baseline sampling event for existing wells, installation of 
injection wells and additional monitoring wells, TOD testing, the ISCO injections, and the 
first quarterly monitoring event have been completed.  

This technical memorandum documents additional site characterization needed in response 
to the baseline, ISCO injection well, and Phase I and Phase II additional characterization 
sampling events. 

Baseline Sampling Event Results 
The baseline sampling event at SWMU 55 was conducted in July 2009. During this event, 
groundwater from six existing monitoring wells (7MW7, 7MW10, 7MW21, 7MW22, 7MW23, 
and 7MW24) was sampled and analyzed for TCE according to U.S. Environmental 
Protection Agency (EPA) Method SW846 8260B. The baseline sampling was conducted to 
verify results of the previous sampling event (conducted in September 2003), evaluate the 
current extent of groundwater contamination, confirm that the location of the TCE plume 
has not shifted since 2003, and possibly refine the pilot test injection well locations.  
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As summarized in Table 1, three wells had TCE detections exceeding the CAO of 
22 micrograms per liter (µg/L). TCE was measured at monitoring well 7MW7 at 
14,500 µg/L, an order of magnitude increase compared to the September 2003 measurement 
of 1,800 µg/L. In addition, there was also an order of magnitude increase in the TCE 
concentration in monitoring well 7MW23. The TCE concentration at 7MW24 remained 
essentially the same. The locations of the wells sampled and the estimated extent of TCE 
contamination in groundwater are shown on Figure 1. As illustrated, the extent of TCE in 
groundwater was not defined on the north, south, or east sides of the TCE plume during the 
baseline event, and the source area was not adequately defined. Additionally Figure 2 
illustrates that the vertical extent of TCE contamination has not been delineated (AGVIQ-
CH2M HILL, 2009b).  

TABLE 1       
Summary of TCE Analytical Results     
Naval Activity Puerto Rico, Ceiba, Puerto Rico   

  TCE Concentration (µg/L) 

Well ID 
Screened 
Interval Sep-03 Jul-09 Nov-09 Feb-10 

7MW07 Shallow 1,800 14,500 -- -- 

7MW10 Shallow <1 <5 -- -- 

7MW21 Shallow <1 <5 -- -- 

7MW22 Shallow <1 1.86 -- -- 

7MW23 Shallow 87 1,080 -- -- 

7MW24   1,600 1,430 -- -- 

55IW01 Deep -- -- 33,600 -- 

55IW02 Shallow -- -- 1,660 -- 

55IW03 Deep -- -- 3,600 -- 

55IW04 Shallow -- -- 137 -- 

55MW01 Deep -- -- 640 -- 

55MW02 Shallow -- -- 71 -- 

55MW03 Deep -- -- 108 -- 

55MW04 Shallow -- -- 7.6 -- 

55MW05 Deep -- -- 0.2J -- 

55MW06 Shallow -- -- 7.2 -- 

55MW07 Deep -- -- 2.0J -- 

55MW08 Shallow -- -- 3.1J -- 

55MW09 Deep -- -- 384 -- 

55MW10 Shallow -- -- 184 -- 

55MW11 Deep -- -- -- 243 
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TABLE 1       
Summary of TCE Analytical Results     
Naval Activity Puerto Rico, Ceiba, Puerto Rico   
55MW12 Shallow -- -- -- 13.1 

55MW13   Not Installed 

55MW14 Deep -- -- -- 1,090 

55MW15 Deep -- -- -- 46 

55MW16 Shallow -- -- -- 5.46 

55MW17 Shallow -- -- -- 177 

55MW18 Deep -- -- -- 2.0J 

55MW19 Deep -- -- -- 1.7J 

55MW20 Shallow -- -- -- 0.7J 

Notes: 
Bold values indicate concentrations in excess of the CAO of 22 µg/L. 
J = value was measured below its practical quantitation limit. 

 

Injection Well and Phase I Additional Characterization Sampling Event Results 
Four ISCO injection wells (55IW01 through 55IW04) (see Figures 1 and 2) were installed in 
September 2009, and groundwater from these wells was sampled and analyzed for TCE 
according to EPA Method SW846 8260B, as directed in the Pilot Study Work Plan for 
SWMU 55. As summarized in Table 1, TCE was measured at concentrations between 
137 and 33,600 µg/L. 

Based on the results of the baseline sampling at existing wells, AGVIQ-CH2M HILL 
recommended installation and sampling of 10 additional wells (55MW01 through 55MW10) 
(see Figures 1 and 2) to fully define the horizontal and vertical extent of TCE plume at 
SWMU 55 (AGVIQ-CH2M HILL, 2009b). These wells were also installed in September 2009. 
The Phase I additional baseline sampling event at SWMU 55 was conducted in 
November 2009. During this event, groundwater from the 10 new monitoring wells 
(55MW01 through 55MW10) and four new injection wells (55IW01 through 55IW04) was 
sampled and analyzed for TCE according to EPA Method SW846 8260B.  

As summarized in Table 1, TCE was detected above the CAO of 22 µg/L at monitoring 
wells located on the eastern and southeastern sides of the plume (55MW01, 55MW02, 
55MW03, 55MW09, and 55MW10). The locations of injection and monitoring wells sampled 
are shown on Figures 1 and 2. 

Phase II Additional Characterization Sampling Event Result 
In January and February 2010, 10 additional monitoring wells (55MW11 through 55MW20) 
were installed to complete the horizontal and vertical delineation of TCE contamination at 
SWMU 55 (AGVIQ-CH2M HILL, 2009c), and groundwater from these wells was sampled 
and analyzed for TCE according to EPA Method SW846 8260B. As summarized in Table 1, 
TCE was measured at concentrations between 0.7 and 1,090 µg/L. TCE was measured above 
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the CAO of 22 µg/L at monitoring wells on the eastern and western sides of the plume 
(55MW 11 and 55MW17). The locations of monitoring wells sampled and the estimated 
extent of TCE contamination in groundwater (using all TCE data collected since July 2009) 
are shown on Figures 1 and 2. 

As shown on Figures 1 and 2, the horizontal extent of TCE in groundwater is still not 
defined on the east or west sides of the TCE plume. Also, the significant TCE detection in 
monitoring well 55MW14 (screened to 40 feet below ground surface) indicates that the 
vertical extent of TCE contamination in the source area has not been delineated. 

Recommended Path Forward  
Based on the above information, AGVIQ-CH2M HILL recommends the installation of 
four new monitoring wells to delineate the horizontal and vertical extent of the TCE 
contamination beneath SWMU 55. The proposed wells (55MW21 through 55MW24) would 
be installed and screened according to the intervals shown on Figure 3. 

AGVIQ-CH2M HILL recommends sampling groundwater from these wells for TCE and 
considering the data as part of the baseline sampling event. These data should improve the 
definition and characterization of the TCE plume in the following ways: 

• Better defining the vertical extent of TCE in the source area so that the ISCO targets the 
proper depth intervals 

• Delineating the downgradient extent of TCE contamination to confirm that direct 
discharge to surface water is not occurring  
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FIGURE 1
TCE Sampling Results – Shallow Zone (0-25 ft bgs)
SWMU 55
Naval Station Roosevelt Roads, Puerto Rico

Wells screened primarily less than 25 ft bgs used to 
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FIGURE 2
TCE Sampling Results – Deep Zone (>25 ft bgs)
SWMU 55
Naval Station Roosevelt Roads, Puerto Rico

Wells screened primarily greater than 25 ft bgs used 
to create isocontours.
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FIGURE 3
Proposed Well Locations
SWMU 55
Naval Station Roosevelt Roads, Puerto Rico
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AGVIQ-CH2M HILL Joint Venture III (AGVIQ-CH2M HILL) has been retained by the 
Department of the Navy, Base Closure and Realignment (BRAC) Program Management 
Office Southeast (PMO SE) to conduct a pilot study at Solid Waste Management Unit 
(SWMU) 55 located at Naval Activity Puerto Rico (NAPR), formerly known as Naval Station 
Roosevelt Roads (NSRR), Ceiba, Puerto Rico. This work is being performed under Contract 
No. N62470-08-D-1006, Task Order JM04. As detailed in the Pilot Study Work Plan for 
SWMU 55 (AGVIQ-CH2M HILL, 2009), the pilot study is in progress to evaluate the use of 
in situ chemical oxidation (ISCO) with permanganate to remediate contaminated 
groundwater with trichloroethene (TCE) levels exceeding the corrective action objectives 
(CAOs) described in the November 2005 Final Corrective Measures Study Final Report (Baker 
Environmental, Inc. [Baker], 2005). The ISCO pilot study at SWMU 55 includes a baseline 
site characterization sampling event, a preliminary injection test, installation of injection 
wells, a total oxidant demand (TOD) study, ISCO injections, and quarterly monitoring 
(AGVIQ-CH2M HILL, 2009). To date, the baseline sampling event for existing wells, 
installation of injection wells, TOD testing, one ISCO injection, and the first and second 
quarterly monitoring events have been completed. In addition, several groundwater 
monitoring wells have been installed to complete characterization of TCE concentrations in 
groundwater. 

This technical memorandum summarizes the current conceptual site model (CSM), 
including the additional site characterization conducted in response to the groundwater 
sampling results, the results of the ISCO injection, and recommendation for the future 
technical approach for groundwater remediation at the site. 

CSM Summary 
In response to data collected during the baseline sampling event in July 2009, additional 
characterization of TCE contamination in groundwater was conducted at SWMU 55 to fully 
delineate the extent of TCE contamination in groundwater both laterally and vertically. To 
date, a total of 23 monitoring wells (55MW01 through 55MW23) and four injection wells 
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(55IW01 through 55IW04) have been installed and sampled for TCE (Figure 1). Generally, 
these wells were installed with 15-foot screens and depths varying between 24 and 68 feet 
below ground surface (bgs). Many of these wells, combined with the existing monitoring 
wells 7MW10, 7MW21 7MW22, 7MW23, and 7MW24, also comprised the monitoring 
network for the ISCO injection, as discussed later in the text.  

Lithologic samples were collected during installation of all new monitoring wells, and the 
geologic observations correspond well with the geology described in the Final Corrective 
Measures Study Final Report (Baker, 2005). The hydrologic units (weathered rock and 
partially weathered rock) and associated aquifer characterizations, such as general depth to 
groundwater, hydraulic gradient, groundwater velocity, and hydraulic conductivity, are 
also consistent with the previous report, with the exception of the extent of TCE 
contamination present in groundwater at SWMU 55. There appears to be a single hydrologic 
unit with no significant upward or downward gradients. 

Groundwater data acquired during the baseline sampling event at the existing monitoring 
wells and Phase I through Phase III Additional Characterization events were used 
collectively to establish the baseline TCE distribution in groundwater at SWMU 55. The 
analytical results are summarized in Table 1 and Figures 2 through 4. Groundwater 
analytical results were interpreted using Mining Visualization Software. To optimize the 
treatment area for ISCO injections, the groundwater results were divided into two vertical 
zones extending between approximately 15 and 25 feet bgs and 25 and 40+ feet bgs. Results 
are shown for groundwater at approximately 14 feet bgs (Figure 2), 25 feet bgs (Figure 3), 
and 41 feet bgs (Figure 4). 

The greatest TCE concentrations were detected in the most shallow interval at injection well 
55IW01 (33,600 micrograms per liter [µg/L]), defining the southern portion of the source 
area. A zone exceeding 1,000 µg/L extends from the source area to the well pair 
7MW23/55MW14. The 1,000 µg/L area, including the source area, has been defined as the 
target treatment zone for SWMU 55. As shown on Figures 3 and 4, the TCE concentrations 
decline with groundwater elevation, however the lateral extent of TCE exceeding the CAO 
of 22 µg/L increases slightly with depth.  

TABLE 1 
Summary of TCE Analytical Results 
Naval Activity Puerto Rico 

  TCE Concentration (µg/L) 

Well ID 

Screened 
Interval 

(feet bgs) 

July 2009 

(Baseline) 

November 2009 
(Baseline - 
Phase I) 

January/ 
February 2010 
(1st Quarter & 

Baseline Phase II) 

April 2010 
(2nd Quarter & 

Baseline Phase III) 
7MW07 10-25 14,500 -- 0a 252 

7MW10 2-12 <5 -- 1.21J <5 

7MW21 10-20 <5 -- <5 <5 

7MW22 12-22 1.86 -- 1.98J 2.02J 

7MW23 9-19 1,080 -- 1,330 990 



PHASE IV ADDITIONAL SAMPLING REQUIREMENTS AND REVISED TECHNICAL APPROACH FOR SWMU 55 
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

JUNE 2010 

ES060110101837ATL 3 

TABLE 1 
Summary of TCE Analytical Results 
Naval Activity Puerto Rico 

  TCE Concentration (µg/L) 

Well ID 

Screened 
Interval 

(feet bgs) 

July 2009 

(Baseline) 

November 2009 
(Baseline - 
Phase I) 

January/ 
February 2010 
(1st Quarter & 

Baseline Phase II) 

April 2010 
(2nd Quarter & 

Baseline Phase III) 
7MW24 12-22 1,430 -- 0a 14.4 

55IW01 10.5-25.5 NI 33,600 0a 3,750 

55IW02 25-40 NI 1,660 0a 694 

55IW03 15.5-30.5 NI 3,600 0a 27.2 

55IW04 25-40 NI 137 0a 38.8 

55MW01 24.5-39.5 NI 640 648 787 

55MW02 9-24 NI 71 1.16J <5 

55MW03 24-39 NI 108 98 64 

55MW04 10-25 NI 7.6 6.09 7.62 

55MW05 25.5-40.5 NI 0.2J <5 <5 

55MW06 10-25 NI 7.2 1.07J <5 

55MW07 25-40 NI 2.0J 1.4J 0.775J 

55MW08 10-25 NI 3.1J 3.54 3.26J 

55MW09 25-40 NI 384 590 509 

55MW10 8-23 NI 184 261 312 

55MW11 24.5-39.5 NI NI 243 336 

55MW12 15-30 NI NI 13.1 4.15J 

55MW13 15.5-25.5 NI NI NI <5 

55MW14 25.5-40.5 NI NI 1,090 1,370 

55MW15 40.5-55.5 NI NI 46 37.3 

55MW16 15-30 NI NI 5.46 3.32J 

55MW17 7.5-22.5 NI NI 177 164 

55MW18 49-59 NI NI 2.0J <5 

55MW19 49.5-59.5 NI NI 1.7J <5 

55MW20 14.5-29.5 NI NI 0.7J <5 

55MW21 25.5-40.5 NI NI NI <5 

55MW22 52.5-67.5 NI NI NI <5 
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TABLE 1 
Summary of TCE Analytical Results 
Naval Activity Puerto Rico 

  TCE Concentration (µg/L) 

Well ID 

Screened 
Interval 

(feet bgs) 

July 2009 

(Baseline) 

November 2009 
(Baseline - 
Phase I) 

January/ 
February 2010 
(1st Quarter & 

Baseline Phase II) 

April 2010 
(2nd Quarter & 

Baseline Phase III) 
55MW23 28.5-43.5 NI NI NI 1.24J 
Notes: 
Bold values indicate concentrations in excess of the CAO of 22 µg/L. 
Shaded rows are wells outside the target treatment area  

a Samples contained permanganate and are assumed to have no TCE 
J = value was measured below its practical quantitation limit. 
-- = not sampled 
NI = not yet installed 

 

ISCO Injection Results Summary 
The ISCO pilot study was conducted in December 2009 to evaluate the effectiveness of 
injecting an oxidizing agent (potassium permanganate) in the subsurface at SWMU 55 for 
treating TCE in groundwater. Generally, physical distribution of the injection solution was 
easily attained. However, injection of a low volume of solution (less than 1,000 gallons) 
resulted in the detection of sodium permanganate (NaMnO4) 14 feet from the injection 
location, implying the existence of a thin (3 feet or less), but highly permeable zone 
intersected by the injection and monitoring wells in the pilot study area. During the pilot 
study, while injecting only between 25 and 40 feet bgs, NaMnO4 was detected in monitoring 
wells screened in both the shallow (10 to 25 feet bgs) and deep (25 to 40 feet bgs) treatment 
zones. Introduction of NaMnO4 to the more shallow wells likely occurred due to an 
increased elevation of the water table during the injection. However, detection of NaMnO4 

at these locations, after the introduction of a relatively small injection volume, may imply 
that the injection fluid was dispersed in a few primary flow paths instead of uniformly 
distributed throughout the aquifer. It appears that a thin vertical zone of the aquifer was 
impacted at least 25 feet from a single injection point, but that this is not indicative of the 
radius of influence through the entire saturated thickness of the target volume. During the 
actual injection, NaMnO4 was detected only at adjacent injection wells and monitoring well 
7MW07, in the middle of the injection area (Table 2). 

NaMnO4 was also detected at monitoring well 7MW24 at 920 milligrams per liter (mg/L) 
2 weeks after the injection conclusion, indicating rapid migration of NaMnO4 through 
preferential pathways. Monitoring well 7MW24 is approximately 40 feet downgradient of 
the injection area. As shown in Table 2, the NaMnO4 concentration within the injection area 
declined quickly after the injection and was generally less than 1,000 mg/L at all wells 
sampled within 45 days of injection. No NaMnO4 was detected at the site in April 2010. 
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TABLE 2 
Sodium Permanganate Concentrations  
SWMU 55  
Naval Activity Puerto Rico  

Date Event Time 55IW01 55IW02 55IW03 55IW04 7MW07 7MW24 7MW10 7MW21 7MW22 7MW23 
12/3/2009 ISCO Injection 11:35 43 -- 1 1 4,330 1 -- -- -- -- 
12/3/2009 ISCO Injection 16:20 1,764 -- 671 3,226 8,660 0 -- -- -- -- 
12/4/2009 ISCO Injection 13:00 -- -- 727 -- 11,171 0 -- -- 0 0 
12/8/2009 ISCO Injection 16:00 -- -- 360 -- 8,480 0 -- -- 0 0 
12/15/2009 ISCO Injection 11:20 -- -- 142 -- 3,880 0 -- -- 0 0 
12/15/2009 ISCO Injection 15:00 -- -- 88 -- 3,320 0 -- -- 0 0 
12/16/2009 ISCO Injection 11:30 -- -- -- -- 5,600 0 -- -- 0 0 
12/16/2009 ISCO Injection 15:30 -- -- -- -- 6,040 0 -- -- 0 0 
12/17/2009 ISCO Injection 11:20 -- -- -- -- 4,640 0 -- -- 0 0 
12/17/2009 ISCO Injection 16:00 -- -- -- -- 5,020 0 -- -- 0 0 
12/18/2009 1-Day Post Injection 10:00 2,280 520 2,360 11,040 -- -- -- -- -- -- 
12/22/2009 1-Week Post Injection -- 1,640 2,200 6,880 3 2,000 72 0 0 0 0 
12/29/2009 2-Week Post Injection -- 618 172 2,600 11 816 920 -- -- 0 0 
1/5/2010 3-Week Post Injection -- -- -- 1,880 160 -- 640 -- -- -- -- 
1/6/2010 3-Week Post Injection -- 360 492 -- -- 720 -- -- -- -- -- 
1/28/2010 30-Day Post Injection -- 50 52 658 -- 280 -- -- -- -- -- 
2/2/2010 30-Day Post Injection -- -- -- -- 10 -- 328 -- -- -- -- 
4/10/2010  120-Day Post Injection 0 0 0 0 0 0 0 0 0 0 0 

Notes:                         
All concentrations are in mg/L.       

      -- = not sampled           
      0 = Sample was collected but no visible NaMnO4.       
      TCE only = Sent to lab for TCE only analysis. No visible NaMnO4.     
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Bench testing was conducted prior to the field work to evaluate the permanganate demand 
exerted by naturally occurring organic material in the aquifer. Typically, this demand is 
much greater than that exerted by contaminants in the aquifer and represents the majority 
of the chemical demand required to treat a site. For SWMU 55, the permanganate demand 
was found to be low throughout the vertical zone impacted during the injection, and 
permanganate was expected to remain in the treatment zone for TCE oxidation for at least 
6 months. However, the persistence was only 60 to 90 days. Because the permanganate 
demand measured during the bench testing was low, the rapid decline in the permanganate 
concentration detected in the injection area over time is likely due to flushing of the highly 
soluble permanganate from the treatment area in highly permeable groundwater flow 
zones.  

Post-Injection Performance Monitoring Results 

Post-injection performance monitoring results for groundwater samples collected in 
January 2010 (first quarterly monitoring event, conducted 30 days post-injection), and 
April 2010 (second quarterly monitoring event, conducted 120 days post-injection) are 
compared to the baseline sampling event data (from groundwater samples collected in 
July and November 2009 and January, February, and April 2010) in this section. The baseline 
sampling results are summarized in the CSM Summary section above. 

As summarized on Figures 5 through 7, the post-injection first quarterly monitoring event 
conducted in January 2010 demonstrated significant reduction in the TCE concentrations 
throughout the vertical interval of the injection zone. Additionally, the treated area 
extended to monitoring well 7MW24, approximately 40 feet downgradient of the injection 
area.  

As summarized on Figures 8 through 10, the post-injection second quarterly monitoring 
event conducted in April 2010 demonstrated an order of magnitude decrease (or more) in 
the TCE concentrations at 7MW07, 7MW24, 55IW01, and 55IW03 was maintained compared 
to baseline data, although TCE concentrations had increased from the January 2010 results. 
Less pronounced decreases were detected at 55IW02 and 55IW04. Of the injection wells 
sampled, there appeared to be more rebound in the shallow zone. Data collected at 7MW23 
indicates a slight decrease compared to July 2009 and January 2010 data, and could be 
typical fluctuation due to sampling methods, or may indicate that treated groundwater from 
the injection zone has migrated into the area. 

Although the TCE concentration at 55IW01 was an order of magnitude less than the baseline 
concentration, it is still representative of significant rebound in the dissolved TCE at this 
location in a relatively short timeframe. The rate of rebound in the TCE concentration is 
indicative of TCE migration back into the treatment area, rather than TCE desorption near 
55IW01. Based on these results, there is likely an additional source of TCE immediately 
north of the injection area, closer to, or underneath, the building pad.  

Considering the limited permanganate persistence, the apparent flushing of permanganate 
from the source area, and the extent of TCE rebound detected at 55IW01 during the second 
quarterly monitoring event, ISCO does not appear to be the optimal choice for full-scale 
application at SWMU 55.  
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Recommended Path Forward  
AGVIQ-CH2M HILL recommends a shift from the current ISCO-only program to address 
groundwater contamination to a combined approach, including excavation to address a 
possible shallow source zone north of injection well 55IW01, one additional ISCO 
application to rapidly reduce TCE mass in the 55IW01 source area, and a longer-term in situ 
bioremediation (ISB) using enhanced reductive dechlorination (ERD) to attain treatment 
goals. The early success of ERD at the TCE area at SWMU 54 indicates that it may be more 
effective than ISCO in remediating the lower levels of TCE that remain after excavation of 
shallow source area soils and an additional ISCO application.  

The rapid rebound detected at 55IW01 suggests a possible TCE source just to the north of 
this injection well. AGVIQ-CH2M HILL recommends the installation of two groundwater 
monitoring wells in this area (Figure 11) to determine the presence and extent of this 
possible source area. According to standard protocol, photoionization detector readings will 
be collected from soils throughout the soil column during well installation to provide 
qualitative determination of the presence of TCE in unsaturated materials, as well the 
saturated zone. The greatest TCE concentration of 33,000 µg/L was measured at 55IW01, 
screened from 10 to 25 feet bgs. Therefore, the proposed wells will also be screened from 
10 to 25 feet bgs. 

The third post-injection quarterly monitoring event will be conducted as planned in 
July 2010. In addition to analysis for permanganate (if visibly present) and TCE, 
groundwater samples from select wells will also be analyzed for ISB parameters, including 
cis-1,2-dichloroethene, vinyl chloride, dissolved iron, dissolved manganese, sulfate, sulfide, 
total organic carbon, methane, ethene, ethane, and alkalinity. 

Based on ISCO pilot study results and site conditions, we recommend the following full-
scale treatment approach for SWMU 55:  

1. The source area will be more clearly defined by installing two new groundwater 
monitoring wells upgradient of existing well 55IW01.  

2. If high levels of TCE are confirmed immediately north of existing well 55IW01, an 
approximately 20-foot by 20-foot excavation will be completed to a depth of 15 to 
20 feet bgs. The portion of the excavation extending below the water table will be 
backfilled with gravel only. The portion of the excavation above the water table will be 
backfilled with a 70/30 mixture of organic mulch and gravel. This backfilled excavation 
will provide an infiltration gallery for a two-step treatment of soils and groundwater 
surrounding and downgradient of the hot spot. Figure 12 provides a cross section of the 
proposed source area excavation, which will be converted into an infiltration 
gallery/bioreactor.  

3. The first step of treatment will involve the injection of permanganate into the clean 
gravel backfill at the bottom of the infiltration gallery. Approximately 1,275 pounds of 
NaMnO4 will be introduced to the infiltration gallery as a 10-gram-per-liter solution. 
Downgradient groundwater monitoring wells will be used to evaluate permanganate 
distribution and persistence. Based on earlier injections, it is expected that this 
permanganate will move quickly down through the source area and destroy higher 
levels of TCE residuals immediately beneath and downgradient of the infiltration 
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gallery. The infiltration gallery will allow ISCO and ISB agents to passively migrate from 
the removed source area, following the likely migration paths of the TCE as it migrated 
from the source area.  

4. The second step of treatment will involve a longer-term injection and recirculation of 
organic substrate in a larger volume of TCE-contaminated groundwater. This will not 
begin until the permanganate has been consumed or has flushed out of the TCE source 
area. Two options are available for implementation of the ISB treatment using the 
bioreactor: a simple injection of emulsified vegetable oil into the bottom of the 
infiltration gallery, or a longer-term recirculation of groundwater through the 
mulch/gravel layer to create an in situ bioreactor. AGVIQ-CH2M HILL has designed 
and installed several in situ bioreactors for TCE hot spots; based on this experience, it is 
believed that this is a viable option for SWMU 55.  

5. Groundwater from select monitoring wells within the treatment zone will be recovered 
at low-flow rates and pumped into the top of the bioreactor, where TCE will be removed 
via ERD. Recovered groundwater may be amended with emulsified vegetable oil, 
fructose, or other soluble organics to promote the ERD. Groundwater passing through 
the bioreactor is treated and also promotes the recirculation of soluble organics in the 
surrounding aquifer to promote more widespread ERD. As a “green” alternative, the 
recirculation pumps can be powered using solar energy and will require little to no 
maintenance. It is estimated that the bioreactor would operate for 3 to 5 years and would 
require semiannual monitoring. 

When permanganate is no longer detected at site monitoring wells (estimated to be 
approximately 4 months after distribution), the infiltration gallery will then be converted to 
a bioreactor.  

References 
AGVIQ-CH2M HILL. 2009. Pilot Study Work Plan for SWMU 55. Prepared for Naval Facilities 
Engineering Command Southeast. January. 

Baker Environmental, Inc. (Baker). 2005. Final Corrective Measures Study Final Report for 
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FIGURE 9
TCE Concentration Approximately 25 ft bgs
120 Days Post-ISCO Injection
SWMU 55
Naval Activity, Puerto Rico
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FIGURE 10
TCE Concentration Approximately 41 ft bgs
120 Days Post-ISCO Injection
SWMU 55
Naval Activity, Puerto Rico

&< Existing Monitoring Well Location

&, Injection Well Location

Ca
rd

 S
tre

et

Forrestal Drive

1 inch = 70 feet± 0 35 70
Feet

Former Building 2314

  \\GALILEO\PROJ\USNAVY\378718_PUERTORICO\MAPFILES\SWMU55_TCE_120DAYC_201005.MXD  SSMITH21 6/2/2010 15:15:03



Proposed new well location

Proposed excavation area



M l h/G l B kfillMulch/Gravel Backfill

Gravel Backfill


	Amended Final Sampling and Analysis Plan Pilot Test at Solid Waste Management Units 54 and 55
	Executive Summary
	Contents
	Acronyms and Abbreviations
	SAP Identifying Information

	Distribution List

	Project Personnel Sign-Off Sheet

	Project Organizational Chart

	Communication Pathways

	Personnel Responsibilities and Qualifications Table

	Special Personnel Training Requirements Table

	Project Scoping Session Participants Sheet

	Project Scoping Session Participants Sheet

	Project Scoping Session Participants Sheet

	Problem Definition

	Project Quality Objectives/Systematic Planning Process Statements

	Measurement Performance Criteria Table – Field QC Sample

	Secondary Data Criteria and Limitations Table

	Summary of Project Tasks 

	Reference Limits and Evaluation Table 

	Project Schedule
	Sampling Design and Rationale

	Sampling Locations and Methods/SOP Requirements Table

	Analytical SOP Requirements Table 

	Field Quality Control Sample Summary Table

	Project Sampling SOP Reference Table

	Field Equipment Calibration, Maintenance, Testing, and Inspection Table

	Analytical SOP References Table

	Analytical Instrument Calibration Table 

	Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table

	Sample Handling System

	Sample Custody Requirements Table 

	Laboratory QC Samples Table

	Project Documents and Records Table

	Analytical Services Table

	Planned Project Assessments Table

	Assessment Findings and Corrective Action Responses
	Corrective Action Form

	Field Performance Audit Checklist 

	Safe Work Observation Form

	QA Management Reports Table

	Verification (Step I) Process Table

	Validation (Steps IIa and IIb) Process Table 

	Analytical Data Validation (Steps IIa and IIb) Summary Table

	Usability Assessment

	References
	Appendix A 

	Appendix B 

	Appendix C

	Appendix D

	Appendix E 

	Appendix F 


	1: Uncontrolled Copy - For Reference Only


