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SECTION 1 

Introduction 

Marine Corps Base (MCB) Camp Lejeune is conducting an investigation of former ranges 
within the area known as Camp Devil Dog to support future military construction 
(MILCON) activities within the area. The Camp Devil Dog Construction Area (herein 
referred to as the CDCA) is located along Perimeter Road just south of Marine Corp Air 
Station (MCAS) New River. This work plan has been developed to facilitate the 
implementation of a munitions response program (MRP) focused Preliminary Assessment 
(PA)/Site Inspection (SI) within the CDCA.  

Portions of seven former ranges lie within the CDCA boundary, and these ranges compose 
the munitions response site (MRS). These ranges include the former K-22 Hand Grenade 
Course (Archive Search Report [ASR]# 2.111), the former M-4 Rifle Grenade Range (ASR# 
2.104), the former M-113 Hand Grenade Range (ASR# 2.167), and the former M-115 Hand 
Grenade Range (ASR# 2.168), as well as the former M-107 Hand Grenade Range, M-109 
Infiltration Course, and M-118 Individual Movement Day Ranges (not in the ASR). The 
CDCA encompasses approximately 83 acres with the above former ranges covering 
approximately 53.3 acres of the CDCA area, as shown on Figures 1-1 and 1-2. The Camp 
Devil Dog MRS is comprised of this 53.3-acre area of former ranges, and is shown on 
Figure 1-2.  

Camp Devil Dog is located between the M-5/M-5A Gun Positions and the K-2 Impact Area, 
which were identified in the ASR and Preliminary Range Identification Report (USACE, 
2001). According to this report, munitions would likely be found only at the gun positions 
and within the impact area. Due to the distance of the Camp Devil Dog site from the gun 
positions and impact area, it is unlikely that the Camp Devil Dog area has been impacted by 
activities at these locations.  

This PA/SI is being conducted by CH2M HILL under the Naval Facilities Engineering 
Command (NAVFAC) Mid-Atlantic, Comprehensive Long-term Environmental Action—
Navy (CLEAN) Contract N62470-08-D-1000, Contract Task Order (CTO) 11.  

1.1 Purpose 
The purpose of a PA is to evaluate whether a site poses a potential risk to human health and 
the environment, and if further investigation may be warranted. PA investigations collect 
readily available information about a site and its surrounding area. The PA is designed to 
distinguish, based on limited data, between sites that present little or no risk to human 
health and the environment and sites that may pose a risk and require further investigation. 
The PA also identifies sites requiring assessment for possible emergency response actions. If 
the PA results in a recommendation for further investigation, a SI is performed.  

SIs typically involve the collection of environmental and waste samples to determine 
whether hazardous substances are present at a site; to determine if these substances are 

http://www.epa.gov/superfund/programs/er/index.htm
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being released to the environment; and to assess if the substances have reached nearby 
targets.  

In addition to the evaluation of environmental media, the PA/SI will also include a 
geophysical investigation and intrusive investigation to assess the potential presence of 
munitions and explosives of concern (MEC). 

1.2 Objective 
The objective of this focused PA/SI is to determine the nature and extent of potential 
subsurface MEC and soil and groundwater contamination resulting from former range 
activities within the CDCA. 

1.3 Work Plan Scope and Organization 
This Work Plan Addendum is designed to describe site specific activities not addressed in 
the MCB Camp Lejeune MRP Master Project Plans (CH2M HILL, 2008). The following 
focused PA/SI activities will be performed in accordance with the MCB Camp Lejeune MRP 
Master Project Plans (CH2M HILL, 2008) (referred to herein as the MRP Master Project 
Plans) to accomplish the objective described in Section 1.2: 

• Conduct a detailed archive search for documents pertaining to the historical uses of the 
CDCA that may have resulted in environmental contamination with MEC and/or 
munitions constituents (MC). Interview current installation personnel, and attempt to 
identify and interview former military personnel, to obtain their accounts of activities 
that may have impacted the project area. 

• Survey the Camp Devil Dog MRS boundary and transect locations to allow for 
vegetation clearance1. 

• Clear vegetation along transects to facilitate digital geophysical mapping (DGM) and 
environmental sampling activities. 

• Conduct a surface clearance of metallic objects, including MEC and material potentially 
presenting an explosive hazard (MPPEH), of the transects in order to avoid interference 
with the DGM. 

• Perform DGM over 10 percent of the 53.3-acre area formerly utilized as ranges within 
the Camp Devil Dog MRS. 

• Evaluate potential impacts to environmental media including surface and subsurface 
soil, surface water, and groundwater within the Camp Devil Dog MRS, and manage 
investigation-derived waste (IDW). 

• Validate laboratory data. 

                                                      
1 An Explosives Safety Submission (ESS) will be submitted to Marine Corps Systems Command (MARCORSYSCOM) for 
approval before any activity begins on the Site. 
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• Conduct a MEC intrusive investigation by reacquiring all geophysical anomalies that are 
identified as potentially representing subsurface MEC, and excavating to determine the 
source of the anomalies. 

• Perform demilitarization of all MEC and MPPEH identified during the intrusive activity. 

• Prepare an After Action Report (AAR) documenting the MEC intrusive investigation. 

• Prepare a focused PA/SI Report. 

This Work Plan is divided into sections providing information on the detailed approach, 
including procedures to be employed during the execution of the project. Appendices to the 
Work Plan provide supporting documentation that details specific procedures for the 
execution of the project.  

This Work Plan Addendum is organized as follows: 

• Section 1, Introduction, provides general information about this Work Plan Addendum, 
describes the CDCA and Camp Devil Dog MRS, summarizes the history of the site, and 
presents the project scope and objectives. 

• Section 2, Technical Management Plan, identifies the technical approach, methods, and 
operational procedures that will be used to execute the focused PA/SI project.  

• Section 3, Field Investigation Plan, identifies the technical approach, methods, and 
operational procedures that will be used to execute the field investigation activities, 
including mobilization and demobilization, land surveying, vegetation clearing, 
temporary well installation, sampling of environmental media, and DGM. 

• Section 4, MEC Intrusive Investigation Plan, identifies the technical approach, 
methods, and operational procedures that will be used to execute the MEC intrusive 
investigation including disposal of non-MEC and non-MPPEH anomaly source material, 
and demilitarization of MEC and MPPEH (if required).  

• Section 5, Explosives Management Plan (EMP), provides details for management of 
explosives in accordance with applicable regulations. 

• Section 6, Explosives Siting Plan, provides explosives safety criteria for planning and 
siting explosives operations. 

• Section 7, Quality Control Plan (QCP), provides details of the approach, methods, and 
operational procedures to be employed for quality control (QC) during the focused 
PA/SI project.  

• Section 8, Environmental Protection Plan, describes the approach, methods, and 
operational procedures to be employed to protect the natural environment during the 
performance of all tasks for the focused PA/SI. 

• Section 9, References, lists the references cited in the preceding sections. 

• Appendix A, Archival Records Search Report, presents the results of the records search 
and personnel interviews that were conducted to identify historical activities that may 
have resulted in environmental contamination of the project area.  
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• Appendix B, Geophysical Prove-out (GPO) Plan, details the activities to be performed 
for validating DGM systems to be utilized at the site.  

• Appendix C, Geophysical Investigation Plan (GIP), details the approach, methods, and 
operational procedures that will be used in performing geophysical investigations at the 
site.  

• Appendix D, Health and Safety Plan (HSP), provides an interface with CH2M HILL’s 
overall health and safety program. The HSP also includes the MEC avoidance 
procedures that will be used to ensure that onsite personnel are protected from MEC 
that may be present at the site. 

• Appendix E, MEC Removal Standard Operating Procedures, details the approach, 
methods, and operational procedures that will be used in performing removal of 
geophysical anomalies and MEC, if discovered, during the MEC intrusive investigation.  

• Appendix F, Uniform Federal Policy (UFP)/Sampling and Analysis Plan (SAP) Cross-
Walk Table, and Quality Assurance Project Plan (QAPP) references project 
management/project planning aspects, measurement data acquisition, assessment 
oversight, and data review processes used to carryout tasks associated with this work 
plan.  

An Explosives Safety Submission (ESS) is being submitted to Marine Corps Systems 
Command (MARCORSYSCOM) under separate cover for review and approval. The ESS 
was prepared in support of investigation activities to be performed at the project site. The 
ESS will be reviewed by MARCORSYSCOM and the Department of Defense Explosives 
Safety Board (DDESB) for conformance with all applicable Marine Corps, Department of the 
Navy, and Department of Defense (DoD) requirements for the safe handling of MEC and 
explosives. Approval of the ESS will be received prior to the start of investigation activities. 

1.4 Site Location and Description 
The CDCA encompasses approximately 83 acres of land located along Perimeter Road just 
south of MCAS New River. Seven former ranges, the former K-22 Hand Grenade Course, 
the former M-4 Rifle Grenade Range, the former M-113 Hand Grenade Range, the former 
M-115 Hand Grenade Range, the M-107 Hand Grenade Range, the M-109 Infiltration Range, 
and the M-118 Individual Movement Day Range, lie within the CDCA as shown on Figure 
1-2. The portion of the CDCA impact by former ranges is called the Camp Devil Dog MRS. 
The former M-5/M-5A artillery safety fans, shown on Figure 1-3, encompasses the majority 
of the CDCA; however, the impact on the CDCA from artillery is considered unlikely due to 
the distance of the CDCA from both the gun positions and the impact area.  

The Camp Devil Dog MRS consists of approximately 53 acres within the 83-acre CDCA. 
Based on a review of publicly available aerial photographs and site reconnaissance, the 
investigation area is approximately 90 percent heavily vegetated with trees and thick 
undergrowth. Due to current operational activities occurring within the CDCA, such as 
infantry training exercises, access to the Camp Devil Dog MRS may be restricted to military 
personnel and authorized contractors. 

1-4 VBO090050007 



SECTION 1—INTRODUCTION 

VBO090050007 1-5 

1.5 Site History 
In October 2008, CH2M HILL completed a detailed historical review of information relating 
past uses of the CDCA. Information obtained from this review is presented in the Archival 
Records Search Report (Appendix A). This information resulted in the creation of the Camp 
Devil Dog MRS, as shown in Figure 1-2. A history of MCB Camp Lejeune is located in the 
MRP Master Project Plans. 

Camp Devil Dog is presently the center of the Marine Combat Training at the School of 
Infantry (SOI EAST). Facilities include billeting, training classrooms, and messing, and this 
location is the main base camp for training that takes place in the surrounding training 
areas. Each year, roughly 21,000 Marines pass through Camp Devil Dog, receiving training 
including land navigation, first aid, defense combat, offensive combat, and night 
maneuvers. No live fire takes place, but large amounts of blank ammunition are used 
(Richardson, 2008b). One area on the western portion of the CDCA is used as a training 
facility for military operations on urbanized terrain (MOUT). The MOUT training facility 
includes outdoor classrooms, mock buildings, and other urban training facilities where the 
military personnel train with pyrotechnics and blanks (Appendix A). 

The CDCA consists of the following former ranges described in the ASR (USACE, 2001): the 
K-22 Hand Grenade Course (ASR# 2.111), the M-4 Rifle Grenade Range (ASR# 2.104), and 
the M-113 (ASR# 2.167) and M-115 Hand Grenade Ranges (ASR# 2.168). An existing 
conditions map from 1979, reviewed during the archives records search (Appendix A), 
indicated three additional ranges: M-109 Hand Grenade Range, M-109 Infiltration Course, 
and M-118 Individual Movement Day range (Figure 1-2). In addition, the CDCA is located 
between the M-5/M-5A Gun Positions and the K-2 Impact Area, as shown in Figure 1-3. 
According to the United States Army Corps of Engineers (USACE) 2001 report, munitions 
would likely be found only at the gun positions and within the impact area. Due to the 
distance of the CDCA from the gun positions (approximately 2,500 to 3,000 meters [m]) and 
impact area (approximately 7,000 m), it is unlikely that the CDCA has been impacted by 
activities at these locations. The area between the M-5/M-5A gun positions and the north 
edge of the K-2 Impact Area has historically been used as a maneuver area. No information 
on previous discoveries of MEC related to training at M-5/M-5A has been identified and the 
risk of encountering MEC is considered unlikely. Therefore, artillery MEC will not be 
considered in the Field Investigation Plan (Section 3) and the MEC Intrusive Investigation 
Plan (Section 4).  

Based on correspondence with the Base Safety Specialist (Richardson, 2008a), and the Final 
Range Identification and Preliminary Range Assessment (USACE, 2001), the following 
information was collected about the four former ranges described in the ASR. 

The K-22 Hand Grenade Course  
The K-22 Hand Grenade Course operated between 1950 and 1960 and was used to practice 
grenade throwing techniques prior to throwing live grenades. Facilities at the K-22 Hand 
Grenade Course included one bunker and one foxhole. The estimated depth of potential 
munitions on the K-22 Hand Grenade Course is expected to be on or near the surface; 
however, possible construction or grading activities may have buried potential MEC to an 
unknown depth. 
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M-4 Rifle Grenade Range  
The M-4 Rifle Grenade Range at Camp Devil Dog was heavily used from 1950-1960. The 
M-4 Rifle Grenade Range would have been well defined and limited to a relatively small 
area. Reported munitions used at the M-4 Rifle Grenade Range include M28 and M29 rifle 
grenades, white phosphorous (WP) hand and rifle grenades, pyrotechnics, and demolitions. 
The estimated depth of potential munitions at the M-4 Rifle Grenade Range is expected to be 
on or near the surface; however, possible construction or grading activities may have buried 
potential MEC to an unknown depth. 

The M-113 Hand Grenade Range 
The M-113 Hand Grenade Range was utilized from 1970 to 1977 for practice/demonstration 
operations. General types of hand grenades used included the following: incendiary M14, 
illumination MK 1, Smoke M18, WP M15 (for demonstration only), and practice hand 
grenades. The estimated depth of potential munitions on the M-113 Hand Grenade Range is 
expected to be on or near the surface. 

The M-115 Hand Grenade Range 
The M-115 Hand Grenade Range was heavily used from 1970 to 1977. Munitions used on 
the range included live high explosive (HE) hand grenades. The range consisted of six 
throwing pits, six control pits, and a barricade with two observation ports, one for the 
officer in charge and the other for five students. The estimated depth of potential munitions 
on the M-115 Hand Grenade Range is expected to be on or near the surface; however, 
possible construction or grading activities may have buried potential MEC to an unknown 
depth. 

There is no additional information concerning the M-107 Hand Grenade Range, M-109 
Infiltration Course, or M-118 Individual Movement Day range other than the map presented 
in Appendix A (Figure A-4). The M-109 Hand Grenade Range is expected to be similar to 
the M-115 Hand Grenade Range and may have included the use of live HE hand grenades. 
The M-109 Infiltration Course is assumed to have used fixed position machine guns to 
provide live fire over maneuvering troops to simulate combat situations. The M-118 
Individual Movement Day range is assumed to have trained Marines in movement 
techniques (i.e., crawling with weaponry).  

1.6 Climate 
The climate in the MCB Camp Lejeune area is discussed in Section 1.4 of the MRP Master 
Project Plans. 

1.7 Geology and Hydrogeology  
The regional geology and hydrogeology at MCB Camp Lejeune are discussed in Sections 1.6 
and 1.7 of the MRP Master Project Plans. Site-specific geologic and hydrogeologic data are 
not available for this site, but will be collected during the PA/SI activities and presented in 
the Focused PA/SI Report.  
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SECTION 2 

Technical Management Plan 

The Technical Management Plan identifies the technical approach, methods, and 
operational procedures that will be used to execute the focused PA/SI project. 

2.1 Munitions Response Guidance, Regulations, and Policy 
The MR intrusive investigation at the Camp Devil Dog MRS will be conducted under the 
guidance documents, regulations, and policies described in Section 2.1 of the MRP Master 
Project Plans. 

2.2 MEC Contingency Procedures 
Based upon the documented history of DoD activities at the Camp Devil Dog MRS, it is 
anticipated that if MEC is discovered it can be destroyed onsite. Therefore, alternatives to 
onsite disposal are not identified in this Work Plan Addendum. Likewise, the discovery of 
unidentified MEC is not anticipated. If MEC items are discovered that cannot be identified, 
MEC contingency procedures will be conducted in accordance with Section 2.2 of the MRP 
Master Project Plans. 

2.3 Chemical Warfare Materiel Contingency Procedures 
Based on the documented history of DoD activities at the Camp Devil Dog MRS, it is not 
anticipated that chemical warfare materiel (CWM) will be discovered. However, in the event 
that CWM is encountered, all work will immediately cease and CWM contingency 
procedures will be conducted in accordance to Section 2.3 of the MRP Master Project Plans. 

2.4 Project Personnel, Organization, and Schedule 
This section describes the project organization and key personnel involved with carrying 
out the work described in the work plan. 

2.4.1 Project Organization 
The key organizations involved in this project are NAVFAC, MCB Camp Lejeune, the North 
Carolina Department of Environment and Natural Resources (NCDENR), the United States 
Environmental Protection Agency (USEPA) and CH2M HILL. Project execution will be 
conducted by CH2M HILL and its subcontractors; specific duties for CH2M HILL and its 
subcontractors are described in Section 2.4 of the MRP Master Project Plans. CH2M HILL 
will issue subcontracts for MEC support, buried utility locating, DGM, land surveying, 
vegetation clearing, direct push technology (DPT) soil sampling, temporary well 
installation, laboratory analysis, and data validation. 
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2.4.2 Project Personnel 
The reporting relationship between key project personnel and the roles and responsibilities 
of the key personnel are discussed in Section 2.4 of the MRP Master Project Plans. Contact 
information for key project personnel is shown in Table 2-1.  

2.4.3 Project Schedule 
Figure 2-1 presents a detailed project schedule, including key milestones.  

2.5 Technical Approach 
2.5.1 Task 1—Project Planning 
This task includes project management, meetings, Work Plan preparation, and 
subcontractor procurement. 

Project management includes all work necessary for controlling the project budget and 
schedule. This includes monthly status reports and invoicing, as well as all other 
administrative tasks needed for project performance. 

Meetings are planned throughout the course of this project. The meetings will be held to 
discuss proposed work, present investigation findings, and discuss project status. The 
meetings are planned to be held at MCB Camp Lejeune, CH2M HILL’s Charlotte office, or at 
other locations as necessary. 

Three versions of the Work Plan will be prepared under this task. A draft Work Plan will be 
submitted electronically for NAVFAC and MCB Camp Lejeune review. A revised Work 
Plan will be submitted to NAVFAC, MCB Camp Lejeune, USEPA and NCDENR for review 
upon incorporating comments from NAVFAC and MCB Camp Lejeune. A final Work Plan 
will be prepared that will address all comments on the draft document.  

Subcontractor procurement is also included under this task. Anticipated subcontractor 
services include MEC support, buried utility locating, DGM, land surveying, vegetation 
clearing, DPT soil sampling and temporary well installation, laboratory analysis, and data 
validation.  

2.5.2 Task 2—Data Evaluation/Archive Review 
An archival records search was performed during preparation of this Work Plan to identify 
previous site activities that may have environmentally impacted the investigation area. The 
results are presented in Appendix A. 

2.5.3 Task 3—Site Investigation 
All field investigation activities will be performed under this task. The scope of the field 
investigation and the technical approach are presented in Section 3. The primary field 
investigation activities include: 

• MEC avoidance 
• Surveying  
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• Vegetation clearance 
• DGM 
• Temporary well installation and abandonment 
• Environmental sampling 

MEC intrusive investigation activities are addressed in Section 2.5.6 (below). 

2.5.4 Task 4—Sample Management, Analysis, and Validation 
This task includes management of environmental data from the time the samples are 
collected until the validated data are received and incorporated into the project reports. 
Details for this task are provided in Section 8.1 of the MRP Master Plans.  

2.5.5 Task 5—Geographical Information System 
All DGM data will be collected in preparation for the creation of a geographical information 
system (GIS) tailored for the investigative needs of the Camp Devil Dog MRS. All digital 
data will be created using a software platform that will allow it to be loaded directly into the 
GIS. The main purpose of the GIS is to assemble the data required to associate the non-
intrusive subsurface geophysics investigative data with its correct geographical location, the 
relational database, mapping, and remote sensing data. The GIS tools are used to manage 
the project, assemble data, and help determine areas requiring further investigation.  

CH2M HILL will also provide the Camp Devil Dog MRS GIS data for upload into the 
existing MCB Camp Lejeune GIS. This data will include ArcView project and shape files 
that best delineate the area on the basis of uses, site conditions, and other information 
gathered during the study.  

2.5.6 Task 6—MEC Intrusive Investigation 
If geophysical anomalies are identified during the site investigation (Task 3) that potentially 
represent subsurface MEC, a MEC intrusive investigation will be conducted. The scope of 
the MEC intrusive investigation and the technical approach are presented in Section 3. The 
primary intrusive investigation activities include the following: 

• Site Preparation 
• Anomaly reacquisition 
• Manual excavation 
• Anomaly identification and verification 
• MEC/MPPEH demilitarization 
• Scrap disposal 

2.5.7 Task 7—Reporting 
For the CDCA, two reports will be produced: a Focused PA/SI and an AAR as described 
below.  

Focused PA/SI Report 
A draft Focused PA/SI Report will be prepared to document the findings of the field 
investigation. The draft Focused PA/SI Report will be submitted electronically for 
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concurrent review by NAVFAC and MCB Camp Lejeune. Following receipt of review 
comments, CH2M HILL will issue a revised draft report to NAVFAC, MCB Camp Lejeune, 
USEPA and NCDENR for review. A final report will be prepared that will address all 
comments received on the draft document. The report will provide a summary of site 
history, summarize all field activities, evaluate the geophysical and environmental data, and 
present human health and ecological risk screenings (ERS). 

The preliminary ERS will include a brief description of the ecosystems potentially at risk, a 
conceptual site model, results of a comparison of maximum detected concentrations (of 
composite samples) to ecological screening values (ESVs) in tabular form and 
recommendations for further evaluation, if required. This preliminary ERS will not 
constitute a full Screening-level Ecological Risk Assessment (SLERA). 

The human health risk screening will be conducted using data collected during the 
investigation. The data will be screened using the following criteria: 

• Soil data will be compared to USEPA Regional Screening Levels (RSLs) for 
residential/industrial soils (USEPA, 2008) and the North Carolina Soil Screening Levels 
(NC SSLs). 

• Groundwater data will be compared to USEPA RSLs for tap water (USEPA, 2008), 
USEPA’s Maximum Contaminant Levels (MCLs) (USEPA, 2003), and North Carolina 
Groundwater Quality Standards (NCGWQS) (NCAC, 2005). 

The soil and groundwater data will also be compared to the MCB Camp Lejeune 
background soil and groundwater data from the Final Base Background Soil Study Report 
(Baker, 2001). The background values used will be two times the average site background 
concentrations.  

After Action Report 
An AAR will be prepared, in accordance with Naval Ordnance Safety and Security Activity 
(NOSSA) instruction document 8020.15A (NOSSA, 2007) to document the results of the 
MEC intrusive investigation. A draft AAR will be provided to NAVFAC and MCB Camp 
Lejeune. MCB Camp Lejeune will submit the final AAR to MARCORSYSCOM, who will 
then forward it to NOSSA. 

 



TABLE 2-1 
Project Personnel Contact Information 
Preliminary Assessment/Site Inspection Work Plan 
Camp Devil Dog Construction Area  
MCB Camp Lejeune 
Jacksonville, North Carolina 

Name/Title/Organization Mailing Address Telephone/Fax/E-mail 

Doug Dronfield 
Program Manager 

CH2M HILL 
15010 Conference Center Dr. 
Suite 200 
Chantilly, VA 20151 

703-376-5090 (office) 
703-376-5010 (fax) 
Doug.Dronfield@ch2m.com  

Keri Hallberg, P.E.  
Project Manager 

CH2M HILL 
11301 Carmel Commons Blvd 
Suite 304 
Charlotte, NC 28226 

704-543-3260 (office) 
704-544-4041 (fax) 
Keri.Hallberg @ch2m.com

Matt Louth 
Activity Manager 

CH2M HILL 
5700 Cleveland Street 
Suite 101 
Virginia Beach, VA 23462 

757-518-9666 (office) 
757-460-4592 (fax) 
Matt.Louth@ch2m.com  

Thomas M. Roth, P.E. 
Senior Consultant 

CH2M HILL 
2607 Lavista Road 
Decatur, GA 30033-1725 

404-474-7640 (office) 
404-259-6674 (cell) 
770-604-9183 (fax) 
Tom.Roth@ch2m.com  

Tegwyn Williams, PG.  
Senior Consultant 

CH2M HILL 
11301 Carmel Commons Blvd 
Suite 304 
Charlotte, NC 28226 

704-543-3297(office) 
704-544-4041 (fax) 
Tegwyn.Williams@ch2m.com  

Michael Goldman, C.I.H. 
Program H&S Manager 

CH2M HILL 
1000 Abernathy Road 
Suite 1600 
Atlanta, GA  30328 

770-604-9095 (office) 
770-604-9183 (fax) 
Michael.Goldman@ch2m.com  

Ben Redmond 
Munitions Response Market 
Segment Director 

CH2M HILL 
2035 Lakeside Centre Way 
Suite 200 
Knoxville, TN 37922 

865-560-2801 (office) 
865-560-2802 (fax) 
Ben.Redmond@ch2m.com  

Tim Garretson 
MEC Integrator/Senior MEC 
Technical Consultant 

CH2M HILL 
5700 Cleveland Street 
Suite 101 
Virginia Beach, VA 23462 

757-671-8311 (office) 
757-460-4592 (fax) 
Timothy.Garretson@ch2m.com  

Dan Young, CSP, CSRP 
Corporate MEC H&S Manager 

CH2M HILL 
10687 Aloe Lane 
Lillian, AL 36549 

251-962-2963 (home office) 
251-752-0148 (cell) 
Dan.Young@ch2m.com  

Kevin Lombardo 
MR Operations Manager 

CH2M HILL 
15010 Conference Center Dr.  
Suite 200 
Chantilly, VA 20151 

703-376-5175 (office) 
703-608-8247 (cell) 
Kevin.Lombardo@ch2m.com  

 

1 OF 1 

mailto:Doug.Dronfield@ch2m.com
mailto:Keri.Hallberg%20@ch2m.com
mailto:Matt.Louth@ch2m.com
mailto:Tom.Roth@ch2m.com
mailto:Tegwyn.Williams@ch2m.com
mailto:Michael.Goldman@ch2m.com
mailto:bredmond@ch2m.com
mailto:timothy.garretson@ch2m.com
mailto:Dan.Young@ch2m.com
mailto:Kevin.Lombardo@ch2m.com


 

SECTION 3 

Field Investigation Plan 

3.1 Overall Approach 
The objectives for this field investigation are to evaluate the presence and nature of MC 
contamination that may exist within the Camp Devil Dog MRS and to assess the nature, 
number, and density of geophysical anomalies that could potentially represent subsurface 
MEC. All field activities will be conducted in accordance with the Standard Operating 
Procedures (SOPs) provided in the MRP Master Project Plans. 

The field investigation will accomplish the above objectives through the following activities 
at the Camp Devil Dog MRS: 

• Perform DGM over 10 percent of the Camp Devil Dog MRS (or 5.3 acres) 

• Collect composite surface soil samples from 160 locations using the TR-02-1 sampling 
method as described in section 3.6.1.1 of this Work Plan 

• Collect 54 subsurface soil samples from soil borings using DPT 

• Collect 27 shallow groundwater samples from temporary wells installed within the 
surficial aquifer using DPT 

The field investigation activities are detailed below and reference the MRP Master Project 
Plans. MEC intrusive investigation activities are addressed in Section 4. 

3.2 Site Preparation and Restoration 
The following subsections describe the procedures associated with site preparation, 
including mobilization of personnel and equipment, preparation for intrusive 
environmental investigation activities, and preparation for DGM. 

3.2.1 Mobilization 
Mobilization will include identifying, briefing, and mobilizing staff, as well as securing and 
deploying equipment.  

General Activities 
• Identify/procure, package, ship, and inventory project equipment, including 

geophysical instrumentation, hand tools and supplies, and vegetation clearance 
equipment 

• Coordinate with local agencies, including MCB Camp Lejeune, Base Range Control, 
police, hospital, and fire department, as appropriate 

• Coordinate communications and other logistical support 
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• Test and inspect equipment 

• Conduct site-specific training on the Work Plan and MEC procedures and hazards 

• Review subcontractor Activity Hazard Analysis (AHA) forms 

• Verify that all forms and project documentation are in order and project team members 
understand their responsibilities regarding completing project-reporting requirements 

Kickoff/Safety Meeting 
During mobilization, a kickoff and site safety meeting will be conducted and will include a 
review of this Work Plan and the HSP by all site personnel. Additional meetings will occur 
as needed, as new personnel, visitors, and/or subcontractors arrive at the site. 

3.2.2 Buried Utility Clearance 
Prior to initiation of intrusive sampling activities, all buried utilities will be identified within 
a 20-foot (ft) radius of the proposed boring location.  

3.2.3 Site Survey 
Land surveying activities will be conducted in accordance with Section 7.4 of the MRP 
Master Project Plans. The surveying at the Camp Devil Dog MRS will consist of three 
phases: 

• Phase 1 will be a survey of the site boundary (Figure 1-1). The site boundary survey will 
delineate the extent of the Camp Devil Dog MRS. 

• Phase 2 will designate the transects that will be cleared of vegetation during the DGM 
and environmental sampling activities. 

• Phase 3 will occur after environmental sampling activities have concluded and will 
entail surveying the coordinates and elevations of the temporary monitoring wells and 
soil sampling locations.  

MEC avoidance will be performed during all three phases of surveying activities. 
Unexploded Ordnance (UXO) Technicians will escort surveying personnel while onsite, and 
will clear all locations where stakes are driven. 

3.2.4 Vegetation Clearing 
Vegetation less than three inches in diameter will be removed from approximately 5.3 acres 
of the Camp Devil Dog MRS. Vegetation clearing will be accomplished using a combination 
of mechanical and manual methods. Felled brush and trees will be mulched and left in 
place. Trees greater than 3 inches in diameter will not be removed unless necessary. 
Overhanging vines and protruding branches that could interfere with the safe and effective 
use of DGM equipment will also be removed. 

During the vegetation removal process, UXO technicians will conduct MEC avoidance 
activities in accordance with the MEC avoidance procedures included in the HSP 
(Appendix D).  
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The Base will coordinate with MCB Camp Lejeune’s Environmental Management Division 
office to identify federally protected species or archeological sites that may be encountered 
during vegetation clearing activities. Federally listed plant species will be identified and left 
in place in accordance with the Environmental Protection Plan (refer to Section 8). 

3.2.5 Surface Sweep 
A surface sweep will be conducted to remove metallic objects along the transects in order to 
avoid interference with the DGM. The metallic objects removed will include cultural debris, 
MEC, and MPPEH. 

3.2.6 Site Restoration and Demobilization 
Site Restoration 
Damage caused by equipment or other site activities (e.g., deep ruts) will be repaired and re-
vegetated as necessary to prevent erosion. 

Demobilization 
Full demobilization will occur when the project is completed and appropriate quality 
assurance (QA)/QC checks have been performed. The following activities will occur prior 
to demobilization: 

• Confirmation that DGM is complete 

• Chain-of-custody (COC) records will be reviewed to ensure that all field and QC 
samples were collected as planned and were submitted for appropriate analyses 

• Verification of adequate site restoration 

• All field equipment will be inspected, packaged, and shipped to the appropriate location 

3.3 Geophysical Prove-out Plan 
A GPO will be performed as part of the process for validating DGM systems to be utilized 
during the DGM activities. A GPO Plan is provided in Appendix B that provides details of 
the equipment, approach, methods, operational procedures and quality control to be used in 
performing the GPO for the Camp Devil Dog MRS DGM activities. 

3.4 Geophysical Investigation Plan 
DGM will be conducted over roughly 5.3-acres (10 percent of the Camp Devil Dog MRS). 
The DGM survey will use regularly spaced (roughly 10 m) transects across the site. The 
DGM will be conducted using a single coil Geonics EM61-MK2 instrument to map 
geophysical anomalies that could potentially represent subsurface MEC within the subject 
site. In areas where DGM cannot be conducted due to site conditions (i.e., areas with rough 
terrain or a high density of trees greater than three inches) handheld magnetometers will be 
used to locate anomalies. The EM61-MK2 is a high-resolution time-domain electromagnetic 
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instrument designed to detect, with high spatial resolution, shallow ferrous and non-ferrous 
metallic objects.  

The GIP provided in Appendix C provides details of the equipment, approach, methods, 
operational procedures and QC to be used in performing the geophysical investigations at 
the Camp Devil Dog MRS. 

3.5 Geospatial Information and Electronic Submittals 
Methods, equipment, accuracy, and submittal requirements for location surveys and 
mapping are described in Section 7.4 MRP Master Project Plans. 

3.6 Field Sampling Plan 
3.6.1 Field Operations 
In order to assess the presence and nature of MC contamination, this focused PA/SI will 
include the collection of surface soil samples, subsurface soil samples, and groundwater 
samples from locations shown by Figure 3-1 and 3-2. QA/QC samples will be collected per 
Section 3.6.2.  

Surface Soil Sampling 
Surface soil samples will be collected using the TR-02-1 sampling method since most of the 
acreage is heavily vegetated where the multi-increment sampling method is not feasible. It 
is anticipated that 160 composite surface soil samples (three samples per acre; CDCA-SS01 
through CDCA-SS106 and CDCA-IS01-0-1 through CDCA-IS54-0-1 [co-located with 
subsurface samples]) will be collected within the Camp Devil Dog MRS (Figure 3-1). The 
TR-02-1 approach is summarized below and described in USACE Technical Report 
ERDC/CRREL TR-02-1, “Guide for Characterization of Sites Contaminated with Energetic 
Materials” (Thiboutot, Ampleman, Hewitt, 2002).  

Each sampling location will consist of an area of 1 m2. Coordinates of the sampling locations 
will be based on the center of the sampling area (Figure 3-12). Soil samples will be collected 
from each sample area by thoroughly mixing a minimum of thirty sample aliquots collected 
from random locations within the 1 m × 1 m sampling area, in accordance with Appendix C 
of the MRP Master Project Plans, Homogenization of Soil and Sediment Samples. The aliquots 
will be approximately equal in the amount of soil and will be collected from depths of 0 to 
1 ft. Samples will be analyzed by a fixed base laboratory for the following parameters (refer 
to Tables 3-1 through 3-3): 

• Metals (lead, antimony, copper, zinc and arsenic) (SW846 6010B/6020) 

• Nitroaromatics and nitramines including pentaerythritol tetranitrate (PETN) and 
nitroglycerin (SW846 8330 and SW846 8332) 

• Perchlorate (USEPA Method 6850) 

                                                      
2 If modifications of sample locations are necessary due to utilities or accessibility issues, the revised sample location(s) will be 
located as near as possible to the original proposed location. 
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Dependent upon the analytical results from the initial sampling event, additional samples 
may be collected for delineation purposes. The additional samples will be collected as 
required in accordance with the method specified above. 

Subsurface Soil Sampling 
A track-mounted DPT rig will be used to collect subsurface soil samples in accordance with 
the Direct-Push Soil Sample Collection SOP in Appendix C of the MRP Master Project Plans. A 
total of 54 subsurface soil samples (one sample per acre; designated CDCA-IS01 through 
CDCA-IS54) will be collected from just above the water table (estimated to range from 3 to 
7 ft below ground surface [bgs] at the approximate locations shown in Figure 3-2. If 
geophysical anomalies indicative of potential subsurface MEC are identified during the 
DGM surveys, the subsurface soil and groundwater sampling locations may be altered to be 
within the vicinity of these signatures. 

Continuous soil cores will be collected in disposable acetate sleeves using a DPT macro-core 
soil sampler, and screened for the presence of volatile organic compounds (VOCs) using a 
flame-ionization detector (FID) or photoionization detector (PID). The soil cores will be 
inspected by a CH2M HILL geologist, and described using the Unified Soil Classification 
System.  

MEC anomaly avoidance will be practiced during DPT subsurface soil sampling as 
described in Section 2.3 of the HSP (Appendix D). At the start of each borehole, a UXO 
technician will hand auger to a depth of 5 ft bgs, checking the borehole with a downhole 
magnetometer at 1-ft increments. If a shallow water table is encountered, a separate 
borehole will be advanced adjacent to the borehole cleared by the UXO technician in order 
to collect each subsurface soil sample.  

Samples will be analyzed by a fixed base laboratory for the following parameters (refer to 
Tables 3-1 through 3-3): 

• Metals (lead, antimony, copper, zinc, and arsenic) (SW846 6010B/6020) 

• Nitroaromatics and nitramines including PETN and nitroglycerin (SW846 8330 and 
SW846 8332) 

• Perchlorate (USEPA Method 6850) 

Dependent upon the analytical results from the initial sampling event, additional samples 
may be collected for delineation purposes. The additional samples will be collected as 
required in accordance with the method specified above. 

Temporary Well Installation and Sampling 
Temporary groundwater monitoring wells will be installed in 27 of the 54 boreholes used 
for subsurface soil sample collection, as shown on Figure 3-2. The groundwater samples will 
be designated CDCA-TW01 through CDCA-TW27. At each location, the borehole will be 
advanced to a depth of approximately 10 ft below the water table. The continuous soil cores 
retrieved during this process will be screened for the presence of VOCs using a FID, 
inspected by a CH2M HILL geologist, and described using the Unified Soil Classification 
System. Each well will consist of 1-inch inner diameter (ID) polyvinyl chloride (PVC) casing 
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and screen, with a pre-packed sand filter attached to the screened interval. The wells will be 
constructed, developed, and subsequently abandoned in accordance with Temporary Well 
Installation SOP in Appendix C of the MRP Master Project Plans.  

Following well development, groundwater samples will be collected from each temporary 
well using low-flow purge techniques in accordance with the Low-Flow Groundwater 
Sampling from Monitoring Wells SOP in Appendix C of the MRP Master Project Plans.  

Samples will be analyzed by a fixed base laboratory for the following parameters (refer to 
Tables 3-1 through 3-3): 

• Metals (lead, antimony, copper, zinc, and arsenic)(SW846 6010B/6020) 

• Dissolved Metals (lead, antimony, copper, zinc and arsenic) (SW846 6010B/6020) at 10 
field determined locations 

• Nitroaromatics and Nitramines including PETN and nitroglycerin (SW846 8330 and 
SW846 8332) 

• Perchlorate (USEPA Method 6850) 

Dependent upon the analytical results from the initial sampling event, additional samples 
may be collected for delineation purposes. The additional samples will be collected as 
required in accordance with the method specified above. 

Following sampling and surveying, all temporary wells will be removed from the boreholes 
and the boreholes will be abandoned by the DPT subcontractor in accordance with North 
Carolina Well Construction Standards (NCAC, 2001).  

A summary of the proposed sampling program for focused PA/SI activities at the Camp 
Devil Dog MRS is presented in Table 3-1.  

3.6.2 Analytical Requirements and Sample Handling 
Sample Preservation and Handling 
Sample preservation must occur in the field immediately after collection and will be 
consistent with the Camp Devil Dog MRS UFP-SAP Crosswalk Table and QAPP 
(Appendix F). The laboratory supplied containers will contain the appropriate analyte-
specific preservative. QA/QC samples will be collected in the same types of preserved 
containers as the field samples. The preservatives and holding time requirements for 
analysis are shown in Table 3-2. 

Quality Assurance and Quality Control 
QA/QC requirements for environmental sampling, handling, and management are detailed 
in Section 4 of the MRP Master Project Plans. Field QC samples (including field blanks, 
equipment blanks, duplicate samples, and matrix spike/matrix spike duplicate [MS/MSD] 
samples) will be collected during the investigation and submitted for laboratory analysis. 
Required QA/QC samples and the required frequency of collection are summarized in 
Table 3-3. 
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Sample Collection Frequencies 
Table 3-4 presents the anticipated number of field samples and their associated QA/QC 
samples.  

Sample Identification System 
The following is a general guide for sample identification; an electronic sample–tracking 
program will be used to manage the flow of information from the field sampling team to the 
laboratory and to internal and external data users. The tracking program is used to manage 
the entry of sampling-related data, such as station locations and field measurements.  

While in the custody of the sampling team, the sample analysis data will be recorded in field 
log books, along with sample identity information.  

Labels for samples to be shipped to a fixed-base laboratory will be produced electronically. 
If they cannot be produced electronically, they must be written legibly in indelible ink.  

The following information typically is included on the sample label: 

• Site name or identifier 
• Unique sample identification number 
• Date and time of sample collection 
• Sampler’s initials 
• Sample matrix or matrix identifier 
• Type of analyses to be conducted 

Each analytical sample will be assigned a unique number using the following format:  

Site#-Media/Station# or QA/QC-Year/Quarter or Depth Interval 

An explanation of each of these identifiers is given below. 

Site#: This investigation includes MRP Camp Devil Dog MRS under the 
Munitions Response Program. Therefore, the prefix “CDCA-” will be 
used 

Media: TW = Groundwater from temporary wells 
SS = Surface soil 
IS = Subsurface soil 

Station#: Each monitoring well will be identified with a unique identification 
number. Soil borings will be numbered consecutively. 

QA/QC:  D = Duplicate sample (following sample type/number) 
FB = Field blank 
ER = Equipment rinsate 

All MS/MSD samples will be entered in the same line as the field sample on the COC. The 
total number of sample containers submitted will be entered on the COC and “MS/MSD” 
will be indicated in the comments section. 
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Year/Quarter#:  Year/Quarter indicators will be used for samples collected from 
monitoring wells. Each round of sampling will have a distinct 
identification number: 

 “09” = year 2009 
“C” = Sampling during the third quarter at the site 

Depth Interval: Depth indicators will be used for soil samples collected using 
DPT. The number will reference the depth interval (in feet) of the 
sample: 

 0–1 = 0 to 1 ft bgs 

Under this sample designation format, “CDCA-TW01-09C” would mean the following: 

CDCA-TW01-09C MRP Camp Devil Dog MRS  
CDCA-TW01-09C Groundwater sample from temporary well #1 
CDCA-TW01-09C Sampled during the third quarter of 2009 

This sample designation format will be followed throughout the project. Required 
deviations to this format in response to field conditions will be documented in the log book. 

Sample Packaging and Shipping 
Samples will be packed in a cooler with bubble wrap packaging material and double-
bagged ice. The samples will be either picked up at the site by the analytical laboratory or 
shipped to the laboratory via overnight courier. The Field Team Leader (FTL) is responsible 
for the following activities related to shipment of the samples: 

• Verification that all sample bottles are correctly labeled, sealed, and packaged 

• Check to ensure that sample bottles in each cooler correspond to the accompanying COC 
form  

• Affixing a custody seal to each cooler 

• Use of appropriate labels and forms required for shipment 

Custody of the samples will be maintained and documented at all times. COC will begin 
with the collection of the samples in the field and will continue through the analysis of the 
sample at the analytical laboratory (sampler’s must transfer custody to the person 
responsible for shipping the samples). 

3.6.3 Investigation-Derived Waste Management 
All IDW generated during the investigation will be managed in accordance with Section 10 
of the MRP Master Project Plans. IDW includes soil cuttings, liquid waste (e.g., purged 
groundwater or decontamination fluids), and personal protective equipment. 
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3.7 Health and Safety Plan 
The HSP is provided in Appendix D. Due to the potential presence of MEC at this site, MEC 
avoidance techniques will be employed throughout the field investigation and are provided 
in the HSP. 

3.8 Data Management 
Documentation and processing of field data, lab data, and investigation results will be 
completed in accordance with Section 7.2 of the MRP Master Project Plans. 

3.9 Project File Requirements 
This project will require the administration of a central project file. Project data and records 
will be managed in accordance with Section 7.3 of the MRP Master Project Plans. 
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TABLE 3-1 
Summary of Sampling Program 
Preliminary Assessment/Site Inspection Work Plan 
Camp Devil Dog Construction Area  
MCB Camp Lejeune 
Jacksonville, North Carolina 

Analysis 

Sample Media Sample ID Number Sample Depth/Location 
and Rationale 

M
et

al
s 

N
itr

oa
ro

m
at

ic
s 

 
an

d 
  N

itr
am

in
es

 

Pe
rc

hl
or

at
e 

Surface Soil  CDCA-SS01 through 
CDCA-SS160 

Collected from a 0 – 1 feet bgs at each 
location shown on Figure 3-1. 
 
Will utilize the TR-02-1 sampling 
methodology to allow for characterization 
of surface soil across the site. 

X X X 

Subsurface Soil 
CDCA-IS01-T-B 
through 
CDCA-IS54-T-B 

Collected from a 2 ft interval within the 
capillary fringe at each location shown on 
Figure 3-2. 
 
Will allow for characterization of 
subsurface soil across site. 

X X X 

Groundwater CDCA-TW01 through  
CDCA-TW27 

Samples will be collected from shallow 
wells at each location shown on Figure 
3-2. 
 
Will allow for characterization of 
groundwater across site 

X1 X X 

Notes and Abbreviations: 
1Groundwater will be analyzed for total metals at each location. In addition, groundwater will be analyzed for 
dissolved metals at 10 locations.  
For Soil Samples: "T-B" refers to the top depth and bottom depth of the sample interval 
 

 



TABLE 3-2 
Analyses, Bottleware, Preservation, and Holding Time Requirements 
Preliminary Assessment/Site Investigation Work Plan 
Camp Devil Dog Construction Area 
MCB Camp Lejeune 
Jacksonville, North Carolina 

Media Analysis Method Container Preservation & 
Storage Holding Times 

Metals SW846 6010B/6020 1x4 oz glass/plastic jar 4ºC 6 months,  
Mercury: 28 days 

Perchlorate USEPA 6850 1x8-oz bottle,  
Teflon cap 4ºC 14 days to extraction, 40 days from 

extraction to analysis Soil 

Explosive Residues SW-846 8330 

1x8-oz glass bottle, 
Teflon cap (8330) or 
2x16 oz wide mouth 
glass jars (8330B) 

4ºC 7 days to extraction, 40 days from 
extraction to analysis 

Metals and Dissolved Metals SW846 6010B/6020 1x250-mL Poly bottle HNO3 to pH <2  
and cool to 4ºC 

6 months,  
Mercury: 28 days 

Perchlorate USEPA 6850 1x1-L Poly bottle 4ºC 7 days to extraction, 40 days from 
extraction to analysis Groundwater  

Explosive Residues SW-846 USEPA Method 
8330 2x1-L amber jar 4ºC 7 days to extraction, 40 days from 

extraction to analysis 

Notes: L = Liter, mL = Milliliter, oz = ounce, HNO3 = nitric acid 
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TABLE 3-3 
Required QA/QC Samples 
Preliminary Assessment/Site Inspection Work Plan 
Camp Devil Dog Construction Area  
MCB Camp Lejeune 
Jacksonville, North Carolina 

Sample Type Description Frequency Analytes 

Field Blank Designed to detect contamination in the 
decontamination water. A field blank is 
decontamination water collected directly in 
the sample bottle. It shall be handled like 
a sample and transported to the 
laboratory for analysis. 

One field blank from each 
source of decontamination 
water for each sampling 
event, where a sampling 
event is defined as one 
week 

All laboratory 
analyses 
requested for the 
environmental 
samples collected 
at the site for that 
week 

Equipment 
Blank 

Designed to detect contamination of 
environmental samples caused by 
contamination of sampling equipment. An 
equipment blank is analyte-free water that 
is poured into or pumped through the 
sampling device, transferred to a sample 
bottle, and transported to the laboratory 
for analysis. 

One per each day of 
sampling 

All laboratory 
analyses 
requested for 
environmental 
samples collected 
at the site on that 
day 

Field 
Duplicate 

Designed to check precision of data in the 
laboratory. A field duplicate is a sample 
collected in addition to the native sample 
at the same sampling location during the 
same sampling event. 

10% Same parameters 
as native sample 

MS/MSD Designed to evaluate potential matrix 
interferences, accuracy, and precision. 
Three aliquots of a single sample—one 
native and two spiked with the same 
concentration of matrix spike 
compounds—are analyzed. 

5% Same parameters 
as native sample 
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TABLE 3-4 
Sample Collection Frequencies 
Preliminary Assessment/Site Investigation Work Plan 
Camp Devil Dog Construction Area  
MCB Camp Lejeune 
Jacksonville, North Carolina 

Analysis 
Sample 
Matrix 

Field 
Samples 

Field 
Duplicates 

Equipment 
Blanks 

Field 
Blanks MS/MSDs 

Surface Soil Samples       

Metals 160 16 10 2 8 

Nitroaromatics and Nitramines 160 16 10 2 8 

Perchlorate 

Solid 

160 16 10 2 8 

Subsurface Soil Samples             

Total Metals 54 6 20 3 3 

Nitroaromatics and Nitramines 54 6 20 3 3 

Perchlorate 

Solid 

54 6 20 3 3 

Groundwater Samples             

Metals 27 3 10 2 2 

Dissolved Metals 10 1 4 1 1 

Nitroaromatics and Nitramines 27 3 10 2 2 

Perchlorate 

Aqueous 

27 3 10 2 2 

Notes: 
MS/MSD = Matrix Spike and Matrix Spike Duplicate pair 
Field duplicates are collected at the rate of 1 for every 10 environmental samples 
Equipment rinsate blanks are typically collected at the rate of 1 per day per media 
Field blanks are typically collected at the rate of 1 per week during sampling 
MS/MSDs are collected at the rate of 1 for every 20 samples 

Surface soil sample equipment blanks and field blanks based on one 10 day event 
Subsurface soil equipment blanks and field blanks based on two 10 day events 
Groundwater sample equipment blanks and field blanks based on one 10 day event 
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Figure 3-1
Proposed Surface Soil Sample Location Map

Preliminary Assessment/Site inspection Work Plan
Camp Devil Dog Munitions Response Site

MCB Camp Lejeune
North Carolina
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Figure 3-2
Proposed Direct Push Sample Locations

Preliminary Assessment/Site Inspection Work Plan
Camp Devil Dog Munitions Response Site
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SECTION 4 

MEC Intrusive Investigation Plan 

A MEC intrusive investigation of selected geophysical anomalies, identified during the 
DGM effort, will be conducted to evaluate the nature and density of MEC that may be 
present at the Camp Devil Dog MRS. The equipment, approach, methods, operation 
procedures and QC to be used during the MEC intrusive investigation is detailed below.  

4.1 Planning 
The following actions require advanced planning and will be conducted prior to 
mobilization:  

• Finalize procurement actions for items and services needed during the mobilization 

• Hold a pre-mobilization meeting and Operations Readiness Review with the project 
team 

• Coordinate with NAVFAC Project Manager (PM) and Base Point of Contact on 
notification to local stakeholders of upcoming project activities 

• Reconfirm site personnel documentation of proper training, certifications, and medical 
monitoring 

• Coordinate with MCB Camp Lejeune Explosive Ordnance Disposal (EOD) personnel for 
potential emergency support for MEC identification and disposal 

4.2 Site Preparation 
The following subsections describe the procedures associated with site preparation, 
including mobilization of personnel and equipment and the activities required to prepare 
the site for intrusive activities. 

4.2.1 Mobilization  
A mobilization period will include identifying, briefing, and mobilizing staff and securing 
and deploying equipment. Mobilization activities include general activities, establishing a 
command post, and a kickoff and safety meeting.  

General Activities 
• Identify/procure, package, ship, and inventory project equipment, including 

geophysical detection equipment, hand tools and supplies, portable toilets, and any 
other miscellaneous supplies 

• Coordinate with local agencies, including police, hospital, and fire department, as 
appropriate 
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• Coordinate communications with MCB Camp Lejeune EOD and other logistical support 

• Finalize operating schedules 

• Establish munitions debris (MD)/non-MEC scrap storage area 

• Organize support facilities and test communication equipment 

• Test and inspect equipment 

• Assemble and transport the work force 

• Conduct site-specific training on the Work Plan, HSP, and MEC procedures and hazards 

• Verify that all forms and project documentation are in order and project team members 
understand their responsibilities with regard to completion of project reporting 
requirements 

Command Post 
A project command post will be established in an area that is convenient to intrusive 
activities, but outside the exclusion zones (EZs) that will be established for intrusive 
activities.  

A field office equipped with power and communications will be established at the 
command post. The field office will be the central point of communications for the project 
and the command location for direction and coordination of intrusive activities at the Camp 
Devil Dog MRS. Personnel will report to this building at the beginning of each workday for 
the daily health and safety (H&S) briefing. Site documents, including H&S records, will also 
be maintained in the field office. 

Sanitary facilities will be located at the command post.  

Lockable storage will be provided, either in the field office or in storage trailers, for portable 
field equipment.  

Kickoff/Safety Meeting 
During mobilization, a kickoff and site safety meeting will be conducted. This meeting will 
include a review of this Work Plan and review and acknowledgment of the HSP by all site 
personnel. Additional meetings will occur as needed, as new personnel, visitors, and/or 
subcontractors arrive at the site. 

4.3 MEC Removal Operations 
Anomaly reacquisition/intrusive investigation is the only MEC removal technique 
anticipated to be employed during the MEC intrusive investigation at the Camp Devil Dog 
MRS. This operation will be performed using hand excavation procedures to identify the 
source of individual anomalies following reacquisition operations. 
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4.3.1 Anomaly Reacquisition/Intrusive Investigation 
All geophysical anomalies identified for excavation will be reacquired by an intrusive 
investigation team, composed of UXO technicians, to an exact location using real time 
kinetic (RTK) global positioning system (GPS) and handheld magnetometer. After locating 
the approximate anomaly position with the GPS, the magnetometer will be used to confirm 
the exact position of the anomaly. If the anomaly is not immediately intrusively 
investigated, the location will be flagged using a PVC flag with the unique identifier 
number recorded in indelible ink. The location will be flagged 1 ft north of the actual field 
location of each reacquired anomaly shown on the tracking sheet.  

Excavation of individual geophysical anomalies will be performed by qualified UXO 
technicians using hand-excavation tools. The UXO teams performing this work will be 
composed of at least one UXO Technician II and up to four additional UXO Technicians II or 
I supervised by a Technician III. Details associated with this operation are included in 
Appendix E, MEC Removal SOPs, of this Work Plan. The SOP will be provided by the 
subcontractor once procured. 

Small hand tools, such as shovels, spades, trowels, and pry bars, will be used to access 
potential MEC/MPPEH. Hand tools will be used for the majority of the items, which 
generally are expected to be found near the surface. The following basic technique will be 
used for anomaly excavation:  

MEC Removal SOPs 

• The UXO technician will investigate within a 1-m radius of the flagged anomaly with an 
appropriate geophysical instrument.  

• Until identified otherwise, the anomaly is assumed to be MEC. Excavation will be 
initiated adjacent to the subsurface anomaly. The excavation will continue until the 
excavated area has reached a depth below the top of the anomaly as determined by 
frequent inspection with an appropriate geophysical instrument.  

• Using progressively smaller and more delicate tools to remove the soil carefully, the 
excavation team will expand the sidewall to expose the metallic item for inspection and 
identification without moving or disturbing the item.  

• Once the item is exposed for inspection, the excavation team will determine if it is MEC.  

• If the item is MEC, it will be handled as discussed in Section 4.6. 

• If the item is not MEC, it will be removed and the area will be rechecked with an 
appropriate geophysical instrument to ensure that a MEC item was not hidden beneath 
the removed item. The excavation team will then annotate the results of the excavation 
on the Munitions Response Site Information Management System (MRSIMS) or dig 
sheet and move on to the next marked geophysical anomaly.  
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4.4 Removal Verification 
The following is the procedure to be followed for quality control QC inspections of the MEC 
intrusive investigation:  

1. After the dig team intrusively investigates an anomaly location, the hole is to be left 
open to the depth investigated and the PVC flag placed in the hole or bent after the 
investigation is completed.  

2. The UXO QC Specialist (UXOQCS) will inspect at least 10 percent of the intrusively 
investigated anomaly locations using an appropriate geophysical instrument to 
determine whether all detectable metallic items within a 2-ft radius of the hole to a 
depth of 2 ft have been removed. The locations checked will be distributed in a spatially 
representative sample across each transect.  

3. All holes related to intrusive investigations will be filled back to original grade or 
covered before departing the project site each day.  

4. Anomaly locations inspected, along with results of the inspection and corrective actions 
planned in the event that the UXOQCS determines that inspection results require a 
change in intrusive team procedures or a re-performance of any work, will be 
documented by the subcontractor and provided to the CH2M HILL geophysicist.  

Additional QC analysis of intrusive results versus original amplitude of geophysical 
anomalies will be performed by the CH2M HILL Project Geophysicist. Anomaly locations 
that are determined to need re-investigation through this process will be re-inspected. 

4.5 Demobilization 
Full demobilization will occur when the project is completed and appropriate QA/QC 
checks have been performed. Personnel who are no longer needed during the course of field 
operations may be demobilized prior to the final project completion date. The following will 
occur prior to demobilization: 

• All areas to be investigated will be verified as completed 

• Restoration of the site to an appropriate level will be verified 

• All equipment will be inspected, packaged, and shipped to the appropriate location 

• All facilities-support infrastructures will be dismantled and shipped to the appropriate 
location, and the field site will be returned to the original condition prior to mobilization 

4.6 Procedures for Reporting and Disposition of MEC and 
MPPEH Items 

This section discusses the procedures for reporting and disposing of MEC and MPPEH 
items encountered during the project, including the responsibilities of personnel, overall 
safety precautions, data reporting, transportation, safe holding areas, operations in 
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populated/sensitive areas, demolition operations, and required engineering controls and 
EZs for intrusive operations and intentional detonations. 

4.6.1 Responsibilities of Personnel 
The general responsibilities of project personnel are described in Section 2.4.  

4.6.2 Overall Safety Precautions 
The overall safety precautions described in Section 2.5.1 of the MRP Master Project Plan will 
be adhered to during the intrusive investigation.  

Qualified UXO personnel will dispose of all MEC items using blow-in-place (BIP) 
procedures by countercharging these items with an explosive donor charge and detonating 
the donor charge. This will be performed by a demolition team consisting of one UXO 
Technician III as the Demolition Supervisor and two UXO Technician II personnel, with the 
Senior UXO Supervisor (SUXOS) responsible for the operation. UXO personnel involved in 
the storage and handling of demolitions will be certified in accordance with Marine Corps 
Order (MCO) 8023.  

The MPPEH storage container will be equipped with grounding for lightning protection.  

4.6.3 Data Reporting 
Data reporting for each metallic anomaly will be done in accordance with Section 2.5.2 of 
the MRP Master Project Plan. 

4.6.4 Operations in Populated and Sensitive Areas 
There are no populated areas located directly within the Camp Devil Dog MRS exclusion 
zone for intrusive and demolition activities; however, there are two roads, Racetrack Range 
Road and Perimeter Road, which run within the site. The SUXOS will coordinate with Base 
operations to implement traffic controls (Figure 4-1). As shown on Figure 4-1, several 
buildings are located within the unintentional detonation/Inhabited Building Distance 
(IBD). The SUXOS will coordinate with personnel in these facilities when the team is 
conducting intrusive operations within this area. Consultation with the Base archaeologist 
confirmed that one potentially eligible cultural or archaeological resource is known to lie 
partially within Camp Devil Dog MRS. More detailed information concerning cultural and 
archeological resources is presented in section 8.4.  

4.6.5 Exclusion Zones and Separation Distance 
Based on the types of munitions used at Camp Devil Dog MRS, the munition with the 
greatest fragmentation distance (MGFD) assumed for the site is the M15 WP Grenade with a 
net explosives weight (NEW) of 0.03 pound (lbs) of tetryl.  

Explosive safety quantity distance (ESQD) arcs were developed based on MGFD 
calculations for the M15 WP Grenade and are shown on Figure 4-1 and are identified in 
Table 4-1. The ESQD arcs include the team separation distance (TSD) for personnel 
conducting intrusive operations within the Camp Devil Dog MRS, the minimum separation 
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distance (MSD) for non-essential personnel, the public transportation route (PTR) distance, 
and the IBD for MPPEH under specified scenarios.  

If, during the course of this project, a MEC item with a greater fragmentation range than the 
MGFD is encountered, the ESQD arcs will be adjusted and the ESS will be amended. 

4.7 Scrap and MD Disposition 
4.7.1 Inspection and Segregation 
The approach for collecting, inspecting, and segregating site debris is discussed in Section 
2.6.1 of the MRP Master Project Plan. If the item is identified as MEC, it is handled as 
described in Section 6. 

4.7.2 Inspection, Certification, and Verification 
MPPEH will be inspected, certified, and verified in accordance with Section 2.6.2 of the MRP 
Master Project Plan. MPPEH that cannot be certified and verified as “Safe” will remain at 
the transect collection point and will be treated in the same manner as MEC (see Section 6). 

4.7.3 Recording, Reporting, and Implementation of Lessons Learned during the 
Project 

Lessons learned will be performed in accordance with Section 2.7 of the MRP Master Project 
Plan. 
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TABLE 4-1 
Exclusion Zone Parameters – Camp Devil Dog MRA 
Preliminary Assessment/Site Inspection Work Plan 
Camp Devil Dog Construction Area  
MCB Camp Lejeune 
Jacksonville, North Carolina 

Scenario Item Net 
Explosives 

Weight 
(NEW)  

TSD 
(feet) 

MSD for Public & 
Non-essential 

Personnel (feet) 

IBD 
(feet) 

PTR 
(feet) 

Unintentional 
Detonation 

M15 WP 
Grenade 

0.03 lbs of 
Tetryl 14a 58 N/A N/A 

Intentional 
Detonation for 
public and all 

personnel 

M15 WP 
Grenade 

0.03 lbs of 
Tetryl 517 517 517 310 

Onsite 
Consolidation, 
Storage, and 
Re-inspection 

MPPEH 1 lb NA NA 291b 175 

Notes: 
All exclusion zone parameters are based on the 
fragmentation distances in DDESB TP 16 
a Based on K40 of the NEW 
b Based on Table 7-9, Ordnance Publication 
(OP)-5, Volume 1, 7th Revision 

 

IBD – Inhabited Building Distance 
MPPEH – Material Presenting a Potential Explosive Hazard 
MSD – Minimum Separation Distance 
MTSQ – Fuze Mechanical Time Super Quick 
NA – Not Applicable 
PTR – Public Transportation Route 
TSD – Team Separation Distance 

 

1 OF 1 



"J"J

291 ft
175 ft

50 Ft Minimum Separation

517 ft

58 ft

Figure 4-1 
Explosive Safety Quantity-Distance (ESQD) Arcs for M15 

WP Hand Grenade
Preliminary Assessment/Site Inspection Work Plan

Camp Devil Dog Munitions Response Site
MCB Camp Lejeune

North Carolina

´
0 550 1,100275

Feet

\\aphrodite\proj\USNavFacEngCom\CampLejeune\MapFiles\Camp_Devildog_WP\Figure 4-1 - ESQD Arcs for M15.mxd

Legend
"J MMPEH Safe Collection Point
"J Non-MPPEH Scrap Collection Point

Camp Devil Dog Munitions Response Area
Camp Devil Dog Construction Area
MPPEH Safe Collection Point IBD = 291 ft
MPPEH Safe Collection Point PRT = 175 ft 1 inch equals 550 feet

Exlusion Zone/Intentional Detonation (517 ft)
Unintentional Detonation/
Minimum Separation Distance (58 ft)



 

SECTION 5 

Explosives Management Plan 

The management of explosives to support the removal and disposal of MEC and MPPEH 
items that may be discovered during the investigation at the Camp Devil Dog MRS will be 
done in accordance with Section 3 of the MRP Master Project Plan. 
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SECTION 6 

Explosives Siting Plan 

Explosives safety criteria for planning and siting explosives operations for the MEC removal 
action at the Camp Devil Dog MRS are provided in Section 4 of the MRP Master Plan. There 
are no planned or established MEC detonation areas. MEC will be blown in place where it is 
found. In addition, UXO collection points will not be used because items will be disposed of 
at the location where they are encountered. 
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SECTION 7 

Quality Control Plan 

All applicable work conducted by CH2M HILL and its subcontractors at the Camp Devil 
Dog MRS will be performed in accordance with the QCP in Section 8 of the MRP Master 
Project Plans. The QCP describes the QC approach and procedures to be employed during 
the investigation of the Camp Devil Dog MRS. The QCP is divided into two parts: 
Section 8.1 addresses environmental investigation activities and Section 8.2 addresses MEC 
avoidance, surveying, and DGM activities.  

The specific QC audit procedures for the definable features of work (DFOW) to be 
employed at the Camp Devil Dog MRS, including the phase during which it is performed, 
the frequency of performance, the pass/fail criteria, and actions to take if failure occurs, are 
presented in Table 7-1. 
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TABLE 7-1 
Definable Features of Work Auditing Procedures 
Preliminary Assessment/Site Investigation Work Plan 
Camp Devil Dog Construction Area 
MCB Camp Lejeune 
Jacksonville, North Carolina 

Definable Feature of Work 
with Auditable Function 

 
Responsible 
Person(s)1 Audit Procedure2 

QC 
Phase3 

Freq. of 
Audit Pass/Fail Criteria Action if Failure Occurs 

Planning  

Geographical Information 
System (GIS) Setup 
(Pre-mobilization Activities) 

Project GIS Manager Verify GIS system has been set up and is ready for site 
data. 

PP O GIS system has been set up and is ready for site 
data. 

Do not proceed with field activities until criterion is passed. 

Document management and 
control 
(Pre-mobilization Activities) 

Project Manager Verify appropriate measures are in place to manage 
and control project documents. 

PP O Appropriate measures are in place to manage and 
control project documents. 

Do not proceed with field activities until criterion is passed. 

Data Management  
(Pre-mobilization Activities) 

Project Manager, Data 
Manager 

Verify appropriate measures are in place to manage 
and control project data. 

PP O Appropriate measures are in place to manage and 
control project data. 

Do not proceed with field activities until criterion is passed. 

Subcontracting  
(Pre-mobilization Activities) 

Project Manager, Site 
Manager 

Verify subcontractor qualifications, training, and 
licenses. 

PP/IP O Subcontractors’ qualifications, training, and licenses 
are up to date and acceptable. 

Ensure subcontractor provides the qualifications, training, and 
licenses or change subcontractor. 

Technical and Operational  
approach 
(Technical Project Planning) 

Project Manager Verify technical and operational approaches have been 
agreed on by the project team. 

PP/IP O Technical and operational approaches have been 
agreed on by project team and incorporated into the 
Work Plans. 

Do not proceed with field activities until criterion is passed 

GPO Prove-out Plan preparation 
and approval 

Project Manager Verify GPO Plan has been prepared and approved. PP/IP O GPO Plan has been approved. Do not proceed with field activities until criterion is passed. 

GPO Execution Project Manager, 
Project Geophysicist 

Verify DQOs established in GPO Plan have been 
accomplished.   

PP/IP O DQOs identified in GPO Plan have been achieved. Continue with GPO until DQOs are achieved. 

GPO Report Project Manager, 
Project Geophysicist 

Verify recommendations in GPO Report for DGM 
system and associated DQOs have been approved 

PP/IP O Recommendations for DGM equipment and 
associated DQOs are approved by USACE 

Do not proceed with DGM field activities until recommendations of 
GPO Report are approved. 

Work Plan preparation and 
approval  

Project Manager Verify Work Plan prepared and approved. PP/IP O Work Plan has been approved  Do not proceed with field activities (excluding site mobilization) until 
criterion is passed. 

Field Operations 

Site preparation 
(Mobilization) 

Site Manager Verify local agencies are coordinated. PP/IP O Local agencies are coordinated. Do not proceed with field activities until criterion is passed. 

Site preparation 
(Mobilization) 

Site Manager Verify equipment has been inspected and tested. PP/IP E Equipment passes inspection and testing.  Proceed only with activities for which equipment has passed 
inspection and testing. 

 

Site preparation 
(Mobilization) 

Site Manager Verify communications and other logistical support are 
coordinated. 

PP/IP O Communications and other logistical support are 
coordinated. 

Do not proceed with field activities until criterion is passed. 

Site preparation 
(Mobilization) 

Site Manager Verify emergency services have been coordinated. PP/IP O Emergency services are coordinated. Do not proceed with field activities until criterion is passed. 

Site preparation 
(Mobilization) 

Site Manager Verify site-specific training is performed and 
acknowledged. 

PP/IP O Site-specific training is performed and acknowledged Do not proceed with field activities until criterion is passed. 
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TABLE 7-1 
Definable Features of Work Auditing Procedures 
Preliminary Assessment/Site Investigation Work Plan 
Camp Devil Dog Construction Area 
MCB Camp Lejeune 
Jacksonville, North Carolina 

Definable Feature of Work 
with Auditable Function 

 
Responsible 
Person(s)1 Audit Procedure2 

QC 
Phase3 

Freq. of 
Audit Pass/Fail Criteria Action if Failure Occurs 

Site preparation 
(Mobilization) 

Site Manager Hold pre-mobilization meeting and Operations 
Readiness Review (ORR) with the project team. 

PP/IP O Project plans are reviewed and acknowledged by 
team members. 

Do not proceed with field activities until criterion is passed. 

Site Preparation 
(Site Survey) 

Project Manager Verify surveyor qualifications. PP/IP O Surveyor’s qualifications are up to date and 
acceptable. 

Ensure surveyor provides the qualifications prior to starting work or 
change surveyor. 

Site Preparation 
(Site Survey) 

Project Manager Verify surveyor’s licenses are up to date and 
acceptable. 

PP/IP O Surveyor’s licenses are up to date and acceptable. Ensure surveyor provides the licenses prior to starting work or 
change surveyor. 

Site Preparation 
(Site Survey) 

Site Manager Verify benchmarks for survey have been established 
and documented. 

PP/IP O Benchmarks for survey have been established and 
documented. 

Ensure benchmarks for survey are established and documented 
prior to performing survey. 

Site Preparation 
(Site Survey) 

Site Manager Verify site boundaries and grids have been 
established. 

PP/IP O Site boundaries and grids have been established. Do not proceed with dependent field activities until criterion is 
passed. 

Site Preparation 
(Site Survey) 

Site Manager Verify surveyor notes are legible, accurate, and 
complete. 

IP O Surveyor notes are legible, accurate and complete. Ensure surveyor replaces deficient notes with legible, accurate and 
complete notes. 

Site Preparation               
(Vegetation Removal) 

Site Manager Verify environmental controls are correct and 
functional. 

IP/FP O Environmental controls are correct and functional. Ensure that appropriate environmental controls are in place prior to 
proceeding with vegetation removal. 

Site Preparation               
(Vegetation Removal) 

 Site Manager Verify vegetation removal is conducted according to 
the Field Investigation Plan (Chapter 3 of Work Plan).  

FP D Verify vegetation removal is conducted according to 
the Field Investigation Plan (Chapter 3 of Work Plan). 

Stop vegetation removal activities until full compliance can be 
assured and any activities not performed within compliance are re-
evaluated and re-performed if necessary. 

DGM Survey Project Geophysicist Verify DGM Survey conducted in accordance with 
Geophysical Investigation Plan (Appendix C) and DGM 
SOPs: 

EM61-MK2 Metal Detection Munition Response 
Surveys 

Geophysical Surveying with EM61-MK2 

Configuration and Operation of the GPS Base-Station 
System 

Configuration and Operation of the GPS Rover System 

Field Methodology and Survey Setup 

IP/FP O/D DGM Survey conducted in accordance with 
Geophysical Investigation Plan (Appendix C) and 
DGM SOPs. 

Stop activity until full compliance can be assured and any activities 
not performed within compliance are re-evaluated and re-performed 
if necessary. 

DGM Survey Project Geophysicist Check results of QC tests performed as specified in the 
QCP and DGM SOPS. 

FP E QC tests must pass in accordance with standards 
determined during the GPO and referenced SOPs. 

If a QC test does not pass, a root-cause analysis must be performed 
and the project team must meet to discuss and determine 
appropriate action. 

DGM Survey Project Geophysicist Confirm that DGM survey DQOs established during 
GPO are being met.   

FP E DGM survey DQOs are being met. If a If the DQOs are not being met, a root-cause analysis must be 
performed and the project team must meet to discuss and determine 
appropriate action. 
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TABLE 7-1 
Definable Features of Work Auditing Procedures 
Preliminary Assessment/Site Investigation Work Plan 
Camp Devil Dog Construction Area 
MCB Camp Lejeune 
Jacksonville, North Carolina 

Definable Feature of Work 
with Auditable Function 

 
Responsible 
Person(s)1 Audit Procedure2 

QC 
Phase3 

Freq. of 
Audit Pass/Fail Criteria Action if Failure Occurs 

DGM Data processing Project Geophysicist Verify data checks specified in QCP and SOPs: 

EM61-MK2 Data Processing and Database 
management 

Uploading and Downloading Data to the FTP Site 

FP E Data checks must pass in accordance with standards 
determined during the GPO and referenced SOPs.   

If a QC test does not pass, a root-cause analysis must be performed 
and the project team must meet to discuss and determine 
appropriate action. 

Demobilization Project Manager Verify facilities-support infrastructures are dismantled 
and shipped to appropriate location and area is 
returned to original condition. 

FP O Facilities-support infrastructures are dismantled and 
shipped to appropriate location and site is returned to 
original condition. 

Ensure that all support facilities are removed and that the site is 
returned to original condition. 

Final Project Reports and Closeout 

Site Specific Final Report 
preparation and approval  

Project Manager Verify all phases of environmental investigation were 
performed correctly and are complete. 

FP O Investigation performed is accurate and complete. investigation performed is accurate and complete 

Archiving GIS Manager Verify data back-up systems are in place. IP O Data back-up systems are in place Ensure data back-up systems are in place 

Project Closeout Project Manager Verify purchase orders have been closed out. IP O Purchase orders have been closed out Ensure purchase orders are closed out 

Project Closeout Project Manager Verify invoices completed and approved. IP O Invoices completed and approved Ensure invoices are completed and approved 

Notes: 
IAW  =  in accordance with 

QC Phase    Frequency 
PP = Preparatory Phase  O = Once 
IP = Initial Phase   D = Daily 
FP = Follow-up Phase   W = Weekly 
      E = Each occurrence 
1 The responsible person (if other than the MEC QCS) is the individual with whom the MEC QCS will coordinate with to ensure compliance with requirements and to verify that any necessary follow-up actions are taken. 
2 Where appropriate, a reference has been included referring the reader to a more detailed description of the procedures being audited. 
3 Documentation to be in accordance with the three-phase control process as outlined in the Quality Control Plan. 
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SECTION 8 

Environmental Protection Plan 

8.1 Regional Ecological Summary 
A summary of the regional ecology is provided in Section 9.1 of the MRP Master Project 
Plans (CH2M HILL, 2008). 

8.2 Endangered/Threatened Species within the Project Site 
Many protected species have been sighted in the vicinity of and aboard MCB Camp Lejeune, 
such as American alligator, green sea turtle, loggerhead sea turtle, piping plover, red-
cockaded woodpecker, American bald eagle, seabeach amaranth, and rough-leaf loosestrife 
(Marine Corps, 2006). Table 8-1 lists those species that could occur in or adjacent to MCB 
Camp Lejeune that are listed as threatened, endangered, or of special concern by the United 
States Fish and Wildlife Service (USFWS) under the Endangered Species Act of 1973, as 
amended.  

MCB Camp Lejeune has active programs in place to protect the three federally protected 
avian species (American bald eagle, piping plover, and red cockaded woodpecker) that are 
known to occur on the Base. The Camp Devil Dog MRS is not within the vicinity of any of 
these management areas.  

A bald eagle’s nest is documented on MCB Camp Lejeune, located at the junction of Sneads 
Creek and the New River, approximately 7.2 miles from the Camp Devil Dog MRS. Three 
protective buffers that restrict ground and air-use activities have been established at 
approximately 750 ft, 1,000 ft, and 1,500 ft from the nest site (Marine Corps, 2006). The 
Camp Devil Dog MRS is not within any of these buffer zones and no impacts to eagles at the 
nest would be expected.  

Non-nesting eagles may use the Camp Devil Dog MRS as transients or for foraging habitat. 
The Camp Devil Dog MRS is wooded and is unlikely to be used by eagles for foraging 
habitat given the abundance of more preferable open water foraging areas in the vicinity. 
The proposed work is not expected to impact any special habitat where eagles concentrate 
and no negative impacts to bald eagles on MCB Camp Lejeune would be expected. 

Suitable habitat for the piping plover does not exist at the Camp Devil Dog MRS. No 
impacts to this species would result. 

Camp Lejeune worked with the USFWS to establish guidelines for military training in red-
cockaded woodpecker cluster sites. Additionally, through Section 7 consultation, the Base 
implemented measures to properly manage the red-cockaded woodpecker habitats located 
on base (loblolly pine [Pinus taeda], longleaf [Pinus palustris], and pond pine [Pinus serotina] 
areas). These guidelines and measures are presented in the 2007-2011 Integrated Natural 
Resource Management Plan (INRMP) (USMC, 2006). Camp Lejeune’s red-cockaded 
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woodpecker population has been monitored since 1985. Reproductive success, population 
demographics, and habitat use are recorded annually to help successfully manage the 
population while facilitating the military use of the land. The Camp Devil Dog MRS is not 
within the vicinity of any current red-cockaded woodpecker management areas and the 
closest active RCW habitat is located over two miles south of the site. No impacts to this 
species would result. 

The Camp Devil Dog MRS contains no open water habitat and does not connect to the 
ocean. Therefore, the federally protected marine species (e.g., green sea turtle, leatherback 
sea turtle, loggerhead sea turtle, West Indian manatee) listed in Table 8-1 would not occur 
the area. No impacts to these species would result. 

The American alligator is listed on the Federal Threatened and Endangered species list due 
to its similarity of appearance to the American crocodile. There is no potentially suitable 
habitat for the American alligator at the Camp Devil Dog MRS and the species would not 
occur in the project area. No impact to this species is expected. 

Two of the four federally listed plant species have been identified on the Base: rough-leaved 
loosestrife and seabeach amaranth. Approximately 22 rough-leaved loosestrife sites are 
found on Camp Lejeune with 76 acres buffered and marked to protect this species. Rough-
leaved loosestrife sites are visited annually to visually inspect for changes in extent and 
apparent health. Approximately half of the rough-leaved loosestrife sites occur within 
protected red-cockaded woodpecker sites, obviating the need for marking each of these sites 
individually. The other sites, mostly falling within the Greater Sandy Run Area are marked 
with white paint around a perimeter that extends 100 ft from the outermost individuals. 
None of these sites are located on or adjacent to the Camp Devil Dog MRS. No impacts to 
rough-leaved loosestrife are expected. 

Seabeach amaranth is an annual that has been described as a dune-builder because it 
frequently occupies areas seaward of primary dunes often growing closer to the high tide 
line than any other coastal plant. As such, this plant is generally found along Onslow Beach. 
Seabeach amaranth does not occur on or adjacent to the Camp Devil Dog MRS. No impacts 
to this species would occur. 

The eastern cougar is the only federally listed mammal species that could occur in Onslow 
County. The only extant population of eastern cougar is located in south Florida and the 
species has not been observed in North Carolina in over 50 years. Suitable habitat for the 
eastern cougar does not exist at the Camp Devil Dog MRS and the level of human activity 
would tend to make the species avoid the area. Because the eastern cougar has not been 
verified in the area in more than 50 years and there is human activity in proximity to the 
Camp Devil Dog MRS, it is very unlikely that the eastern cougar would occur on the site 
and no impacts are expected.  

Environmental reviews completed in preparation for the INRMP determined that the 
remaining species listed in Table 8-1 are not expected to exist at the site. No adverse impacts 
to listed species are expected to result from the proposed work within Camp Devil Dog 
MRS. Project design features have been developed to prevent impacts to listed species. 



SECTION 8—ENVIRONMENTAL PROTECTION PLAN 

8.3 Wetlands within the Project Site 
Jurisdictional wetland areas do not occur within the vicinity of the Camp Devil Dog MRS 
(Figure 8-1). All jurisdictional wetland areas are located outside of the area of investigation 
and no work will be performed in wetland areas. In order to install the temporary 
monitoring wells and to collect environmental samples, vegetation removal will be 
necessary. No significant soil disturbance is anticipated from planned site work as described 
in this Work Plan. No wetlands on or downstream of the Camp Devil Dog MRS are 
expected to be impacted indirectly by the project.  

Due to the size of the area of investigation, the site is below the threshold for requiring a 
storm water pollution prevention plan. However if the potential for runoff to jurisdictional 
wetlands exists, appropriate protection measures will be put in place (Section 8.5). 

8.4 Cultural and Archaeological Resources within the Project 
Site 

The environmental sampling activities proposed to support this work plan involve a limited 
degree of intrusive activity. The probability that any significant cultural or archeological 
resources will be impacted by the field investigation is low. Consultation with the Base 
archaeologist confirmed that one potentially eligible cultural or archaeological resource is 
known to lie partially within the Camp Devil Dog MRS, immediately south of Perimeter 
Road (Figure 8-1). The site was recommended as ineligible for the National Register of 
Historic Places by the Base archaeologist but confirmation from SHPO is pending until 2009. 
If any unmapped cultural or archaeological materials or resources are discovered within the 
project investigation area, the Base archaeologist will be notified to provide guidance on 
performing further work in the area. Should future work be planned within the known 
archaeological resource area (National Register of Historic Places [NRHP]-eligible site), the 
base project manager will be contacted and submit a Request for Environmental Impact 
Review through the National Environmental Policy Act (NEPA) process, prior to subsurface 
activity within the boundary. 

8.5 Water Resources within the Project Site 
As shown in Figure 8-1, the area of investigation does not encompass nor is it bounded or 
bordered by surface water bodies. Two stream channels are located to the north and south 
of the CDCA, outside site boundaries. The stream to the south is located approximately 
600 ft from the CDCA Site boundary, and the stream to the north is located approximately 
1,500 ft from the site boundary. No water resources are expected to be impacted by the 
project. Should clearing of vegetation be required in areas adjacent to a water body, 
appropriate silt barriers or other best management practices (BMP) will be put in place to 
prevent sediment from migrating to the water body.  

VBO090050007 8-3 
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8.6 Coastal Zones within the Project Site 
Onslow County is subject to the rules and policies of the North Carolina Coastal Resources 
Commission, which administers the Coastal Area Management Act (CAMA). Federal 
projects within a State’s coastal zone are reviewed under the Coastal Zone Management Act, 
which requires that a proposed Federal action be consistent, to the maximum extent 
practicable, with the relevant enforceable policies of the State’s coastal management 
program. North Carolina’s coastal zone management program consists of, but is not limited 
to, CAMA, the State’s Dredge and Fill Law, Chapter 7 of Title 15A of NCAC, and the land 
use plan of the County and/or local municipality in which the proposed project is located. 

The investigation at Camp Devil Dog will include surface investigations and the collection 
of subsurface soil and groundwater samples using direct-push technology. The U.S. Marine 
Corps is not required to apply for a CAMA permit for federal project. No proposed project 
activities fall under the definition of “development” as defined by CAMA.  

Further, as outlined in Subpart “C” of 15 Code of Federal Regulations (CFR) 930, the U.S. 
Marine Corps has determined that the proposed project would have no effects on any 
coastal use or resource. Therefore, a negative determination under §930.35 is not required 
and the U.S. Marine Corps will not coordinate with the North Carolina Division of Coastal 
Management (DCM) in advance of the proposed work.  

Should it be determined by collection of new or additional information that development, as 
defined under CAMA, would occur under the proposed project further coordination with 
DCM would be initiated. 

8.7 Vegetation to be Removed Within the Project Site 
Vegetation removal is anticipated in association with the field activities described in this 
Work Plan. Vegetation will be removed to access sampling locations. It is estimated that 
approximately 5.3 acres of woody vegetation will be cut from the 53-acre investigation area 
to create 1.2 m (4 ft) wide paths every 50 ft to allow for drill rigs to gain access to the center 
of the investigation area. Large trees will be avoided to the extent practicable during path 
clearing. Consultation with the base wildlife biologist confirms no threatened or endangered 
species occur within the Camp Devil Dog MRS, designated on Figure 8-1. Procedures in 
place will prevent excessive exposure of bare ground. 

8.8 Existing Waste Disposal Sites within the Project Site 
No known waste disposal sites are present within the area of investigation.  

8.9 Compliance with Applicable or Relevant and Appropriate 
Requirements  

CH2M HILL will follow all applicable regulations concerning environmental protection, 
pollution control, and abatement for the proposed project work as described in Section 9.3 of 
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SECTION 8—ENVIRONMENTAL PROTECTION PLAN 

the MRP Master Project Plans (CH2M HILL, 2008). No permits have been determined to be 
required for the proposed work. 

8.10 Detailed Procedures and Methods to Protect and/or 
Mitigate the Resources/Sites Identified 

During the proposed work, a general survey of the project area will be conducted by the 
field personnel to identify obvious environmental concerns. The PM, in conjunction with a 
qualified ecologist, will provide instructions to field personnel regarding the protection of 
onsite environmental resources. Such protective measures will include, but are not limited 
to, the following: 

• Should federally protected plant be identified within the project area, the specimens will 
be flagged for easy relocation and verification 

• Should cultural or archaeological material or resources be discovered within the project 
area, a qualified archaeologist will be notified to provide guidance on performing 
further work in the area 

• The PM will seek the guidance of the qualified ecologist to determine appropriate 
mitigation measures in the event that the performed work activities impact an 
environmental resource 
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SECTION 1 

Introduction, Purpose, and Scope  

Marine Corps Base (MCB) Camp Lejeune is conducting an investigation of former ranges 
within the area known as Camp Devil Dog to support future military construction 
(MILCON) activities within the area. The Camp Devil Dog Construction Area (herein 
referred to as the CDCA) is located along Perimeter Road just south of Marine Corp Air 
Station (MCAS) New River. The CDCA encompasses approximately 83 acres. Figure 1-1 in 
the Site Specific Work Plan Addendum Preliminary Assessment/Site Inspection Camp Devil Dog 
Construction Area (PA/SI Work Plan) (CH2M HILL, 2008) shows the CDCA in relation to 
MCB Camp Lejeune. Figure A-1 shows an aerial view of the current CDCA. A munitions 
response program (MRP) Preliminary Assessment (PA)/Site Inspection (SI) is being 
conducted to provide support for projects within the CDCA.  

The results of the PA/SI will determine if any impacts to soil and groundwater have 
occurred at the CDCA due to past range activities. To support site investigation efforts, this 
archival records search report has been prepared to provide a narrative of the historical 
activities at the CDCA that may have resulted in environmental contamination with 
munitions and explosives of concern (MEC) or munitions constituents (MC).  

The archival records search report is an investigative review of existing information about 
the site and its surrounding area, with an emphasis on obtaining information from 
personnel and historical resources that might indicate a potentially hazardous release to the 
environment. The scope of this report includes: 

• A review of existing information about the site (including MCB Camp Lejeune maps, 
drawings, and reports, and interviews with MCB Camp Lejeune personnel). 

• Collection of additional information about the site.  

A complete listing of resources identified and investigated for this report is provided in 
Attachment 1. Attachment 1 also includes details concerning the reviews of the historical 
information from the Marine Corps Library at Quantico, National Archives and Records 
Administration (NARA) map and text files, and MCB Camp Lejeune base files. 
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SECTION 2 

Site Information 

2.1 Facility Information 
MCB Camp Lejeune is located on the Atlantic coast in Jacksonville, North Carolina. The city 
of Jacksonville in Onslow County is the principal support community for the base. MCB 
Camp Lejeune occupies 153,000 acres including more than 450 miles of roads, 
approximately 6,800 buildings and facilities, and 14 miles of beach on the Atlantic Ocean for 
amphibious training. Approximately 14,000 acres of land have been developed for 
administrative, maintenance, logistics and personnel support facilities. Originally 
established in 1941, the base is home to several tenant commands including II Marine 
Expeditionary Force, 2nd Marine Division, and 2nd Marine Logistics Group, two Navy 
commands, one Coast Guard command, and several Marine Corps formal schools. MCB 
Camp Lejeune supports a total population of approximately 150,000 people, including 
active duty military and dependants, retirees, and civilian employees (Global Security, 
2008).  

2.1.1 Climate and Meteorology 
The climate at MCB Camp Lejeune is characterized by mild winters and hot humid 
summers. Winters are usually short and mild with occasional and short duration cold 
periods. Summers are long, hot, and humid. Average annual net precipitation is 
approximately 50 inches. Ambient air temperatures generally range from 33 to 53 degrees 
Fahrenheit (°F) in the winter months, and 71°F to 88°F during the summer months. Winds 
are generally south-southwesterly in the summer, and north-northwesterly in the winter 
(Water and Air Research, 1983). The hurricane season in the area surrounding MCB Camp 
Lejeune begins on June 1 and continues through November 30. Storms of non-tropical 
origins such as frontal passages, local thunderstorms, and tornadoes are more frequent and 
can occur year-round. 

2.1.2 Topography, Geology and Hydrology 
The land surface at MCB Camp Lejeune has been alternately exposed and submerged over 
time by water and marine deposits from an ancient inland sea. These deposits were laid 
down to form the weakly dissected alluvial plane. The deposits are mostly sands layered 
with clay and marine shells. Elevations range from sea level at the waterways to 72 feet (ft) 
above mean sea level (msl) between the New River and United States (U.S.) Route 17. MCB 
Camp Lejeune consists of both broad, level flatlands and gently rolling hills.  

Southeastern North Carolina and MCB Camp Lejeune are within the Tidewater region of 
the Atlantic Coastal Plain Physiographic Province. The Tidewater region is generally 
swampy and of low relief, with elevations averaging about 20 ft above msl. The MCB Camp 
Lejeune area is underlain by an eastward thickening sediment wedge of marine and non-
marine origins ranging in age from early Cretaceous to Holocene. The eastward thickening 
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wedge of sediment begins at the western boundary of Atlantic Coastal Plain physiographic 
province, known as the Fall Line, and dips southeastward towards the coast. Along the 
coastline, several thousands of feet of interlayered, unconsolidated sediment are present 
consisting of gravel, sand, silt, clay deposits, calcareous clays, shell beds, sandstone and 
limestone that was deposited over pre-Cretaceous crystalline basement rock. These 
sediment units are often distinguished by minor amounts of detrital carbonate shells, and 
secondary minerals such as glauconite, siderite, and chlorite (Cardinell, Berg, and Lloyd, 
1993).  

Fluctuations in sea level on a subsiding continental margin in marine and near-shore 
environments are believed to have controlled Historical Coastal Plain sedimentation and 
deposition (Winner and Coble, 1989). Confining units associated with specific aquifers 
within the Coastal Plain region are composed of less permeable beds of clay and silt. Within 
the MCB Camp Lejeune area, approximately 1,500 ft of a sedimentary sequence overlie the 
crystalline basement rock. This sedimentary sequence composes seven aquifers and their 
associated confining units including the Surficial, Castle Hayne, Beaufort, Peedee, Black 
Creek, and Upper and Lower Cape Fear aquifers (Cardinell, Berg, and Lloyd, 1993).  

Interstream areas generally provide the recharge of aquifers within the Coastal Plain region. 
Recharge to the aquifers has been estimated to have a yearly range of 5 to 21 inches of 
rainfall (Heath, 1989). In general, natural discharge of groundwater from the Coastal Plain 
aquifer system is into streams, swamps, and lakes. Evapotranspiration from the soil zone 
and upward leakage through confining units into streams, estuaries, swamps, and even the 
ocean also contribute to groundwater discharge. The New River estuary serves as the 
principal discharge area for groundwater from the Castle Hayne aquifer within the vicinity 
of MCB Camp Lejeune (Harned, Lloyd, and Treece, 1989). 

2.2 Ownership and Operational History 
2.2.1 Camp Lejeune Ownership History 
The history of the land now occupied by Camp Lejeune is documented primarily through 
land records and maps. Following the start of World War II (WW II), the War Department 
began purchasing tracts of land in 1941 from local residents to meet the need for an East 
Coast amphibious training facility. Prior to occupation by the Marine Corps, the land had 
been occupied by white and African-American communities and farms since the Colonial 
era. The land contained plantation houses, cabins, farm buildings, tobacco barns, stores, and 
various cemeteries (Global Security, 2008).  

The initial land transferred to the government was acquired in 14 different transactions 
between April and October 1941 and totaled 173.8 square miles or 111,155 acres, of which 
there were 85,155 land acres and about 26,000 acres under water (Loftfield, 1981; Louis 
Berger Group, 2002). The individual tracts of land were grouped into various “areas” for 
consolidation. The facility was initially referred to as the Marine Barracks New River which 
was changed to MCB Camp Lejeune in 1942 (Global Security website, 2008).  

The CDCA is located within Area M, southwest of South Run and north of Mill Creek. 
Highway 17 (Wilmington Highway) is approximately 0.88 miles to the west. Area M 
consists of 117 tracts of land acquired by the government in 1941 from area landowners. The 
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Camp Devil Dog Construction Area consists of one tract of land (M-2), as shown in the 1941 
Property Map for Area M (Bureau of Yards and Docks, 1941) supplied as Attachment 2.  

2.2.2 Camp Devil Dog Operational History 
The CDCA is located off Perimeter Road south of the Air Station and encompasses 
approximately 83 acres, shown in Figure A-1. Presently, the western half of the CDCA is 
cleared and built-up, while the eastern half and southern perimeter are wooded. Several 
smaller unpaved roads or footpaths are visible in the eastern half of the site. Camp Devil 
Dog is presently the center of the Marine Combat Training at the School of Infantry East 
(SOI) EAST. Facilities include billeting, training classrooms, and messing. Camp Devil Dog 
is the main base camp for training in the surrounding area. Approximately 21,000 to 25,000 
Marines per year train for about 21 days in the training cycle prior to commencing Marine 
specialized training. Live ammunition is not currently used on site but large amounts of 
blank ammunition are used. Land navigation, first aid, defense combat, offensive combat, 
night training and a several other training activities occur at Camp Devil Dog (Richardson, 
November 2008).  

A review of base maps showing existing conditions from 1942 to 2008, historical aerials from 
1962 and 1989, and range overlay maps from 1941 to 1993 was conducted and findings are 
summarized below. 

2.2.3 Historical Site Use 
The 1962 historical aerial (Figure A-2) shows the CDCA, Perimeter Road, and an un-named 
road bisecting the site north to south. The entire area encompassed by Perimeter Road 
appears to be clear cut with little or no vegetation and no buildings are observed. However, 
the 1963 Existing Conditions map, Figure A-3, shows a mess hall (building VL-104) and 
three classrooms (S-OC-2-C, S-OC-4-C, and S-OC-6-C) in the vicinity of Camp Devil Dog. 
The 1963 Existing Conditions map is the first to indicate buildings in the Camp Devil Dog 
area and the buildings also appear on the 1964 Existing Conditions map. Existing 
Conditions maps are unavailable for the following years until 1979 which does not show 
these particular buildings. The buildings do not appear on subsequent existing conditions 
maps or aerials.  

The 1962 aerial also shows a rectangular clearing to the north of Perimeter Road appears to 
have several buildings of un-known use. Areas surrounding the western, southern, and 
eastern site boundaries are primarily wooded, with the exception of a few cleared areas that 
appear to correspond with the tactical stations/ranges shown on Figure A-4.  

The 1979 Existing Conditions map indicates that the Camp Devil Dog area was used as a 
race course with several tactical stations/ranges around the perimeter of the current CDCA 
(Figure A-4). Two buildings are located within CDCA, S-M-6A and S-VL-171, and are 
identified as a fire control tower and classroom/cover. Figure A-4 indicates that several 
ranges were located inside and along the perimeter of the approximated CDCA including: 
M-118, M-107, M-109, M-122, M-113 and M-115.  

Range M-118, identified as an “Individual Movement Day” range, trained Marines on 
moving during the daytime.  
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M-109, “Infiltration” range, appears to be inside of the boundary of the CDCA as suggested 
by the cleared area immediately south of Perimeter road on Figure A-2. This cleared area at 
the intersection of Perimeter Road and the un-named road bisecting the site appears to be 
the M-109 Infiltration station.  

M-107 was a hand grenade range however no information is provided on the nature of the 
hand grenades, whether practice or live. M-107 Hand Grenade Range is not identified in the 
Range Identification and Preliminary Range Assessment (USACE, 2001). M-107 Hand Grenade 
Range appears in the 1962 aerial located within Perimeter Road as a cleared area seen to the 
northwest of M-109. There may be potential UXO issues associated with M-107 Hand 
Grenade Range since there is no indication of the type of munitions used. 

Range M-122, flame thrower range, appears on the outside of the CDCA, north of Perimeter 
Road, Figure A-4. A round, cleared area to the north east of Perimeter Road depicted in 
Figure A-2 corresponds with the M-122 Flame Thrower Range. 

The M-113 and M-115 ranges also appear on the 1979 Existing Conditions map just outside 
of the CDCA. The cleared area in Figure A-2 to the south of Perimeter Road appears to be 
the M-113 Battle Sights station and the cleared square to the east of Perimeter Road appears 
to be the M-115 Hand Grenade range. 

In the 1989 historical aerial, Figure A-5, the eastern portion of the site appears to have 
scattered vegetation, while the rest of the site is cleared. The western portion of the CDCA 
shows numerous buildings as well as lightly colored “scarring” of unknown origin. The 
property surrounding Perimeter Road appears well vegetated and no signs of prior cleared 
areas can be seen. Two un-paved roads are visible running north from the western half of 
Perimeter Road. The cleared square to the east of Perimeter Road appears to be the M-115 
Hand Grenade range. Overall, there are only faint indications of the tactical stations/ranges 
on Figure A-5. 

The 2008 existing conditions map shows the buildings currently in use at Camp Devil Dog, 
Figure A-6. The area on the west side of the Camp Devil Dog Construction Area consists of 
several small buildings labeled as Sea Huts (Buildings DD201 through DD250) and larger 
buildings (DD7, DD8 and DD9) labeled as Camp Devil Dog (use is not specified), sickbay 
(Building DD10) and troop emergency housing (Buildings DD34 and DD35). The area on the 
east side of Phase Line Road consists of bathrooms (Buildings DD36 and DD37) and other 
buildings that are not labeled but assumed to be related to everyday camp activities 
(Buildings DD1 through DD6). Existing building numbers and descriptions were obtained 
from the CH2M HILL geographical information system (GIS) database.  

The area on the east side of the CDCA is currently used as a small military operations on 
urbanized terrain (MOUT) facility. A photo of the site is provided below (Photo 1). MOUT is 
defined as “all military actions planned and conducted on a topographical complex and its 
adjacent terrain where manmade construction is the dominant feature. It includes combat in 
cities, which is that portions of MOUT involving house-to-house and street-by-street 
fighting in cities and towns” (USMC, 2008). The MOUT training facility includes outdoor 
classrooms, mock buildings, alleys, and other urban training facilities, Photo 1. The MOUT 
training uses blanks (7.62mm and below Calibers), pyrotechnics such as practice hand 
grenade, smoke, sound maker, and pop-ups. SESAMS, small paint ball rounds, are also used 
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in MOUT (Richardson, 2008c). However, no live fire takes place in the MOUT training 
facility but large amounts of blank ammunition are used (Richardson, 2008b).  
 

 
Photo 1: Camp Devil Dog MOUT training facility (Richardson, 2008c) 
 

Historical Range Review 
A review of historical range overlay maps (Plates 1-22) from the Range Identification and 
Preliminary Range Assessment (USACE, 2001) indicated that several ranges intersected the 
CDCA that will be investigated in the PA/SI of the CDCA. These ranges and range maps 
that they appear on include: M-5/M-5A artillery ranges (1953, Plate 6), K-22 practice hand 
grenade course (1960, Plate 15), M-4 rifle grenade range (1960, Plate 15), M-113 practice 
hand grenade range (1970 and 1976, Plate 13 and 16, respectively) and M-115 hand grenade 
range (1970 and 1976, Plate 13 and 16, respectively).  

M-5/M-5A Artillery Ranges 
The M-5/M-5A Artillery Ranges are identified as Archives Search Report (ASR) 2. The 
CDCA is located between the M-5/M-5A Gun Positions and the K-2 Impact Area, as shown 
in Figure A-7. According to the Final Range Identification and Preliminary Range Assessment 
(USACE, 2001), munitions would likely be found only at the gun positions and within the 
impact area. MEC at these locations could consist of discarded military munitions (DMM) 
(i.e., buried projectiles), unused propellant charges and supplemental charges at the gun 
positions and fired projectiles at the impact area. Types of munitions used at the M-5/M-5A 
gun positions were listed as possibly including 75 mm, 105 mm, and 155 mm Howitzer 
projectiles. Due to the distance of the CDCA from the gun positions (approximately 2,500 to 
3,000 meters) and impact area (approximately 7,000 meters), it is unlikely that the CDCA has 
been impacted by activities at these locations. The area between the M-5/M-5A gun 
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positions and the north edge of the K-2 Impact Area has historically been used as a 
maneuver area. No information on previous discoveries of MEC related to training at M-
5/M-5A has been identified and the risk of encountering MEC is considered unlikely. The 
M-5/M-5A Artillery Ranges appear only on a 1953 range map, the time frame of use is 
unknown (USACE, 2001). UXO from these ranges is not expected to have impacted this site. 

K-22 Practice Hand Grenade Course 
The K-22 Practice Hand Grenade Course appears on a 1960 Range Overlay map (Plate 15) in 
the Final Range Identification and Preliminary Range Assessment (USACE, 2001) and is located 
on the eastern side of the CDCA, shown in Figure A-8. The course operated between 1950 
and 1960 and was used to practice grenade throwing techniques prior to throwing live 
grenades (Richardson, September 2008). Facilities at the K-22 Hand Grenade Course 
included one bunker and one foxhole (USACE, 2001). The estimated depth of potential 
munitions on the K-22 Hand Grenade Course is expected to be on or near the surface; 
however, possible construction or ground moving activities may have buried potential MEC 
to an unknown depth (USACE, 2001). Munitions used on this range were practice hand 
grenades with integral fuzing. 

Currently the Practice Hand Grenade Ranges follow Camp Lejeune’s Range Control 
Standard Operation Procedures (2006). The grenade ranges are checked by the Explosive 
Ordnance Disposal (EOD) every day by 1200, even if the unit is using the range multiple 
days. EOD response teams stand by, during the use of the ranges, to take immediate action 
with dud grenades (Range Control SOP, 2006). Grenade impact areas contain aiming posts 
(fixed targets) for throwers to use as targets.  

Other rules for use of grenades on Camp Lejeune training areas include the following 
(Range Control SOP, 2006): 

• Live grenades will not be thrown into standing water, snow, or dense vegetation, since 
duds in such areas cannot be cleared and will result in closure of the range.  

• White phosphorous grenades will not be thrown on any grenade ranges.  

• Practice grenades are not to be thrown from the live fire pits and practice Grenades will 
only be thrown from the practice pits.  

• After all hand grenades are thrown and EOD has swept the area, the using unit must 
pick up all ammunition dunnage (i.e., pins, spoons, clips), fill in all holes and level out 
the impact area before calling for inspection by a Range Inspector. 

• EOD must be “on call” when high explosive hand grenades are thrown on any hand 
grenade range for the safe disposal of unexploded ordnance incurred during training. 

High explosive fragmentation grenades are not authorized on the Practice Grenade Range. 
Practice Hand Grenades are not authorized on the live grenade impact area or in the pits 
(Range Control SOP, 2006). 

M-4 Rifle Grenade Range  
The M-4 Rifle Grenade Range also appears on the 1960 Range Overlay Map (Plate 15) of the 
Final Range Identification and Preliminary Range Assessment (USACE, 2001). It is located in the 
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central area of the Camp Devil Dog Construction Area, shown on Figure A-8 in the PA/SI 
work plan. Due to the nature of the munitions used, the Range would have been well 
defined and limited to a relatively small area (Richardson, September 2008). Reported 
munitions used at the M-4 Rifle Grenade Range include M28 and M29 rifle grenades, White 
Phosphorous (WP) hand and rifle grenades, pyrotechnics, and demolitions. The estimated 
depth of potential munitions at the M-4 Rifle Grenade Range is expected to be on or near the 
surface; however, possible construction or ground moving activities may have buried 
potential MEC to an unknown depth (USACE, 2001). Potential UXO issues are associated 
with this site. 

The M-113 Practice Hand Grenade Range 
The M-113 Hand Grenade Range was utilized from 1970-1977 for practice/demonstration 
operations. General types of hand grenades used included the following: incendiary M14, 
illumination MK 1, Smoke M18, WP M15 (for demonstration only), and practice hand 
grenades. This range is also depicted as part of the Race Course Area in the 1979 Existing 
Conditions Map, Figure A-4. The cleared rectangular area in Figure A-2 to the south of 
Perimeter Road appears to be the M-113. The estimated depth of potential munitions on the 
M-113 Hand Grenade Range is expected to be on or near the surface (USACE, 2001).  

The M-115 Hand Grenade Range 
The M-115 Hand Grenade Range was heavily used from 1970-1977. This range is also 
depicted as part of the Race Course Area in the 1979 Existing Conditions Map, Figure A-4. 
Figure A-2 depicts a cleared square to the east of Perimeter Road which appears to be the 
M-115 Hand Grenade Range. Munitions used on the range included live high explosive 
(HE) type hand grenades. The range consisted of six throwing pits, six control pits, a 
barricade with two observation ports, one for the officer in charge and the other for five 
students. The estimated depth of potential munitions on the M-115 Hand Grenade Range is 
expected to be on or near the surface; however, possible construction or ground moving 
activities may have buried potential MEC to an unknown depth (USACE, 2001). Potential 
UXO issues are associated with this site. 
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Existing Conditions Map – 1963 
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Existing Conditions Map – 1979 
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Figure A-5
Camp Devil Dog Construction Area - 1989 Imagery
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Resource Review Summary  

The following table provides a summary of the specific references identified for review, 
interview, or contact for the archival report. 

Resource Actions Completed  

Quantico, Virginia, Marine Corps Library, 
Gray Research Center 

Reviewed all available file folders related to Camp Lejeune. 
October 7, 2008. Made copies of relevant historic maps.  No 
text files to copy.  

US National Archives (NARA II) Historical 
Files 

Reviewed text and drawing files from Text Division.  Made 
copies of relevant files and maps.  September 15 -18, 2008. 

Deborah Edge/National Archives Text File See US National Archives Files Review. September 15 -18, 
2008. 

Camp Lejeune Technical Records files Reviewed and copied all relevant documents related to 
historical land use for each site.  October 1 - 2, 2008. 

Camp Lejeune Personnel 

Linda Futrell/ Realty Specialist Contacted and interviewed October 2, 2008. 

Dennis Dunham/ Technical Records Contacted and interviewed October 2, 2008. 

Duane Richardson/ Base Range Safety 
Officer  

Contacted and interviewed October 1, 2008. 

Marine Corp Library Review 
Text Division  
Contact: Gregory Cina, Archivist 

USMC Archives & Special Collections 
2040 Broadway Street 
Quantico, Virginia 22134 
(703) 784-4685 
cinagl@usmcu.edu 

 
Site Visit: October 7, 2008 
 
File review at Marine Corps Base, Quantico, Virginia, Gray Research Center, Marine Corps 
Archives and Special Collections.  

Several historic maps were digitally copied; however, no pertinent text documents were 
obtained from the file review. 

List of Maps Obtained from Marine Corp Library 
• “Camp Lejeune, New River, North Carolina”, August 1943. 
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• “Combat Training Chart, United States East Coast, North Carolina, Approaches to 
New River”, December 26, 1987. 

• “Jacksonville South Quadrangle”, NW/4 New River 15’ Quadrangle, USGS, 1952. 

• “New River”, 1972. 

•  “North Carolina, Approaches to New River”, November 1950. 

National Archives and Records Administration Review 
Text Division 
Contact:  Ms. Deborah Edge, Archivist 

8601 Adelphi Road 
College Park, Maryland 20740 
(301) 837-1687 

 
Site visit: September 15 - 18, 2008 
 
Reviewed 12 boxes of files associated with the Marine Corps, 1939-1950 

• Record Group 127 (USMC), Office of the Commandant, General Correspondence, 
January 1939-June 1950, 1275/70-800 (10/45-1/47) to 1275/70-727 (1/44-12/47), Box 218. 

• Record Group 127 (USMC), Office of the Commandant, General Correspondence, 
January 1939-June 1950, 1275/70-800 (10/44-1/45) to 1275/70-800 (7/45-9/45), Box 219. 

• Record Group 127 (USMC), Office of the Commandant, General Correspondence, 
January 1939-June 1950, 1275/70-800 (10/44-1/45) to 1275/70-800 (7/45-9/45), Box 220. 

• Record Group 127 (USMC), Office of the Commandant, General Correspondence, 
January 1939-June 1950, 2295-10 Brooklyn to 2285-10 Camp Lejuene, Box 1570. 

• Record Group 127 (USMC), Office of the Commandant, General Correspondence, 
January 1939-June 1950, 2295-10 Camp Lejuene to 2285-10 Camp Lejuene, Box 1571. 

• Record Group 127 (USMC), Office of the Commandant, General Correspondence, 
January 1939-June 1950, 2295-10 Camp Lejuene to 2285-10 Camp Lejuene, Box 1572. 

• Record Group 127 (USMC), Quartermaster, General Correspondence, January 1940, 215-
3, Box 144. 

• Record Group 127 (USMC), Quartermaster, General Correspondence, January 1940, 215-
3, Box 145. 

• Record Group 127 (USMC), Quartermaster, General Correspondence, January 1940, 215-
3, Box 146. 

• Record Group 127 (USMC), Quartermaster, General Correspondence, January 1940, 215-
3, Box 147. 
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• Record Group 127 (USMC), Quartermaster, General Correspondence, January 1940, 215-
3, Box 148. 

• Record Group 127 (USMC), Records of the USMC, Division of Public Information, 
General Correspondence, 1942- 1950, Box 1 of 1. 

The boxes contained information primarily related to basic activities and events occurring at 
Camp Lejeune, as well as general ordnance orders and supply issues.  Several historic maps 
were found showing the Camp Devil Dog area. 

List of Documents Obtained from National Archives 
• “Camp Lejeune General Area Map”, February 12, 1942. 

• “Camp Lejeune General Area Map”, March 11, 1947. 

• “Camp Lejeune, New River, North Carolina”, August 1943. 

• “Danger Zones in Navigable Waters”, Document and Map, June 3 1947. 

• “Index Sheet to Accompany Annual Report Maps, Camp Lejeune, North Carolina”, June 
30, 1947. 

• “Map of Tent Camps Nos. 1 and 2 and Vicinity”, June 30, 1945. 

MCB Camp Lejeune Base Site Visit and Records Review 
Base Contact: Ms. Linda Futrell, Public Works Division 

Realty Specialist, CLNC, MCB 
Public Works Division 
(910) 451-2818 x3257 

 
Site Visit: October 2, 2008 
 
File reviews of records in the base Technical Records office were conducted during the site 
visit. Additionally, interviews were conducted with Dennis Dunham/Technical Records 
(910-451-2818 x 3259) on October 2, 2008, and Duane Richardson/EOD Base Range Safety 
Officer (910-451-1240) on October 1, 2008.  

List of Documents Obtained from Camp Lejeune 
Base Real Estate Office 
• “New River Air Station Housing and Officer Club Area”, 1985. 

• “Camp Devil Dog: TRNG AREA M”, 2008. 

• “Property Map Area-M”, Bureau of Yards and Docks, June 25, 1941. 
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Base Library 
• Louis Berger Group, Inc. Under USCOE, Wilmington District Contract DACWS4-99-C-

0004, Semper Fidelis: A Brief History of Onslow County, North Carolina and MCB, Camp 
Lejeune, 2002, United States Marine Corps, Lt. Col Lynn J. Kimball (USMC, Retired) 
Consulting Historian. 

• Lotfield, Thomas, C. Principal Investigator. UNCW, August 1981. Archeological and 
Historical Survey of USMC Base, Camp Lejeune; Naval Facilities Engineering Command 
Norfolk, Coastal Zone Resource Corp., Vol. II, Contract No. N62470-79-C-4273. 
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APPENDIX B 

Geophysical Prove Out Work Plan 

This Geophysical Prove-Out (GPO) Plan is a supplement to the Master GPO Work Plan 
from the Marine Corps Base (MCB) Camp Lejeune Munitions Response Master Project Plan 
(CH2M HILL, 2008) (herein referred to as Munitions Response Program [MRP] Master 
Project Plan) and provides additional site specific details related to GPO activities for digital 
geophysical mapping (DGM) surveys at the Camp Devil Dog Construction Area, MCB 
Camp Lejeune, North Carolina. Only additional detail, modifications or additions to the 
information provided in the Master GPO WP from the MRP Master Project Plan (CH2M 
HILL, 2008) are discussed herein.  

B.1  Project Data Quality Objectives  
All data quality objectives (DQOs) from the Master GPO Work Plan are applicable to the 
GPO for the subject site. 

B.2 Procedures 
Because an existing GPO plot is to be used (discussed in Section B.3.1) for the GPO activities, 
a modified Figure B-1 is presented in this section that illustrates the GPO process and the 
procedures to be employed (numbered in accordance with the steps shown in this section).  
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FIGURE B-1 
GPO Process 
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B-3 

DGM surveys will be performed by the DGM subcontractor using an EM61-MK2 time 
domain metal detector system. Potential system configurations to be tested are shown in 
Table B-1. (At a minimum, survey methods that will actually be employed will be 
demonstrated for validation. Selection of appropriate methodology for site surveys will be 
made on observation of actual field conditions.) The data will be processed and interpreted 
by the DGM subcontractor and anomaly selections made. Draft data will be provided to the 
CH2M HILL Project Geophysicist for evaluation within 4 hours of completing each GPO 
survey and final data packages, including subcontractor documentation demonstrating that 
DQOs were met, within one working day of GPO completion.  

1. If the initial DQOs have not been met, the CH2M HILL Project Geophysicist will meet 
with the DGM subcontractor to discuss whether modifications (e.g., sensor spacing) or 
procedures (e.g., lane spacing) can be made to the DGM system in order to meet the 
DQOs.  

2. If the DQOs cannot be met by the DGM subcontractor, the CH2M HILL Project Manager 
and Project Geophysicist will meet with the NAVFAC Project Manager to discuss a 
resolution (i.e., modification of a DQO) prior to completing the GPO. 

3. Once the surveys have been performed and at least one of the configurations has been 
determined capable of meeting the initial (or modified) DQOs, the GPO will be 
complete. 
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TABLE B-1 
Geophysical Surveys to be Performed During GPO1 

Test Instrument 
Platform/Positioning 

System 

Approximate Sensor 
Height Above Ground 

Surface (m) 

Design Lane 
Width2 

(m) 
Data Collection 

Rate 

Approximate 
Survey Speed 

(m/s) 

1 EM61-MK2 Single Coil Wheeled/Fiducial 
Wheel  

1.35 2.5 Every 0.67 ft 3 

Notes:  
1Some data elements are subject to evaluation and modification in the field. At a minimum, survey methods that will actually be employed will be demonstrated for 
validation. Selection of appropriate methodology for site surveys will be made on observation of actual field conditions. 
2The design lane width is applicable only if full coverage is being. In cases where transects are used, the design lane width is not relevant. 
RTK GPS = Real-time Kinematic Global Positioning System; m = meter; m/s = meters per second;  
 

3 2 EM61-MK2 Single Coil ”Stretcher”/Fiducial 
Time 

1.35 2.5 10 or greater per 
second 

GEOPH

 

 



APPENDIX B—GEOPHYSICAL PROVE OUT WORK PLAN 

B.3 Additional GPO Considerations 
Additional topics taken into consideration for the design of the GPO include plot location, 
size, and shape; quantities of seeded items; and geophysical and positioning instruments 
and technologies.  

B.3.1 GPO Plot Location 
The location of the GPO was determined on the basis that a plot already exists at MCB 
Camp Lejeune in similar geologic conditions. Multiple surveys have been performed at 
MCB Camp Lejeune using the EM61-MK2 technology and these systems have been 
demonstrated over this GPO plot, thus providing several data sets to validate the system to 
be used during the current project.  

B.3.2 Number and Types of Geophysical Instruments and Technologies  
Selected for Testing 

Because of the type of targets to be detected at the site, a pre-field analysis of the two 
primary techniques used in the industry, magnetics and time domain electromagnetics 
(TDEM), CH2M HILL has selected the TDEM technique only for testing. This selection is 
based on experience at multiple other sites at MCB Camp Lejeune at which the EM61-MK2 
has proven successful at detection of items of interest. The geology at the site is not 
anticipated to be advantageous to either system. 

A complete description of the EM61-MK2 is provided in the Master Geophysical 
Investigation Plan (GIP) as part of the MRP Master Project Plan (CH2M HILL, 2008).  

B.3.3 Number and Types of Positioning Instruments and Technologies  
Selected for Testing 

The fiducial method is referenced to survey stakes emplaced by a licensed surveyor at 
regular intervals along a transect which are used for the placement of fiducial marks within 
the recorded data. Data are collected on a regular interval (i.e. 10 per second) while the 
operator(s) walk a constant pace and the total number of data points collected between 
fiducial points (stakes) are distributed evenly between the fiducial points. A full description 
of the positioning methods is provided in the Master GIP as part of the Master Work Plan 
(CH2M HILL, 2008). 

B.4  Quality Control 
B.4.1 DGM Instruments Quality Control 
All systems will be field tested by the DGM subcontractor to ensure that they are operating 
properly. All quality control (QC) tests described in the Master GPO Work Plan will be 
performed with the exception of the test designed for magnetometers only.  

B-5 



GEOPHYSICAL PROVEOUT WORK PLAN FOR THE CAMP DEVIL DOG MUNITIONS RESPONSE AREA 

B.4.2 QC Seed Items 
At least one QC seed item (a pipe of similar size to a hand grenade) will be emplaced per 
acre to be surveyed with the DGM system for the subject site. For transects 1m wide (the 
width of the EM61-MK2 system), this equates to one QC seed item approximately every 
4,050 meters of linear transect. 

B.5 References 
CH2M HILL, 2008. Munitions Response Master Project Plan, Marine Corps Base Camp Lejeune, 
Jacksonville, North Carolina. May 2008. 
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APPENDIX C 

Geophysical Investigation Plan 

This Geophysical Investigation Plan (GIP) is a supplement to the Marine Corps Base (MCB) 
Camp Lejeune Master GIP (Appendix D of the MCB Camp Lejeune Munitions Response 
Program [MRP] Master Project Plan) from the MCB Camp Lejeune MRP Project Plan 
(CH2M HILL, 2008) and provides additional site specific details related to the digital 
geophysical mapping (DGM) operations at the Camp Devil Dog MRA (MRA), located 
within the Camp Devil Dog Construction Area (CDCA), in MCB Camp Lejeune, North 
Carolina. Only additional detail, modifications or additions to the information provided in 
the Master GIP from the MRP Master Project Plan (CH2M HILL, 2008) are discussed herein.  

C.1 Areas to be Investigated 
The areas to be investigated include the K-22 Hand Grenade Course, the M-4 Rifle Grenade 
Range, the M-113 Hand Grenade Range, the M-115 Hand Grenade Range, the M-109 Hand 
Grenade Range, the M-109 Infiltration Course, and M-188 Individual Movement Day range. 
The Camp Devil Dog MRA encompasses a total of approximately 53 acres and the DGM 
sampling will be performed over 10% of the area (5.3 acres) through transect surveys 
regularly spaced (approximately 10 meters) across the Camp Devil Dog MRA (Figure C-1).  

The K-22 Hand Grenade Course  
The K-22 Hand Grenade Course operated between 1950 and 1960 and was used to practice 
grenade throwing techniques prior to throwing live grenades. Facilities at the K-22 Hand 
Grenade Course included one bunker and one foxhole.  

M-4 Rifle Grenade Range  
The M-4 Rifle Grenade Range at Camp Devil Dog was heavily used from 1950-1960. The M-
4 Rifle Grenade Range would have been well defined and limited to a relatively small area. 
Reported munitions used at the M-4 Rifle Grenade Range include M28 and M29 rifle 
grenades, White Phosphorous (WP) hand and rifle grenades, pyrotechnics, and demolitions.  

The M-113 Hand Grenade Range 
The M-113 Hand Grenade Range was utilized from 1970 to 1977 for practice/demonstration 
operations. General types of hand grenades used included the following: incendiary M14, 
illumination MK 1, Smoke M18, WP M15 (for demonstration only), and practice hand 
grenades.  

The M-115 Hand Grenade Range 
The M-115 Hand Grenade Range was heavily used from 1970 to 1977. Munitions used on 
the range included live high explosive (HE) hand grenades. The range consisted of six 
throwing pits, six control pits, and a barricade with two observation ports, one for the 
officer in charge and the other for five students.  
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There is no additional information concerning the M-107 Hand Grenade Range, M-109 
Infiltration Course, and M-118 Individual Movement Day range other than the map 
presented in Appendix A of the work plan. The M-107 Hand Grenade Range should be 
similar to the M-115 Hand Grenade Range, and may have included the use of live HE hand 
grenades. The M-109 Infiltration Course is assumed to have used fixed position machine 
guns to provide live fire over maneuvering soldiers to simulate combat situations. The M-
118 Individual Movement Range is assumed to have trained soldiers in movement 
techniques (i.e., crawling with weaponry).  

C.2 Anticipated MEC Types, Composition, Quantities and Depth 
The types of MEC identified in the ASR as having been used on the various ranges are 
included in Table C-1, along with their composition and known quantities. 

TABLE C-1 
Anticipated types of MEC 

Site MEC Type(s) Composition Quantities 

K-22 Hand Grenade 
Course 

None (Practice Hand Grenades 
Only) 

N/A N/A 

M-4 Rifle Grenade Range Rifle Grenade, M28, HEAT (Point 
Initiating, Base Detonating) 

Rifle Grenade, M29 (practice only)  

Rifle Grenade, WP (Base 
Detonating) 

Hand Grenade, WP (Integral 
Fuzing) 

Pyrotechnics (Integral Fuzing)  

Demolitions (Electric and non-
Electric Firing Systems) 

Ferrous metal 
components  

Unknown 

The M-113 Hand 
Grenade Range 
(Practice), Demonstrator 

Hand Grenade, M14 (Integral) 

Hand Grenade, MK 1 (Integral) 

Hand Grenade, M15 (Integral) 

Hand Grenade, M18 (Integral) 

Hand Grenade (Practice) 

Ferrous metal 
components 

Unknown 

M-115 Hand Grenade 
Range 

Hand Grenade, HE (Integral) Ferrous metal 
components 

Unknown 

M-107 Hand Grenade 
Range 

Hand Grenade, HE (Integral) Ferrous metal 
components 

Unknown 

M-109 Infiltration Course None – small arms only Ferrous metal 
components 

Unknown 

M-118 Individual 
Movement Range 

None – small arms weaponry only Ferrous metal 
components 

Unknown 
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The estimated depth of potential munitions across the site is expected to be on or near the 
surface; however, possible construction or ground moving activities may have buried 
potential MEC to an unknown depth. 

The quantity of items is unknown. 

C.3 Anticipated Depth of MEC Items 
Unless MEC items were buried in disposal pits or trenches or through construction 
activities, the anticipated depth of items at the site is anywhere from surface to a foot. The 
prevailing assumption for the presence of an MEC item would be that the item was not 
picked up from the surface and over time became buried by vegetation.  

C.4 Vegetation and Topography 
The investigation area has gently sloping terrain and is currently approximately 90% 
heavily vegetated with tall pines and thick undergrowth. Prior to commencement of DGM 
activities, the vegetated areas will have transects established and vegetation clearance 
performed to remove all underbrush and trees less than 6-inches in diameter to a height of 
approximately six inches above ground surface within the transects. 

C.5 Geologic Conditions 
Based on investigations at other areas of MCB Camp Lejeune, it is anticipated that shallow 
soils at the site consist of unconsolidated deposits of silty and clayey-sand, silt, and clay. 
These soils represent the Quaternary age “undifferentiated” formation which characterizes 
the shallow water table aquifer. Sands are likely to be fine to coarse-grained and contain 
varied amounts of silt (5 percent to 50 percent) and clay (5 percent to 20 percent). Results of 
the standard penetration tests (commonly referred to as “blow counts”, ASTM 1586) in other 
areas of MCB Camp Lejeune indicate that the sands will likely have a relative density of 
loose to dense. Field observations in other areas of the Base have classified the sands as SM 
and/or SC according to the Soil Conservation Survey (SCS). Clays were plastic to 
nonplastic, contain varied amounts of silt (some of which contained organic matter) and 
clay (5 percent to 25 percent), and classified as CL or CH. Standard penetration results for 
cohesive soils (silts and clays) indicated a relative density of medium dense to stiff.  

The local geology (interlayered, unconsolidated sediment) is likely to be amenable to either 
magnetics or electromagnetic detection techniques. No geologic conditions that will impede 
geophysical operations at the site are known. 

C.6 Shallow Groundwater Conditions 
Groundwater is anticipated to be relatively shallow, within approximately 10 feet of ground 
surface. However, the MEC items, if present at the site, are anticipated to be within a foot of 
the ground surface. 
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C.7 Adverse Geophysical Conditions 
No geophysical conditions, other than those discussed under Section C.8 and C.9, that might 
interfere with electromagnetic near-surface geophysical instrument operation are 
anticipated.  

C.8 Site Utilities 
The presence of underground utilities is unknown at the site. Prior to intrusive 
investigations, a subsurface utility locator will be subcontracted to mark site utilities. 

C.9 Manmade Features Potentially Affecting Geophysical 
Operations 

Existing man-made features at the site that are expected to affect geophysical operations 
include the buildings, metal containers, and potential underground utilities. Previous site 
activities have also likely generated site debris that may affect the geophysical survey 
results. Transects through the open areas of the site will be placed in the locations where 
manmade features will likely have the least impact on the results. In areas where existing 
structures will interfere with the geophysical results, the transects coverage will be less than 
10% or the areas may not be surveyed at all.  

C.10 Site-Specific Dynamic Events 
No site-specific dynamic events (e.g., unusually strong winds, harsh weather conditions) 
that might affect geophysical operations at the site are anticipated. Although it is possible 
that weather conditions may impede operations at some time during the project, no 
significant delays or effects on geophysical instruments resulting from abnormally severe 
weather are expected. 

C.11 Overall Site Accessibility and Impediments 
There are no known impediments that will limit access to the work areas at the site. 

C.12 Potential Worker Hazards 
No potential worker hazards are apparent at the sites other than those associated with 
conducting project fieldwork, which are addressed in the project Health and Safety Plan 
(refer to Attachment D in the Focused PA/SI Work Plan). 

C.13 Geophysical Prove-out 
Geophysical system validation will be performed over an existing geophysical prove-out 
(GPO) plot (near the Knox Trailer Park) in order to finalize project data quality objectives 
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(DQOs) and validate the geophysical system selected for the DGM surveys at the subject 
site. The GPO Work Plan is provided as Appendix B in the Focused PA/SI Work Plan.
  

C.14 DGM Data Quality Objectives 
The primary objective of the DGM activities at the subject site is to identify metallic 
anomalies that may be MEC. DQOs specific to the DGM survey at the site are identified in 
the GPO Work Plan (Appendix B to the Focused PA/SI Work Plan) and will carry through 
to the site survey.  

C.15 Geophysical Instrumentation 
A geophysical subcontractor will use a single coil EM61-MK2 to map geophysical anomalies 
that could potentially represent subsurface MEC within the subject site. The EM61-MK2 is 
described in the Master GIP. 

C.16 DGM Systems Quality Control 
The quality control (QC) program described in the Master GIP will be followed. 
Supplemental information for those steps is provided in the following subsections. 

C.16.1 DGM Instruments Quality Control 
Because the EM61-MK2 will be used for the DGM surveys, the QC tests designed for 
magnetometer operations (discussed in the Master GIP) will not be performed.  

C.16.2 QC Seed Items 
At least one QC seed item will be emplaced per acre to be surveyed with the DGM system at 
the site.  

C.17 References 
CH2M HILL. 2008. Munitions Response Master Project Plan, Marine Corps Base Camp Lejeune, 
Jacksonville, North Carolina. May.  
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CH2M HILL HEALTH AND SAFETY PLAN 
 

This Health and Safety Plan (HSP) will be kept on the site during field activities and will be reviewed as 
necessary.  The plan will be amended or revised as project activities or conditions change or when 
supplemental information becomes available.  The plan adopts, by reference, the Enterprise-wide Core 
Standards (CS) and Standard Operating Procedures (SOPs), as appropriate.  In addition, this plan 
adopts procedures in the project Work Plan.  The Safety Coordinator (SC) is to be familiar with the CSs 
and SOPs and the contents of these instructions.  CH2M HILL’s personnel and subcontractors must be 
trained on this plan and sign Attachment 1.   

Project Information and Background 
PROJECT NO:  377812 

CLIENT:   Department of the Navy, Naval Facilities Engineering Command, Atlantic Division 
Norfolk, Virginia 

PROJECT/SITE NAME:  PA/SI Camp Devil Dog 

SITE ADDRESS: Located along Perimeter Road just south of MCAS New River. 

CH2M HILL PROJECT MANAGER:  Keri Hallberg  

CH2M HILL OFFICE:  CHR  

DATE HEALTH AND SAFETY PLAN PREPARED:  December 16, 2008 

DATE(S) OF SITE WORK:  June 2009 

SITE BACKGROUND AND SETTING:  Camp Devil Dog presently is the center of the Marine Combat 
Training at the School of Infantry (SOI EAST). Facilities include billeting, training classrooms, messing 
and is the main base camp for training that takes place in the surrounding training areas. About 21,000 
to 25,000 Marines per year spend about 21 days straight days in the training cycle prior to prior to 
commencing their marine specialized training (Richardson, 2008b). No live fire takes place, but large 
amounts of blank ammunition are used (Richardson, 2008b). Classes including Land Navigation, First 
Aid, Defense Combat, Offensive Combat, Night Training and a host of other activities take place at 
Camp Devil Dog. 

TASKS CONDUCTED BY CH2MHILL: The following objectives will be accomplished during the 
focused Preliminary Assessment/Site Inspection (PA/SI) activities:   

1. Identify historical activities at the Camp Devil Dog Construction Area (CDCA) that may have 
resulted in environmental contamination with munitions and explosives of concern (MEC) and/or 
munitions constituents (MC) by researching archival records and interviewing current and former 
installation personnel.  

2. Evaluate the presence and nature of MC contamination that may exist at the Camp Devil Dog 
Munitions Response Area (MRA) by conducting an investigation of soil and groundwater. 

3. Conduct ecological and human health risk screenings using analytical data collected at the Camp 
Devil Dog MRA. 

4. Conduct digital geophysical mapping (DGM) and perform a MEC intrusive investigation of geophysical 
anomalies that may represent subsurface MEC. Based on the results of the MEC intrusive investigation, 
additional MEC activities may be required, including removal actions and/or construction support.  
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1.0 Tasks to be Performed under this Plan 
1.1 Description of Tasks  

Refer to project documents (i.e., Work Plan) for detailed task information.  A health and safety risk 
analysis (Table 1) has been performed for each task and is incorporated in this plan through task-
specific hazard controls and requirements for monitoring and protection.  Tasks other than those listed 
below require an approved amendment or revision to this plan before tasks begin.  Refer to Section 8.2 
for procedures related to “clean” tasks that do not involve hazardous waste operations and emergency 
response (Hazwoper). 

1.1.1 Hazwoper-Regulated Tasks  
• Well installation 
• Groundwater monitoring 
• Geoprobe boring 
• Groundwater monitoring 
• Surface water sampling 
• Sediment sampling  
• Surface soil sampling 
 

 

1.1.2 Non-Hazwoper-Regulated  

Under specific circumstances, the training and medical monitoring requirements of federal or state 
Hazwoper regulations are not applicable.  It must be demonstrated that the tasks can be performed 
without the possibility of exposure in order to use non-Hazwoper-trained personnel.  Prior approval 
from the Responsible Health and Safety Manager (RHSM) is required before these tasks are 
conducted on regulated hazardous waste sites. 

 TASKS  CONTROLS 
• Surveying 
• Underground Utility Locating 
•  
•  
•  
•  

• Brief on hazards, limits of access, 
and emergency procedures 

• Post contaminant areas as 
appropriate (refer to Section 8.2 for 
details) 

• Sample and monitor as appropriate 
(refer to Section 5.0) 
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Table 1  Hazard Analysis      
(Refer to Section 2.0 for Hazard Controls) 

Project Activities 
POTENTIALHAZARDS Drilling/Well 

Installation Surveying 
Utility 

Locating Soil Sampling       
Arsenic           
Benzene           
Cadmium           
Chemical Hazard-Dermal/Inhalation X   X       
Compressed Gas Cylinders           
Drilling  X          
Electrical Safety  X          
Energized Electrical Work           
Excavations            
Fall Protection            
Fire Prevention  X          
Hand & Power Tools  X X  X       
Heavy Equipment  X   X       
Hoists           
Lead            
Lockout /Tagout            
Manual Lifting  X X X X       
Methylene Chloride           
Noise            
Pressure Washing/Equip Decon X          
Pressurized Lines/Equipment           
Slips, Trips and Falls X X X X       
Utilities (underground/overhead) X  X        
Vehicle Traffic X  X        
Vinyl Chloride           
Visible Lighting X  X        
Welding and Cutting           
Work Alone           
Work Over Water           
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2.0 Hazard Controls 
This section provides safe work practices and control measures used to reduce or eliminate potential 
hazards.  These practices and controls are to be implemented by the party in control of either the site or 
the particular hazard.  CH2M HILL employees and subcontractors must remain aware of the hazards 
affecting them regardless of who is responsible for controlling the hazards.  CH2M HILL employees and 
subcontractors who do not understand any of these provisions should contact the RHSM for clarification.  

The health and safety hazards posed by field activities have been identified for each project activity and 
are provided in the Hazard Analysis Table (Table 1).  Hazard control measures for project-specific and 
general H&S hazards are provided in 2.1 and 2.2 of this section.  

In addition to the controls specified in this section, Project-Activity Self-Assessment Checklists are 
contained in Attachment 5.  These checklists are to be used to assess the adequacy of CH2M HILL and 
subcontractor site-specific safety requirements.  The objective of the self-assessment process is to 
identify gaps in project safety performance, and prompt for corrective actions in addressing these gaps.  
Self-assessment checklists should be completed early in the project, when tasks or conditions change, 
or when otherwise specified by the RHSM.  The self-assessment checklists, including documented 
corrective actions, should be made part of the permanent project records. 

Applicable project activity self-assessment checklists (see Attachment 5) shall be completed weekly by 
a CH2M HILL representative during the course of the project depending on the work performed at the 
time.  

2.1 Project-Specific Hazards  

2.1.1 Drilling Safety 
• The drill rig is not to be operated in inclement weather. 

• The driller is to verify that the rig is properly leveled and stabilized before raising the mast. 

• Personnel should be cleared from the sides and rear of the rig before the mast is raised. 

• The driller is not to drive the rig with the mast in the raised position. 

• The driller must check for overhead power lines before raising the mast.  A minimum distance of 15 
feet between mast and overhead lines (<50 kV) is recommended.  Increased separation may be 
required for lines greater than 50 kV. 

• Personnel should stand clear before rig startup. 

• The driller is to verify that the rig is in neutral when the operator is not at the controls. 

• Become familiar with the hazards associated with the drilling method used (cable tool, air rotary, 
hollow-stem auger, etc.). 

• Do not wear loose-fitting clothing, watches, etc., that could get caught in moving parts. 

• Do not smoke or permit other spark-producing equipment around the drill rig. 

• The drill rig must be equipped with a kill wire or switch, and personnel are to be informed of its 
location. 

• Be aware and stand clear of heavy objects that are hoisted overhead. 

• The driller is to verify that the rig is properly maintained in accordance with the drilling company's 
maintenance program. 

• The driller is to verify that all machine guards are in place while the rig is in operation. 

• The driller is responsible for housekeeping (maintaining a clean work area). 
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• The drill rig should be equipped with at least one fire extinguisher.  

• If the drill rig comes into contact with electrical wires and becomes electrically energized, do not 
touch any part of the rig or any person in contact with the rig, and stay as far away as possible.  
Notify emergency personnel immediately 

2.1.2 Fire Prevention  
• Fire extinguishers shall be provided so that the travel distance from any work area to the nearest 

extinguisher is less than 100 feet. When 5 gallons or more of a flammable or combustible liquid is 
being used, an extinguisher must be within 50 feet.  Extinguishers must:  

− be maintained in a fully charged and operable condition, 

− be visually inspected each month, and 

− undergo a maintenance check each year.  
 

• The area in front of extinguishers must be kept clear. 

• Post “Exit” signs over exiting doors, and post “Fire Extinguisher” signs over extinguisher locations. 

• Combustible materials stored outside should be at least 10 feet from any building. 

• Solvent waste and oily rags must be kept in a fire resistant, covered container until removed from the 
site. 

• Flammable/combustible liquids must be kept in approved containers, and must be stored in an 
approved storage cabinet. 

2.1.3 Manual Lifting  
(Reference CH2M HILL SOP HSE-112, Manual Lifting) 

• Back injuries are the leading cause of disabling work and most back injuries are the result of 
improper lifting techniques or overexertion. Office or field tasks and activities involving manual lifting 
are to be identified and a program implemented to assist employees to mitigate the risks associated 
with manual lifting.    

• When possible, the task should be modified to minimize manual lifting hazards. 

• Effectiveness of manual handling control measures will be evaluated during assessments (HSE-114, 
Office & Warehouse Safety Program, or HSE-109, Audits). 

• Manual handling incidents are reviewed as part of the HSE Program reviews, and the results 
influence program development, training, and education efforts. 

• Lifting of loads weighing more than 40 pounds (18 kilograms) should be evaluated by the SC using 
the Lifting Evaluation Form contained in SOP HSE-112. 

• Using mechanical lifting devices is the preferred means of lifting heavy objects such as forklifts; 
cranes, hoists, and rigging; hand trucks; and trolleys. 

• Personnel shall seek assistance when performing manual lifting tasks that appear beyond their 
physical capabilities.  

• Physical differences make it difficult to set up safe lifting limits, unless extensive individual testing is 
performed. In general, the following steps must be practiced when planning and performing manual 
lifts: Assess the situation before you lift; ensure good lifting and body positioning practices; ensure 
good carrying and setting down practices. 

• All employees must receive training for the correct procedures to lift safely using the computer-
based health and safety training or project-specific training.   
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2.1.4 Methylene Chloride 
(Reference CH2M HILL SOP HSE-509, Methylene Chloride) 

• Do not enter regulated work areas unless training, medical monitoring, and PPE requirements 
established by the competent person have been met.  

• Do not eat, drink, smoke, chew tobacco or gum, or apply cosmetics in regulated areas. 

• A Short Term Exposure Limit (STEL: 15 minutes) and a Ceiling Limit (Not to Exceed) exists for this 
material. 

• Methylene chloride has a faint, sweet odor which is not noticeable at dangerous concentrations. 

• Shipped as liquefied compressed gas.  

• Will cause frostbite on contact. 

• Respiratory protection and other exposure controls selection shall be based on the most recent 
exposure monitoring results obtained from the competent person. 

2.1.5 Noise 
(Reference CH2M HILL SOP HSE-108, Hearing Conservation) 

• A noise assessment shall be conducted by the RHSM or designee based on potential to emit noise 
above 85 dBA. 

• Areas or equipment emitting noise at or above 90dBA shall be evaluated to determine feasible 
engineering controls.  When engineering controls are not feasible, administrative controls can be 
developed and appropriate hearing protection will be provided. 

• Areas or equipment emitting noise levels at or above 85 dBA, hearing protection must be worn. 

• Employees exposed to 84 dBA or a noise dose of 50% must participate in the Hearing Conservation 
program including initial and annual (as required) audiograms. 

• The RHSM will evaluate appropriate controls measures and work practices for employees who have 
experienced a standard threshold shift (STS) in their hearing. 

• Hearing protection is selected based upon noise levels and specific tasks to be performed. 

• Employees are trained in the hazards of noise and how to properly wear and maintain their hearing 
protection. 

• Hearing protection will be maintained in a clean and reliable condition, inspected prior to use and 
after any occurrence to identify any deterioration or damage, and damaged or deteriorated hearing 
protection repaired or discarded. 

• In work areas where actual or potential high noise levels are present at any time, hearing protection 
must be worn by employees working or walking through the area. 

• Areas where tasks requiring hearing protection are taking place may become hearing protection 
required areas as long as that specific task is taking place. 

• High noise areas requiring hearing protection should be posted or employees must be informed of 
the requirements in an equivalent manner.  

2.1.6 Traffic Control 
(Reference CH2M HILL SOP HSE-216, Traffic Control) 

The following precautions must be taken when working around traffic, and in or near an area where 
traffic controls have been established by a contractor. 
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• Exercise caution when exiting traveled way or parking along street – avoid sudden stops, use 
flashers, etc. 

• Park in a manner that will allow for safe exit from vehicle, and where practicable, park vehicle so that 
it can serve as a barrier. 

• All staff working adjacent to traveled way or within work area must wear reflective/high-visibility 
safety vests. 

• Eye protection should be worn to protect from flying debris. 

• Remain aware of factors that influence traffic related hazards and required controls – sun glare, rain, 
wind, flash flooding, limited sight-distance, hills, curves, guardrails, width of shoulder (i.e., 
breakdown lane), etc. 

• Always remain aware of an escape route -- behind an established barrier, parked vehicle, guardrail, 
etc.  

• Always pay attention to moving traffic – never assume drivers are looking out for you 

• Work as far from traveled way as possible to avoid creating confusion for drivers.  

• When workers must face away from traffic, a “buddy system” should be used, where one worker is 
looking towards traffic.  

• When working on highway projects, obtain a copy of the contractor’s traffic control plan.  

• Work area should be protected by a physical barrier – such as a K-rail or Jersey barrier. 

• Review traffic control devices to ensure that they are adequate to protect your work area. Traffic 
control devices should: 1) convey a clear meaning, 2) command respect of road users, and 3) give 
adequate time for proper traffic response. The adequacy of these devices are dependent on limited 
sight distance, proximity to ramps or intersections, restrictive width, duration of job, and traffic 
volume, speed, and proximity. 

• Either a barrier or shadow vehicle should be positioned a considerable distance ahead of the work 
area. The vehicle should be equipped with a flashing arrow sign and truck-mounted crash cushion 
(TMCC). All vehicles within 40 feet of traffic should have an orange flashing hazard light atop the 
vehicle. 

• Except on highways, flaggers should be used when 1) two-way traffic is reduced to using one 
common lane, 2) driver visibility is impaired or limited, 3) project vehicles enter or exit traffic in an 
unexpected manner, or 4) the use of a flagger enhances established traffic warning systems.  

• Lookouts should be used when physical barriers are not available or practical. The lookout 
continually watches approaching traffic for signs of erratic driver behavior and warns workers. 
Vehicles should be parked at least 40 feet away from the work zone and traffic. Minimize the amount 
of time that you will have your back to oncoming traffic.  

2.1.7 Utilities (underground) 

Do not begin subsurface construction activities (e.g., trenching, excavation, drilling, etc.) until a check for 
underground utilities and similar obstructions has been conducted. The use of as-built drawings and 
utility company searches must be supplemented with a geophysical or other survey by a qualified, 
independent survey contractor to identify additional and undiscovered buried utilities. 

Examples of the type of geophysical technologies include: 
 
• Ground Penetrating Radar (GPR), which can detect pipes, including gas pipes, tanks, conduits, 

cables etc, both metallic and non-metallic at depths up to 30 feet depending on equipment.  
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Sensitivity for both minimum object size and maximum depth detectable depends on equipment 
selected, soil conditions, etc. 

• Radio Frequency (RF), involves inducing an RF signal in the pipe or cable and using a receiver to 
trace it.   Some electric and telephone lines emit RF naturally and can be detected without an 
induced signal. This method requires knowing where the conductive utility can be accessed to 
induce RF field if necessary.  

• Dual RF, a modified version of RF detection using multiple frequencies to enhance sensitivity but 
with similar limitations to RF 

• Ferromagnetic Detectors, are metal detectors that will detect ferrous and non-ferrous utilities.  
Sensitivity is limited, e.g. a 100 mm iron disk to a depth of about one meter or a 25 mm steel paper 
clip to a depth of about 20 cm. 

• Electronic markers, are emerging technologies that impart a unique electronic signature to 
materials such as polyethylene pipe to facilitate location and tracing after installation.  Promising for 
future installations but not of help for most existing utilities already in place. 

Procedure 

The following procedures shall be used to identify and mark underground utilities during subsurface 
construction activities on the project: 

• The survey contractor shall determine the most appropriate geophysical technique or combinations 
of techniques to identify the buried utilities on the project, based on the survey contractor’s 
experience and expertise, types of utilities anticipated to be present and specific site conditions. 

• The survey contractor shall employ the same geophysical techniques used on the project to identify 
the buried utilities, to survey the proposed path of subsurface construction work to confirm no buried 
utilities are present.   

• Identify customer specific permit and/or procedural requirements for excavation and drilling activities.  
For military installations contact the Base Civil Engineer and obtain the appropriate form to begin the 
clearance process. 

• Contact utility companies or the state/regional utility protection service at least two (2) working days 
prior to excavation activities to advise of the proposed work, and ask them to establish the location 
of the utility underground installations prior to the start of actual excavation. 

• Schedule the independent survey. 

• Obtain utility clearances for subsurface work on both public and private property.   

• Clearances are to be in writing, signed by the party conducting the clearance. 

• Underground utility locations must be physically verified by hand digging using wood or fiberglass-
handled tools when any adjacent subsurface construction activity (e.g. mechanical drilling, 
excavating) work is expected to come within 5 feet of the marked underground system.  If 
subsurface construction activity is within 5 feet and parallel to a marked existing utility, the utility 
location must be exposed and verified by hand digging every 100 feet. 

• Protect and preserve the markings of approximate locations of facilities until the markings are no 
longer required for safe and proper excavations. If the markings of utility locations are destroyed or 
removed before excavation commences or is completed, the Project Manager must notify the utility 
company or utility protection service to inform them that the markings have been destroyed. 

• Conduct a site briefing for employees regarding the hazards associated with working near the 
utilities and the means by which the operation will maintain a safe working environment. Detail the 
method used to isolate the utility and the hazards presented by breaching the isolation.. 
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• Monitor for signs of utilities during advancement of intrusive work (e.g., sudden change in 
advancement of auger or split spoon during drilling or change in color, texture or density during 
excavation that could indicate the ground has been previously disturbed). 

2.1.8 Utilities (overhead) 

Proximity to Power Lines 

No work is to be conducted within 50 feet of overhead power lines without first contacting the utility 
company to determine the voltage of the system. No aspect of any piece of equipment is to be operated 
within 50 feet of overhead power lines without first making this determination. 

Operations adjacent to overhead power lines are PROHIBITED unless one of the following 
conditions is satisfied: 
 
• Power has been shut off, positive means (such as lockout) have been taken to prevent the lines from 

being energized, lines have been tested to confirm the outage, and the utility company has provided 
a signed certification of the outage. 

• The minimum clearance from energized overhead lines is as shown in the table below, or the 
equipment will be repositioned and blocked to ensure that no part, including cables, can come within 
the minimum clearances shown in the table. 

 
MINIMUM DISTANCES FROM POWERLINES 

Powerlines Nominal System Kv Minimum Required Distance, Feet 
0-50 10 

51-100 12 
101-200 15 
201-300 20 
301-500 25 
501-750 35 
751-1000 45 

(These distances have been determined to eliminate the potential for arcing based on the 
line voltage.) 
 

• The power line(s) has been isolated through the use of insulating blankets which have been properly 
placed by the utility. If insulating blankets are used, the utility will determine the minimum safe 
operating distance; get this determination in writing with the utility representative's signature. 

• All inquiries regarding electric utilities must be made in writing and a written confirmation of the 
outage/isolation must be received by the Project Manager/Construction Manager prior to the start of 
work. 

2.2 General Hazards 

2.2.1 General Practices and Housekeeping  
• Site work should be performed during daylight hours whenever possible.   

• Good housekeeping must be maintained at all times in all project work areas.   

• Common paths of travel should be established and kept free from the accumulation of materials. 

• Keep access to aisles, exits, ladders, stairways, scaffolding, and emergency equipment free from 
obstructions. 

• Provide slip-resistant surfaces, ropes, and/or other devices to be used. 
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• Specific areas should be designated for the proper storage of materials.  

• Tools, equipment, materials, and supplies shall be stored in an orderly manner. 

• As work progresses, scrap and unessential materials must be neatly stored or removed from the 
work area.   

• Containers should be provided for collecting trash and other debris and shall be removed at regular 
intervals. 

• All spills shall be quickly cleaned up.  Oil and grease shall be cleaned from walking and working 
surfaces. 

• Review the safety requirements of each job you are assigned to with your supervisor. You are not 
expected to perform a job that may result in injury or illness to yourself or to others. 

• Familiarize yourself with, understand, and follow jobsite emergency procedures.  

• Do not fight or horseplay while conducting the firm’s business. 

• Do not use or possess firearms or other weapons while conducting the firm’s business. 

• Report unsafe conditions or unsafe acts to your supervisor immediately. 

• Report occupational illnesses, injuries, and vehicle accidents. 

• Do not remove or make ineffective safeguards or safety devices attached to any piece of equipment. 

• Report unsafe equipment, defective or frayed electrical cords, and unguarded machinery to your 
supervisor. 

• Shut don and lock out machinery and equipment before cleaning, adjustment, or repair. Do not 
lubricate or repair moving parts of machinery while the parts are in motion. 

• Do not run in the workplace. 

• hen ascending or descending stairways, use the handrail and take one step at a time. 

• Do not apply compressed air to any person or clothing. 

• Do not wear steel taps or shoes with metal exposed to the sole at any CH2M HILL project location. 

• Do not wear finger rings, loose clothing, wristwatches, and other loose accessories when within 
arm’s reach of moving machinery. 

• Remove waste and debris from the workplace and dispose of in accordance with federal, state, and 
local regulations. 

• Note the correct way to lift heavy objects (secure footing, firm grip, straight back, lift with legs), and 
get help if needed. Use mechanical lifting devices whenever possible.  

• Check toe work area to determine what problems or hazards may exist. 

Personal Hygiene 

• Keep hands away from nose, mouth, and eyes. 

• Keep areas of broken skin (chapped, burned, etc.) covered. 

• Wash hands with hot water and soap frequently prior to eating and smoking. 

Drugs and Alcohol 

The following situations pertaining to drugs and alcohol are prohibited: 

• Use or possession of intoxicating beverages while performing CH2M HILL work 
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• Abuse of prescription or nonprescription drugs 

• Regulations. Use or possession of illegal drugs or drugs obtained illegally 

• Sale, purchase, or transfer of illegal or illegally obtained drugs 

• Arrival at work under the influence of legal or illegal drugs or alcohol 

2.2.2 Hazard Communication  
(Reference CH2M HILL SOP HSE-107, Hazard Communication) 

The Hazard Communication Coordinator is to perform the following: 

• Complete an inventory of chemicals brought on site by CH2M HILL using Attachment 2. 

• Confirm that an inventory of chemicals brought on site by CH2M HILL subcontractors is available. 

• Request or confirm locations of Material Safety Data Sheets (MSDSs) from the client, contractors, 
and subcontractors for chemicals to which CH2M HILL employees potentially are exposed. 

• Before or as the chemicals arrive on site, obtain an MSDS for each hazardous chemical. 

• Label chemical containers with the identity of the chemical and with hazard warnings, and store 
properly. 

• Give employees required chemical-specific HAZCOM training using Attachment 3. 

• Store all materials properly, giving consideration to compatibility, quantity limits, secondary 
containment, fire prevention, and environmental conditions.    

2.2.3 Shipping and Transportation of Chemical Products 
(Reference CH2M HILL’s Procedures for Shipping and Transporting Dangerous Goods) 

Chemicals brought to the site might be defined as hazardous materials by the U.S. Department of 
Transportation (DOT).  All staff who ship the materials or transport them by road must receive CH2M 
HILL training in shipping dangerous goods.  All hazardous materials that are shipped (e.g., via Federal 
Express) or are transported by road must be properly identified, labeled, packed, and documented by 
trained staff.  Contact the RHSM or the Warehouse Coordinator for additional information. 

2.2.4 Ultraviolet (UV) Radiation (sun exposure) 

Health effects regarding UV radiation are confined to the skin and eyes. Overexposure can result in 
many skin conditions, including erythema (redness or sunburn), photoallergy (skin rash), phototoxicity 
(extreme sunburn acquired during short exposures to UV radiation while on certain medications), 
premature skin aging, and numerous types of skin cancer. 

Acute overexposure of UV radiation to the eyes may lead to photokeratitis (inflammation of the cornea), 
also known as snow blindness.  Symptoms include redness of the eyes and a gritty feeling, which 
progresses to pain and an inability to tolerate any kind of light. This condition can also occur when 
working in or around water and other UV radiation reflectors. In addition, long-term exposure to sunlight 
is thought to cause cataracts or clouding of the lens of the eye. 

Limit Exposure Time 

• Rotate staff so the same personnel are not exposed all of the time. 

• Limit exposure time when UV radiation is at peak levels (approximately 2 hours before and after the 
sun is at its highest point in the sky).  

• Avoid exposure to the sun, or take extra precautions when the UV index rating is high.  



CH2M HILL HSP 13 

Provide Shade 

• Take lunch and breaks in shaded areas. 

• Create shade or shelter through the use of umbrellas, tents, and canopies.  

• Fabrics such as canvas, sailcloth, awning material and synthetic shade cloth create good UV 
radiation protection.  

• Check the UV protection of the materials before buying them. Seek protection levels of 95 percent or 
greater, and check the protection levels for different colors.  

Clothing 

• Reduce UV radiation damage by wearing proper clothing; for example, long sleeved shirts with 
collars, and long pants. The fabric should be closely woven and should not let light through.  

• Head protection should be worn to protect the face, ears, and neck. Wide-brimmed hats with a neck 
flap or “Foreign Legion” style caps offer added protection.  

• Wear UV-protective sunglasses or safety glasses. These should fit closely to the face. Wrap-around 
style glasses provide the best protection. 

Sunscreen 

• Apply sunscreen generously to all exposed skin surfaces at least 20 minutes before exposure, 
allowing time for it to adhere to the skin. 

• Re-apply sunscreen at least every 2 hours, and more frequently when sweating or performing 
activities where sunscreen may be wiped off.  

• Choose a sunscreen with a high sun protection factor (SPF).  Most dermatologists advocate SPF 30 
or higher for significant sun exposure.  

• Waterproof sunscreens should be selected for use in or near water, and by those who perspire 
sufficiently to wash off non-waterproof products.  

• Check for expiration dates, because most sunscreens are only good for about 3 years. Store in a 
cool place out of the sun. 

• Remember—no sunscreen provides 100% protection against UV radiation. Other precautions must 
be taken to avoid overexposure. 

2.2.5 Heat Stress  
• Drink 16 ounces of water before beginning work. Disposable cups and water maintained at 50oF to 

60oF should be available. Under severe conditions, drink 1 to 2 cups every 20 minutes, for a total of 
1 to 2 gallons per day. Do not use alcohol in place of water or other nonalcoholic fluids. Decrease 
your intake of coffee and caffeinated soft drinks during working hours.   

• Acclimate yourself by slowly increasing workloads (e.g., do not begin with extremely demanding 
activities). 

• Use cooling devices, such as cooling vests, to aid natural body ventilation. These devices add 
weight, so their use should be balanced against efficiency. 

• Use mobile showers or hose-down facilities to reduce body temperature and cool protective clothing. 

• Conduct field activities in the early morning or evening and rotate shifts of workers, if possible. 

• Avoid direct sun whenever possible, which can decrease physical efficiency and increase the 
probability of heat stress. Take regular breaks in a cool, shaded area. Use a wide-brim hat or an 
umbrella when working under direct sun for extended periods.  
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• Provide adequate shelter/shade to protect personnel against radiant heat (sun, flames, hot metal).   

• Maintain good hygiene standards by frequently changing clothing and showering.   

• Observe one another for signs of heat stress. Persons who experience signs of heat syncope, heat 
rash, or heat cramps should report it to their supervisor immediately to avoid progression of heat-
related illness. 

 SYMPTOMS AND TREATMENT OF HEAT STRESS 

 Heat Syncope Heat Rash Heat Cramps Heat Exhaustion Heat Stroke 

Signs and 
Symptoms 

Sluggishness or 
fainting while 
standing erect or 
immobile in heat. 

Profuse tiny raised 
red blister-like 
vesicles on affected 
areas, along with 
prickling sensations 
during heat 
exposure. 

Painful spasms 
in muscles used 
during work 
(arms, legs, or 
abdomen); 
onset during or 
after work 
hours. 

Fatigue, nausea, 
headache, giddiness; skin 
clammy and moist; 
complexion pale, muddy, or 
flushed; may faint on 
standing; rapid thready 
pulse and low blood 
pressure; oral temperature 
normal or low 

Red, hot, dry 
skin; dizziness; 
confusion; rapid 
breathing and 
pulse; high oral 
temperature. 

Treatment Remove to cooler 
area.  Rest lying 
down.  Increase 
fluid intake.  
Recovery usually 
is prompt and 
complete. 

Use mild drying 
lotions and 
powders, and keep 
skin clean for drying 
skin and preventing 
infection. 

Remove to 
cooler area.  
Rest lying down.  
Increase fluid 
intake. 

Remove to cooler area.  
Rest lying down, with head 
in low position. Administer 
fluids by mouth.  Seek 
medical attention. 

Cool rapidly by 
soaking in cool–
but not cold–
water.  Call 
ambulance, and 
get medical 
attention 
immediately! 

Monitoring Heat Stress 

These procedures should be considered when the ambient air temperature exceeds 70oF, the relative 
humidity is high (>50 percent), or when workers exhibit symptoms of heat stress. 

The heart rate (HR) should be measured by the radial pulse for 30 seconds, as early as possible in the 
resting period.  The HR at the beginning of the rest period should not exceed 100 beats/minute, or 20 
beats/minute above resting pulse.  If the HR is higher, the next work period should be shortened by 33 
percent, while the length of the rest period stays the same.  If the pulse rate still exceeds 100 
beats/minute at the beginning of the next rest period, the work cycle should be further shortened by 33 
percent.  The procedure is continued until the rate is maintained below 100 beats/minute, or 20 
beats/minute above resting pulse. 

2.2.6 Cold Stress 
• Be aware of the symptoms of cold-related disorders, and wear proper, layered clothing for the 

anticipated fieldwork. Appropriate rain gear is a must in cool weather. 

• Consider monitoring the work conditions and adjusting the work schedule using guidelines 
developed by the U.S. Army (wind-chill index) and the National Safety Council (NSC). 

• Wind-Chill Index is used to estimate the combined effect of wind and low air temperatures on 
exposed skin. The wind-chill index does not take into account the body part that is exposed, the level 
of activity, or the amount or type of clothing worn. For those reasons, it should only be used as a 
guideline to warn workers when they are in a situation that can cause cold-related illnesses.   

• NSC Guidelines for Work and Warm-Up Schedules can be used with the wind-chill index to estimate 
work and warm-up schedules for fieldwork. The guidelines are not absolute; workers should be 
monitored for symptoms of cold-related illnesses. If symptoms are not observed, the work duration 
can be increased. 



CH2M HILL HSP 15 

• Persons who experience initial signs of immersion foot, frostbite, hypothermia should report it 
immediately to their supervisor/PM to avoid progression of cold-related illness. 

• Observe one another for initial signs of cold-related disorders. 

• Obtain and review weather forecast – be aware of predicted weather systems along with sudden 
drops in temperature, increase in winds, and precipitation. 

 
 SYMPTOMS AND TREATMENT OF COLD STRESS 

 Immersion (Trench) 
Foot 

Frostbite Hypothermia 

Signs and 
Symptoms 

Feet discolored and 
painful; infection and 
swelling present. 

Blanched, white, waxy skin, but tissue resilient; 
tissue cold and pale.  

Shivering, apathy, sleepiness; 
rapid drop in body temperature; 
glassy stare; slow pulse; slow 
respiration. 

Treatment Seek medical 
treatment 
immediately. 

Remove victim to a warm place.  Re-warm 
area quickly in warm–but not hot–water.  Have 
victim drink warm fluids, but not coffee or 
alcohol.  Do not break blisters.  Elevate the 
injured area, and get medical attention. 

Remove victim to a warm place.  
Have victim drink warm fluids, but 
not coffee or alcohol.  Get 
medical attention. 
 

2.3 Biological Hazards and Controls  

2.3.1 Snakes 

Snakes typically are found in underbrush and tall grassy areas.  If you encounter a snake, stay calm and 
look around; there may be other snakes.  Turn around and walk away on the same path you used to 
approach the area.  If a person is bitten by a snake, wash and immobilize the injured area, keeping it 
lower than the heart if possible.  Seek medical attention immediately.  DO NOT apply ice, cut the wound, 
or apply a tourniquet.  Try to identify the type of snake:  note color, size, patterns, and markings. 

2.3.2 Poison Ivy and Poison Sumac 

Poison ivy, poison oak, and poison sumac typically are found in brush or wooded areas.  They are more 
commonly found in moist areas or along the edges of wooded areas.  Become familiar with the identity 
of these plants.  Wear protective clothing that covers exposed skin and clothes.  Avoid contact with 
plants and the outside of protective clothing.  If skin contacts a plant, wash the area with soap and water 
immediately.  If the reaction is severe or worsens, seek medical attention. 

2.3.3 Ticks  

Ticks typically are in wooded areas, bushes, tall grass, and brush.  Ticks are black, black and red, or 
brown and can be up to one-quarter inch in size.  Wear tightly woven light-colored clothing with long 
sleeves and pant legs tucked into boots; spray only outside of clothing with permethrin or permanone 
and spray skin with only DEET; and check yourself frequently for ticks.   

If bitten by a tick, grasp it at the point of attachment and carefully remove it.  After removing the tick, 
wash your hands and disinfect and press the bite areas.  Save the removed tick.  Report the bite to 
human resources.  Look for symptoms of Lyme disease or Rocky Mountain spotted fever (RMSF).  
Lyme:  a rash might appear that looks like a bullseye with a small welt in the center.  RMSF:  a rash of 
red spots under the skin 3 to 10 days after the tick bite.  In both cases, chills, fever, headache, fatigue, 
stiff neck, and bone pain may develop.  If symptoms appear, seek medical attention. 
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2.3.4 Bees and Other Stinging Insects 

Bee and other stinging insects may be encountered almost anywhere and may present a serious 
hazard, particularly to people who are allergic.  Watch for and avoid nests.  Keep exposed skin to a 
minimum.  Carry a kit if you have had allergic reactions in the past, and inform your supervisor and/or 
buddy.  If a stinger is present, remove it carefully with tweezers.  Wash and disinfect the wound, cover it, 
and apply ice.  Watch for allergic reaction; seek medical attention if a reaction develops. 

2.3.5 Bloodborne Pathogens   
(Reference CH2M HILL SOP HSE-202, Bloodborne Pathogens) 

Exposure to bloodborne pathogens may occur when rendering first aid or CPR, or when coming into 
contact with landfill waste or waste streams containing potentially infectious material (PIM).   

• Employees trained in first-aid/CPR or those exposed to PIM must complete CH2M HILL’s 1-hour 
bloodborne computer-based training module annually.   

• Hepatitis B vaccine (HBV) is offered to employees who may be exposed to PIM when they complete 
training and within 10 working days of assignment. (Note: Employees whose exposure stems only 
from rendering first aid as a collateral duty receives the vaccine after exposure.) 

• Employees who decline the HBV vaccine must sign the declination form (contact regional Safety 
Program Assistant [SPA]) indicating they declined the vaccination.  Anyone who declines the 
vaccination and chooses to receive the vaccination at a later time may still receive the vaccination by 
contacting the SPA. 

• Hepatitis B and tetanus vaccinations can be requested by completing the medical portion of the 
enrollment form, located under Tools & Forms at the HS&E web page, or by contacting the regional 
SPA. 

Post Exposure 

CH2M HILL will provide exposed employees with a confidential medical examination should an 
exposure to PIM occur. This examination includes the following procedures: 

• Documenting the exposure 

• Testing the exposed employee's and the source individual's blood (with consent) 

• Administering post-exposure prophylaxis 

2.3.6 Mosquito Bites 

Due to the recent detection of the West Nile Virus in the Southwestern United States it is recommended 
that preventative measures be taken to reduce the probability of being bitten by mosquitoes whenever 
possible.   Mosquito’s are believed to be the primary source for exposure to the West Nile Virus as well 
as several other types of encephalitis. The following guidelines should be followed to reduce the risk of 
these concerns for working in areas where mosquitoes are prevalent. 

• Stay indoors at dawn, dusk, and in the early evening.  

• Wear long-sleeved shirts and long pants whenever you are outdoors.  

• Spray clothing with repellents containing permethrin or DEET since mosquitoes may bite through 
thin clothing.  

• Apply insect repellent sparingly to exposed skin. An effective repellent will contain 35% DEET (N,N-
diethyl-meta-toluamide). DEET in high concentrations (greater than 35%) provides no additional 
protection.  

• Repellents may irritate the eyes and mouth, so avoid applying repellent to the hands. 
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• Whenever you use an insecticide or insect repellent, be sure to read and follow the manufacturer's 
DIRECTIONS FOR USE, as printed on the product.  

• Note: Vitamin B and "ultrasonic" devices are NOT effective in preventing mosquito bites. 

Symptoms of Exposure to the West Nile Virus 

Most infections are mild, and symptoms include fever, headache, and body aches, occasionally with 
skin rash and swollen lymph glands. More severe infection may be marked by headache, high fever, 
neck stiffness, stupor, disorientation, coma, tremors, convulsions, muscle weakness, paralysis, and, 
rarely, death.    

The West Nile Virus incubation period is from 3-15 days. 

Contact the project RHSM with questions, and immediately report any suspicious symptoms to your 
supervisor/PM. 
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2.4 MEC 
MEC Avoidance Procedures.  MEC avoidance operations will be required during sampling operations.  
Avoidance operations will consist of a team composed of one or more UXO Technicians.  A single-
person team will consist of a UXO Technician III.  Additional personnel will be UXO Technician III or 
less.  Contact with MEC is prohibited. The UXO Team will not destroy any MEC encountered.  All 
MEC contacts and suspected MEC anomalies will be reported to the site manager who will in turn notify 
MCB Camp Lejeune personnel in accordance with contractual requirements.  

Access routes to sampling locations.    Prior to sampling, the UXO Technicians will conduct a 
reconnaissance of the sampling area.  The reconnaissance will include locating the designated sampling or 
drilling location(s) and insuring that they are free of surface MEC.  If surface MEC is detected the point will 
be relocated as directed.  Once the designated point has been cleared, an access route for the sampling 
crew’s vehicles and equipment will be cleared for surface MEC.  The access route, at a minimum will be 
twice the width of the widest vehicle and the boundaries will be clearly marked to prevent personnel from 
straying into non cleared areas.   If surface MEC is encountered, the UXO Team will mark and report the 
item and divert the approach path around the MEC.   

Soil Sampling Sites.  The UXO Technicians will clear the surface area of the work site for soil samples 
and clearly mark the boundaries.  The area will be large enough to accommodate the direct push 
equipment and provide a work area for the crews.  As a minimum, the cleared area will be a square, with 
a side dimension equal to twice the length of the largest vehicle or piece of equipment for use on site.  If 
a pre-selected area indicates magnetic anomalies, a new sampling / drill site will be chosen. 

Borehole Sampling.  If surface samples are required they will be obtained prior to the start of boring.  
The borehole procedures will be completed using direct push technology (DPT) equipment.  Prior toDPT 
sampling of Site UXO-08, an UXO Technician will advance a borehole using a hand auger, and check 
the borehole with a down hole magnetometer a minimum of every one foot, to the deepest sampling 
depth or a maximum of 5feet to ensure that smaller items of MEC, undetectable from the surface will be 
detected. The anticipated depth of potential MEC items is anywhere from near-surface to < 1 ft, based 
on penetration calculations of the types of ammunition potentially used on the site.  Should any other 
MEC item other than the aforementioned items be identified during DPT sampling, work will stop and the 
depth of down hole sampling will be re-evaluated. 

2.5 Contaminants of Concern 
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Contaminants of Concern 
 

Contaminant 
Location and 

Maximuma 
Concentration (ppm) 

Exposure 
Limitb 

 
IDLHc 

 
Symptoms and Effects of Exposure 

PIPd 

(eV) 

Antimony GW:      
SB:      
SS:      

0.5 mg/m3 50 mg/m3 Irritation eyes, skin, nose, throat, mouth; cough; dizziness; 
headache; nausea, vomiting, diarrhea; stomach cramps; 
insomnia; anorexia; unable to smell properly 

NA 

Arsenic GW:      
SB:      
SS:      

0.01 mg/m3 5 
Ca 

Ulceration of nasal septum, respiratory irritation, dermatitis, 
gastrointestinal disturbances, peripheral neuropathy, 
hyperpigmentation 

NA 

2,4-Dinitrotoluene 
 

GW:      
SB:      
SS:      

1.5 mg/m3 50 mg/m3 Anoxia, cyanosis; anemia, jaundice; reproductive effects; 
[potential occupational carcinogen] 

UK 

Bis-(2-ethylhexyl)phthalate (DEHP, DOP) GW:      
SB:      
SS:      

5 mg/m3 5,000 
Ca 

Eye and mucous membrane irritant UK 

Lead GW:      
SB:      
SS:      

0.05 mg/m3 100 Weakness lassitude, facial pallor, pal eye, weight loss, 
malnutrition, abdominal pain, constipation, anemia, gingival lead 
line, tremors, paralysis of wrist and ankles, encephalopathy, 
kidney disease, irritated eyes, hypertension 

NA 

Mercury GW:      
SB:      
SS:      

0.05 mg/m3 10 Skin and eye irritation, cough, chest pain, difficult breathing, 
bronchitis, pneumontitis, tremors, insomnia, irritability, 
indecision, headache, fatigue, weakness, GI disturbance 

 

PNAs (Limits as Coal Tar Pitch) GW:      
SB:      
SS:      

02 mg/m3 80 
Ca 

Dermatitis and bronchitis UK 

Footnotes: 
a Specify sample-designation and media:  SB (Soil Boring), A (Air), D (Drums), GW (Groundwater), L (Lagoon), TK (Tank), S (Surface Soil), SL (Sludge), SW (Surface Water). 
b Appropriate value of PEL, REL, or TLV listed. 
c IDLH = immediately dangerous to life and health (units are the same as specified “Exposure Limit” units for that contaminant); NL = No limit found in reference materials; CA = Potential 
occupational carcinogen. 
d PIP = photoionization potential; NA = Not applicable; UK = Unknown. 

Potential Routes of Exposure 
Dermal: Contact with contaminated media.  This 
route of exposure is minimized through proper use of 
PPE, as specified in Section 4. 

Inhalation:  Vapors and contaminated particulates.  This 
route of exposure is minimized through proper respiratory 
protection and monitoring, as specified in Sections 4 and 
5, respectively. 

Other:  Inadvertent ingestion of contaminated media.  
This route should not present a concern if good hygiene 
practices are followed (e.g., wash hands and face 
before drinking or smoking). 
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3.0 Project Organization and Personnel 
3.1 CH2M HILL Employee Medical Surveillance and Training 
(Reference CH2M HILL- SOPs HSE-113, Medical Surveillance, and HSE-110, Training) 

The employees listed meet state and federal hazardous waste operations requirements for 40-hour 
initial training, 3-day on-the-job experience, and 8-hour annual refresher training.  Employees 
designated “SC” have completed a 12-hour site safety coordinator course, and have documented 
requisite field experience.  An SC with a level designation (D, C, B) equal to or greater than the 
level of protection being used must be present during all tasks performed in exclusion or 
decontamination zones.  Employees designated “FA-CPR” are currently certified by the American 
Red Cross, or equivalent, in first aid and CPR.  At least one FA-CPR designated employee must 
be present during all tasks performed in exclusion or decontamination zones.  The employees 
listed below are currently active in a medical surveillance program that meets state and federal 
regulatory requirements for hazardous waste operations.  Certain tasks (e.g., confined-space 
entry) and contaminants (e.g., lead) may require additional training and medical monitoring. 

Pregnant employees are to be informed of and are to follow the procedures in CH2M HILL- SOP 
HSE-120, Reproductive Health, including obtaining a physician’s statement of the employee’s 
ability to perform hazardous activities before being assigned fieldwork. 

Employee Name Office Responsibility SSC/FA-CPR 
TBD                   

TBD                   

TBD                   

TBD                   

                        

                        

                        

                   

3.2 Field Team Chain of Command and Communication Procedures 

3.2.1 Client 
Contact Name:  Bryan Beck, Navy Technical Representative 
Phone:  (757) 322-4734 
Facility Contact Name: Bob Lowder  
Phone:  (910) 451-9607 

3.2.2 CH2M HILL 
Program Manager:   Doug Dronfield 
Project Manager (PM):  Keri Hallberg 
Responsible Health and Safety Manager (RHSM):  Michael Goldman/ATL 
Field Team Leader:  TBD 
Safety Coordinator (SC): TBD 

The PM is responsible for providing adequate resources (budget and staff) for project-specific 
implementation of the HS&E management process.  The PM has overall management 
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responsibility for the tasks listed below.  The PM may explicitly delegate specific tasks to other 
staff, as described in sections that follow, but retains ultimate responsibility for completion of the 
following in accordance with this SOP: 

• Include standard terms and conditions, and contract-specific HS&E roles and responsibilities in 
contract and subcontract agreements (including flow-down requirements to lower-tier 
subcontractors) 

• Select safe and competent subcontractors by: 

− obtaining, reviewing and accepting or rejecting subcontractor pre-qualification 
questionnaires 

− ensuring that acceptable certificates of insurance, including CH2M HILL as named 
additional insured, are secured as a condition of subcontract award 

− including HS&E submittals checklist in subcontract agreements, and ensuring that 
appropriate site-specific safety procedures, training and medical monitoring records 
are reviewed and accepted prior to the start of subcontractor’s field operations 

• Maintain copies of subcontracts and subcontractor certificates of insurance (including 
CH2M HILL as named additional insured), bond, contractors license, training and medical 
monitoring records, and site-specific safety procedures in the project file accessible to site 
personnel 

• Provide oversight of subcontractor HS&E practices per the site-specific safety plan 

• Manage the site and interfacing with 3rd parties in a manner consistent with our contract and 
subcontract agreements and the applicable standard of reasonable care 

• Ensure that the overall, job-specific, HS&E goals are fully and continuously implemented 

The CH2M HILL RHSM is responsible for:  

• Review and accept or reject subcontractor pre-qualification questionnaires that fall outside the 
performance range delegated to the Contracts Administrator (KA)  

• Review and accept or reject subcontractor training records and site-specific safety procedures 
prior to start of subcontractor’s field operations 

• Support the oversight of subcontractor (and lower-tier subcontractors) HS&E practices and 
interfaces with on-site 3rd parties per the site-specific safety plan  

The SC is responsible for verifying that the project is conducted in a safe manner including 
the following specific obligations: 

• Verify this HSP is current and amended when project activities or conditions change. 

• Verify CH2M HILL site personnel and subcontractor personnel read the HSP and sign 
Attachment 1, Employee Sign-Off Form prior to commencing field activities. 

• Verify CH2M HILL site personnel and subcontractor personnel have completed any required 
specialty training (e.g., fall protection, confined space entry) and medical surveillance as 
identified in Section 2. 

• Verify compliance with the requirements of this HSP and applicable subcontractor health and 
safety plan(s) 

• Act as the project “Hazard Communication Coordinator” and perform the responsibilities 
outlined in Section 2.2.2 

• Act as the project “Emergency Response Coordinator” and perform the responsibilities outlined 
in Section 9. 
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• Post OSHA job-site poster; the poster is required at sites where project field offices, trailers, or 
equipment-storage boxes are established. 

• Verify that safety meetings are conducted and documented in the project file initially and as 
needed throughout the course of the project (e.g., as tasks or hazards change) 

• Verify that project H&S forms and permits, found in Attachment 5 and 6, are being used as 
outlined in Section 2. 

• Perform oversight and/or assessments of subcontractor HS&E practices per the site-specific 
safety plan and verify that project activity self-assessment checklists, found in Attachment 6, 
are being used as outlined in Section 2 

• Verify that project files available to site personnel include copies of executed subcontracts and 
subcontractor certificates of insurance (including CH2M HILL as named additional insured), 
bond, contractors license, training and medical monitoring records, and site-specific safety 
procedures prior to start of subcontractor’s field operations 

• Manage the site and interfacing with 3rd parties in a manner consistent with our 
contract/subcontract agreements and the applicable standard of reasonable care 

• Coordinate with the RHSM regarding CH2M HILL and subcontractor operational performance, 
and 3rd party interfaces 

• Ensure that the overall, job-specific, HS&E goals are fully and continuously implemented 

The training required for the SC is as follows: 

• SC-Initial and SC-Construction  

• OSHA 10-hour course for Construction 

• First Aid and CPR 

• Relevant Competent Person Courses (excavation, confined space, scaffold, fall protection, 
etc.) 

The SC is responsible for contacting the Field Team Leader and Project Manager.  In general, the 
Project Manager will contact the client.  The RHSM should be contacted as appropriate.  

3.2.3 CH2M HILL Subcontractors 
(Reference CH2M HILL SOP HSE-215, Contracts and Subcontracts) 

Subcontractor: Lanier   
Subcontractor Contact Name:      
Telephone:      

Subcontractor: Parrat Wolff 
Subcontractor Contact Name:      
Telephone:      

Subcontractor: Wetlands-Woodlands  
Subcontractor Contact Name:      
Telephone:      

Subcontractor: TBD  
Subcontractor Contact Name:      
Telephone:      



CH2M HILL HSP 23 

The subcontractors listed above are required to submit their own Accident Prevention Plan, 
specific to this project.  Other plans, such as Lead or Asbestos Abatement Compliance plans, may 
be required as well.  Subcontractors are responsible for the health and safety procedures specific 
to their work, and are required to submit their plans to CH2M HILL for review before the start of 
field work. 

Subcontractors are also required to prepare an Activity Hazard Analysis (AHA) before beginning 
each activity posing H&S hazards to their personnel using the AHA form provided in Attachment 6 
as a guide.  The AHA shall identify the principle steps of the activity, potential H&S hazards for 
each step and recommended control measures for each identified hazard.  In addition, a listing of 
the equipment to be used to perform the activity, inspection requirements and training 
requirements for the safe operation of the equipment listed must be identified.   

CH2M HILL should continuously endeavor to observe subcontractors’ safety performance and 
adherence to their Accident Prevention Plan and AHAs.  This endeavor should be reasonable, and 
include observing for hazards or unsafe practices that are both readily observable and occur in 
common work areas.  CH2M HILL is not responsible for exhaustive observation for hazards and 
unsafe practices.  Self-assessment checklists contained in Attachment 5 are to be used by 
CH2M HILL personnel to review subcontractor performance.  CH2M HILL oversight does not 
relieve subcontractors of their responsibility for effective implementation and compliance with the 
established plan(s).   

Health and safety related communications with CH2M HILL subcontractors should be conducted 
as follows: 

• Brief subcontractors on the provisions of this plan, and require them to sign the Employee 
Signoff Form included in Attachment 1. 

• Request subcontractor(s) to brief project team on the hazards and precautions related to their 
work. 

• When apparent non-compliance/unsafe conditions or practices are observed, notify the 
subcontractor safety representative and require corrective action – the subcontractor is 
responsible for determining and implementing necessary controls and corrective actions. 

• When repeat non-compliance/unsafe conditions are observed, notify the subcontractor safety 
representative and stop affected work until adequate corrective measures are implemented. 

• When an apparent imminent danger exists, immediately remove all affected CH2M HILL 
employees and subcontractors, notify subcontractor safety representative, and stop affected 
work until adequate corrective measures are implemented.  Notify the PM and RHSM as 
appropriate. 

• Document all oral health and safety related communications in project field logbook, daily 
reports, or other records.
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4.0 Personal Protective Equipment (PPE) 
(Reference CH2M HILL- SOP HSE-117, Personal Protective Equipment) 

• PPE must be worn by employees when actual or potential hazards exist and engineering 
controls or administrative practices cannot adequately control those hazards.  

• A PPE assessment has been conducted by the RHSM based on project tasks (see PPE 
specifications below).  Verification and certification of assigned PPE by task is completed by 
the RHSM or designee. 

• Employees must be trained to properly wear and maintain the PPE.  

• In work areas where actual or potential hazards are present at any time, PPE must be worn by 
employees working or walking through the area. 

• Areas requiring PPE should be posted or employees must be informed of the requirements in 
an equivalent manner.  

• PPE must be inspected prior to use and after any occurrence to identify any deterioration or 
damage. 

• PPE must be maintained in a clean and reliable condition. 

• Damaged PPE shall not be used and must either be repaired or discarded. 

• PPE shall not be modified, tampered with, or repaired beyond routine maintenance. 

Note that PPE is required when exposed to the general hazards listed below.  Because certain 
tasks (e.g., welding, energized work, etc.) require specialized PPE, refer to Section 2 for task-
specific PPE requirements.   
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PPE Specifications a 

Task  Level Body Head Respirator b 

General site entry 
Surveying 
Utility Locating D 

Work clothes; safety toed leather work 
boots and gloves 

Hardhat c 
Safety glasses 
with side shields 
Ear protection d 

None required 

Surface soil sampling 
Geoprobe boring 
 Modified 

D 

Work clothes or cotton coveralls 
Boots:  Safety-toe, chemical-resistant 
boots OR Safety -toe, leather work 
boots with outer rubber boot covers 
Gloves:  Inner surgical-style nitrile & 
outer chemical-resistant nitrile gloves. 

Hardhat c 
Safety glasses 
with side shields 
Ear protection d None required 

Groundwater sampling 
 
 Modified 

D 

Coveralls: Uncoated Tyvek® 
Boots: Safety -toe, chemical-resistant 
boots OR Safety -toe, leather work 
boots with outer rubber boot covers 
Gloves:  Inner surgical-style nitrile & 
outer chemical-resistant nitrile gloves. 

Hardhat c 
Splash shield c 
Safety glasses 
with side shields 
Ear protection d 

None required. 

Tasks requiring upgrade 

C 

Coveralls: Polycoated Tyvek® 
Boots: Safety -toe, chemical-resistant 
boots OR Safety -toe, leather work 
boots with outer rubber boot covers 
Gloves:  Inner surgical-style nitrile & 
outer chemical-resistant nitrile gloves. 

Hardhat c 
Splash shield c 
Ear protection d 

Spectacle 
inserts 

APR, full face, 
MSA Ultratwin or 
equivalent; with 
GME-H cartridges 
or equivalente. 

Reasons for Upgrading or Downgrading Level of Protection 
Upgradef  Downgrade 

• Request from individual performing tasks. 
• Change in work tasks that will increase contact or potential 

contact with hazardous materials. 
• Occurrence or likely occurrence of gas or vapor emission. 
• Known or suspected presence of dermal hazards. 
• Instrument action levels (Section 5) exceeded. 

• New information indicating that situation is less 
hazardous than originally thought. 

• Change in site conditions that decrease the 
hazard. 

• Change in work task that will reduce contact 
with hazardous materials. 

a Modifications are as indicated.  CH2M HILL will provide PPE only to CH2M HILL employees. 
b No facial hair that would interfere with respirator fit is permitted. 
c Hardhat and splash-shield areas are to be determined by the SSC. 
d Ear protection should be worn when conversations cannot be held at distances of 3 feet or less without shouting. 
e Cartridge change-out schedule is at least every 8 hours (or one work day), except if relative humidity is > 85%, or if organic vapor 
measurements are > midpoint of Level C range (refer to Section 5)--then at least every 4 hours.  If encountered conditions are different than 
those anticipated in this HSP, contact the HSM. 
f Performing a task that requires an upgrade to a higher level of protection (e.g., Level D to Level C) is permitted only when the PPE 
requirements have been approved by the HSM, and an SSC qualified at that level is present. 

4.1 Respiratory Protection 
(Reference CH2M HILL SOP HSE-121, Respiratory Protection) 

• Respirator users must have completed appropriate respirator training within the past 12 
months.  Level C training is required for air-purifying respirators (APR) use..  

• Respirator users must complete the respirator medical monitoring protocol and been approved 
for the specific type of respirator to be used.  

• Tight-fitting facepiece respirator (negative or positive pressure) users must have passed an 
appropriate fit test within past 12 months.  
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• Respirator use shall be limited to those activities identified in this plan.  If site conditions 
change that alters the effectiveness of the specified respiratory protection, the RHSM shall be 
notified to amend the written plan.   

• Tight-fitting facepiece respirator users shall be clean-shaven and shall perform a user seal 
check before each use.   

• Canisters/cartridges shall be replaced according to the change-out schedule specified in this 
plan.  Respirator users shall notify the SC or RHSM of any detection of vapor or gas 
breakthrough.  The SC shall report any breakthrough events to the RHSM for schedule 
upgrade. 

• Respirators in regular use shall be inspected before each use and during cleaning 

• Respirators in regular use shall be cleaned and disinfected as often as necessary to ensure 
they are maintained in a clean and sanitary condition. 

• Respirators shall be properly stored to protect against contamination and deformation. 

• Field repair of respirators shall be limited to routine maintenance.  Defective respirators shall 
be removed from service.  

• The SC or designee shall complete the H&S Self-Assessment Checklist – Respiratory 
Protection included in Attachment 5 of this plan to verify compliance with CH2M HILL’s 
respiratory protection program. 
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5.0 Air Monitoring/Sampling   
(Reference CH2M HILL SOP HSE-207, Exposure Monitoring for Airborne Chemical Hazards) 

5.1 Air Monitoring Specifications 
 

Instrument Tasks Action 
Levelsa 

Action to be Taken when 
Action Level reached 

Frequency b Calibration 

FID: OVA model 128 or 
equivalent 

Well installation 

Ground water 
and soil 
sampling 

< 1 ppm 
1 to 10 ppm 
> 10 ppm 

Level D 
Level C 
Evacuate work area and 
contact HSM  

Initially and 
periodically 
during task 

Daily 

CGI: MSA model 260 or 
261 or equivalent 

Well installation 

Ground water 
and soil 
sampling 

0-10% : 
10-25% LEL: 
>25% LEL: 

No explosion hazard 
Potential explosion hazard 
Explosion hazard; evacuate 
or vent 

Continuous 
during 
advancement of 
boring or trench 

Daily 

O2Meter: MSA model 260 
or 261 or equivalent 

Well installation 

Ground water 
and soil 
sampling 

>25%c O2: 

20.9%c O2: 
<19.5%c O2: 

Explosion hazard; evacuate 
or vent 
Normal O2 
O2 deficient; evacuate work 
area and vent. 

Continuous 
during 
advancement of 
boring or trench 

Daily 

a Action levels apply to sustained breathing-zone measurements above background. 
b The exact frequency of monitoring depends on field conditions and is to be determined by the SSC; generally, every 5 to 15 minutes if 
acceptable; more frequently may be appropriate.  Monitoring results should be recorded.  Documentation should include instrument and 
calibration information, time, measurement results, personnel monitored, and place/location where measurement is taken (e.g., 
“Breathing Zone/MW-3”, “at surface/SB-2”, etc.). 
c If the measured percent of O2 is less than 10, an accurate LEL reading will not be obtained.  Percent LEL and percent O2 action levels 
apply only to ambient working atmospheres, and not to confined-space entry.  More-stringent percent LEL and O2 action levels are 
required for confined-space entry (refer to Section 2). 
d Refer to SOP HS-10 for instructions and documentation on radiation monitoring and screening. 
e Noise monitoring and audiometric testing also required. 
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5.2 Calibration Specifications 
(Refer to the respective manufacturer’s instructions for proper instrument-maintenance 
procedures) 

Instrument Gas Span Reading Method 
FID: OVA 100 ppm 

methane 
3.0 + 1.5 100 ppm 1.5 lpm reg 

T-tubing 
FID: TVA 1000 100 ppm 

methane 
NA 100 ppm 2.5 lpm reg 

T-tubing 
CGI: MSA 260, 261, 360, or 361 0.75% 

pentane 
N/A 50% LEL 

+ 5% LEL 
1.5 lpm reg 
direct tubing 

5.3 Air Sampling 

Sampling, in addition to real-time monitoring, may be required by other OSHA regulations where 
there may be exposure to certain contaminants.  Air sampling typically is required when site 
contaminants include lead, cadmium, arsenic, asbestos, and certain volatile organic compounds.  
Contact the HSM immediately if these contaminants are encountered. 

Method Description  

Additional air sampling is not anticipated.  

Personnel and Areas 

Results must be sent immediately to the RHSM.  Regulations may require reporting to monitored 
personnel.  Results reported to: 

HSM: Michael Goldman 
Other:  
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6.0 Decontamination  
(Reference CH2M HILL SOP HSE-218, Hazardous Waste Operations) 

The SC must establish and monitor the decontamination procedures and their effectiveness.  
Decontamination procedures found to be ineffective will be modified by the SC.   The SC must 
ensure that procedures are established for disposing of materials generated on the site. 

6.1 Decontamination Specifications 

Personnel Sample Equipment Heavy Equipment 

• Boot wash/rinse 
• Glove wash/rinse 
• Outer-glove removal 
• Body-suit removal 
• Inner-glove removal 
• Respirator removal 
• Hand wash/rinse 
• Face wash/rinse 
• Shower ASAP 
• Dispose of PPE in municipal 

trash, or contain for disposal 
• Dispose of personnel rinse 

water to facility or sanitary 
sewer, or contain for offsite 
disposal 

• Wash/rinse equipment 
• Solvent-rinse equipment 
• Contain solvent waste for 

offsite disposal 

• Power wash 
• Steam clean 
• Dispose of equipment rinse 

water to facility or sanitary 
sewer, or contain for offsite 
disposal 

 

6.2 Diagram of Personnel-Decontamination Line 

No eating, drinking, or smoking is permitted in contaminated areas and in exclusion or 
decontamination zones.  The SC should establish areas for eating, drinking, and smoking.  Contact 
lenses are not permitted in exclusion or decontamination zones. 

Figure 6-1 illustrates a conceptual establishment of work zones, including the decontamination line.  
Work zones are to be modified by the SC to accommodate task-specific requirements.
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7.0 Spill Containment Procedures 
Sorbent material will be maintained in the support zone.  Incidental spills will be contained with 
sorbent and disposed of properly. 
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Exclusion 
Zone 

Boundary 

Wind 
Direction 

   
Equipment drop 

onto clean 
surface 

PPE to   be re-used 

 PPE to    be disposed 

Dispose of PPE as 
specified in Waste 
Management Plan 

Change out respirator 
cartridges or air tank.  If 
removed, replace outer 

boots and gloves. 

Dispose of PPE as 
specified in waste 
management plan 

   
Remove outer 

gloves and boots or 
boot covers 

Remove coveralls 
(e.g., Tyvek®)  

and inner gloves 

 If worn, remove APR or 
SCBA.  Dispose of 

cartridges and Decon 
respirator  

Wash face and 
hands.  Shower 

as soon as 
possible. 

Outer glove, boot 
and coverall 

(e.g., Tyvek®) 
wash

Outer glove, boot 
and coverall 

rinse 

 
Remove outer boots, 
gloves, and coveralls 

Remove inner 
gloves and 
coveralls 

 
Return to 

exclusion zone 

   
  Figure 6-1 
  Personnel Decontamination Line 
  CH2M HILL Heath and Safety Plan 

 
 

Sample 
preparation 

Sample 
decontamination 

and packing 

Notes: 
1.  This figure can be used as a guide to establish a decontamination line 
when used PPE will either be disposed of or re-used, and can be applied 
to any level of protection. 
2.  The stations illustrated below may be removed when not applicable 
(e.g., no respirator station if not wearing Level C). 
3.  The SC may modify the decontamination sequence based on site-
specific conditions.   

Sample     Table 

Support zone 
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8.0 Site-Control Plan 
8.1 Site-Control Procedures 
(Reference CH2M HILL SOP HSE-218, Hazardous Waste Operations) 

• The SSC will conduct a site safety briefing (see below) before starting field activities or as tasks 
and site conditions change. 

• Topics for briefing on site safety:  general discussion of Health and Safety Plan, site-specific 
hazards, locations of work zones, PPE requirements, equipment, special procedures, 
emergencies. 

• The SSC records attendance at safety briefings in a logbook and documents the topics 
discussed. 

• Post the OSHA job-site poster in a central and conspicuous location in accordance with CH2M 
HILL- SOP, OSHA Postings. 

• Establish support, decontamination, and exclusion zones.  Delineate with flags or cones as 
appropriate.  Support zone should be upwind of the site. Use access control at entry and exit 
from each work zone. 

• Establish onsite communication consisting of the following: 

− Line-of-sight and hand signals 

− Air horn 

− Two-way radio or cellular telephone if available 

• Establish offsite communication. 

• Establish and maintain the “buddy system.” 

• Initial air monitoring is conducted by the SC in appropriate level of protection. 

• The SC is to conduct periodic inspections of work practices to determine the effectiveness of 
this plan – refer to Sections 2 and 3.  Deficiencies are to be noted, reported to the HSM, and 
corrected. 

8.2 Hazwoper Compliance Plan  
(Reference CH2M HILL SOP HSE-220, Written Plans and HSE-218 Hazardous Waste Operations) 

Certain parts of the site work are covered by state or federal Hazwoper standards and therefore 
require training and medical monitoring.   Anticipated Hazwoper tasks (Section 1.1.1) might occur 
consecutively or concurrently with respect to non-Hazwoper tasks.  This section outlines 
procedures to be followed when approved activities specified in Section 1.1.2 do not require 24- or 
40-hour training.  Non-Hazwoper-trained personnel also must be trained in accordance with all 
other state and federal OSHA requirements. 

• In many cases, air sampling, in addition to real-time monitoring, must confirm that there is no 
exposure to gases or vapors before non-Hazwoper-trained personnel are allowed on the site, or 
while non-Hazwoper-trained staff is working in proximity to Hazwoper activities.  Other data 
(e.g., soil) also must document that there is no potential for exposure.  The RHSM must approve 
the interpretation of these data.  Refer to Sections 2.0 and 5.0 for contaminant data and air 
sampling requirements, respectively. 

• When non-Hazwoper-trained personnel are at risk of exposure, the SC must post the exclusion 
zone and inform non-Hazwoper-trained personnel of the: 
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− nature of the existing contamination and its locations 

− limitations of their access 

− emergency action plan for the site  

• Periodic air monitoring with direct-reading instruments conducted during regulated tasks also 
should be used to ensure that non-Hazwoper-trained personnel (e.g., in an adjacent area) are 
not exposed to airborne contaminants.  

• When exposure is possible, non-Hazwoper-trained personnel must be removed from the site 
until it can be demonstrated that there is no longer a potential for exposure to health and safety 
hazards. 

• Remediation treatment system start-ups:  Once a treatment system begins to pump and treat 
contaminated media, the site is, for the purposes of applying the Hazwoper standard, 
considered a treatment, storage, and disposal facility (TSDF).  Therefore, once the system 
begins operation, only Hazwoper-trained personnel (minimum of 24 hour of training) will be 
permitted to enter the site.  All non-Hazwoper-trained personnel must not enter the TSDF area 
of the site.  
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9.0 Emergency Response Plan  
(Reference CH2M HILL SOP HSE-106, Emergency Planning) 

9.1 Pre-Emergency Planning 
• The Emergency Response Coordinator (ERC) performs the applicable pre-emergency planning 

tasks before starting field activities and coordinates emergency response with CH2M HILL 
onsite parties, the facility, and local emergency-service providers as appropriate. 

• Review the facility emergency and contingency plans where applicable. 

• Determine what onsite communication equipment is available (e.g., two-way radio, air horn). 

• Determine what offsite communication equipment is needed (e.g., nearest telephone, cell 
phone). 

• Confirm and post emergency telephone numbers, evacuation routes, assembly areas, and route 
to hospital; communicate the information to onsite personnel. 

• Field Trailers:  Post “Exit” signs above exit doors, and post “Fire Extinguisher” signs above 
locations of extinguishers.  Keep areas near exits and extinguishers clear. 

• Review changed site conditions, onsite operations, and personnel availability in relation to 
emergency response procedures. 

• Where appropriate and acceptable to the client, inform emergency room and ambulance and 
emergency response teams of anticipated types of site emergencies. 

• Designate one vehicle as the emergency vehicle; place hospital directions and map inside; keep 
keys in ignition during field activities. 

• Inventory and check site emergency equipment, supplies, and potable water. 

• Communicate emergency procedures for personnel injury, exposures, fires, explosions, and 
releases. 

• Rehearse the emergency response plan before site activities begin, including driving route to 
hospital.  Drills should take place periodically but no less than once a year. 

• Brief new workers on the emergency response plan. 

• The ERC will evaluate emergency response actions and initiate appropriate follow-up actions. 

9.2 Emergency Equipment and Supplies 

The ERC should mark the locations of emergency equipment on the site map and post the map. 

Emergency Equipment and Supplies Location 
20 (or two 10) class A,B,C fire extinguisher   
First aid kit  
Eye Wash  
Emergency Shower  
Potable water  
Bloodborne-pathogen kit  
Additional equipment (specify):  
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9.3 Incident Response 

In fires, explosions, or chemical releases, actions to be taken include the following: 

• Notify appropriate response personnel. 

• Shut down CH2M HILL operations and evacuate the immediate work area. 

• Account for personnel at the designated assembly area(s). 

• Assess the need for site evacuation, and evacuate the site as warranted. 

• Implement HSE-111, Incident Notification, Reporting and Investigation. 

• Notify and submit reports to clients as required in contract. 

Small fires or spills posing minimal safety or health hazards may be controlled with onsite spill kits 
or fire extinguishers without evacuating the site.  When in doubt evacuate.  Follow the incident 
reporting procedures in Section 9.7. 

9.4 Emergency Medical Treatment 

Emergency medical treatment is needed when there is a life-threatening injury (such as severe 
bleeding, loss of consciousness, breathing/heart has stopped).  When in doubt if an injury is life-
threatening or not, treat it as needing emergency medical treatment. 

• Notify 911 or other appropriate emergency response authorities as listed in Attachment 4.  

• The ERC will assume charge during a medical emergency until the ambulance arrives or until 
the injured person is admitted to the emergency room. 

• Prevent further injury, perform decontamination (if applicable) where feasible; lifesaving and first 
aid or medical treatment takes priority. 

• Initiate first aid and CPR where feasible. 

• Notify supervisor and if the injured person is a CH2M HILL employee.  The supervisor will call 
the occupational nurse at 1-866-893-2514 and make other notifications as required by HSE 
SOP-111, Incident Notification, Reporting and Investigation.   

• Make certain that the injured person is accompanied to the emergency room. 

• Follow the Serious Incident Reporting process in HSE SOP-111, Incident Notification, Reporting 
and Investigation, and complete incident report forms in Attachment 6. 

• Notify and submit reports to client as required in contract 

9.5 Evacuation 
• Evacuation routes, assembly areas, and severe weather shelters (and alternative routes and 

assembly areas) are to be specified on the site map. 

• Evacuation route(s) and assembly area(s) will be designated by the ERC or designee before 
work begins. 

• Personnel will assemble at the assembly area(s) upon hearing the emergency signal for 
evacuation. 

• The ERC and a “buddy” will remain on the site after the site has been evacuated (if safe) to 
assist local responders and advise them of the nature and location of the incident. 

• The ERC will account for all personnel in the onsite assembly area. 
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• A designated person will account for personnel at alternate assembly area(s). 

• The ERC will follow the incident reporting procedures in Section 9.7. 

9.6 Evacuation Signals 

 Signal  Meaning 
Grasping throat with hand Emergency-help me. 
Thumbs up OK; understood. 
Grasping buddy’s wrist Leave area now. 
Continuous sounding of horn Emergency; leave site now. 

9.7 Incident Notification and Reporting 
(Reference CH2M HILL SOP HSE-111, Incident Notification, Reporting and Investigation) 

• If you are injured at work, notify your supervisor immediately and contact the Injury 
Management/Return-to-Work toll free number (for US and Puerto Rico) 1-866-893-2514.  All 
supervisors must contact their Human Resources Representative and complete the employee 
injury/illness in the Incident Report Form (IRF) in the HITS database within 24 hours of the 
incident 

• Immediately notify the Project Manager (PM), Emergency Response Coordinator (ERC), and/or 
Responsible Health and Safety Manager (RHSM) for any project incident (fire, spill/release, 
injury/illness, near miss, property damage, or security-related)  

• Report any serious incidents (life-threatening injury/illness, death, kidnap/missing person, 
terrorism, property damage greater than $500K, significant environmental release) immediately 
to your ERC, PM, or RHSM. The Serious Incident Reporting number is 720-286-4911. 

• For serious incidents, the Corporate Legal Department will determine who completes the IRF. 

• For CH2M HILL subcontractor incidents, immediately notify the ERC and HSM to complete and 
submit an IRF. 

• The RHSM will inform the Responsible Environmental Manager (REM) of any environmental 
incidents. 

• Evaluation and follow-up of the IRF will be completed by the type of incident by the RHSM, 
REM, or FWSO. The Business Group (BG) HSE Lead will review all BG incidents and modify as 
required. 

• Incident Investigations must be initiated and completed as soon as possible but no later than 72 
hours after the incident. 

• See the following flowcharts for Immediate Incident Reporting and Serious Incident Reporting. 
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10.0 Behavior Based Loss Prevention System 
A Behavior Based Loss Prevention System (BBLPS) is a system to prevent or reduce losses using 
behavior-based tools and proven management techniques to focus on behaviors or acts that could 
lead to losses.   

The four basic Loss Prevention tools that will be used CH2M HILL projects to implement the BBLPS 
include: 

• Activity Hazard Analysis (AHA) 

• Pre-Task Safety Plans (PTSP) 

• Loss Prevention Observations (LPO) 

• Loss and Near Loss Investigations (NLI) 

The SC or designated CH2M HILL representative onsite is responsible for implementing the BBLPS 
on the project site.  The Project Manager remains accountable for its implementation. The SC or 
designee shall only oversee the subcontractor’s implementation of their AHAs and PTSPs 
processes on the project. 

10.1   Activity Hazard Analysis 

An Activity Hazard Analysis (AHA) defines the activity being performed, the hazards posed and 
control measures required to perform the work safely.  Workers are briefed on the AHA before 
doing the work and their input is solicited prior, during and after the performance of work to further 
identify the hazards posed and control measures required. 

Activity Hazard Analysis will be prepared before beginning each project activity posing H&S 
hazards to project personnel using the AHA form provided in Attachment 6.  The AHA shall identify 
the work tasks required to perform each activity, along with potential H&S hazards and 
recommended control measures for each work task.  In addition, a listing of the equipment to be 
used to perform the activity, inspection requirements and training requirements for the safe 
operation of the equipment listed must be identified. 

An AHA shall be prepared for all field activities performed by CH2M HILL and subcontractor 
activities during the course of the project.  Hazard Controls (found in Sections 2.0 and its 
subsections of the HSP), the Hazard Analysis Table (Table 1), and applicable CH2M HILL CSs and 
SOPs should be used as a basis for preparing AHAs.  

CH2M HILL subcontractors are required to provide AHAs specific to their scope of work on the 
project for acceptance by CH2M HILL.  Each subcontractor shall submit AHAs for their field 
activities, as defined in their work plan/scope of work, along with their project-specific safety 
plan/accident prevention plan. Additions or changes in CH2M HILL or subcontractor field activities, 
equipment, tools or material to perform work or additional/different hazard encountered that require 
additional/different hazard control measures requires either a new AHA to be prepared or an 
existing AHA to be revised.  

10.2   Pre-Task Safety Plans  

Daily safety meetings are held with all project personnel in attendance to review the hazards posed 
and required H&S procedures/AHAs, that apply for each day’s project activities.  The PTSPs serve 
the same purpose as these general assembly safety meetings, but the PTSPs are held between the 
crew supervisor and their work crews to focus on those hazards posed to individual work crews.   At 
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the start of each day’s activities, the crew supervisor completes the PTSP, provided in Attachment 
6, with input from the work crew, during their daily safety meeting.  The day’s tasks, personnel, tools 
and equipment that will be used to perform these tasks are listed, along with the hazards posed and 
required H&S procedures, as identified in the AHA.  The use of PTSPs, better promotes worker 
participation in the hazard recognition and control process, while reinforcing the task-specific 
hazard and required H&S procedures with the crew each day.   The use of PTSPs is a common 
safety practice in the construction industry.  

10.3 Loss Prevention Observations  

Loss Prevention Observations (LPO’s) shall be conducted by SC or designee for specific work 
tasks or operations comparing the actual work process against established safe work procedures 
identified in the project-specific HSP and AHAs.  LPO’s are a tool to be used by supervisors to 
provide positive reinforcement for work practices performed correctly, while also identifying and 
eliminating deviations from safe work procedures that could result in a loss. The SC or designee 
shall perform at least one LPO each week for tasks/operations addressed in the project-specific 
HSP or AHA. The SC or designee shall complete the LPO form in Attachment 6 for the 
task/operation being observed. 

10.4   Loss/Near Loss Investigations 

Loss/Near Loss Investigations shall be performed for CH2M HILL and subcontractor incidents 
involving: 

• Person injuries/illnesses and near miss injuries 

• Equipment/property damage 

• Spills, leaks, regulatory violations 

• Motor vehicle accidents 

The cause of loss and near loss incidents are similar, so by identifying and correcting the causes of 
near loss causes, future loss incidents may be prevented.  The following is the Loss/Near Loss 
Investigation Process: 

• Gather all relevant facts, focusing on fact-finding, not fault-finding, while answering the who, 
what, when, where and how questions. 

• Draw conclusions, pitting facts together into a probable scenario. 

• Determine incident root cause(s), which are basic causes on why an unsafe act/condition 
existed. 

• Develop and implement solutions, matching all identified root causes with solutions. 

• Communicate incident as a Lesson Learned to all project personnel. 

• Filed follow-up on implemented corrective active action to confirm solution is appropriate. 

The SC or designee shall perform an incident investigation, as soon as practical after incident 
occurrence during the day of the incident, for all Loss and Near Loss Incidents that occur on the 
project.  Loss and Near Loss incident investigations shall be performed using the following incident 
investigation forms provided in Attachment 6: 

• Incident Report Form (IRF) 

• Root Cause Analysis Form    
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All Loss and Near Loss incident involving personal injury, property damage in excess of $1,000 or 
near loss incidents that could have resulted in serious consequences shall be investigated by 
completing the incident investigation forms and submitting them to the PM and RHSM within 24 
hours of incident occurrence.  A preliminary Incident Investigation and Root Cause Analysis shall be 
submitted to the Project Manager and RHSM within 24 hours of incident occurs.  The final Incident 
Investigation and Root Cause Analysis shall be submitted after completing a comprehensive 
investigation of the incident. 
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11.0 Approval 
This site-specific HSP has been written for use by CH2M HILL only.  CH2M HILL claims no 
responsibility for its use by others unless that use has been specified and defined in project or 
contract documents.  The plan is written for the specific site conditions, purposes, dates, and 
personnel specified and must be amended if those conditions change. 

Original Plan 
Written By: Mike Goldman    Date: 12/23/08 

 

Approved By:  Mike Goldman    Date:  12/23/08 

 

Revisions 
Revisions Made By:        Date:      

 

Revisions to Plan:      

 

Revisions Approved By:        Date:      

 



 

CH2M HILL HSP 43 

12.0 Attachments 
Attachment 1: Employee Signoff Form – Health and Safety Plan 
Attachment 2: Chemical Inventory/Register Form 
Attachment 3: Chemical-Specific Training Form  
Attachment 4: Emergency Contacts 
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Health and Safety Plan Employee Sign-off Form 



  

 

 
EMPLOYEE SIGNOFF FORM  

Health and Safety Plan 
The CH2M HILL project employees and subcontractors listed below have been provided with a copy 
of this HSP, have read and understood it, and agree to abide by its provisions. 

Project Name:        Project Number:        

EMPLOYEE NAME 
(Please print) EMPLOYEE SIGNATURE COMPANY DATE 

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   



  

CH2M HILL Health and Safety Plan 
Attachment 2 
 
 
 
 
 
 

Chemical Inventory/Register Form 



  

 
 

CHEMICAL INVENTORY/REGISTER FORM 
 

Refer to Standard of Practice HSE-107 Attachment 1 for instructions on completing this form.  

Location: ______________________________________________________________________  

HCC: _________________________________________________________________________  

 Office   Warehouse Laboratory  Project: _______________________  
   Project No.: ___________________  

 

Regulated Product  Location  
Container 

labeled  
( if yes)  

MSDS 
available 
( if yes)  

    

    

    

    

    

    

    

    

    

    

    

    

 

MSDS for the listed products will be maintained at: _______________________________  
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Chemical-Specific Training Form 



  

  
CHEMICAL-SPECIFIC TRAINING FORM 

Refer to Standard Operating Procedure HSE-107 Attachment 1 for instructions on completing this form. 
 
Location:           Project # :       

HCC:          Trainer:       
 
TRAINING PARTICIPANTS: 
 

NAME SIGNATURE NAME SIGNATURE 
    
    
    
    
    
    
    
 
REGULATED PRODUCTS/TASKS COVERED BY THIS TRAINING: 
  
  
  
  
  
  
  
  
 
The HCC shall use the product MSDS to provide the following information concerning each of the 
products listed above. 
 

 Physical and health hazards 
 

 Control measures that can be used to provide protection (including appropriate work practices, 
emergency procedures, and personal protective equipment to be used) 

 
 Methods and observations used to detect the presence or release of the regulated product in 

the workplace (including periodic monitoring, continuous monitoring devices, visual appearance 
or odor of regulated product when being released, etc.) 

 
Training participants shall have the opportunity to ask questions concerning these products and, 
upon completion of this training, will understand the product hazards and appropriate control 
measures available for their protection. 
 
Copies of MSDSs, chemical inventories, and CH2M HILL’s written hazard communication program 
shall be made available for employee review in the facility/project hazard communication file. 
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Emergency Contacts 



 

Emergency Contacts 

24-hour CH2M HILL Emergency Beeper – 720-286-4911 
If injured on the job, notify your supervisor and then call  

1-866-893-2514 to contact CH2M HILL’S Occupational Nurse 
CH2M HILL-  Medical Consultant 
Health Resources 
Dr. Jerry H. Berke, M.D., M.P.H. 
600 West Cummings Park, Suite 3400 
Woburn, MA 01801-6350 
781/938-4653 
After Hours 800/350-4511 
 (After hours calls will be returned within 20 minutes) 

Medical Emergency – 911 or 
Hospital ER (On-Base) #: (910) 451-4840 
    (910) 451-4841 
    (910) 451-4842 
Onslow County ER (Off-Base) #: (910) 577-
2240 
Ambulance (On-Base) #: (910) 451-3004 
    (910) 451-3005 
Ambulance (Public) #:  (910) 451-9111 
LEPC (Poison Control)#:             (800) 222-1222 

Local Occupational Physician 
Occupational Medicine Specialists 
4815 Oleander Dr. 
Wilmington, NC  28403 
910 452-1111 
      

Fire/Spill Emergency – 911 or 
Base Fire Response #:  (910) 451-9111 
 

CH2M HILL Director Security Operations 
Thomas Horton/DEN 
720/273-3100 (cell) or 720/286-0022 (office) 

Security & Police – 911 or 
Base Security #: (910) 451-2555 
 

Health and Safety Manager (HSM) 
Name: Michael Goldman/ATL 
Phone: (770) 604-9182 x 396 

On-Scene Coordinator 
Name: Fire Chief 
Phone: (910) 451-5815 

Regional Human Resources Department 
Name: Mary Jo Jordan/GNV 
Phone: 352/355-2867 

Utilities Emergency 
Water:        
Gas: Contact Base EMD       
Electric:        

Worker’s Compensation: 
Contact Business Group HR dept. to have form 
completed or contact Albert Jerman after hours: 
303/741-5927 

Safety Coordinator (SC 
Name:       
Phone:       

Media Inquiries Corporate Strategic 
Communications 
Name: John Corsi 
Phone: (720) 286-2087 

Project Manager 
Name: Keri Hallberg 
Phone: (704) 543-3260 

Automobile Accidents: 
Rental:  Linda Anderson/COR 720/286-2401 
CH2M HILL owned vehicle: Linda George 720-286-
2057 

Federal Express Dangerous Goods Shipping 
Phone: 800/238-5355 
 

CH2M HILL Dangerous Goods Shipping 
Phone: 800/255-3924 

Facility Alarms: TBD 
 

Evacuation Assembly Area(s): TBD by the SC-HW. 

Facility/Site Evacuation Route(s): follow main roads towards access gates and off the Base 
 



 

D i r e c t i o n s  t o  L o c a l  H o s p i t a l  
Nearest On-Base hospital:   
Base Naval Hospital (only to be used in extreme emergency) 
Building NH100 
100 Brewster Blvd. 
Camp Lejeune, NC 28547 
Phone: (910) 451-4840, (910) 451-4841, (910) 451-4842 
 
Local hospital: 
Onslow County Memorial Hospital 
317 Western Boulevard 
Jacksonville, NC 28546 
Phone: (910) 577-2240 
 
Local ambulance service:   
Base Ambulance: (910) 451-3004, (910) 451-3005 
Public Ambulance: (910) 451-9111 

 
From MCB Camp Lejeune 
 
Directions to the Base Naval Hospital (Building NH100) 
(nearest hospital; only to be used in an extreme emergency) 
 
1. Proceed north to Holcomb Boulevard (towards Highway 24). 
2. Turn left onto Brewster Boulevard (heading west) 
3. Continue on Brewster Boulevard until intersection with the driveway to the Naval Hospital. 
4. Turn onto Hospital driveway, and proceed to emergency room. 
 
Directions to Onslow County Memorial Hospital : 
1. From Holcomb Boulevard, exit Base through main gate. 
2. Follow Highway 24 west until intersecting with Western Boulevard. 
3. Turn right onto Western Boulevard. 
4. The Onslow County Memorial Hospital is on the left, approximately 2 miles (fifth stop light) from 

Highway 24. 
5. Follow the signs to the emergency room. 
 
From Air Station and Camp Geiger 
 
Directions to Onslow County Memorial Hospital: 
1. Proceed through the main gate, turn right, and head north on Ocean Highway 17. 
2. Follow Ocean Highway 17 north to Highway 24 and head east. 
3. Travel east until Western Boulevard, turn left onto Western Boulevard. 
4. The Onslow County Memorial Hospital is on the left, approximately 2 miles (fifth stop light) from 

Highway 24. 
5. Follow the signs to the emergency room. 
  



 
  
 
All rights reserved. Use subject to License/Copyright Map Legend 
Directions and maps are informational only. We make no warranties on the accuracy of their content, road conditions or 
route usability or expeditiousness. You assume all risk of use. MapQuest and its suppliers shall not be liable to you for 
any loss or delay resulting from your use of MapQuest. Your use of MapQuest means you agree to our Terms of Use 
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Project Activity Self-Assessment Checklists/Permits/Forms  
• Drilling 
• Waste Management and Sampling 



 

 

HS&E Self-Assessment Checklist - DRILLING Page 1 of  3 
This checklist shall be used by CH2M HILL personnel only and shall be completed at the frequency specified in the project’s 
written safety plan. 
 
This checklist is to be used at locations where: 1) CH2M HILL employees are potentially exposed to drilling hazards, 2) 
CH2M HILL staff are providing support function related to drilling activities, and/or 3) CH2M HILL oversight of a drilling 
subcontractor is required. 
 
Safety Coordinator may consult with drilling subcontractors when completing this checklist, but shall not direct the means and 
methods of drilling operations nor direct the details of corrective actions. Drilling subcontractors shall determine how to 
correct deficiencies and we must carefully rely on their expertise. Items considered to be imminently dangerous (possibility of 
serious injury or death) shall be corrected immediately, or all exposed personnel shall be removed from the hazard until 
corrected. 
 
Project Name: ______________________________________________________     Project No.: ______________________ 

Location: ______________________________________________________  PM: __________________________________ 

Auditor: ____________________________________   Title: _________________________________ Date: _____________ 
 
This specific checklist has been completed to: 
 

  Evaluate CH2M HILL employee exposures to drilling hazards (complete Section 1). 
  Evaluate CH2M HILL support functions related to drilling activities (complete Section 2) 
  Evaluate a CH2M HILL subcontractor’s compliance with drilling safety requirements (complete entire checklist). 

Subcontractors Name: ________________________________________________________ 
 
 
• Check “Yes” if an assessment item is complete/correct.  

• Check “No” if an item is incomplete/deficient.  Deficiencies shall be brought to the immediate attention of the drilling 
subcontractor.  Section 3 must be completed for all items checked “No.”   

• Check “N/A” if an item is not applicable. 

• Check “N/O” if an item is applicable but was not observed during the assessment.  

Numbers in parentheses indicate where a description of this assessment item can be found in SOP HSE-35. 
 

SECTION 1  -  SAFE WORK PRACTICES  (4.1) 
  Yes No N/A N/O 
1. Personnel cleared during rig startup     
2. Personnel clear of rotating parts     
3. Personnel not positioned under hoisted loads     
4. Loose clothing and jewelry removed     
5. Smoking is prohibited around drilling operation     
6. Personnel wearing appropriate personal protective equipment (PPE), per written plan     
7. Personnel instructed not to approach equipment that has become electrically energized       
  

SECTION 2  -  SUPPORT FUNCTIONS  (4.2) 
FORMS/PERMITS  (4.2.1) 
8. Driller license/certification obtained     
9. Well development/abandonment notifications and logs submitted and in project files     
10. Water withdrawal permit obtained, where required     
11. Dig permit obtained, where required     
 
UTILITY LOCATING  (4.2.2)   
12. Location of underground utilities and structures identified    



 

 

      

HS&E Self-Assessment Checklist  -  DRILLING Page 2 of  3 
 SECTION 2 (Continued) 
WASTE MANAGEMENT  (4.2.3)  Yes No N/A N/O 
13. Drill cuttings and purge water managed and disposed properly     
 
DRILLING AT HAZARDOUS WASTE SITES  (4.2.4) 
14. Waste disposed of according to project’s written safety plan     
15. Appropriate decontamination procedures being followed, per project’s written safety plan     
 
DRILLING AT ORDNANCE  EXPLOSIVES (OE)/UNEXPLODED ORDNANCE (UXO) SITES  (4.2.5) 
16. OE plan prepared and approved     
17. OE/UXO avoidance provided, routes and boundaries cleared and marked     
18. Initial pilot hole established by UXO technician with hand auger     
19. Personnel remain inside cleared areas      
 

SECTION 3  -  DRILLING SAFETY REQUIREMENTS  (4.3) 
GENERAL  (4.3.1) 
20. Only authorized personnel operating drill rigs     
21. Daily safety briefing/meeting conducted with crew     
22. Daily inspection of drill rig and equipment conducted before use     
 
DRILL RIG PLACEMENT  (4.3.2) 
23. Location of underground utilities and structures identified     
24. Safe clearance distance maintained from overhead power lines      
25. Drilling pad established, when necessary     
26. Drill rig leveled and stabilized     
27. Additional precautions taken when drilling in confined areas     
 
DRILL RIG TRAVEL  (4.3.3) 
28. Rig shut down and mast lowered and secured prior to rig movement     
29. Tools and equipment secured prior to rig movement     
30. Only personnel seated in cab are riding on rig during movement     
31. Safe clearance distance maintained while traveling under overhead power lines     
32. Backup alarm or spotter used when backing rig     
  
DRILL RIG OPERATION  (4.3.4) 
33. Kill switch clearly identified and operational     
34. All machine guards are in place     
35. Rig ropes not wrapped around body parts     
36. Pressurized lines and hoses secured from whipping hazards     
37. Drill operation stopped during inclement weather     
38. Air monitoring conducted per written safety plan for hazardous atmospheres      
39. Rig placed in neutral when operator not at controls     
 
DRILL RIG SITE CLOSURE  (4.3.5) 
40. Ground openings/holes filled or barricaded     
41. Equipment and tools properly stored     
42. All vehicles locked and keys removed     
DRILL RIG MAINTENANCE  (4.3.6) 
28. Defective components repaired immediately     
29. Lockout/tagout procedures used prior to maintenance     
30. Cathead in clean, sound condition     
31. Drill rig ropes in clean, sound condition     
32. Fall protection used for fall exposures of 6 feet (U.S.) 1.5 meters (Australia) or greater     
33. Rig in neutral and augers stopped rotating before cleaning     
34. Good housekeeping maintained on and around rig    



 

      

HS&E Self-Assessment Checklist  -  DRILLING Page 3 of  3 
 

SECTION 4 
 

Complete this section for all items checked “No” in previous sections.  Deficient items must be corrected in a timely manner. 
Item 

# 
 

Corrective Action Planned/Taken 
Date 

Corrected 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 

Auditor: _________________________________ Project Manager: ___________________________________  



 

 

   

HS&E Self-Assessment Checklist—Waste Characterization, Sampling and Analysis 

This checklist shall be used by CH2M HILL personnel only and shall be completed at the frequency specified in the project’s 
HSP/FSI. 

This checklist is to be used at locations where: 1) CH2M HILL employees will be managing wastes generated on project sites 
and/or 2) CH2M HILL provides oversight of subcontractor personnel who are managing wastes generated at project sites.  

The Safety Coordinator (SC) may consult with subcontractors when completing this checklist, but shall not direct the means and 
methods of waste characterization, sampling and analysis operations nor direct the details of corrective actions. Subcontractors 
shall determine how to correct deficiencies, and we must carefully rely on their expertise. Items considered to be imminently 
dangerous (possibility of serious injury or death) shall be corrected immediately or all exposed personnel shall be removed from 
the hazard until corrected. 

Completed checklists shall be sent to the HS&E Staff for review. 

Project Name: ______________________________________________________ Project No.: ______________________ 

Location: ______________________________________________________ PM: __________________________________ 

Person filling out checklist: ____________________________________ Title: _________________________________ Date: 
_____________ 
This specific checklist has been completed to: 
 

  Evaluate CH2M HILL compliance with its waste characterization, sampling and analysis standard (SOP-79). 
  Evaluate a CH2M HILL subcontractor’s compliance with the waste characterization, sampling and analysis standard and its 

requirements 
Subcontractors Name: ________________________________________________________ 

 
• Check “Yes” if an assessment item is complete/correct.  

• Check “No” if an item is incomplete/deficient. Deficiencies shall be brought to the immediate attention of the subcontractor. 
Section 3 must be completed for all items checked “No.”  

• Check “N/A” if an item is not applicable. 

• Check “N/O” if an item is applicable but was not observed during the assessment.  

Numbers in parentheses indicate where a description of this assessment item can be found in Standard of Practice HS-42. 
  
   Yes No N/A  
N/O 
GENERAL WASTE CHARACTERIZATION INFORMATION (6.0) 
1.  Personnel told not to sign waste documentation (e.g., manifests) unless specifically authorized by the client in writing.  
       
2. Waste Management Plan developed and available to all project personnel (see HSE-78).     
3. Waste characterized before it is generated.     
4. Waste characterized by Client using generator information.     
5. Waste volumes estimated.      
6. Disposal facility sampling and analytical requirements identified.      
7. Disposal facility evaluated (see HSE-78).     
8. Waste stream characterization documented in project file.     
 
IDENTIFY ANALYTICAL TEST METHODS (7.1) 
9. Nature and quantity of the waste determined.     
10. Analyses required for transport, treatment, and disposal determined.     
11. Detection limits identified.     
12. Provide disposal facility with analytical results.     



 

 

13. Analytical test methods identified.     
 
SAMPLING (7.2) 
14. Developed a sampling plan.     
15. Field activities recorded in a logbook.      
16. Exceptions to sampling plan documented in field logbook. 
17. Each container labeled with the project name, number, sample ID number, date and time,      
18. The label on the container is covered with clear tape to prevent loss.      
 collected sampler’s name, sample preserves, analysis to be performed. 
CHAIN OF CUSTODY (COC) 
19. Sample shipping containers sealed with two custody seals.     
20. Custody seals placed over the left and rights sides of the container’s cover (cooler).     
21. Each seal signed and dated (with time).     
22. Seals are covered with clear tape to prevent loss.     
23. Custody seals placed on sample container immediately after collection.     
24. Custody seals must be placed in a manner that they must be broken to open sample container.     
25. The sample is in custody ( in view or physical possession, it has not been tampered with, it is  
retained in a secured area with restricted access, it is placed in a container and secured with     
an official seal such that it cannot be reached without breaking the seal). 
CHAIN OF CUSTODY FORM INSTRUCTIONS (7.2.5) 
26. Chain of Custody form completed per instructions     
 
RECORDS (7.2.6) 
27. Original COC submitted to the lab along with final data packages.     
28. Official copy of COC form sent to the project chemist and lab with sample shipment.     
29. Changes to analytical requests on COC form or the PO made in writing to the lab.     
30. A copy of written change sent to PM, lab, and placed in project files.     
31. Reasons for change are included in sample log and project file.     
32. Sample logbooks, sample logs, and COC forms sent to PM at completion of project activities.     



 

   
H&S Self-Assessment Checklist—Waste Characterization, Sampling and Analysis  
 

 
Complete this section for all items checked “No” in Sections 1 or 2. Deficient items must be corrected in a timely manner.  
Item 

# 
 

Corrective Action Planned/Taken 
Date 

Corrected 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 

Auditor: _________________________________ Project Manager: _____________________________
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Behavior Based Loss Prevention System Forms 
Activity Hazard Analysis 

Pre-Task Safety Plans 
Loss Prevention Observation 

Incident Report and Investigation  



 

   

Pre-Task Safety Plan (PTSP)  

Project: ________________________ Location: _______________________Date:__________________________ 

Supervisor:  ________________________________  Job Activity:_______________________________________ 
  _____________________________________________________________________________________________                     

Task Personnel: 
_______________________________________________________________________________________________________
_______________________________________________________________________________________________________
_______________________________________________________________________________________________________
___________________________________________________________________ 

List Tasks: 

_______________________________________________________________________________________________________
_______________________________________________________________________________________________________
_______________________________________________________________________________________________________
___________________________________________________________________ 

Tools/Equipment Required for Tasks (ladders, scaffolds, fall protection, cranes/rigging, heavy equipment, power 
tools): 

_______________________________________________________________________________________________________
_______________________________________________________________________________________________________
____________________________________________________________________________ 

Potential H&S Hazards, including chemical, physical, safety, biological and environmental (check all that apply): 

__ Chemical  burns/contact __ Trench, excavations, cave-ins __ Ergonomics 

__ Pressurized lines/equipment __ Overexertion __ Chemical splash 

__ Thermal burns __ Pinch points __ Poisonous plants/insects 

__ Electrical __ Cuts/abrasions __ Eye hazards/flying projectile 

__ Weather conditions __ Spills __ Inhalation hazard 

__ Heights/fall > 6 feet __ Overhead Electrical hazards __ Heat/cold stress 

__ Noise __ Elevated loads __ Water/drowning hazard 

__ Explosion/fire __ Slips, trip and falls __ Heavy equipment 

__ Radiation __ Manual lifting __ Aerial lifts/platforms 

__ Confined space entry __ Welding/cutting __ Demolition 
Other Potential Hazards (Describe): 

_______________________________________________________________________________________________________
_______________________________________________________________________________________________________
_______________________________________________________________________________________________________
_______________________________________________________________________________________________________ 

 



 

 

  
   
Hazard Control Measures (Check All That Apply): 
PPE 
__ Thermal/lined 
__ Eye 
__ Dermal/hand 
__ Hearing 
__ Respiratory 
__ Reflective vests 
__ Flotation device 

Protective Systems 
__ Sloping 
__ Shoring 
__ Trench box 
__ Barricades 
__ Competent person 
__ Locate buried utilities 
__ Daily inspections 

Fire Protection 
__ Fire extinguishers 
__ Fire watch 
__ Non-spark tools 
__ Grounding/bonding 
__ Intrinsically safe equipment 
 

Electrical 
__ Lockout/tagout 
__ Grounded 
__ Panels covered 
__ GFCI/extension cords 
__ Power tools/cord inspected 

Fall Protection 
__ Harness/lanyards 
__ Adequate anchorage  
__ Guardrail system 
__ Covered opening 
__ Fixed barricades 
__ Warning system 

Air Monitoring 
__ PID/FID 
__ Detector tubes 
__ Radiation 
__ Personnel sampling 
__ LEL/O2 
__ Other 

Proper Equipment 
__ Aerial lift/ladders/scaffolds 
__ Forklift/heavy equipment  
__ Backup alarms 
__ Hand/power tools 
__ Crane with current inspection 
__ Proper rigging 
__ Operator qualified 

Welding & Cutting 
__ Cylinders secured/capped 
__ Cylinders separated/upright 
__ Flash-back arrestors 
__ No cylinders in CSE 
__ Flame retardant clothing 
__ Appropriate goggles 

Confined Space Entry 
__ Isolation 
__ Air monitoring 
__ Trained personnel 
__ Permit completed 
__ Rescue 

Medical/ER 
__ First-aid kit 
__ Eye wash 
__ FA-CPR trained personnel 
__ Route to hospital  

Heat/Cold Stress 
__ Work/rest regime 
__ Rest area 
__ Liquids available 
__ Monitoring 
__ Training 

 Vehicle/Traffic 
__ Traffic control 
__ Barricades 
__ Flags 
__ Signs 

Permits 
__ Hot work 
__ Confined space 
__ Lockout/tagout 
__ Excavation 
__ Demolition 
__ Energized work 

Demolition 
__ Pre-demolition survey 
__ Structure condition 
__ Isolate area/utilities 
__ Competent person 
__ Hazmat present 

Inspections: 
__ Ladders/aerial lifts 
__ Lanyards/harness 
__ Scaffolds 
__ Heavy equipment 
__ Cranes and rigging 

Training: 
__ Hazwaste 
__ Construction 
__ Competent person 
__ Task-specific (THA) 
__ Hazcom 

Field Notes:___________________________________________________________________________________ 
_______________________________________________________________________________________________________
_____________________________________________________________________________________ 

Name (Print): _________________________________ 
Signature:_________________________________       Date:__________________ 

 



 

 
 

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 & accurate Pre-Task 
Planning/Briefing (Project safety 
plan, STAC, AHA, PTSP, tailgate 
briefing, etc., as needed) 

  

Properly 
trained/qualified/experienced 

  

Tools/equipment available and 
adequate 

  

Positive Observations/Safe Work Practices: 

Proper use of tools   

Barricades/work zone control   

Housekeeping   

Communication   

Work Approach/Habits   

Attitude   

Questionable Activity/Unsafe Condition Observed: 

Focus/attentiveness   

Pace   

Uncomfortable/unsafe position   

Inconvenient/unsafe location   

Position/Line of fire   

Apparel (hair, loose clothing, 
jewelry) 

  

Observer’s Corrective Actions/Comments: 

Repetitive motion   

Other…   

Observed Worker’s Corrective Actions/Comments: 

 



  JOB HAZARD ANALYSIS 

 

Date:   
 

 

Activity:  
 

Project: 
 

Site Supervisor:  
 
 

Site Safety Officer: 

 
Description of the work: 

 Review for latest use: Before the job is performed. 
 

Work Activity Sequence 
(Identify the principal steps involved and the 

sequence of work activities) 
Potential Health and Safety Hazards 

(Analyze each principal step for potential hazards) 
Hazard Controls 

(Develop specific controls for each potential hazard) 
 
 
 
 
 
 

  

 
 
 
 
 
 

  

 
 
 
 
 
 

  

 
 
 
 
 
 

  



  JOB HAZARD ANALYSIS 

 

 

Equipment to be used 
(List equipment to be used in the work activity) 

Inspection Requirements 
(List inspection requirements for the work activity) 

Training Requirements 
(List training requirements including hazard communication) 

 
 
 
 
 
 
 

  

 
 
 
 
 
 

  

 
 
 
 
 
 
 

  

 
 
 
 
 
 
 

  

 
 
 
 
 
 
 

  



 

PRINT NAME   SIGNATURE 
 
Supervisor Name:          Date/Time:      
 
Safety Officer Name:          Date/Time:      
 
Employee Name(s):          Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:     
 



 

 

HITS Incident Report Hardcopy (Phase 1 – Initial Entry)  
Rev. 1, 12/03/2007 

Phase 1 – Initial Entry  
Type of Incident (May select more than one)  

 Injury/Illness 
 Property Damage 
 Spill/Release 
 Environment/Permit  
 Near Miss 
 Other 

 
General Information Section  
Preparer’s Name: _____________________________________________  Preparer’s Phone Number: 
_______________________________ 
Date of Incident: _________________  Time of Incident: _____________   AM / PM 
What Business Group is accountable for this incident: 
_____________________________________________________________________   
What Business Group SubGroup is accountable for this incident: 
____________________________________________________________   
What CH2M HILL Company is accountable for this incident: 
_________________________________________________________________   
Where did the Incident occur? 
  United States, Geographic Region: __________________________________  
  Canada, Province/Territory: ________________________________________  
  International, County: _____________________________________________ 

12.1.1.1.1.1.1 Location of Incident? 
 Company Premises, CH2M HILL Office (use 3 letter office code if available): 

_______________________________________________  
 Project, Project name: 

__________________________________________________________________________________________ 
 In Transit   

Traveling from:  _______________________________________________________________________________________________ 
Traveling to: __________________________________________________________________________________________________  
  At Home 
  Other, Specify: 
________________________________________________________________________________________________  

Describe the incident:  
_______________________________________________________________________________________________
_______________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
Describe how this event could have been prevented: 
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________ 
Provide Witness Information: 
 Name: ______________________________________________________ Phone: _______________________________ 
 Name: ______________________________________________________ Phone: _______________________________ 
 Name: _____________________________________________________ Phone: _______________________________ 
Personnel Notified of Incident (Provide name, date and time): 
 CH2M HILL Personnel: 
____________________________________________________________________________________________ 
 Client Personnel:  
_________________________________________________________________________________________________ 
Additional Comments:  
____________________________________________________________________________________________________________ 
____________________________________________________________________________________________________________ 
 



 

Injury/Ilness Section [Complete only if Injury/Illness Incident type selected] 
Who was injured?  
  CH2M HILL Employee or CH2M HILL Temp Employee  
  Subcontractor to CH2M HILL (Non-LLC Joint Venture Project) 
  LLC Joint Venture Partner Employee  
  LLC Joint Venture Project Subcontractor/Contractor  
  Other 
Name of Injured: __________________________________________ Job Title: ______________________________________ 
Employer Name:  ________________________________________ Supervisor of Employee: __________________________ 
Complete for CH2M HILL Employee Injuries 

Business Group of Injured Employee: 
______________________________________________________________________________   
Has the employee called the Injury Management Administrator (1-866-893-2514)? 

 Yes    No    Not Sure 
Has the injured employee’s supervisor been notified of this incident?  

 Yes    No    Not Sure 
 
Complete for Non-CH2M HILL Employee Injuries 

Has the project safety coordinator been notified of this incident?   
  Yes    No    Not Sure 
Project Safety Coordinator: 
_______________________________________________________________________________________ 

Body Part Affected: 
___________________________________________________________________________________________________ 
Injury/Illness (Result): 
_________________________________________________________________________________________________ 
Describe treatment provided (if medication provided, identify whether over-the-counter or prescription):  
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________ 
Describe any work restriction prescribed (include dates and number of days): 
____________________________________________________________________________________________________________
____________________________________________________________________________________________________________ 
Physician/Health Care Provider Information 

Name:  _________________________________________________________________      Phone: _______________________ 
Was treatment provided away from the worksite? 

 No 
  Yes 

Facility Name: _______________________________________________________________________________________________ 
Address: ___________________________________________________________________________________________________ 
City: ____________________________________________________________________   Phone Number: ____________________ 
Was injured treated in an emergency room? 

 No    Yes 
Was injured hospitalized overnight as an in-patient? 

 No    Yes 
 

General Information Environmental Section  [Complete only if Environment/Permit or Spill/Release Incident type selected] 
Who had control of the area during the incident? 
  CH2M HILL, Company: 
_________________________________________________________________________________________ 
  Subcontractor, Company: 
_______________________________________________________________________________________ 

 Joint Venture Partner/Contractor/Subcontractor, Company: 
_____________________________________________________________ 

 Other, Company: 
______________________________________________________________________________________________ 
Relationship to CH2M HILL: _____________________________________________________________________________________ 
 



 

 

Property Damage Section [Complete only if Property Damage Incident type selected] 
Property Damaged: 
____________________________________________________________________________________________________ 
Property Owner: 
_______________________________________________________________________________________________________ 
Damage Description: 
___________________________________________________________________________________________________ 
Estimated US Dollar Amount: 
____________________________________________________________________________________________ 

 
Spill or Release Section [Complete only if Spill/Release Incident type selected] 
Substance: 
____________________________________________________________________________________________________________ 
Estimated Quantity: 
____________________________________________________________________________________________________________ 
Did the spill/release move off the property?: 
____________________________________________________________________________________________________________ 
Spill/Release From: 
____________________________________________________________________________________________________________ 
Spill/Release To: 
____________________________________________________________________________________________________________ 
 
Environment/Permit Section [Complete only if Environment/Permit Incident type selected] 
Describe Environmental or Permit Issue: 
___________________________________________________________________________________ 
Permit Type: 
_________________________________________________________________________________________________________ 
Permitted Level or Criteria (e.g., discharge limit): 
_____________________________________________________________________________ 
Permit Name and Number (e.g., NPDES No. ST1234): 
________________________________________________________________________ 
Substance and Estimated Quantity: 
_______________________________________________________________________________________ 
Duration of Permit Exceedence: 
__________________________________________________________________________________________ 
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Material Safety Data Sheets 

 



 

Appendix E 
MEC Removal Standard Operating Procedures 

 



APPENDIX E, MILCON SUPPORT WORK PLAN 
  CAMP DEVIL DOG CONSTRUCTION AREA, MCB CAMP LEJEUNE, NC 

 
 

The Standard Operating Procedure will be provided by the subcontractor once procured. 
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Acronyms and Abbreviations 

A2LA American Association of Laboratory Accreditation 
ASTM American Society for Testing and Materials 
°C Degrees Centigrade 
CD Compact Disk 
CDCA Camp Devil Dog Construction Area 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CLEAN Comprehensive Long-Term Environmental Action Navy 
CLP  Contract Laboratory Program 
COC  Chain of Custody 
CompQAP Comprehensive Quality Assurance Plan 
COPC Contaminants of Potential Concern 
CSM Conceptual Site Model 
DI Deionized 
DO Dissolved Oxygen 
DoD  Department of Defense 
DQE Data Quality Evaluation 
DQO Data Quality Objective 
EDD Electronic Data Deliverables 
EIS Environmental Information Specialist 
ERB Equipment Rinsate Blanks 
FB  Field Blank 
FID Flame-Ionization Detector 
FTL Field Team Lead 
GC  Gas Chromatograph 
GC/MS  Gas Chromatograph/Mass Spectrometer 
GIS  Geographic Information System 
GPS  Global Positioning System 
GW  Ground Water 
HPLC High Performance Liquid Chromatography 
HSM Health and Safety Manager 
HSP Health and Safety Plan 
ICP  Inductively Coupled Plasma 
ICPES Inductively Coupled Plasma Emission Spectrometry 
ICS Interference Check Samples 
IDL Instrument Detection Limit 
IDW Investigative Derived Waste 
IS Internal Standard 
LCS  Laboratory Control Sample 
M&TE Measuring and Test Equipment 
MCB Marine Corp Base 
MCL  Maximum Contaminant Level 
MDL  Method Detection Limit 
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mL Milliliter(s)  
MMRP Military Munitions Response Program 
MRS Munitions Response Site 
MS/MSD  Matrix Spike/Matrix Spike Duplicate 
NAVFAC Atlantic Division, Naval Facilities Engineering Command 
NCAC North Carolina Administrative Code 
NCDENR North Carolina Department of Environment and Natural Resources 
NCGWQS  North Carolina Groundwater Quality Standards 
NCSSL North Carolina Soil Screening Levels 
NIST  National Institute of Standards and Technology 
ORP Oxidation Reduction Potential 
PAH Polyaromatic Hydrocarbons 
PARCC  Precision, Accuracy, Representativeness, Completeness, and Comparability 
PA/SI Preliminary Assessment/Site Investigation 
PC Project Chemist 
PDF  Portable Document Format 
PID Photo-Ionization Detector 
PM Project Manager 
PQO Project Quality Objectives 
QA  Quality Assurance 
QAM Quality Assurance Manual 
QAO Quality Assurance Officer 
QAPP  Quality Assurance Project Plan 
QC  Quality Control 
QL  Quantitation Limit 
RAC Remedial Action Contractor 
RCRA  Resource Conservation and Recovery Act 
RF Response Factor 
RL Reporting Limit 
RPD  Relative Percent Difference 
RPM  Remedial Project Manager 
RSD  Relative Standard Deviation 
RSL Residential Screening Level 
RT  Retention Time 
RTM Remedial Technical Manager 
SAP  Sampling and Analysis Plan 
SOP  Standard Operating Procedure 
SOW Statement of Work 
SQL  Sample Quantitation Limit 
SSC Site Safety Coordinator 
STC Senior Technical Consultant 
SVOC  Semivolatile Organic Compounds 
SOW Statement of Work 
SW  Surface Water 
TBD To Be Determined 
TCLP  Toxicity Characteristic Leaching Procedure 
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TO Task Order 
UFP  Uniform Federal Policy 
USEPA United States Environmental Protection Agency 
UVF Ultra Violet Florescence 
VOA  Volatile Organic Analytes 
VOC Volatile Organic Compounds 
WP Work Plan 
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QAPP Identifying Information 

Site Name/Number:   MCB Camp Lejeune 
Operable Unit:  Camp Devil Dog 
Contractor Name:  CH2M HILL 
Contract Number:  N62470-08-D-1000 
Contract Title:  LANTDIV Navy CLEAN 1000 
Work Assignment Number (optional): CTO 011 

1. This SAP was prepared in accordance with the requirements of the Uniform Federal 
Policy for Quality Assurance Plans (UFP-QAPP) (USEPA, 2005) and USEPA Guidance 
for Quality Assurance Project Plans, USEPA QA/G-5, QAMS (USEPA, 2002). Identify 
any additional guidance used to prepare SAP: N/A 

2. Identify regulatory program: Military Munitions Response Program (MMRP); 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

3. This QAPP is a project-specific QAPP.  

4. List dates of scoping sessions that were held: Formal scoping sessions were not used. 
This QAPP is for MMRP and CERCLA, and the criteria for these requests for 
information (RFIs) have previously been agreed upon by the Camp Lejeune Partnering 
Team.  

5. List dates and titles of any Sampling and Analysis Plan (SAP) documents written for 
previous site work that are relevant to the current investigation. 

CH2M HILL. 2008. MCB Camp Lejeune Munitions Response Program Master Project Plans, 
Marine Corps Base Camp Lejeune, North Carolina. May.  

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

North Carolina Department of Environment and Natural Resources (NCDENR), Marine 
Corps Base (MCB) Camp Lejeune 

7. Lead organization: Department of the Navy 

8. If any required SAP elements or required information are not applicable to the project or 
are provided elsewhere, then note the omitted SAP elements and provide an explanation 
for their exclusion below:  

The crosswalk table below references the location of all 37 required elements of the 
UFP-SAP. They are either provided in the attached QAPP or in accompanying 
documents. 
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Crosswalk to Related Information 

UFP-QAPP 

Worksheet 

Number 

Required Information Crosswalk to Related 

Information 

A. Project Management  

Documentation 

1 Title and Approval Page 

2 Table of Contents 
SAP Identifying Information 

QAPP 

 

3 Distribution List 

4 Project Personnel Sign-Off Sheet 
QAPP  

Project Organization 

5 Project Organizational Chart Table 2-1 of Work Plan 

 

6 Communication Pathways 

7 Personnel Responsibilities and Qualifications 
Table 

8 Special Personnel Training Requirements Table 

Section 2.0 and Table 2-1 

in Work Plan 

Lab/DV in QAPP 

Project Planning/Problem Definition 

9 Project Planning Session Documentation 
(including Data Needs tables) 
Project Scoping Session Participants Sheet 
 

N/A – See footnote 
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UFP-QAPP 

Worksheet 

Number 

Required Information Crosswalk to Related 

Information 

10 Problem Definition, Site History, and Background 
Site Maps (historical and present) 

Section 1.0 of Work Plan 

Site Maps – Figures 1-1 

through 1-3 of Work Plan 

 

11 Site-Specific Project Quality Objectives  

12 Measurement Performance Criteria Table 

Section 1.2 of Work Plan 

QAPP 

13 Sources of Secondary Data and Information 
Secondary Data Criteria and Limitations Table 

N/A for PASI or sites with 

no info. SAP for data gaps. 

14 Summary of Project Tasks Sections 1.0 and 2.0 of 

Work Plan 

 

15 Reference Limits and Evaluation Table QAPP 

16 Project Schedule/Timeline Table Figure 2-1 of Work Plan 

SAP 

B. Measurement Data Acquisition 

Sampling Tasks 

17 Sampling Design and Rationale 

18 Sampling Locations and Methods/SOP 
Requirements Table 
Sample Location Map(s) 

Section 3.6 of Work Plan 

Figures 3-1 and 3-2 of 

Work Plan 

19 Analytical Methods/SOP Requirements Table Tables 3-1 and 3-2 of Work 
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UFP-QAPP 

Worksheet 

Number 

Required Information Crosswalk to Related 

Information 

Plan 

 

QAPP 

20 Field Quality Control Sample Summary Table SAP 

21 Project Sampling SOP References Table 
Sampling SOPs 

Section 7.1 of MR MPP 

22 Field Equipment Calibration, Maintenance, 

Testing, and Inspection Table 

Section 8.1.5 of MR MPP 

Analytical Tasks 

23 Analytical SOPs 
Analytical SOP References Table 

QAPP – burned to CD for 

draft only. Final gets fly 

sheet. 

24 Analytical Instrument Calibration Table  

25 Analytical Instrument and Equipment 

Maintenance, Testing, and Inspection Table 

QAPP 

Sample Collection 

26 Sample Handling System, Documentation 
Collection, Tracking, Archiving, and Disposal  
Sample Handling Flow Diagram 

27 Sample Custody Requirements, 
Procedures/SOPs Sample Container 
Identification 
Example Chain-of-Custody Form and Seal 

QAPP (Lab info only) 
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UFP-QAPP 

Worksheet 

Number 

Required Information Crosswalk to Related 

Information 

Quality Control Samples 

28 QC Samples Table 
Screening/Confirmatory Analysis Decision 

Tree 

QAPP  

Data Management Tasks 

29 Project Documents and Records Table 

30 Analytical Services Table 
Analytical and Data Management SOPs 

QAPP 

C. Assessment Oversight 

31 Planned Project Assessments Table 
Audit Checklists 

32 Assessment Findings and Corrective Action 
Responses Table  

33 QA Management Reports Table 

QAPP to have paragraph 

about lab assessment. 

SAP to include info for 

field assessment or audits. 

D. Data Review 

34 Verification (Step I) Process Table 

35 Validation (Steps IIa and IIb) Process Table 

36 Validation (Steps IIa and IIb) Summary Table 

37 Usability Assessment 

QAPP 
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SECTION 1 

Quality Assurance Project Plan 

1.1 Project Management 
This site-specific Quality Assurance Project Plan (QAPP) is meant to serve in conjunction with 
the Marine Corps Base (MCB) Camp Lejeune Master Project QAPP (CH2M HILL, 2008). The 
specific information contained in this site-specific QAPP supplements the general 
information contained in the Master QAPP. This document applies only to the Preliminary 
Assessment/Site Investigation (PA/SI) at the Camp Devil Dog Construction Area (CDCA) 
Munitions Response Site (MRS). The QAPP describes the data quality objectives, specific 
quality assurance (QA) and quality control (QC) activities, and laboratory activities 
necessary to achieve the data quality objectives (DQOs) of the project. Subcontractors will be 
required to review both the Master QAPP and the site-specific QAPP. Subcontractors will be 
expected to adhere to the procedures specified in these documents. All field activities will be 
conducted by CH2M HILL.  

1.1.1 Introduction 
This QAPP provides QA/QC requirements for sampling activities, sample analyses, and 
other tests that will generate data as part of the activities performed for the PA/SI. The 
PA/SI will further evaluate the presences of impacted soil and groundwater at the CDCA 
MRS. This QAPP is a component of the work plan (WP) and has been prepared in 
accordance with the EPA Requirements for Quality Assurance Project Plans for Environmental 
Data Operations (USEPA, 2001). 

QA involves all those planned and systematic actions necessary to provide adequate 
confidence that field activities will be performed satisfactorily and safely. The goal of QA is 
to ensure that activities are planned and performed according to accepted standards and 
practices to ensure that the resulting data are valid and useable for the project decision-
making process, while continuing to meet safety requirements. QC is an integral part of the 
overall QA function and is comprised of all those actions necessary to control and verify 
that project activities and the resulting data meet established requirements. 

The requirements of this document apply to contractors and subcontractors. Deviations 
from these procedures will be documented. 

This section provides an overview of project management and addresses the following 
topics. 

• Project organization and roles and responsibilities 
• Project definition and background 
• Project description 
• Quality objectives and criteria for measurement data 
• Documentation and records management 
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Section 1.2 describes the measurement and data acquisition procedures and the analytical 
methods to be performed in support of this monitoring. It addresses the following aspects of 
measurement and data acquisition: 

• Sampling process design 
• Sampling method requirements 
• Sample handling and custody requirements 
• Analytical method requirements 
• QC requirements 
• Instrument and equipment testing, inspection, and maintenance requirements 
• Instrument calibration and frequency 
• Inspection and acceptance requirements for supplies and consumables 
• Data acquisition requirements 

Section 1.3 describes the assessment and oversight activities that will be followed to 
determine whether the QC identified in this QAPP is being implemented and documented 
as required. 

Section 1.4 presents the data review, validation, and evaluation requirements. 

1.1.2 Project Organization Roles and Responsibilities 
This subsection identifies key project team members associated with the planned sampling 
work and lists the responsibilities associated with each position. The organizational 
structure and responsibilities are designed to provide project control and QA for the 
proposed monitoring.  

Project Manager (PM) The PM for this project will be Ms. Keri Hallberg. The PM is 
responsible for overall activities for a specific project. The PM is responsible for cost and 
schedule control and for technical quality; in addition, she develops the WP and monitors 
task order activities to ensure compliance with project objectives and scope. The PM also 
communicates with the Agencies and, as appropriate, other designated parties regarding 
project progress.  

The PM has ultimate responsibility within the project team for producing deliverables that 
are technically adequate, satisfactory to Mid-Atlantic Division, Naval Facilities Engineering 
Command (NAVFAC) for meeting MMRP and CERCLA requirements, and cost-effective. 
To accomplish this, the PM develops an internal project review schedule, provides written 
instructions and frequent guidance to the project team, and monitors budgets and 
schedules. The PM works with the project team to select an internal QA/QC review team 
and to coordinate review efforts and works with the project team in addressing review 
comments and adjudicating technical disagreements. 

Senior Technical Consultants (STCs). The STCs for this project will be Mr. Tom Roth and 
Mr. Tegwyn Williams. The STCs has significant experience in the various technical aspects 
involved in a complex project. The STCs coordinates all internal QA/QC review for 
technical validity and adherence to USEPA criteria. The review team is responsible for 
evaluating the technical merit of the work planning documents before field activities begin, 
and for reviewing all deliverables before submittal to the Agencies. The STCs assist the PM 
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in selecting an internal QA/QC review team and coordinating review efforts and work with 
the project team in addressing review comments and resolving technical issues. 

Project Chemist (PC). The PC for this will be Ms. Anita Dodson. The PC assists with the 
preparation of the project work planning documents, provides a point of communication 
between the laboratory and the project team, supervises the analytical Data Quality 
Evaluation (DQE), and participates in preparing deliverables to the client. The PC 
coordinates with the project team and the analytical laboratory during the field activities. 
The PC is also responsible for monitoring project-specific laboratory activities (including 
checking laboratory invoices and reports) and may audit the laboratory operations at the 
PM’s direction. The PC also monitors field and laboratory activities such that QA/QC 
requirements described in this project-specific QAPP are coordinated effectively. 

Environmental Information Specialist (EIS). The EIS for this project is Ms. Genevieve 
Moore. The EIS is responsible for tracking the data from sample collection, through 
submission to third party validator, through internal chemist review. She is also responsible 
for sending data to load into the database.  

Field Team Leader (FTL). The FTL reports to the PM and is responsible for the coordination 
of field efforts, provides for the availability and maintenance of sampling equipment and 
materials, and provides shipping and packing materials. The FTL will supervise completion 
of all chain-of-custody (COC) records, supervise the proper handling and shipping of 
samples, and be responsible for accurate completion of the field notebooks. As the lead field 
representative, the FTL will be responsible for consistently implementing program QA/QC 
measures at the site and for performing field activities in accordance with approved work 
plans, policies, and field procedures. 

Site Safety Coordinator (SSC). The SSC develops and implements the project Health and 
Safety Plan (HSP) in the field. The SSC will assist in conducting site briefings and perform 
all final safety checks. The SSC is responsible for stopping any investigation-related 
operation that threatens the health and safety of the field team or surrounding populace. 

Health and Safety Manager (HSM). The HSM is Mr. Rich Rathnow. The HSM reviews and 
approves the project-specific HSP, as well as the subcontractor HSPs. The HSM serves as the 
point of contact for the SSC for any health- and safety-related issues and may conduct 
project audits. The HSM is also responsible for investigating accidents, should any occur 
during the course of the project.
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Distribution List and Sign-Off Sheet 
This table identifies all recipients of the QAPP and work plan and is not exclusively for CH2M HILL personnel.  

Name of 
SAP 

Recipients Title/Role Organization 

Telephone 
Number 

(Optional) E-mail Address or Mailing Address Signature  

Bryan K. 
Beck 

Remedial Project 
Manager-Camp 
Lejeune 

NAVFAC Mid-
Atlantic 

(757) 322-4734 bryan.k.beck@navy.mil   

Marti Morgan Environmental 
Engineer 

NCDENR (919) 508-8447 martha.morgan@ncmail.net   

Gena 
Townsend 

Senior Project 
Manager 

USEPA (404) 562-8538 Townsend.Gena@epa.gov   

Bob Lowder Environmental 
Engineer 

MCB Camp 
Lejeune- 
Environmental 
Management 
Division (EMD) 

(910) 451-9607 robert.a.lowder@usmc.mil   

Tom Roth Senior Technical 
Consultant 

CH2M HILL (404) 474-7640  tom.roth@ch2m.com   

Tegwyn 
Williams 

Senior 
Environmental 
Consultant 

CH2M HILL (704) 543-3297 tegwyn.williams@ch2m.com  

Linda 
McWhirter 

Laboratory PM Test America, 
Knoxville 

(865) 291-3007 Linda.mcwhirter@testamericainc.com  

David 
Alltucker 

Laboratory PM Test America, 
Sacremento 

(916) 374-4383 David.alltucker@testamericainc.com  

Laura 
Maschoff 

Data Validator DataQual (314) 330-1327 dataqual@charter.ner   
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Laboratory Work Group 
The selected laboratory is responsible for analyzing samples collected during field activities, 
in accordance with the FSP and the laboratory comprehensive quality assurance plan. The 
laboratory PM or client service manager acts as a liaison between the PC, the field, and 
laboratory operations and is also responsible for the following: 

• Receipt of sample custody from the field team members, verification of sample integrity, 
and transfer of sample fractions to the appropriate analytical departments 

• Coordination of sample analyses to meet project objectives 

• Preparation of analytical reports 

• Review of laboratory data for compliance with method requirements 

• Review of any QC deficiencies reported by the analytical department manager 

• Coordination of any data changes resulting from review by the project QA supervisor or 
the PM 

• Completion of data package deliverables 

• Communication with the PC pertaining to analytical and QC issues 

• Response to questions from the project team during the DQE process 

Project Communication 
Effective communication among all project personnel will be established and maintained 
throughout the course of the project. At the beginning of the project, and/or at the start or 
end of major milestones, the PM will prepare written project instructions that will be 
distributed to all team members. These instructions will document project and task 
objectives and each team member’s responsibility in meeting the objectives, as well as a 
budget and schedule for successfully executing the work. 

Before field activity begins, a project team meeting will be held to review the project 
objectives. Periodic meetings will be held to review data validity, technical evaluations, 
major decisions, and overall progress toward completing the project. Additionally, a team 
kickoff meeting will be held before work on each task is started. Senior personnel, including 
the FTL, may participate in the meetings to help focus the project approach and to define 
specific issues. 

During the field sampling phase of this project, the field team will meet daily to review the 
status of the project and to discuss technical and safety issues. When necessary, other 
meetings will be scheduled or the FTL will meet individually with field personnel or other 
stakeholders to resolve problems.  

During the field effort, the FTL will be in regular telephone or face-to-face contact with the 
project team. When significant problems or decisions requiring additional authority occur, 
the FTL will immediately contact the PM for assistance. The PC will coordinate 
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communication with the laboratory through sample collection, sample analysis, and DQE 
and consult with the PM. 

1.1.3 Problem Definition and Background 
This RFI is taking place in response to the presence of contaminants in soil and groundwater 
exceeding state and federal screening criteria at the CDCA MRS at MCB Camp Lejeune. 
Refer to the project WP for specifics of each site.  

1.1.4 Project Description 
The objective of the PA/SI sampling effort is as follows: 

• Further evaluate the presence of groundwater contamination at the CDCA MRS. 

• Further evaluate the presence of soil contamination at the CDCA MRS. 

Project tasks include soil sampling, installation of temporary monitoring wells, and 
groundwater sampling at CDCA MRS. CH2M HILL is responsible for the completion of 
work plans, soil sampling, well installation, groundwater sampling, monitoring reports, and 
overall project management. 

The project objectives were used to develop specific DQOs, described in the next subsection. 
Additional information regarding the overall objectives and general sampling approach is 
presented in the WP. 

1.1.5 Quality Objectives and Criteria for Measurement Data 
QA involves all those planned and systematic actions necessary to provide adequate 
confidence that field activities are planned and performed according to accepted standards 
and practices. This process ensures that the resulting data are valid and retrievable, while 
continuing to meet minimum safety requirements. QC is an integral part of the overall QA 
function and is composed of all those actions necessary to control and verify that project 
activities and resulting data meet established requirements. 

To ensure that a minimum level of certainty about the quality of field data is being met, the 
following elements will be addressed to meet the requirements specified by the client and 
regulatory agencies. 

• Field operations will be conducted in accordance with written procedures.  

• To maintain accuracy within necessary limits, measuring and test equipment (M&TE) 
used in field investigations will be calibrated against traceable standards at specific 
intervals, using approved standard operating procedures (SOPs) or manufacturer’s 
instructions. 

• When M&TE is found to be out of specification, the previous inspection or test results 
will be evaluated for validity and acceptability. This evaluation will be documented. 

• Before project field work begins, all project staff will be trained to ensure that they are 
familiar with project work plans and associated documents. 
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• Internal audits may be performed to assess the quality of project activities and to 
evaluate compliance with established QA requirements. 

• QC samples will be used to monitor the quality of field and laboratory techniques and of 
the data. 

This subsection defines the levels of data and briefly outlines the DQO development process 
for this project. The level of data quality is dependent on the objective use of the results 
supported by the data. This subsection also provides the DQOs and measurement 
performance criteria for the analytical data. 

Levels of Data Quality 
The data use determines the required levels of data quality. The two categories of data 
quality established by USEPA, screening and definitive, are defined below. 

Screening data are generated by rapid methods of analysis with less rigorous sample 
preparation, calibration, and/or QC requirements as compared to the requirements for 
producing definitive data. Sample preparation steps commonly are restricted to simple 
procedures such as dilution with a solvent, instead of elaborate extraction/digestion and 
cleanup. Screening data may provide analyte identification and quantitation, although the 
quantitation may be relatively imprecise, unless USEPA reference methods are used. 
Physical test methods such as dissolved oxygen (DO) measurements, temperature and pH 
measurements, moisture content, turbidity, and conductance have been designated by 
definition as screening techniques. Field screening for volatile organic compounds (VOCs) 
using a flame-ionization detector (FID) and/or photo-ionization detector (PID) and 
screening for total polyaromatic hydrocarbons (PAHs) using an ultra violet florescence 
(UVF) are also included as screening techniques. 

Depending on the DQOs, screening methods may require confirmation samples that 
generate definitive data. Confirmation samples will be selected to include both detected and 
nondetected results from the screening technique. 

Definitive data are generated using rigorous analytical methods such as approved USEPA 
reference methods. Data are analyte-specific, and both identification and quantitation are 
confirmed. These methods have standardized QC and documentation requirements. 
Definitive data are not restricted in their use unless quality problems require data 
qualification. 

Four levels of data reporting may be performed as part of this field effort, with each level 
having different supporting QA/QC documentation. The four levels correspond to QC 
Levels I, II, III, and IV. Level I data reporting includes field monitoring activities such as 
measurements of pH, temperature, conductivity, DO, oxidation reduction potential (ORP), 
and turbidity. Level II data reporting may include screening activities, which are indicative 
of the nature of contamination, whereas Level III data reporting provides definitive or 
confirmation data. Level IV data reporting includes the highest level of QC with significant 
additional documentation. 

Level IV data packages will be requested for this project.  
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Level I–Field Surveys. Level I encompasses field monitoring or screening activities and does 
not require formal data package deliverables. Level I activities are focused on easily 
measured bulk characteristics of a sample such as pH, conductivity, ORP, and DO. 
Monitoring results, as well as pertinent data concerning the sampling event, will be 
documented in the bound field book. Level I documentation will consist of the following: 

• Instrument identification 
• Calibration information (standards used and results) 
• Date and time of calibration and field measurements 
• Field measurement results 

The logbooks will be reviewed daily by the FTL for completeness and correctness. No 
additional documentation or DQE is required. 

Level II–Screening Activities, Physical Parameters, and Investigation-Derived Waste Analyses 
Level II includes the analyses submitted to the laboratories for screening, physical 
parameter testing, and analyses associated with the characterization of the investigative 
derived waste (IDW) samples. Samples submitted for analysis under Level II will require 
the delivery of an analytical data package. Level II documentation will consist of the 
following. 

• Case narrative 
• Sample results 
• Selected QC information such as surrogate recovery 
• Associated blank results 
• Completed COC and any sample receipt information 

Level III–Laboratory Analysis. Not applicable.  

Level IV–Laboratory Analysis. The requirements for Level IV documentation also are 
described in Table 1-8. This level provides the most stringent level of documentation, and 
allows the data reviewer or data validator to recreate the analytical sequence and evaluate 
raw data such as quantitation reports generated from the instrumentation used in the 
analyses. The list of methods (presented in Table 1-8) and the corresponding target analytes 
have been designed to evaluate the potential for contamination at the site. Samples will be 
analyzed using USEPA-approved methods, including methods from the following 
documents. 

• SW-846–Test Methods for Evaluating Solid Waste (USEPA, 1998) 

• Annual Book of the American Society for Testing and Materials (ASTM) Standards 
(1993) 

• Methods for Chemical Analysis of Water and Wastes (USEPA, 1983) 

Data Quality Objective Development  
DQOs are both qualitative and quantitative statements that define the type, quality, and 
quantity of data necessary to support the decision-making process during project activities. 
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The intended final use of the data determines the DQOs, which are developed before 
sampling and analysis plans. 

The credibility of the data is strengthened by the level of the supporting QA/QC 
documentation. The greater the importance of the data or the resulting decision, the more 
QA/QC information is needed to validate the data. This reasoning must be applied to the 
data collected for any project. The DQO process used for this project follows the USEPA 
QA/G-4 guidance (USEPA, 2000) and uses the seven-step DQO development process below.  

1. State the problem. Describe concisely the problem to be studied. 

2. Identify the decisions. State the decisions to be made to solve the problem. 

3. Identify inputs to the decisions. Identify information and supporting measurements 
needed to make the decisions and describe the source(s) of the information. 

4. Define the boundaries of the study. Specify conditions (that is, time periods and spatial 
locations). 

5. Develop a decision rule. Define the conditions by which a decision-maker will select 
alternatives, usually specified as “if/then” statements (for example, if average 
concentration in soil is less than cleanup level, then the site achieves remedial action 
goals). 

6. Specify tolerable limits on decision errors. Define in statistical terms. 

7. Optimize the design for obtaining data. Evaluate the results of the previous steps and 
develop the most resource-efficient design for data collection. 

A detailed discussion of the development of the DQOs is presented in Section 8 of the 
Munitions Response Program Master Project Plan.  

Method Performance Objectives  
The sampling approach and rationale are based on the DQOs, and are presented in the WP. 
Site-specific DQOs are developed for each sampling event. One activity associated with 
developing the sampling approach and rationale is developing a list of samples to be 
collected, sample types, sampling intervals, analytical parameters, and required detection 
and quantification limits for each required parameter. 

Once the number and type of samples and analytical parameters are determined, the 
method performance requirements are developed. The method performance requirements 
focus on determining the level of QA/QC and the data package deliverable requirements 
for all analyses. 

Quality of Data 
Analytical performance requirements are expressed in terms of precision, accuracy, 
representativeness, comparability, and completeness (PARCC). Summarized below are brief 
definitions for each PARCC parameter, and calculation equations as appropriate.  

Precision. Precision is a measure of the agreement or repeatability of a set of replicate results 
obtained from duplicate analyses made under identical conditions. Precision can be 
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estimated by comparing duplicate matrix spike concentrations and field duplicate sample 
results. The precision of a duplicate determination can be expressed as the relative percent 
difference (RPD), calculated as:  

RPD = ( )
X X

X X
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1 2

2
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where X1 is the result from the native sample, and X2 is the result from the duplicate sample. 

Accuracy. Accuracy is a measure of the agreement between an experimental determination 
and the true value of the parameter being measured. Accuracy is estimated through the use 
of known reference materials and matrix spikes. It is calculated from analytical data and is 
not measured directly. Spiking of reference materials into a sample matrix provides a 
measure of the matrix effects on analytical accuracy. Spiking of reference materials into a 
nonmatrix, such as deionized (DI) water or Ottawa sand, provides a measure of the 
accuracy of the analytical method itself. Accuracy, defined as percent recovery (P), is 
calculated as:  
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where SSR is the spiked sample result, SR is the sample result (native), and SA is the spike 
concentration added to the spiked sample. 

Representativeness. Representativeness is a measure of the degree to which sample data 
accurately and precisely represent a characteristic of a population, parameter variations at a 
sampling point, or an environmental condition. Representativeness is a qualitative 
parameter that is most concerned with the proper design of the sampling program. 
Representativeness is demonstrated by providing full descriptions in the project planning 
documents of the sampling techniques and by making certain that the sampling locations 
are selected and the number of samples collected such that the accuracy and precision 
criteria are met. 

Comparability. Comparability is another qualitative measure designed to express the 
confidence with which one data set may be compared to another. Sample collection and 
handling techniques, sample matrix type, and analytical method all affect comparability. 
Comparability is limited by the other PARCC parameters because data sets can be 
compared with confidence only when precision and accuracy are known. Data from one 
phase of an investigation can be compared to others when similar methods are used and 
similar data packages are obtained. 

Completeness. Completeness is defined as the percentage of measurements judged to be 
valid, compared to the total number of measurements made for a specific sample matrix and 
analysis. Completeness is calculated using the formula: 
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Experience on similar projects has shown that laboratories typically achieve approximately 
95 percent completeness. All validated data will be used. During the data validation 
process, an assessment will be made of whether the valid data are sufficient to meet project 
objectives. If sufficient valid data are not obtained, the PM will initiate corrective action. 

Project Quality/Systematic Planning Process Statements 
Who will use the data?  

The data will be used by the Navy, CH2M HILL, and North Carolina Department of 
Environment and Natural Resources (NCDENR). Within each organization the data will be 
used by staff scientists/engineers and project managers.  

What are the Project Action Limits (PALs)? 

• Concentrations of the groundwater contaminants of potential concern (COPCs) 
identified in the investigation will be compared to the North Carolina Groundwater 
Quality Standards (NCGWQS), MCLs, residential screening levels (RSL), and the 
established background/secondary criteria (for total and dissolved metals only). 

• Concentrations of the soil COPCs identified in the investigation will be compared to NC 
DENR soil to groundwater screening criteria and/or Regional Screening Criteria. 

• Wastes generated for offsite disposal/treatment will be compared to hazardous waste 
criteria and transport, storage and disposal facility acceptance criteria. 

What will the data be used for?  

• Data will be used evaluation of to evaluate the distribution of soil and groundwater 
COPCs at the CDCA MRS. 

• Laboratory analytical data from samples of the investigation derived waste (IDW) will 
be used to determine appropriate disposal methods. 

What types of data are needed?  

How good must the data be to support the environmental decision? 

• The data must be of sufficient quality to support so that it may be used to support 
project decisions.  A Level IV data package will be prepared by the laboratory and a 
third party validation will be performed. 

 

How much data should be collected (number of samples for each analytical group, 
matrix, and concentration)? Where, when, and how should the data be collected/ 
generated? 

• Please refer to Table 1-2 in this QAPP for a listing of the samples that will be collected 
for each analytical group and matrix.  Please refer to the Field Sampling Plan and 
associated SOPs for a description of sample collection. 
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Who will collect and generate the data? How will the data be reported? 

• CH2M HILL field staff will collect the chemical data. 

• Chemical analyses will be performed by Test America, Knoxville, and Test America, 
Sacremento, both of which hold current Navy evaluation letters.  

• Once generated, all chemical analytical data will be submitted to DataQual, the 
third-party data validator for data validation. 

• CH2M HILL will receive validated data and upload the data into a centralized electronic 
database used for Navy projects (EnDat) by the project team(s). 

• All chemical data will be reported in a report following the sampling. 

How will the data be archived? 

Data will be archived according to procedures dictated via the Navy CLEAN program/ 
contract. All analytical data will be uploaded into a centralized database developed and 
maintained by CH2M HILL (EnDat) and used for Navy projects. At the end of the project, 
paper copies of archived laboratory data and validation reports will be returned to the 
Navy.  

Project Quality Objectives (PQOs) listed in the form of if/then qualitative and 
quantitative statements.  

Use of Reference Area Data PQOs 

• If constituents are detected at concentrations exceeding comparison criteria (i.e., RSLs, 
North Carolina Soil Screening Levels (NCSSL), or NCGWQS), then the sites have 
contamination levels that may pose an unacceptable human health risk and further 
monitoring and delineation may be necessary. 

1.1.6 Special Training, Requirements, and Certifications 
The PM works with the project delivery manager to assemble a project team that has the 
necessary experience and technical skills. Part of the work planning process is to identify 
special training requirements or certifications necessary to execute the project successfully. 
Special training or certifications required beyond the normal routine requirements have not 
been identified for this project. 

1.1.7 Documentation and Records 
This subsection defines which records are critical to the project and what information needs 
to be included in reports, as well as the data reporting format and the document control 
procedures. It is imperative for the defensibility of critical decisions made at the site that 
proper documents and records be maintained for the field and offsite data gathering 
activities, so that specific events can be recreated or independently evaluated. The PM will 
be responsible for organizing, storing, and cataloging all project information. The PM is also 
responsible for collecting records and support data from all project team members. 
Individual project team members may maintain separate notebooks for individual tasks; 
any files necessary to be retained in the permanent file will be forwarded to the PM for 
real-time archiving upon preparation. Permanent files will not be retained in individual 
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team member’s possession but will be forwarded to the PM at the close of the project. 
However, copies of permanent records may be retained in their individual files for use 
during the project and discarded at the close of the project. Personal copies of permanent 
records will not be forwarded to the PM at the close of the project; it is the individual’s 
responsibility to ensure that records in their possession are archived real time. 

Surveying 
All new monitoring wells to be installed will be surveyed by a licensed professional land 
surveyor. Existing monitoring wells used may also be surveyed as needed. Details of the 
surveying activities are provided in the SOPs (Appendix A). 

Field Documentation 
Field documentation includes: 

• Soil boring logs 

• Monitoring well construction diagrams 

• Well development logs 

• Water level data sheets 

• Photographic documentation for intrusive as well as nonintrusive work 

• Field logbook to record data collection activities and observations (including date and 
time, sample locations, depth, health and safety measures, weather conditions, sampling 
personnel, analyses requested, and sketches) 

• Sample collection field sheets or COC documentation 

• Field instrument calibration and maintenance logs 

• Additionally, field QC and corrective action documents may be generated as a result of 
field audits 

Field documentation will be stored with the project records. 

Laboratory Documentation 
Calculations to be used for data reduction are specified in the referenced analytical methods. 

Whenever possible, analytical data will be transferred directly from the instrument to a 
computerized data system. Raw data will be stored electronically, and a hard copy file will 
be maintained. Laboratory data entered will be sufficient to document information used to 
arrive at reported values. 

Electronic data storage will be utilized when possible. All electronic data will be maintained in 
a manner that prevents inadvertent loss, corruption, and inappropriate alteration.  

Raw data will be examined to assess compliance with quality control guidelines. Surrogate, 
matrix spike, and QC check sample recoveries will be checked. In addition, samples and 
laboratory blanks will be checked for possible contamination or interferences. 
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Chromatograms and concentrations will be checked to ensure that sample results are within 
the calibration range; if necessary, dilutions will be performed as defined by the initial 
calibration range. 

Deviations from guidelines will call for corrective action. Deviations determined to be 
caused by factors outside the laboratory’s control, such as matrix interference, will be noted 
with an explanation in the report narrative. Calculations will be checked and the report 
reviewed for errors and oversights. 

Upon completion, a report will be reviewed for discrepancies, errors, or omissions. Data will 
then be submitted to the laboratory Quality Assurance Manual (QAM) for review and 
approval. The laboratory QAM will review the package, ensure that any necessary 
corrections are made, and give the package to the laboratory project manager for review. A 
copy of the data package will be filed in the project file. Mailed data packages, along with 
applicable electronic data deliverables, will be sealed in an appropriate shipping container 
and logged into a document mailing log. 

The laboratory data package deliverables are discussed in Section 1.2.4. The requested 
turn-around time for the majority of the definitive data will be 21 days from the time of 
sample receipt at the laboratory.  

1.2 Measurement and Data Acquisition 
This subsection describes the procedures for collection, handling, measurement, data 
acquisition, and management activities to be performed in support of the RFI. It addresses 
the following aspects of measurement and data acquisition. 

• Sampling process design 
• Sampling method requirements 
• Sample handling and custody requirements 
• Analytical method requirements 
• QC requirements 
• Instrument and equipment testing, inspection, and maintenance requirements 
• Instrument calibration and frequency 
• Inspection and acceptance requirements for supplies and consumables 
• Data acquisition requirements 

1.2.1 Sampling Process Design 
Refer to the WP for details on sampling design and rationale.  

1.2.2 Sampling Method Requirements 
This subsection includes instructions for the following procedures. 

• Field parameter measurement 
• Soil sample collection 
• Groundwater sample collection 
• QC sample collection 
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• Preservation of samples 
• Decontamination and cleaning of sampling equipment 

A separate area will be designated for the decontamination of the sampling equipment and 
the storage of IDW. 

The analytical methods, sample containers, preservative requirements, and maximum 
holding times for common methods are specified in Table 1-3. The laboratory will provide 
precleaned containers and shipping coolers. 

1.2.3 Sample Handling and Custody Requirements 
Proper sample handling, preservation, shipment, and maintenance of a COC are key 
components to building the documentation and support for data within the evidentiary 
process in order that the data can be used for decision-making. It is essential that all sample 
handling and sample COC requirements be performed in a complete, accurate, and 
consistent manner. Sample handling and custody requirements must be followed for all 
samples collected as part of the investigation. 

The FTL is responsible for proper sampling, labeling, preserving, and shipping samples to 
the laboratory to meet the required holding times. 

Sample Identification 
An electronic sample tracking program will be used to manage the flow of information from 
the field sampling team to the laboratory and to internal and external data users. The 
tracking program is used to produce sample labels and COC forms and to manage the entry 
of sampling-related data, such as station locations and field measurements.  

The method of sample identification used depends on the type of sample collected and the 
sample container. 

• The field analysis data are recorded in field logbooks or on data sheets, along with 
sample identity information, while in the custody of the sampling team. 

• Labels for samples sent to a laboratory for analysis will be produced electronically. If 
they cannot be produced electronically, they must be written in indelible ink. The 
following information typically is included on the sample label. 

– Site name or identifier 
– Sample identification number 
– Date and time of sample collection 
– Sample matrix or matrix identifier 
– Type of analyses to be conducted 

Each analytical sample will be assigned a unique number of the following format.  

 Site # - Media-Station # or QA/QC # – Year/Round or Depth Interval 

An explanation of each identifier is provided below. 
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Site # Camp Devil Dog 

Media SS—Surface Soil 

SB—Subsurface Soil from Soil Boring 

GW – Groundwater 

WT – Water (rinsate, decontamination fluid, ambient potable water) 

FB—Field blank 

DUP—Duplicate sample (following sample type/number) 

TB—Trip blank 

QA/QC 

ER—Equipment rinsate 

Depth/Round The number will reference the depth interval of the sample. For example, “0-
1” = 0 to 1 feet below ground surface (bgs), ”1-2” = 1 to 2 feet bgs, ”2-3” = 2 
to 3 feet bgs, etc. 

 

All matrix spike/matrix spike duplicate (MS/MSD) samples will be entered in the same line 
on the COC as the field sample. The total number of sample containers submitted will be 
entered on the COC, and MS/MSD will be indicated in the comments section. 

Sample custody and COC records will be maintained in accordance with the MCB Camp 
Lejeune Master QAPP. 

Sample Custody  
The sample custody and documentation procedures described in this subsection will be 
followed throughout all sample collection activities. Components of sample custody 
procedures include the use of field logbooks, sample labels, custody seals, and COC forms. 
Each person involved with sample handling must be trained in COC procedures before the 
start of the field project. The COC form must accompany the samples during shipment from 
the field to the laboratory.  

A sample is under custody under the following conditions. 

• It is in one’s actual possession. 
• It is in one’s view, after being in one’s physical possession. 
• It was in one’s physical possession and that person locks it up to prevent tampering. 
• It is in a designated and identified secure area. 

Field Custody 
The following procedures must be used to document, establish, and maintain custody of 
field samples. 

• Sample labels must be completed for each sample with waterproof ink, ensuring that the 
labels are legible and affixed firmly on the sample container. 

• All sample-related information must be recorded in the project logbook. 
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• The field sampler must retain custody of samples until they are transferred or properly 
dispatched. 

• One individual from the field sampling team should be designated as the individual 
responsible for all sample transfer activities. This field investigator will be responsible 
for the care and custody of samples until they are properly transferred to another person 
or facility. 

• All samples will be accompanied by a COC record. This record documents the transfer 
of custody of samples from the field investigator to another person, to the laboratory, or 
to other organizational entities. Each change of possession must be accompanied by an 
authorized signature for relinquishment and receipt of the samples. 

• Completed COC forms will be enclosed in a sealed plastic Zip-Lock ® bag (or its 
equivalent) and placed inside the shipping container used for sample transport from the 
field to the laboratory. 

• When samples are relinquished to a shipping company for transport, the tracking 
number from the shipping bill or receipt will be recorded on the COC form. 

• Custody seals must be affixed on shipping containers when samples are shipped to the 
laboratory to prevent sample tampering during transportation. If seals are numbered, 
record the numbers on the COC and in the field log-book. 

Laboratory Sample Custody 
Each laboratory receiving samples must comply with the laboratory sample custody 
requirements outlined in the subcontract document and its own CompQAP. The FTL or PC 
will notify the laboratory of upcoming field sampling activities and the subsequent transfer 
of samples to the laboratory. This notification will include information concerning the 
number and type of samples to be shipped and the expected date of arrival. 

The following procedures will be used by the laboratory sample custodian, once the 
samples have arrived at the laboratory. 

• The laboratory will designate a sample custodian who will be responsible for 
maintaining custody of the samples and for maintaining all associated records 
documenting that custody. 

• Upon receipt of the samples, the custodian will check the original COC and 
request-for-analysis documents and compare them with the labeled contents of each 
sample container for corrections and traceability. The sample custodian will sign the 
COC and record the date and time received. The sample custodian also will assign a 
unique laboratory sample number to each sample. 

• Cooler temperature (temperature blank) will be checked and recorded. 

• Care will be exercised to annotate any labeling or descriptive errors. If discrepancies 
occur in the documentation, the laboratory will immediately contact the FTL as part of 
the corrective action process. A qualitative assessment of each sample container will be 
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performed to note anomalies, such as broken or leaking bottles. This assessment will be 
recorded as part of the incoming COC procedure. 

• If all data and samples are correct and there has been no tampering with the custody 
seals, the "Received by Laboratory" box will be signed and dated. 

• Samples will be stored in a secured area and at a temperature of approximately 
4 degrees Centigrade (°C), if necessary, until analyses are to begin. 

• The laboratory will send a sample acknowledgment letter to the PC as a record that the 
shipment arrived and noting the conditions of the containers upon arrival. Any 
discrepancy will be identified and corrective actions performed. These remarks will be 
documented on a sample receipt checklist or its equivalent. The PC may need to be 
contacted to provide guidance concerning additional corrective actions or guidance. The 
PM and PC will retain copies of the sample acknowledgment with the COC. 

• All samples will be accompanied by a COC form. When transferring the possession of 
samples, the individuals relinquishing and receiving will sign, date, and note the time 
on the record. This record documents transfer of custody of samples from the field 
sampler to another person or to the laboratory. Overnight carriers will be treated as a 
single entity, and a single signature will be required when samples are delivered to the 
laboratory. 

• A laboratory COC form will accompany the sample or sample fraction through final 
analysis for control. 

• Copies of the COC and request-for-analysis forms will accompany the laboratory report 
and will become a permanent part of the project records. 

• Samples must be properly packaged for shipment and dispatched to the appropriate 
laboratory for analysis with a separate signed COC form enclosed in each sample box or 
cooler. 

• All packages must be accompanied by a COC form identifying the contents. The original 
record must accompany the shipment, and the FTL must retain a copy. Additional 
details about laboratory sample custody will be included in the CompQAP. 

Sample Packing and Shipping 
Samples will be delivered to the designated laboratories by local courier or by a common 
carrier such as Federal Express. Hard plastic ice chests or coolers with similar durability will 
be used for shipping samples. The coolers must be able to withstand a 4-foot drop onto solid 
concrete in the position most likely to cause damage. The samples must be cushioned to 
cause the least amount of damage if such a fall occurs. 

All aqueous and soil VOC sample vials will be shipped in the same cooler on a given day. A 
trip blank will be included in each cooler with VOC samples (aqueous and soil). After 
packing is complete, the cooler will be taped with COC seals affixed across the top and 
bottom joints. Each container will be clearly marked with a sticker containing the 
originator’s address. 
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The following procedures must be used when transferring samples for shipment. 

• All sample coolers and packages must be accompanied by a COC form identifying the 
contents. When transferring possession of samples, the individuals relinquishing and 
receiving the sample must sign, date, and note the time on the record. This record 
documents the transfer of custody of samples from the field sampler to another person 
or to the laboratory. The original COC record must accompany the shipment, and the 
FTL must retain a copy. 

• Samples must be properly packaged for shipment and dispatched to the appropriate 
laboratory for analysis with a separate signed COC form enclosed in each sample box or 
cooler. 

1.2.4 Analytical Method Requirements 
This subsection summarizes the target analytes, analytical methods, reporting limits (RLs), 
and data package deliverables. 

Samples will be analyzed using USEPA-approved methods or other recognized standard 
methods (USEPA, 1992). The three principal sources for analytical methods are as follows: 

• Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (USEPA SW-846, Third 
Edition, and its updates, 1998) 

• Methods for Chemical Analysis of Water and Wastes (USEPA, 1983) 

Table 1-1 presents the analytical services to be performed during RFI sampling activities. 
Table 1-2 presents a summary of field and QA/QC samples. 
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TABLE 1-1 
Analytical Services  
Camp Devil Dog 

Matrix Analytical Group 
Analytical 

Method 
Data Package 

Turnaround Time Laboratory / Organization Backup Laboratory / Organization 

Aqueous Explosives 8330A 

28 calendar days TestAmerica: 5815 Middlebrook Pike,  
Knoxville, TN 37921 
Linda McWhirter 865-291-3006  TBD 

Solid Explosives 8330A 

29 calendar days TestAmerica: 5815 Middlebrook Pike,  
Knoxville, TN 37921 
Linda McWhirter 865-291-3006 TBD 

Aqueous 
Total and Dissolved 
Metals 6010B 

30 calendar days TestAmerica: 5815 Middlebrook Pike,  
Knoxville, TN 37921 
Linda McWhirter 865-291-3006 TBD 

Solid 
Total and Dissolved 
Metals 6010B 

31 calendar days TestAmerica: 5815 Middlebrook Pike,  
Knoxville, TN 37921 
Linda McWhirter 865-291-3006 TBD 

Aqueous Perchlorate Method 
6850 

32 calendar days TestAmerica: 880 Riverside Parkway,  
West Sacramento, CA 95605  
David Alltucker 916-374-4383 TBD 

Solid Perchlorate Method 
6850 

33 calendar days TestAmerica: 880 Riverside Parkway,  
West Sacramento, CA 95605  
David Alltucker 916-374-4383 TBD 
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TABLE 1-2 
Sample Analysis Summary 
Sampling for the PA/SI at the Camp Devil Dog MRS 

Well/Station ID Sample ID Perchlorate 
(6850) 

Nitroaromatics, 
Nitroamines 
(8330/8332) 

RCRA 
Metals 

(6010B/6020) 

Dissolved 
Metals 

(6010B/6020) 

Reported Constituents of Concern  

CDCA Soil Sampling  
CDCA-SS01 CDCA-SS01 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS02 CDCA-SS02 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS03 CDCA-SS03 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS04 CDCA-SS04 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS05 CDCA-SS05 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS06 CDCA-SS06 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS07 CDCA-SS07 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS08 CDCA-SS08 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS09 CDCA-SS09 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS10 CDCA-SS10 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS11 CDCA-SS11 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS12 CDCA-SS12 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS13 CDCA-SS13 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS14 CDCA-SS14 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS15 CDCA-SS15 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS16 CDCA-SS16 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS17 CDCA-SS17 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS18 CDCA-SS18 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS19 CDCA-SS19 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS20 CDCA-SS20 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS21 CDCA-SS21 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS22 CDCA-SS22 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS23 CDCA-SS23 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS24 CDCA-SS24 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS25 CDCA-SS25 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS26 CDCA-SS26 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS27 CDCA-SS27 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS28 CDCA-SS28 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS29 CDCA-SS29 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS30 CDCA-SS30 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS31 CDCA-SS31 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS32 CDCA-SS32 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS33 CDCA-SS33 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS34 CDCA-SS34 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS35 CDCA-SS35 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
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Well/Station ID Sample ID Perchlorate 
(6850) 

Nitroaromatics, 
Nitroamines 
(8330/8332) 

RCRA 
Metals 

(6010B/6020) 

Dissolved 
Metals 

(6010B/6020) 

Reported Constituents of Concern  

CDCA-SS36 CDCA-SS36 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS37 CDCA-SS37 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS38 CDCA-SS38 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS39 CDCA-SS39 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS40 CDCA-SS40 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS41 CDCA-SS41 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS42 CDCA-SS42 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS43 CDCA-SS43 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS44 CDCA-SS44 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS45 CDCA-SS45 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS46 CDCA-SS46 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS47 CDCA-SS47 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS48 CDCA-SS48 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS49 CDCA-SS49 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS50 CDCA-SS50 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS51 CDCA-SS51 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS52 CDCA-SS52 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS53 CDCA-SS53 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS54 CDCA-SS54 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS55 CDCA-SS55 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS56 CDCA-SS56 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS57 CDCA-SS57 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS58 CDCA-SS58 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS59 CDCA-SS59 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS60 CDCA-SS60 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS61 CDCA-SS61 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS62 CDCA-SS62 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS63 CDCA-SS63 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS64 CDCA-SS64 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS65 CDCA-SS65 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS66 CDCA-SS66 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS67 CDCA-SS67 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS68 CDCA-SS68 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS69 CDCA-SS69 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS70 CDCA-SS70 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS71 CDCA-SS71 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS72 CDCA-SS72 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS73 CDCA-SS73 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 



CDCA PA/SI 
REVISION NUMBER 0 

APRIL 2009 
PAGE 37 OF 85 

 

Well/Station ID Sample ID Perchlorate 
(6850) 

Nitroaromatics, 
Nitroamines 
(8330/8332) 

RCRA 
Metals 

(6010B/6020) 

Dissolved 
Metals 

(6010B/6020) 

Reported Constituents of Concern  

CDCA-SS74 CDCA-SS74 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS75 CDCA-SS75 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS76 CDCA-SS76 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS77 CDCA-SS77 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS78 CDCA-SS78 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS79 CDCA-SS79 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS80 CDCA-SS80 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS81 CDCA-SS81 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS82 CDCA-SS82 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS83 CDCA-SS83 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS84 CDCA-SS84 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS85 CDCA-SS85 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS86 CDCA-SS86 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS87 CDCA-SS87 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS88 CDCA-SS88 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS89 CDCA-SS89 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS90 CDCA-SS90 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS91 CDCA-SS91 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS92 CDCA-SS92 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS93 CDCA-SS93 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS94 CDCA-SS94 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS95 CDCA-SS95 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS96 CDCA-SS96 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS97 CDCA-SS97 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS98 CDCA-SS98 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS99 CDCA-SS99 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS100 CDCA-SS100 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS101 CDCA-SS101 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS102 CDCA-SS102 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS103 CDCA-SS103 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS104 CDCA-SS104 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS105 CDCA-SS105 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-SS106 CDCA-SS106 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA Subsurface Soil Sampling  
CDCA-IS01 CDCA-IS01 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS01 X-Y 1 1 1     

CDCA-IS02 CDCA-IS02 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS02 X-Y 1 1 1     
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Well/Station ID Sample ID Perchlorate 
(6850) 

Nitroaromatics, 
Nitroamines 
(8330/8332) 

RCRA 
Metals 

(6010B/6020) 

Dissolved 
Metals 

(6010B/6020) 

Reported Constituents of Concern  

CDCA-IS03 CDCA-IS03 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS03 X-Y 1 1 1     

CDCA-IS04 CDCA-IS04 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS04 X-Y 1 1 1     

CDCA-IS05 CDCA-IS05 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS05 X-Y 1 1 1     

CDCA-IS06 CDCA-IS06 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS06 X-Y 1 1 1     

CDCA-IS07 CDCA-IS07 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS07 X-Y 1 1 1     

CDCA-IS08 CDCA-IS08 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS08 X-Y 1 1 1     

CDCA-IS09 CDCA-IS09 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS09 X-Y 1 1 1     

CDCA-IS10 CDCA-IS10 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS10 X-Y 1 1 1     

CDCA-IS11 CDCA-IS11 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS11 X-Y 1 1 1     

CDCA-IS12 CDCA-IS12 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS12 X-Y 1 1 1     

CDCA-IS13 CDCA-IS13 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS13 X-Y 1 1 1     

CDCA-IS14 CDCA-IS14 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS14 X-Y 1 1 1     

CDCA-IS15 CDCA-IS15 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS15 X-Y 1 1 1     

CDCA-IS16 CDCA-IS16 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS16 X-Y 1 1 1     

CDCA-IS17 CDCA-IS17 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS17 X-Y 1 1 1     

CDCA-IS18 CDCA-IS18 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS18 X-Y 1 1 1     

CDCA-IS19 CDCA-IS19 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS19 X-Y 1 1 1     

CDCA-IS20 CDCA-IS20 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS20 X-Y 1 1 1     

CDCA-IS21 CDCA-IS21 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS21 X-Y 1 1 1     
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CDCA-IS22 CDCA-IS22 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS22 X-Y 1 1 1     

CDCA-IS23 CDCA-IS23 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS23 X-Y 1 1 1     

CDCA-IS24 CDCA-IS24 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS24 X-Y 1 1 1     

CDCA-IS25 CDCA-IS25 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS25 X-Y 1 1 1     

CDCA-IS26 CDCA-IS26 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS26 X-Y 1 1 1     

CDCA-IS27 CDCA-IS27 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS27 X-Y 1 1 1     

CDCA-IS28 CDCA-IS28 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS28 X-Y 1 1 1     

CDCA-IS29 CDCA-IS29 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS29 X-Y 1 1 1     

CDCA-IS30 CDCA-IS30 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS30 X-Y 1 1 1     

CDCA-IS31 CDCA-IS31 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS31 X-Y 1 1 1     

CDCA-IS32 CDCA-IS32 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS32 X-Y 1 1 1     

CDCA-IS33 CDCA-IS33 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS33 X-Y 1 1 1     

CDCA-IS34 CDCA-IS34 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS34 X-Y 1 1 1     

CDCA-IS35 CDCA-IS35 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS35 X-Y 1 1 1     

CDCA-IS36 CDCA-IS36 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS36 X-Y 1 1 1     

CDCA-IS37 CDCA-IS37 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS37 X-Y 1 1 1     

CDCA-IS38 CDCA-IS38 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS38 X-Y 1 1 1     

CDCA-IS39 CDCA-IS39 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS39 X-Y 1 1 1     

CDCA-IS40 CDCA-IS40 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS40 X-Y 1 1 1     
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CDCA-IS41 CDCA-IS41 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS41 X-Y 1 1 1     

CDCA-IS42 CDCA-IS42 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS42 X-Y 1 1 1     

CDCA-IS43 CDCA-IS43 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS43 X-Y 1 1 1     

CDCA-IS44 CDCA-IS44 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS44 X-Y 1 1 1     

CDCA-IS45 CDCA-IS45 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS45 X-Y 1 1 1     

CDCA-IS46 CDCA-IS46 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS46 X-Y 1 1 1     

CDCA-IS47 CDCA-IS47 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS47 X-Y 1 1 1     

CDCA-IS48 CDCA-IS48 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS48 X-Y 1 1 1     

CDCA-IS49 CDCA-IS49 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS49 X-Y 1 1 1     

CDCA-IS50 CDCA-IS50 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS50 X-Y 1 1 1     

CDCA-IS51 CDCA-IS51 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS51 X-Y 1 1 1     

CDCA-IS52 CDCA-IS52 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS52 X-Y 1 1 1     

CDCA-IS53 CDCA-IS53 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS53 X-Y 1 1 1     

CDCA-IS54 CDCA-IS54 0-1 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
  CDCA-IS54 X-Y 1 1 1     

CDCA Groundwater Sampling 
CDCA-TW01 CDCA-TW01 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW02 CDCA-TW02 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW03 CDCA-TW03 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW04 CDCA-TW04 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW05 CDCA-TW05 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW06 CDCA-TW06 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW07 CDCA-TW07 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW08 CDCA-TW08 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW09 CDCA-TW09 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW10 CDCA-TW10 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 
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CDCA-TW11 CDCA-TW11 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW12 CDCA-TW12 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW13 CDCA-TW13 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW14 CDCA-TW14 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW15 CDCA-TW15 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW16 CDCA-TW16 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW17 CDCA-TW17 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW18 CDCA-TW18 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW19 CDCA-TW19 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW20 CDCA-TW20 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW21 CDCA-TW21 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW22 CDCA-TW22 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW23 CDCA-TW23 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW24 CDCA-TW24 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW25 CDCA-TW25 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW26 CDCA-TW26 1 1 1   Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

CDCA-TW27 CDCA-TW27 1 1 1 1 Metals, Dissolved Metals, Perchlorate, Nitroaromatics/Nitroamines including PETN 

Total Soil Samples 
  

214 214 214     

Total Groundwater Samples  27 27 27 10   
Field Duplicate Samples (Soil) 22 22 22 22   

Field Duplicate Samples (Groundwater) 3 3 3 1   

Matrix Spike Samples (Soil) 11 11 11     

Matrix Spike Duplicate Samples (Soil) 11 11 11     

Matrix Spike Samples (Water) 2 2 2 1   

Matrix Spike Duplicate Samples (Water) 2 2 2 1   

Field Blanks 22 

Equipment Rinse Blanks 134 

Trip Blanks 0 

Total Number of Samples: 1067 
USEPA SW-846 Method 8260B 

USEPA SW-846 Method 8270C 

Methods of Analysis: 

USEPA SW-846 Method 6010B 

0-1 surface soil sample (0 to 1 ft bgs) Sampling Depths 

X-Y subsurface soil sample (X-Y ft bgs) 
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Table 1-3 presents the analytical methods to be used for the analysis of the target 
compounds, the containers needed for sampling including preservation requirements 
and maximum holding times. 

TABLE 1-3 
Required Analytical Method, Sample Containers, Preservation, and Holding Times 
Camp Devil Dog 

Matrix 
Analytical 

Group 

Analytical and 
Preparation 

Method/ SOP 
Reference1 Containers  

Sample 
Volume 

Preservation 
Requirements  

Maximum 
Holding 

Time 

Aqueous HPLC 
SW846 8330/ 
KNOX-LC-0001 

1 L amber 
glass 500 mL 4oC 7 days 

Solid HPLC 
SW846 8330/ 
KNOX-LC-0001 4 oz glass jar 2 g 4oC 14 days 

Aqueous 

Total and 
Dissolved 
Metals 

SW846 6010B/ 
KNOX-MT-
0007 125 mL plastic   

Preserved with nitric 
to pH < 2 

6 months 

Solid 

Total and 
Dissolved 
Metals 

SW846 6010B/ 
KNOX-MT-
0007 4 oz glass jar   

None if Mercury is not 
a target analyte. 6 months 

Aqueous Perchlorate  
SW846 6850/ 
SAC-LC-0012  

250mL 
precleaned 
sterile, plastic 
containers 170 mL 

Field filtered with 1/3 
volume headspace to 
remove and/or 
minimize microbial 
and anaerobic 
bacteria, 4 C 

28 days from 
sampling to 
analysis 

Solid Perchlorate 
SW846 6850/ 
SAC-LC-0012  4 oz glass jar 10 g 4 oC 

28 days from 
sampling to 
analysis 
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Analytical Method for Explosives by SW846 8330A. Tables 1-4 and 1-5 refer to 
Explosives reference limits and evaluations.  

TABLE 1-4 
Explosives Reference Limits and Evaluation Table for Water 
Camp Devil Dog 

Laboratory-
Specific 

Analyte 
CAS 

Number 

Project 
Action 
Limita 
(ug/L) 

Project 
Action 
Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(ug/L) 
QLs 

(ug/L) 
MDLs 
(ug/L) 

1,3,5-Trinitrobenzene 99-35-4 110 RSL 0.26 0.2 0.035 

1,3-Dinitrobenzene 99-65-0 0.37 RSL 0.26 0.2 0.036 

2,4,6-Trinitrotoluene 118-96-7 1.8 RSL 0.26 0.2 0.05 

2,4-Dinitrotoluene 121-14-2 7.3 RSL 0.26 0.2 0.062 

2,6-Dinitrotoluene 606-20-2 3.7 RSL 0.26 0.2 0.051 

2-Amino-4,6-dinitrotoluene 35572-78-2 7.3 RSL 0.26 0.2 0.066 

2-Nitrotoluene 88-72-2 0.31 RSL 0.52 0.25 0.075 

3-Nitrotoluene 99-08-1 73 RSL 0.52 0.2 0.042 

4-Amino-2,6-dinitrotoluene 19406-51-0 7.3 RSL 0.26 0.2 0.065 

4-Nitrotoluene 99-99-0 4.2 RSL 0.52 0.25 0.075 

HMX 2691-41-0 0.8 RSL 0.52 0.2 0.037 

Nitrobenzene 98-95-3 0.34 RSL 0.26 0.2 0.063 

Nitroglycerin 55-63-0 0.37 RSL 2.5 2.5 0.31 

Pentaerythritol tetranitrate (PETN) 78-11-5 NC N/A 3 3 1 

RDX 121-82-4 0.61 RSL 0.52 0.2 0.037 

Tetryl 479-45-8 15 RSL 0.52 0.2 0.065 
aLaboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific 
analytical method.  
USEPA 2008. Regional Screening Levels for Chemical Contaminants at Superfund Sites. August, 2008 
North Carolina State Screening Levels, May 2005 
North Carolina Groundwater Interim Maximum Allowable Concentration as established under 15A NCAC 2L 
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TABLE 1-5 
Explosives Reference Limits and Evaluation Table for Water 
Camp Devil Dog 

Laboratory-
Specific 

Analyte CAS Number 

Project 
Action 
Limita 

(mg/kg) 
Project Action 

Limit Reference 

Project 
Quantitation 
Limit Goal 

(mg/kg) 
QLs  

(mg/kg) 
MDLs 

(mg/kg) 

1,3,5-Trinitrobenzene 99-35-4 220 RSL Residential 0.5 0.2 0.024 

1,3-Dinitrobenzene 99-65-0 0.61 RSL Residential 0.5 0.2 0.029 

2,4,6-Trinitrotoluene 118-96-7 3.6 RSL Residential 0.5 0.2 0.033 

2,4-Dinitrotoluene 121-14-2 12 RSL Residential 0.5 0.2 0.029 

2,6-Dinitrotoluene 606-20-2 6.1 RSL Residential 0.5 0.2 0.028 

2-Amino-4,6-
dinitrotoluene 35572-78-2 15 RSL Residential 0.5 0.2 0.031 

2-Nitrotoluene 88-72-2 2.9 RSL Residential 0.5 0.2 0.037 

3-Nitrotoluene 99-08-1 0.2 RSL Residential 0.5 0.2 0.03 

4-Amino-2,6-
dinitrotoluene 19406-51-0 15 RSL Residential 0.5 0.2 0.03 

4-Nitrotoluene 99-99-0 24 RSL Residential 0.5 0.2 0.045 

HMX 2691-41-0 380 RSL Residential 0.5 0.2 0.048 

Nitrobenzene 98-95-3 3.1 RSL Residential 0.5 0.2 0.028 

Nitroglycerin 55-63-0 0.61 RSL Residential 2.5 2.5 0.34 

Pentaerythritol 
tetranitrate (PETN) 78-11-5 NC N/A 2.5 2.5 0.44 

RDX 121-82-4 5.5 RSL Residential 0.5 0.2 0.031 

Tetryl 479-45-8 24 RSL Residential 0.5 0.3 0.095 
aLaboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a 
specific analytical method.  
USEPA 2008. Regional Screening Levels for Chemical Contaminants at Superfund Sites. August, 2008 
North Carolina State Screening Levels, May 2005 
North Carolina Groundwater Interim Maximum Allowable Concentration as established under 15A NCAC 2L 

 

SW846 6010B Total and Dissolved Metals. Inductively coupled plasma emission 
spectrometry (ICPES) determines trace elements. All matrices (excluding filtered 
groundwater samples but including groundwater, aqueous samples, Toxicity 
Characteristic Leaching Procedure (TCLP) extracts, soils, sludges, sediments, and 
other solid wastes) require digestion before analysis. Groundwater samples that have 
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been prefiltered and acidified will not need acid digestion. All samples to be analyzed 
for dissolved metals will be field-filtered before being sent to the laboratory. 

Tables 1-6 and 1-7 refer to total and dissolved metals reference limits and 
evaluations.  

TABLE 1-6 
Total and Dissolved Metals Reference Limits and Evaluation Table for Water 
Camp Devil Dog 

Laboratory-specific 

Analyte CAS Number 

Project 
Action 
Limita 
(ug/L) 

Project Action 
Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(ug/L) 
QLs  

(ug/L) 
MDLs  
(ug/L) 

Antimony 7440-36-0 1.5 RSL 30 30 8.5 

Arsenic 7440-38-2 0.045 RSL 15 20 3.3 

Copper 7440-50-8 150 RSL 25 25 5.9 

Lead 7439-92-1 15 
MCL & 
NC2LGW 15 15 3.5 

Zinc 7440-66-6 1050 NC2LGW 20 60 2.2 
aLaboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific 
analytical method.  
USEPA 2008. Regional Screening Levels for Chemical Contaminants at Superfund Sites. August, 2008 
North Carolina State Screening Levels, May 2005 
North Carolina Groundwater Interim Maximum Allowable Concentration as established under 15A NCAC 2L 

 

TABLE 1-7 
Total and Dissolved Metals Reference Limits and Evaluation Table for Soil 
Camp Devil Dog 

Laboratory-specific 

Analyte 
CAS 

Number 

Project Action 
Limita 

(mg/kg) 
Project Action 

Limit Reference 

Project 
Quantitation 
Limit Goal 

(mg/kg) 
QLs  

(mg/kg) 
MDLs 

(mg/kg)
Antimony 7440-36-0 3.1 Residential RSL  3 3 0.85 

Arsenic 7440-38-2 0.39 Residential RSL  1 1 0.33 

Copper 7440-50-8 310 Residential RSL  5 2.5 0.59 

Lead 7439-92-1 270 NCSSL 1.5 1.5 0.35 

Zinc 7440-66-6 550 NCSSL 4 4 0.87 
aLaboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific 
analytical method.  
USEPA 2008. Regional Screening Levels for Chemical Contaminants at Superfund Sites. August, 2008 
North Carolina State Screening Levels, May 2005 
North Carolina Groundwater Interim Maximum Allowable Concentration as established under 15A NCAC 2L 
 
Tables 1-8 and 1-9 refer to perchlorate reference limits and evaluations. 
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TABLE 1-8 
Perchlorate Reference Limits and Evaluation Table for Water 
Camp Devil Dog 

Laboratory-specific 

Analyte 
CAS 

Number 

Project 
Action 
Limit 
(ug/L) 

Project 
Action 
Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(ug/L) 
QLs  

(ug/L) 
MDLs  
(ug/L) 

Perchlorate 14797-73-0 2.6 RSL 0.5 0.5 0.082 

 

TABLE 1-9 
Perchlorate Reference Limits and Evaluation Table for Soil 
Camp Devil Dog 

Laboratory-specific 

Analyte 
CAS 

Number 

Project 
Action 
Limit 

(ug/kg) 

Project 
Action 
Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(ug/kg) 
QLs  

(ug/kg) 
MDLs  

(ug/kg) 

Perchlorate 14797-73-0 5500 
Residential 
RSL 5 5 0.83 

 

Analytical Laboratory 
The analytical laboratories contracted to perform the work is Test America located in 
Knoxville, Tennessee, and Sacramento, California.  

The laboratories selected undergo annual evaluations to determine if they are 
meeting project requirements. Laboratories may be added or deleted based on their 
performance.  

Detection, Quantitation, and Reporting Limits 
The reporting limits are listed in Tables 1-4 through 1-9.  

The laboratory will supply analyte-specific quantification limits, with laboratory-
specific MDL studies, as part of its laboratory CompQAP. 

Method Detection Limits. The method detection limit (MDL) is the minimum amount 
of an analyte that can be routinely identified using a specific method and instrument 
measured and reported with 99 percent confidence that the analyte concentration is 
greater than zero. MDLs are operationally determined as three times the standard 
deviation of seven replicate spiked samples run according to the complete method. 
However, the evaluation is routinely completed on reagent grade water. As a result, 
potentially significant matrix interferences that decrease analyte recoveries are not 
addressed. 
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Determine the MDL for each analyte as follows: 

MDL = 3.14(s) 

Note: 

S - The standard deviation for each analyte from the seven replicate 
analyses. 

3.14 -  The one-sided t-statistic at the 99 percent confidence level appropriate 
for determining the MDL using seven replicates. 

When the concentration of concern (or project-specific action level) is greater than the 
MDL, to the extent that the confidence limits of both the MDL and concentration of 
concern do not overlap, then both nondetect and detect results can be used with 
confidence. There will be a possibility of false positives and false negatives if the 
confidence limits of the MDL and the concentration of concern overlap. When the 
concentration of concern is sufficiently less than the MDL that the confidence limits 
do not overlap, then there is a strong possibility of false negatives and only detect 
results are useable. 

The laboratory will establish MDLs for each method, matrix, and analyte for each 
instrument the laboratory plans to use for the project. The laboratory will revalidate 
these MDLs at least once per 12-month period. The laboratory will provide the MDL 
at the beginning of the project. Project and laboratory specific MDLs will be included 
in the project-specific addendum.  

40 CFR 136, Appendix B, or Chapter 1 of SW846 Methods, has not set frequency 
requirements for revalidating the MDLs. The MDLs be validated once per 12-month 
period. 

Where multiple instruments are used, the MDL used for reporting purposes will 
represent the least sensitive instrument. 

Instrument Detection Limit. The instrument detection limit (IDL) includes only the 
instrument portion of the detection, not sample preparation, concentration/dilution 
factors, or method-specific parameters. The IDL is operationally defined as three 
times the standard deviation of seven replicate analyses at the lowest concentration 
that is statistically different from a blank. This represents 99 percent confidence that 
the signal identified is the result of the presence of the analyte, not random noise. The 
IDL is not the same as the MDL. There is no formal procedure for IDL outside the 
USEPA Contract Laboratory Program (CLP) Statement of Work (SOW) for inorganic 
analysis. 

Quantitation Limits. The quantitation limit (QL) as defined in SW-846 methods, is the 
lowest level that can be reliably achieved within specified limits of precision and 
accuracy during routine laboratory operating conditions. The sample quantitation 
limit (SQL) is the QL adjusted to reflect sample-specific actions such as dilution or use 
of smaller aliquot sizes than prescribed in the method, or for percent moisture. These 
adjustments may be due to matrix effects or the high concentration of some analytes. 
The SQL is the more useful limit for data users such as risk assessors. 
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For the same chemical, the SQL in one sample may be higher than, lower than, or 
equal to the SQL values for other samples. In addition, preparation or analytical 
adjustments, such as dilution of the sample for quantitation high levels target and 
nontarget analytes, could result in nondetects for other analytes included in the 
analysis, even though target analytes may have been present at trace quantities in the 
undiluted sample. 

All results will be reported on a dry-weight basis. 

Reporting Limits. The laboratories participating in this work effort will compare the 
results of the experimental MDLs to RLs for each analyte. The MDL must be three 
times lower than the corresponding RL. The laboratories also will verify RLs by 
including a standard at the RL as the lowest point on the calibration curve. For 
methods that do not include the RL as the low point of the calibration curve, a RL 
verification standard will be analyzed immediately following calibration. The RL 
verification standard must include all target analytes. All results will be reported at or 
above the MDL values. No numerical results will be reported below the MDL; 
however, for those results falling between the MDL and the RL, a “J” flag will be 
applied to the results indicating the variability associated with the result. 

Analytical SOPs. The laboratory has submitted a list of specific SOPs that will be used 
to perform off-site analysis of samples. Refer to Table 1-10 for Analytical SOP 
References.  
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TABLE 1-10 
Analytical SOP References 

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) 

KNOX-LC-0001 
Analysis of Nitroaromatic and Nitroamine 
Explosives by HPLC, Rev. 19  Definitive Aqueous, HPLC  HPLC Test America N 

KNOX-LC-0001 
Analysis of Nitroaromatic and Nitroamine 
Explosives by HPLC, Rev. 19  Definitive Solid, HPLC HPLC Test America N 

KNOX-MT-0007 

Inductivity Coupled Plasma-Atomic Emission 
Spectroscopy, Spectrometic Method for 
Trace Element Analysis, SW-846 Methods 
6010B, Rev. 9 Definitive 

Aqueous, Total and 
Dissolved Metals ICP-AES Test America N 

KNOX-MT-0007 

Inductivity Coupled Plasma-Atomic Emission 
Spectroscopy, Spectrometic Method for 
Trace Element Analysis, SW-846 Methods 
6010B, Rev. 9 Definitive 

Solid, Total and 
Dissolved Metals ICP-AES Test America N 

SAC-LC-0012  

Determination of Perchlorate by Liquid 
Chromatography Coupled with Tandem 
Mass Spectrometry (LC/MS/MS) by Method 
6850 or 8321 Modified, Revision 5, 
10/09/2007 Definitive Aqueous, Perchlorate LC/MS/MS Test America N 

SAC-LC-0012 

Determination of Perchlorate by Liquid 
Chromatography Coupled with Tandem 
Mass Spectrometry (LC/MS/MS) by Method 
6850 or 8321 Modified, Revision 5, 
10/09/2007 Definitive Solid, Perchlorate LC/MS/MS Test America N 
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Data Package Deliverables  
There are no data package requirements for Level I (screening results). The FTL is 
responsible for reviewing the field logbooks, which will contain the following 
information for Level I field screening results. 

QC data package deliverables are summarized in Table 1-11 by analytical fraction 
and will include sample results and QC summary forms, but not unreduced 
instrument data. Level III data packages will contain sufficient information so that 
sample analysis can be reconstructed, calculations can be verified, and a data quality 
assessment can be made to evaluate whether the data meet project requirements. 

In addition, the laboratory must have the capability of providing the data package on 
compact disk (CD) in a scanned .pdf format. At this time, it is anticipated that the 
laboratory will provide one hardcopy data package and one CD to the PC, and one 
CD to the PM. 

Refer to Table 1-11 for Data Package Deliverables.  

1.2.5 Quality Control Requirements 
The following text describes this project’s QC requirements. 

Field QC Blank Samples and Duplicate Field Samples 
The type and frequency of field QC samples should be evaluated as part of the project 
planning process. In the following subsections, typical field QC blank samples and 
duplicate field samples are defined. 

Blank samples should not contain any target parameter of interest. There are certain 
organic compounds known to be common laboratory contaminants, such as acetone, 
methylene chloride, and the common phthalates. However, the laboratory must make all 
efforts to eliminate these compounds as contaminants. The concentration of all target 
compounds must be less than the RL, except for the common contaminants; the 
concentration of the common contaminants must be less than five times the RL. 

Trip Blanks. TBs are used to monitor potential VOC contamination introduced during 
sample shipping and handling. Trip blanks are 40 milliliters (mL) VOC vials of ASTM 
Type II water, which are filled in the laboratory, transported to the sampling site, and 
returned to the laboratory with the VOC samples. TBs are prepared and analyzed for 
VOCs only; they should not be opened in the field. One TB will be included with each 
cooler containing samples for VOC analysis (aqueous and solid phase). 

Equipment Rinsate Blank (ERB) Samples. ERBs are samples of American Society for 
Testing and Materials (ASTM) Type II water passed through and over the surface of 
decontaminated sampling equipment. The rinse water is collected in sample bottles, 
preserved, and handled in the same manner that is used when collecting aqueous 
samples, even if the ERBs are being collected for soil samples. ERBs are used to 
monitor the effectiveness of the decontamination process. One ERB will be collected 
per day, per type of sampling equipment and analyzed for the same parameters as 
the corresponding samples. 
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TABLE 1-11 
Data Package Deliverables 

Case Narrative – A detailed case narrative per analytical fraction is required and will include explanation of any 
noncompliance and/or exceptions and corrective action. Exceptions will be noted for receipt, holding times, methods, 
preparation, calibration, blanks, spikes, surrogates (if applicable), and sample exceptions. 
Sample ID Cross Reference Sheet (Lab IDs and Client IDs) 
Completed Chain of Custody and any sample receipt information 
Sample preparation (extraction/digestion) logs 
Copies of nonconformance memos and corrective actions 
Form  GC/MS Organic Fractions Level II Level IV
1 Sample results  • • + raw 
2 Surrogate Recovery Summary (w/ applicable control limits)  • • 
3 MS/MSD Accuracy & Precision Summary  • • + raw 
3 LCS Accuracy Summary  • • + raw 
4 Method Blank Summary  • • + raw 
5 Instrument Tuning Summary (including tuning summary for applicable initial calibrations)   • 
6 Initial Calibration Summary (including concentration levels of standards)   • + raw 
7 Continuing Calibration Summary   • + raw 
8 Internal Standard Summary (including applicable initial calibrations)   • 
Form  GC/HPLC Organic Fractions Level II Level IV
1 Sample results  • • **** 
2 Surrogate Recovery Summary (w/ applicable control limits)  • • 
3 MS/MSD Accuracy & Precision Summary  • • 
3 LCS Accuracy Summary  • • 
4 Method Blank Summary  • • 
6 Initial Calibration Summary (including concentration levels of standards)   • 
7 Continuing Calibration Summary   • 
7 Degradation Summary (Organochlorine Pesticides only)   • 
8 Analytical Sequence (including internal standard area performance where applicable)   • 
10 Compound Identification Summary (where confirmation required)   • 
Form  Total and Dissolved Metals Inorganic Fractions Level II Level IV
1 Sample Results  • • + raw 
2A Initial and Continuing Calibration Summary   • + raw 
3 Initial and Continuing Calibration Blanks and Method Blanks Summary  • • + raw 
4 Interference Check Standard Summary   • + raw 
5A Pre-digestion Matrix Spike Recoveries Summary  • • + raw 
5B Post-digestion Spike Recoveries Summary  • + raw 
6 Native Duplicate or MS/MSD Precision Summary  • • + raw 
7 Laboratory Control Sample Recovery Summary  • • + raw 
8 Method of Standard Addition (if necessary)   • + raw 
9 Serial Dilution   • + raw 
10 Instrument or Method Detection Limit Summary   • 
11 ICP Interelement Correction Factors  • 
12 Linear Range Summary   • 
13 Preparation Log Summary   • + raw 
14 Analytical Run Sequence and GFAA Post-spike Recovery Summary  • + raw 

Form General Chemistry Fractions: (Includes potentiometric, gravimetric, colorimetric,  
and titrimetric analytical techniques. Examples, TPH (418.1), TOC, etc.) Level II Level IV

1 Sample Results  • • + raw 
2A Initial and Continuing Calibration Summary   • + raw 
3 Initial and Continuing Calibration Blanks and Method Blanks Summary  • • + raw 
5A Pre-digestion Matrix Spike Recoveries Summary  • • + raw 
6 Native Duplicate or MS/MSD Precision Summary  • • + raw 
7 Laboratory Control Sample Recovery Summary  • • + raw 
10 Instrument or Method Detection Limit Summary   • 

 

Field/Decontamination Source Water Blanks. Field blanks (FBs) are samples of the 
source water used for decontamination and steam cleaning. This blank is used to 
monitor potential contaminants present in the source water during field 
decontamination procedures. One FB will be collected for each source of water used 
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for decontamination and analyzed for the same parameters as the corresponding 
samples. One FB will be collected per week while sampling. 

Temperature Blanks. Temperature blanks are sent with each cooler shipped to the 
offsite laboratory containing samples requiring preservation at 4 °C. Temperature 
blanks consist of a nonpreserved VOC vial, or similar laboratory container, filled with 
ASTM reagent grade water. Temperature blanks are measured at the laboratory upon 
receipt to verify the temperature of the samples contained in the cooler. One 
temperature blank will be shipped with each cooler to each offsite laboratory. 

Duplicate Field Samples. Duplicate field samples are collected to monitor the precision 
of the field sampling process. The FTL will choose at least 10 percent (per matrix) of 
the total number of sample locations known or suspected to contain moderate 
contamination, and duplicate field samples will then be collected at these locations. 
The identity of the duplicate samples will be recorded in the field sampling logbook, 
and this information will be forwarded to the DQE team to aid in reviewing and 
evaluating the data. A control limit of ± 20 percent for the RPD will be used for 
original and duplicate concentrations greater than five times the RL in water matrices. 
A control limit of ± 35 percent for the RPD will be used for original and duplicate 
concentrations greater than five times the RL in soil matrices. A control limit of ± the 
RL will be used for waters and ± two times the RL for soils when concentrations are 
reported as less than five times the RL. 

Laboratory QC Blank and Matrix Spike Samples  
Laboratory Method/Preparation Blanks. Laboratory method blanks are blank matrices 
(such as ASTM Type II water or Ottawa sand) that are treated as environmental 
samples, being prepared and analyzed along with the field samples. Laboratory 
method blanks are used to monitor laboratory performance and to check for 
contamination introduced during the preparation and analytical procedures. A 
method blank is required for every 20 field samples or for each analytical batch, 
whichever is more frequent. 

Blank samples should not contain any target parameter of interest. There are certain 
organic compounds known to be common laboratory contaminants, such as acetone, 
methylene chloride, and the common phthalates. However, the laboratory must make 
all efforts to eliminate these compounds as contaminants. The concentration of all 
target compounds must be less than the RL, except for the common contaminants; the 
concentration of the common contaminants must be less than five times the RL. 

Matrix Spike/Matrix Spike Duplicate Samples. For MS/MSD samples, three aliquots of a 
single sample are analyzed: one native and two spiked with target compounds or 
metals. Spike recovery is used to evaluate potential matrix interferences, as well as 
accuracy. The duplicate spike results (MS and MSD) are compared to evaluate 
precision. MS/MSDs will be collected at a frequency of 5 percent (1 MS/MSD sample 
set for every 20 field samples) of the number of field samples. The MS/MSD accuracy 
limits are 75 to 125 percent for total and dissolved metals. The MS/MSD RPD limits 
for total and dissolved metals are 20 percent for waters and 35 percent for soils. 
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The laboratory MS/MSD accuracy and precision limits for the remaining analyses 
will be used as guidance when evaluating the data. 

Surrogate Spikes. Surrogate spike compounds are added to each sample for the 
organic analytical methods. Surrogate spike compounds are structurally similar (but 
not identical) to target compounds and should behave in a similar manner during 
analysis. Surrogate spike recoveries are used to monitor both laboratory performance 
and matrix interferences. Surrogate spike recoveries from field and laboratory blanks 
are used to evaluate laboratory performance because these blanks represent an ideal 
sample matrix. Surrogate spike recoveries for field samples are used to evaluate the 
potential for matrix interferences. When surrogate spike recoveries for field samples 
fall outside the method target acceptance windows, the samples are re-extracted if 
appropriate, then reanalyzed. If the surrogate spike recovery is still outside the 
acceptance window for the reanalyzed sample, then the sample results are qualified 
as affected by matrix interferences. 

Laboratory Control Spike Samples. The laboratory control samples (LCSs) are 
analyte-free water (for aqueous analyses) or Ottawa sand (for soil analyses) (except 
total and dissolved metals where glass beads of 1-millimeter [mm] diameter or 
smaller may be used) spiked with all target analytes. The appropriate spiking 
concentration will be spiked at a level less than or equal to the midpoint of the 
calibration curve for each analyte. 

The LCS will be carried through the complete sample preparation and analysis 
procedure. The LCS is used to evaluate each preparation and analytical batch and to 
determine if the method is in control. The LCS cannot be used as the continuing 
calibration verification. One LCS will be included in every preparation and analytical 
batch. If more than on LCS is analyzed in an analytical batch, results from all LCSs 
analyzed will be reported. 

Whenever an analyte in a LCS is outside the acceptance limit, corrective action will be 
performed. After the system problems have been resolved and system control has 
been reestablished, all samples in the analytical batch will be reanalyzed for the out-
of-control analyte(s). When an analyte in a LCS exceeds the upper or lower control 
limit and no corrective action is performed or the corrective action was ineffective, the 
laboratory should discuss the issue with the PC or QAM personnel. 

Interference Check Samples. The interference check sample (ICS), used in inductively 
coupled plasma (ICP) analyses only, contains both interfering and analyte elements of 
known concentrations. The ICS is used to verify background and interelement 
correction factors and is run at the beginning and end of each run sequence. 

When the ICS results are outside of the acceptance limits as prescribed in the method, 
corrective action will be performed. After the system problems have been resolved 
and system control has been re-established, reanalyze the ICS. If the ICS result is 
acceptable, re-analyze all affected samples.  



CDCA PA/SI 
REVISION NUMBER 0 

APRIL 2009 
PAGE 55 OF 85 

 

Internal Standards. Internal standards (ISs) are known amounts of certain compounds 
added after preparation or extraction of a sample. These compounds are used in an IS 
calibration method to correct sample results affected by column injection losses, 
purging losses, or viscosity effects. ISs will be added to environmental samples, 
control samples, and blanks in accordance with the method requirements. 

When the IS results are outside of the acceptance limits, corrective actions will be 
performed. After the system problems have been resolved and system control has 
been reestablished, all samples analyzed while the system was malfunctioning will be 
reanalyzed. 

Retention Time Windows 
Retention time windows are established to compensate for minor shifts in absolute 
retention times resulting from normal chromatographic variability. Absolute 
retention times are used for analyte identification in all gas chromatography (GC) and 
high performance liquid chromatography (HPLC) methods that do not employ IS 
calibration. Retention time windows are used in GC and HPLC analysis for 
qualitative identification of analytes. They are calculated from replicate analyses of a 
standard on multiple days. If the analyte retention time is outside the established 
window, new retention windows must be established. 

Confirmation of Identification 
Quantitative confirmation of results at or above the RL for samples analyzed by GC 
or HPLC will be required and will be completed within the method-required holding 
times. For GC methods, a second column is used for confirmation. For HPLC 
methods, a second column or a different detector is used. The result from the lowest 
quantitation between the primary and secondary column/detector will be used for 
reporting purposes. The lowest quantitation will be reported to minimize the 
reporting of bias high results arising from coelution of nontarget analytes with the 
analyte of interest. 

Standard Materials 
Standard materials, including second source materials, used in calibration and to 
prepare samples will be traceable to National Institute of Standards and Testing 
(NIST), USEPA, American Association of Laboratory Accreditation (A2LA), or other 
equivalent approved source, if available. If an NIST, USEPA, or A2LA standard 
material is not available, the standard material proposed for use will be included in 
an addendum to the QAPP and approved before use. The standard materials will be 
current, and the following expiration policy will be followed. 

• The expiration dates for ampulated solutions will not exceed the manufacturer’s 
expiration date or 1 year from the date of receipt, whichever comes first.  

• Expiration dates for laboratory-prepared stock and diluted standards will be no 
later than the expiration date of the stock solution or material or the date 
calculated from the holding time allowed by the applicable analytical method, 
whichever comes first.  
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• Expiration dates for pure chemicals will be established by the laboratory and be 
based on chemical stability, possibility of contamination, and environmental and 
storage conditions.  

• Expired standard materials will be either revalidated prior to use or discarded. 
Revalidation may be performed through assignment of a true value and error 
window statistically derived from replicate analyses of the material as compared 
to an unexpired standard.  

• The laboratory will label standard and QC materials with expiration dates. 

 

A second source standard is used to independently confirm initial calibration. A 
second source standard is a standard purchased from a different vendor than the 
vendor supplying the material used in the initial calibration standards. The second 
source material can be used for the continuing calibration standards or for the LCS 
(but will be used for one of the two). Two different lot numbers from the same vendor 
do not constitute a second source. 

Table 1-12 has laboratory QC samples.  

Table 1-13 discusses the measurement performance criteria for field QC samples. 
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TABLE 1-12 
Laboratory QC Samples 
Camp Devil Dog 

Matrix Water and Soil 

Analytical Group HPLC 

Analytical 
Method/SOP 

Reference 

USEPA 
8330A/KNOX-

LC-0001 

QC Sample: Frequency/Num
ber 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality 
Indicator 

(DQI) 

Measurement 
Performance 

Criteria 

Method Blank 
1/Batch (20 
samples) 

No Target 
Compounds>1/2RL 

If sufficient sample is available, reprep 
and reanalyze samples. Qualify data 
as needed. Report results if sample 
results >20x blank result or sample 
results ND. 

Analyst / Section 
Supervisor 

Accuracy/Bias-
Contamination 

No Target 
Compounds>1/
2RL 

Instrument Blank 

One per 12 hours 
if method blank 
not analyzed 
during that time 
period 

No Target 
Compounds>1/2RL 

If sufficient sample is available, 
reanalyze samples. Qualify data as 
needed. Report results if sample 
results >20x blank result or sample 
results ND. 

Analyst / Section 
Supervisor 

Accuracy/Bias-
Contamination 

No Target 
Compounds>1/
2RL 

Laboratory Control 
Sample 

1/Batch (20 
samples) 

Refer to Attachment 
1 for LCS control 
limits. 

If sufficient sample is available, 
reanalyze samples. Qualify data as 
needed. 

Analyst / Section 
Supervisor Accuracy/Bias 

Laboratory % 
Recovery 
Control Limits 

Matrix Spike/Matrix 
Spike Duplicate 

1/Batch (20 
samples) 

Refer to Attachment 
1 for MS control 
limits. 

Determine root cause; flag MS/MSD 
data; discuss in narrative. 

Analyst / Section 
Supervisor 

Accuracy/Bias/ 
Precision 

Laboratory % 
Recovery / RPD 
Control Limits 

Surrogates Every sample 

Refer to Attachment 
1 for surrogate 
control limits. 

Check calculations and instrument 
performance; recalculate, reanalyze. 

Analyst / Section 
Supervisor Accuracy/Bias 

Laboratory % 
Recovery 
Control Limits 
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Matrix Aqueous 

Analytical Group Perchlorate 

Analytical 
Method/ SOP 

Reference 

Method 6850/SAC-LC-
0012 

QC Sample Frequency / Number 
Method / SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible 

for Corrective 
Action 

Data Quality 
Indicator 

(DQI) 

Measurement 
Performance 

Criteria 

Method blank One per preparation batch No target analytes ≥ ½ 
RL in accordance with 
DoD QSM requirements 

Correct problem, then 
re-extract and reanalyze 
method blank and all 
samples processed with 
the contaminated blank 
in accordance with DoD 
QSM requirements 

Lab Manager / 
Analyst 

Accuracy/Bias 
Contamination 

No target 
analytes ≥ ½ RL 
in accordance 
with DoD QSM 
requirements 

Internal standards During acquisition of 
calibration standard, 
samples, and QC check 
samples 

Areas within -50% to 
+100% of the midpoint 
of the last ICAL for each 
sample and QC in 
accordance with DoD 
QSM requirements 

Inspect LCMS for 
malfunctions; mandatory 
reanalysis of samples 
analyzed while system 
was malfunctioning in 
accordance with DoD 
QSM requirements 

Lab Manager / 
Analyst 

Precisions 
and 
Accuracy/Bias 

Meets all 
USEPA Method 
requirements 
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Matrix Aqueous 

Analytical Group Perchlorate 

Analytical 
Method/ SOP 

Reference 

Method 6850/SAC-LC-
0012 

QC Sample Frequency / Number 
Method / SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible 

for Corrective 
Action 

Data Quality 
Indicator 

(DQI) 

Measurement 
Performance 

Criteria 

Isotope Ratio Every Sample and QC 83/85 ratio within ± 30% 
of the mid-range ICAL 
standard ratio, or within 
± 30% of the ratio of the 
average of the areas 
from all CCVs in the run, 
if the ICAL is not run the 
same day 

Not Applicable Lab Manager / 
Analyst 

Qualitative 
Idenitfication 

Meets all 
USEPA Method 
requirements 

MS/MSD One MS/MSD pair per 
analytical/preparation 
batch 

QC acceptance criteria: 
80% to 120% accuracy, 
15% precision; or 
laboratory statistically 
derived control limits 

Identify problem; if not 
related to matrix 
interference, re-extract 
and reanalyze MS/MSD 
and all associated batch 
samples in accordance 
with DoD QSM 
requirements 

Lab Manager / 
Analyst 

Precisions 
and 
Accuracy/Bias 

QC acceptance 
criteria: 
80% to 120% 
accuracy, 
15% precision; 
or laboratory 
statistically 
derived control 
limits 

LCS  One LCS per 
analytical/preparation 
batch  

QC acceptance criteria: 
80% to 120% 
accuracy,15% precision; 
or laboratory statistically 
derived control limits, 

Correct problem, then 
re-extract and reanalyze 
the LCS and all 
associated batch 
samples in accordance 
with DoD QSM 
requirements.  

Lab Manager / 
Analyst 

Precisions 
and 
Accuracy/Bias 

QC acceptance 
criteria: 
80% to 120% 
accuracy, 
15% precision; 
or laboratory 
statistically 
derived control 
limits 
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Matrix Aqueous 

Analytical Group Perchlorate 

Analytical 
Method/ SOP 

Reference 

Method 6850/SAC-LC-
0012 

QC Sample Frequency / Number 
Method / SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible 

for Corrective 
Action 

Data Quality 
Indicator 

(DQI) 

Measurement 
Performance 

Criteria 

MDL study Once per 12-month period Detection limits 
established will be below 
the RLs 

Correct problem, then 
repeat the MDL study in 
accordance with DoD 
QSM requirements 

Lab Manager / 
Analyst 

Sensitivity Detection limits 
will be below 
the RLs 

Method blank One per preparation batch No target analytes ≥ ½ 
RL in accordance with 
DoD QSM requirements 

Correct problem, then 
re-extract and reanalyze 
method blank and all 
samples processed with 
the contaminated blank 
in accordance with DoD 
QSM requirements 

Lab Manager / 
Analyst 

Accuracy/Bias 
Contamination 

No target 
analytes ≥ ½ RL 
in accordance 
with DoD QSM 
requirements 

Internal standards During acquisition of 
calibration standard, 
samples, and QC check 
samples 

Areas within -50% to 
+100% of the midpoint 
of the last ICAL for each 
sample and QC in 
accordance with DoD 
QSM requirements 

Inspect LCMS for 
malfunctions; mandatory 
reanalysis of samples 
analyzed while system 
was malfunctioning in 
accordance with DoD 
QSM requirements 

Lab Manager / 
Analyst 

Precisions 
and 
Accuracy/Bias 

Meets all 
USEPA Method 
requirements 



CDCA PA/SI 
REVISION NUMBER 0 

APRIL 2009 
PAGE 61 OF 85 

 

Matrix Aqueous 

Analytical Group Perchlorate 

Analytical 
Method/ SOP 

Reference 

Method 6850/SAC-LC-
0012 

QC Sample Frequency / Number 
Method / SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible 

for Corrective 
Action 

Data Quality 
Indicator 

(DQI) 

Measurement 
Performance 

Criteria 

Isotope Ratio Every Sample and QC 83/85 ratio within ± 30% 
of the mid-range ICAL 
standard ratio, or within 
± 30% of the ratio of the 
average of the areas 
from all CCVs in the run, 
if the ICAL is not run the 
same day 

Not Applicable Lab Manager / 
Analyst 

Qualitative 
Idenitfication 

Meets all 
USEPA Method 
requirements 

MS/MSD One MS/MSD pair per 
analytical/preparation 
batch 

QC acceptance criteria: 
80% to 120% accuracy, 
15% precision; or 
laboratory statistically 
derived control limits 

Identify problem; if not 
related to matrix 
interference, re-extract 
and reanalyze MS/MSD 
and all associated batch 
samples in accordance 
with DoD QSM 
requirements 

Lab Manager / 
Analyst 

Precisions 
and 
Accuracy/Bias 

QC acceptance 
criteria: 
80% to 120% 
accuracy, 
15% precision; 
or laboratory 
statistically 
derived control 
limits 

LCS  One LCS per 
analytical/preparation 
batch  

QC acceptance criteria: 
80% to 120% 
accuracy,15% precision; 
or laboratory statistically 
derived control limits, 

Correct problem, then 
re-extract and reanalyze 
the LCS and all 
associated batch 
samples in accordance 
with DoD QSM 
requirements.  

Lab Manager / 
Analyst 

Precisions 
and 
Accuracy/Bias 

QC acceptance 
criteria: 
80% to 120% 
accuracy, 
15% precision; 
or laboratory 
statistically 
derived control 
limits 
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Matrix Aqueous 

Analytical Group Perchlorate 

Analytical 
Method/ SOP 

Reference 

Method 6850/SAC-LC-
0012 

QC Sample Frequency / Number 
Method / SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible 

for Corrective 
Action 

Data Quality 
Indicator 

(DQI) 

Measurement 
Performance 

Criteria 

MDL study Once per 12-month period Detection limits 
established will be below 
the RLs 

Correct problem, then 
repeat the MDL study in 
accordance with DoD 
QSM requirements 

Lab Manager / 
Analyst 

Sensitivity Detection limits 
will be below 
the RLs 

           
IC denotes initial calibration.          
ICS denotes interference check solution.          
ICV denotes initial calibration verification.          
IDL denotes instrument detection limit.          
Data quality indicators denotes quantitative and qualitative measures of principal quality attributes, including precision, accuracy, representativeness, comparability, completeness, and sensitivity. 

USEPA denotes U.S. Environmental Protection Agency.          
LCS denotes laboratory control sample          
MDL denotes method detection limit.          
MS/MSD denotes matrix spike/matrix spike duplicate.          
RL denotes project reporting limit.          
QC denotes quality control.          
RF denotes response factor.          
RSD denotes relative standard deviation.          
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Matrix Water and Soil 

Analytical Group Total and 
Dissolved Metals 

Analytical 
Method/SOP 

Reference 

USEPA 
6010B/KNOX-MT-

0007 

QC Sample: Frequency/Numb
er 

Method/SOP 
QC 

Acceptance 
Limits 

Corrective Action 
Person(s) 

Responsible for 
Corrective 

Action 

Data Quality 
Indicator 

(DQI) 
Measurement 

Performance Criteria 

Method Blank 
1/Batch (20 
samples) 

No Target 
Compounds>1/
2RL; no 
common lab 
contaminants 
>RL. 

If sufficient sample is 
available, reprep and 
reanalyze samples. Qualify 
data as needed. Report 
results if sample results 
>10x blank result or sample 
results ND. 

Analyst / Section 
Supervisor 

Accuracy/Bias-
Contamination 

No Target 
Compounds>1/2RL; no 
common lab 
contaminants >RL. 

Calibration Blank 

Before beginning 
a sample run, 
after every 10 
samples and at 
the end of the 
analysis sequence 

No Target 
Compounds>2x
MDL. 

Repeat CCV/CCB. If this 
fails, recalibrate and 
reanalyze affected 
samples.  

Analyst / Section 
Supervisor 

Accuracy/Bias-
Contamination 

No Target 
Compounds>2xMDL in 
CCB. 

Interference Check 
Solutions (ICS) 

At the beginning 
of an analytical 
run 

ICS-A: Absolute 
value of 
concentration 
for all non-
spiked analytes 
<RL; ICS-AB: 
Within +/-20% 
of expected 
value 

Terminate analysis; locate 
and correct problem; 
reanalyze ICS. 

Analyst / Section 
Supervisor 

Accuracy/Bias-
Contamination 

ICS-A: Absolute value 
of concentration for all 
non-spiked analytes 
<RL; ICS-AB: Within +/-
20% of expected value 
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Matrix Water and Soil 

Analytical Group Total and 
Dissolved Metals 

Analytical 
Method/SOP 

Reference 

USEPA 
6010B/KNOX-MT-

0007 

QC Sample: Frequency/Numb
er 

Method/SOP 
QC 

Acceptance 
Limits 

Corrective Action 
Person(s) 

Responsible for 
Corrective 

Action 

Data Quality 
Indicator 

(DQI) 
Measurement 

Performance Criteria 

Laboratory Control 
Sample 

1/Batch (20 
samples) 

Refer to 
Attachment 1 
for LCS control 
limits. 

If sufficient sample is 
available, correct problem 
then reprep and reanalyze 
samples. Qualify data as 
needed. 

Analyst / Section 
Supervisor Accuracy/Bias 

Laboratory % Recovery 
Control Limits 

Dilution Test 
1/Batch (20 
samples) 

10%D for 
sample results 
>50xIDL 

Perform post digestion 
spike (PDS) addition 

Analyst / Section 
Supervisor Accuracy/Bias 

10%D for sample 
results>50xIDL 

Post-digestion spike 
(PDS) addition 

When serial 
dilution fails or 
when the analyte 
concentration in 
all 
samples<50xIDL 

75%-125% 
recovery Flag PDS data 

Analyst / Section 
Supervisor Accuracy/Bias 75%-125% recovery 

Matrix Spike 
1/Batch (20 
samples) 

Same as LCS 
control limits 
above. 

Flag MS/MSD data; 
discuss in narrative. 

Analyst / Section 
Supervisor Accuracy/Bias 

Laboratory % Recovery 
Control Limits 

Matrix Spike Duplicate/ 
Spike Duplicate 

1/Batch (20 
samples) RPD<20% 

Flag MSD/DUP data; 
discuss in narrative. 

Analyst / Section 
Supervisor Precision RPD Control Limits 
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TABLE 1-13 
Measurement Performance Criteria – Field QC Samples 
Camp Devil Dog 

Matrix:  Water and Soil 

Analytical Group:  
Total and 

Dissolved Metals 

Concentration Level:  ug/L and mg/Kg 

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) 

Equipment Rinsate 
Blank 

One per day 
of sampling 

Contamination To be Defined by Client 
(Note that Laboratory 
Blank Criteria is No 
Target compound >RL) 

S&A 

Ambient Field Blank One per week 
of sampling 

Contamination To be Defined by Client 
(Note that Laboratory 
Blank Criteria is No 
Target compound >RL) 

S&A 

Field Duplicate One per 10 
samples per 
matrix 

Precision To be Defined by Client  S&A 

Matrix Spike/ Matrix 
Spike Duplicate 
(MS/MSD) 

Total and 
Dissolved 

Metals 

One per 20 
set of field 
samples 

Precision and Accuracy RPD ≤ 20% S&A 
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Matrix:  Water and Soil 

Analytical Group:  HPLC 

Concentration Level:  ug/L and mg/Kg 

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) 
Equipment Rinsate 
Blank 

One per day 
of sampling 

Contamination To be Defined by Client 
(Note that Laboratory 
Blank Criteria is No 
Target compound >RL) 

S&A 

Ambient Field Blank One per week 
of sampling 

Contamination To be Defined by Client 
(Note that Laboratory 
Blank Criteria is No 
Target compound >RL) 

S&A 

Cooler Temperature 
Blank 

One per 
cooler to the 
laboratory 

Temperature 
Preservation 

0 to 6 deg C S 

Field Duplicate One per 10 
samples per 
matrix 

Precision To be Defined by Client  S&A 

Matrix Spike/ Matrix 
Spike Duplicate 
(MS/MSD) 

HPLC 

One per 20 
set of field 
samples 

Precision and Accuracy RPD ≤ 30% S&A 
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Matrix:  Water and Soil 

Analytical Group:  Perchlorate 

Concentration Level:  ug/L and ug/Kg 

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) 

Equipment Rinsate 
Blank 

One per day of 
sampling 

Contamination To be Defined by Client 
(Note that Laboratory Blank 
Criteria is No Target 
compound >RL) 

S&A 

Ambient Field Blank One per week 
of sampling 

Contamination To be Defined by Client 
(Note that Laboratory Blank 
Criteria is No Target 
compound >RL) 

S&A 

Cooler Temperature 
Blank 

One per cooler 
to the laboratory 

Temperature Preservation 0 to 6 deg C S 

Field Duplicate One per 10 
samples per 
matrix 

Precision To be Defined by Client  S&A 

Matrix Spike/ Matrix 
Spike Duplicate 
(MS/MSD) 

LC/MS/MS 

One per 20 set 
of field samples 

Precision and Accuracy RPD ≤ 20% S&A 
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1.2.6 Field and Laboratory Corrective Action 
The procedures that will be followed in identifying problems and performing 
corrective actions in the field and in the laboratory are described below. 

Field Corrective Action 
The task manager is responsible for overseeing the corrective action process, but any 
team member may initiate it. The corrective action process consists of identifying a 
problem, acting to eliminate the problem, monitoring the effectiveness of the 
corrective action, verifying that the problem has been eliminated, and documenting 
the corrective action. 

Examples of corrective action are correcting COC forms; correcting problems 
associated with sample collection, packaging, shipping, or field record keeping; or 
additional training in sampling and analysis. Additional approaches may include 
resampling or evaluating and amending sampling procedures. 

Laboratory Corrective Action 
The laboratory department supervisors will review the data generated to verify that 
all QC samples have been run as specified in the procedure. Laboratory personnel are 
alerted that corrective actions may be necessary under the following conditions. 

• QC data are outside the warning or acceptable windows for precision and 
accuracy established for laboratory samples. 

• Blanks contain contaminants at concentrations above the levels specified in the 
laboratory QA plan for any target compound. 

• Deficiencies are detected by the laboratory QA director during internal or external 
audits, or from the results of performance evaluation samples. 

Corrective actions are implemented immediately when nonconformances in QC 
sample results are identified by the bench analyst. Corrective action procedures are 
handled initially at the bench level by the analyst, who reviews the preparation or 
extraction procedure for possible errors and checks such parameters as instrument 
calibration, spike and calibration mixes, and instrument sensitivity. 

The analyst immediately notifies his or her supervisor of the problem and the 
investigation being conducted. If the problem persists or cannot be identified, the 
matter must be referred to the laboratory supervisor and the QA/QC officer for 
further investigation. At this point, the PC and the PM must be notified about the 
nonconformance. All laboratory QC problems that will affect the final data must be 
discussed with the PC as part of the corrective action process. Once resolved, full 
documentation of the corrective action procedure must be filed with the laboratory 
supervisor, and the QA/QC officer must be provided with a corrective action 
memorandum for inclusion in the project file if data are affected. A copy of the 
corrective action memorandum must be included in the laboratory data package 
deliverable. 
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Corrective actions may include the following. 

• Reanalyzing suspect samples 
• Recalibration with new standards 
• Eliminating blank contamination 
• Resampling and analyzing new samples 
• Evaluating and amending sampling and analytical procedures 
• Accepting data with an acknowledged level of uncertainty 
• Recalibrating analytical instruments 
• Qualifying or rejecting the data 

After implementation of the required corrective action measures, data that are 
deemed unacceptable may not be accepted by the PM, and follow-up corrective 
actions may be explored. Details of laboratory corrective actions are provided in the 
laboratory CompQAP. 

1.2.7 Instrument/Equipment Testing, Inspection, and Maintenance 
Requirements 

This subsection describes the inspection and acceptance of environmental sampling 
and measurement systems and components to ensure their intended use as specified 
by the design. 

Field Instruments 
All equipment used for field measurements will be maintained in accordance with 
the manufacturer’s instructions. Routine maintenance and all equipment repairs will 
be documented in the site logbook. Whenever a piece of equipment fails to operate 
properly, the instrument either will be repaired in-house, if possible, or be sent out 
for repair, and another instrument equivalent to the original will be substituted, if 
possible. Other than solutions/standards for calibrating the equipment, the field team 
keeps only a limited amount of supplies on hand. Parts are ordered on an as-needed 
basis. 

Data will be generated from field methods for VOC screening with an FID and/or 
PID, pH, temperature, conductivity, and DO. QC procedures and calibration 
requirements for field methods are addressed in the following paragraphs. If 
procedures other than those listed below are to be used, or if modifications to 
approved procedures are proposed, a complete description will be submitted to the 
PM for approval before field use. 

Temperature Meter. This method is applicable to groundwater and surface water. 
Temperature measurements may be made with an analog or digital readout device or 
conductivity and pH meters that are equipped with a thermometer. 

Before using the equipment probe, it should be allowed sufficient time to equilibrate 
to the outside temperature when removed from a field vehicle. Insert the probe in situ 
when possible or in a grab sample. Swirl the probe in the sample and take the 
temperature reading when the readout needle stops moving; record temperature to 
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the nearest 0.5 °C. Routinely check the measurements device against a precision 
thermometer. 

Analytical Laboratory Instruments 
Preventive maintenance for laboratory instruments is discussed in greater detail in 
the laboratory's CompQAP.  

It is required that designated laboratory personnel will be trained in routine 
maintenance procedures for all major instrumentation. Either trained staff or trained 
service engineers or technicians employed by the instrument manufacturer will make 
repairs. The laboratory should have multiple instruments that will serve as back-up 
to minimize potential downtime. All maintenance will be documented and kept in 
permanent logs. These logs will be available for review by auditing personnel. 

Laboratory equipment testing, inspection, and maintenance will be in accordance 
with the laboratory’s CompQAP. The laboratory CompQAP should discuss the 
schedule, procedures, criteria, and documentation for verifying that all analytical 
equipment is operating in an accurate and precise manner. To minimize instrument 
downtime, each laboratory should have an internal instrument repair department or 
have a contract with a local instrument repair company. The laboratory keeps an 
inventory of certain supplies and consumables, as described in the laboratory’s 
CompQAP. Additional parts or supplies are ordered on an as-needed basis. 

1.2.8 Instrument Calibration and Frequency 
Calibration procedures for field instruments and laboratory equipment are discussed 
below. 

Field Instruments 
Because instruments used during field investigation activities may be of several 
models and manufacturers, it is not feasible to present instrument-specific details in 
this subsection. Instead, instrument-specific calibration will be performed in 
accordance with the manufacturer’s instructions, as provided in the instrument’s 
SOP. 

Field instruments will be calibrated daily in accordance with manufacturers’ 
specifications before the beginning of sampling activities. The calibration of all field 
equipment will be documented in the field notebook. Standards used to calibrate the 
field survey instruments will be traceable to NIST standards whenever possible. The 
method and frequency of calibration for the instruments used for each field activity 
are described in the manufacturer's instructions and summarized in Table 1-14. These 
procedures will be followed at a minimum. 
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TABLE 1-14 
Method and Frequency of Instrument Calibration 
Camp Devil Dog 

Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table 

Instrument/ 
Equipment 

Maintenance 
Activity 

Testing 
Activity 

Inspection 
Activity Frequency

Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person 

SOP 
Reference

HPLC Replace columns 
when peak shape 
and resolution 
indicate that 
chromatographic 
performance of 
column is below 
method 
requirements. 
Change pump seals 
when flow becomes 
inconsistent. 
Replace UV lamp. 
Replace active inlet 
valve. 
Replace pre-column. 
Replace in-line filters. 

Refer to 
Worksheet 
#24 

Refer to 
Worksheet #24 

As needed Refer to 
Worksheet 
#24 

Refer to 
Worksheet 
#24 

HPLC Analyst KNOX-LC-
0001 
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TABLE 1-14 
Method and Frequency of Instrument Calibration 
Camp Devil Dog 

Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table 

Instrument/ 
Equipment 

Maintenance 
Activity 

Testing 
Activity 

Inspection 
Activity Frequency

Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person 

SOP 
Reference

ICP-AES Clean nebulizer and 
drain chamber. 
Clean filters on back 
of power unit to 
remove dust. 
Replace peristaltic 
pump tubing, sample 
capillary tubing, and 
autosampler sipper 
probe as needed 
Clean and lubricate 
autosampler arm. 
Check that cooling 
water supply system 
is full and drain bottle 
is not full. 
Clean air filter on 
water cooling system 
Change vacuum 
pump oil on ST1 

Refer to 
Worksheet 
#24 

Refer to 
Worksheet #24 

Service 
vacuum 
pump on 
ST1 once 
per year; 
other as 
needed 

Refer to 
Worksheet 
#24 

Refer to 
Worksheet 
#24 

Metals Analyst KNOX-MT-
0007 

LC/MS/MS Replace columns as 
needed, check 
effluent reservoirs 

Sensitivity 
check 

Instrument 
performance and 
sensitivity 

Daily or as 
needed 

CCV pass 
criteria 

Recalibrate Test America 
Chemist 

SAC-LC-
0012 

Notes: 
PID = Photo-ionization detector 
FID = Flame-ionization detector 
ppm = Parts per million 
SU = Standard units 
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The pH, DO, ORP, conductivity, and turbidimeters will be decontaminated before each 
sample is measured. The probes will be rinsed three times with ASTM Type II water before 
storage each day. The meters will be checked for battery charge and physical damage each 
day. The meters, pH standard solutions, and conductivity buffer solutions will be stored in a 
cool, dry environment. Standard solutions will be discarded on their expiration dates. 

1.2.9 Laboratory Equipment 
Laboratory instruments will be calibrated in accordance with the manufacturer’s directions 
and applicable method specifications. Laboratory instrument calibration procedures will be 
summarized in the laboratory CompQAP, which will be reviewed and approved by the PM 
or designee before samples are submitted for analysis. The calibration of all laboratory 
equipment will be documented in the specific maintenance logbook, or analytical logbook, 
as described in the laboratory’s CompQAP. 

Analytical instruments will be calibrated in accordance with the analytical methods (Table 
1-15). All target analytes reported will be present in the initial and continuing calibrations. 
All results reported will be within the calibration range. Records of standard preparation 
and instrument calibration will be maintained. Records will unambiguously trace the 
preparation of standards and their use in calibration and quantitation of sample results. 
Calibration standards will be traceable to standard materials. 

Instrument calibration will be checked using all of the target analytes. This applies equally 
to multi-response analytes. All calibration criteria will satisfy SW-846, Update III 
requirements at a minimum. The initial calibration will be checked at the frequency 
specified in the method using materials prepared independently of the calibration 
standards. Multipoint calibrations will contain the minimum number of calibration points 
specified in the applicable method including a standard at or below the corresponding RL. 
Analyte concentrations are determined with either calibration curves or response factors 
(RFs). For GC and GC/MS methods, when using RFs to determine analyte concentrations, 
the average RF from the initial five-point calibration will be used. The continuing calibration 
will not be used to update the RFs from the initial five-point calibration. The continuing 
calibration verification cannot be used as the LCS. 

If more than the required minimum number of standard concentrations is used in the initial 
calibration, all standard concentrations must be included in calculating the acceptance of the 
initial curve. All results for field samples will be reported only within the calibration 
linearity range. 

1.2.10 Inspection and Acceptance Requirements for Supplies and Consumables 
All services, including subcontracted services and supplies received from vendors, must 
meet the project scope, specified levels of quality, and the submittal schedule. Field and 
laboratory personnel must evaluate the vendor’s ability to provide the services and specify 
acceptance requirements for supplies and consumables. For example, laboratories rely on 
suppliers for solvents, gases, consumables, and analytical equipment, including instrument 
maintenance. The laboratory should have and maintain adequate contracts with its vendors 
to receive uninterrupted supplies, parts, and services. 
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1.2.11 Data Acquisition Requirements 
In addition to the electronic data, the laboratory provides hard-copy deliverables of the 
analytical results. Upon receipt, the data packages are prepared for data validation. After 
the data validation has been completed and a DQE report has been written, the hard-copy 
data packages are filed onsite until the project is completed. At that time, the data packages 
are sent to the PM for inclusion into the project files. Alternatively, the hard-copy data 
packages are stored at an offsite warehouse for a period of 10 years after the project close 
out. 

1.3 Assessment and Oversight 
Assessment and oversight activities are performed to determine whether the QC measures 
identified in the WP and in this QAPP are being implemented and documented as required. 
Audits and reviews are the tools used to implement this process. For example, during a 
review, the auditor may check that a monitoring well has been correctly sampled or that the 
field QC samples were collected at the appropriate frequency. During an audit or review, 
the auditor may check for: 

• Adherence to the WP 

• Documentation of the process or system 

• Proper identification, resolution, and documentation of nonconformance with the 
process or system 

• Correction of identified deficiencies 

1.3.1 Assessments and Response Actions 
The need for an audit can be determined independently by the PM. Assessment activities 
may include surveillance, inspection, peer review, management system review, readiness 
review, technical systems audit, performance evaluation, and data quality assessment. The 
PM will be responsible for initiating audits, selecting the audit team, and overseeing audit 
implementation. For the fieldwork, a monthly audit will be conducted throughout the 
duration of sampling activities. 

The laboratory will be audited in accordance with the laboratory subcontract. The PC or a 
designee will perform laboratory audits in compliance with the subcontract. One laboratory 
audit will be performed before the receipt of samples at the laboratory. A follow-up meeting 
will be held to address any deficiencies or issues identified during the audit. 

Field audits will be conducted by a review team member as designated by the PM. One field 
audit, if requested, will be performed during the first week of sampling. 

Laboratory Performance and System Audits 
Laboratory systems will be audited in accordance with the project-specific requirements. 
Contracted laboratories must submit a laboratory CompQAP. The CompQAP must 
reference relevant SOPs and the laboratory’s internal procurement policies and corrective 
action program. 
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TABLE 1-15 
Analytical Instrument Calibration 
Camp Devil Dog 

Instrument Calibration Procedure Frequency of Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible for 

CA 
SOP 

Reference 

HPLC Minimum Five point Initial Calibration 
for all analytes (ICAL) 

Initial calibration prior to 
sample analysis 

Option 1: RSD for each 
analyte ≤ 20% 
Option 2: linear least squares 
regression: r ≥ 0.995 

Correct problem then repeat 
initial calibration. 

HPLC analyst KNOX-LC-
0001 

HPLC Second source calibration verification Once after each initial 
calibration 

Value of second source for all 
analytes within ± 20% of 
expected value (initial source) 

Correct problem and verify 
second source standard. 
Rerun second source 
verification. If that fails, 
correct problem and repeat 
initial calibration. 

HPLC analyst KNOX-LC-
0001 

HPLC Calibration verification (initial [ICV] and 
continuing [CCV]) 

ICV: Daily, before sample 
analysis 
CCV: After every 10 field 
samples and at the end of 
the 
analysis sequence 

All analytes within ± 20% of 
expected value from the ICAL 

Correct problem, rerun 
ICV/CCV. For ICV, if that 
fails, repeat initial 
calibration. For CCV: Correct 
problem then repeat CCV 
and reanalyze all 
samples since last 
successful 
calibration verification. 

HPLC analyst KNOX-LC-
0001 

ICP-AES Initial calibration for all analytes (ICAL) 
(minimum one high standard and a 
calibration blank 

Daily initial calibration prior 
to sample analysis 

No acceptance criteria unless 
more than one standard is used, 
in which case r ≥ 0.995. 

Correct problem and repeat 
initial calibration. 

Metals Analyst KNOX-MT-
0007 

ICP-AES Second source calibration verification 
(ICV) 

Once after each initial 
calibration, prior to sample 
analysis  

Value of second source for all 
analyte(s) within ± 10% of 
expected value (initial source) 

Correct problem and verify 
second source standard. 
Rerun ICV. If that fails, 
correct problem and repeat 
initial calibration 

Metals Analyst KNOX-MT-
0007 

ICP-AES Low-level calibration check standard Daily, after one-point initial 
calibration 

Within ±20% of expected value Correct problem, then 
reanalyze 

Metals Analyst KNOX-MT-
0007 

Linear: r2 > 0.990 (r>0.995), 
b < MDL 

LC/MS/MS Minimum six-point initial calibration 
for target analytes, lowest 
concentration standard at or near 
the reporting limit  

Initial calibration prior to 
sample analysis 

Quadratic: r2 > 0.995 

Correct problem, then 
repeat initial calibration  

Lab Manager / 
Analyst b 

SAC-LC-0012 

LC/MS/MS Second-source calibration 
verification  

Once per five-point initial 
calibration 

Less than 15% difference for 
target analytes  

Correct problem, then 
repeat. If still fails, repeat 
initial calibration. 

Lab Manager / 
Analyst b 

SAC-LC-0012 
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TABLE 1-15 
Analytical Instrument Calibration 
Camp Devil Dog 

Instrument Calibration Procedure Frequency of Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible for 

CA 
SOP 

Reference 

Low-range standard: 
Perchlorate within ±50% of 
the true value 

LC/MS/MS Daily calibration verification  Before sample analysis 
and every 10 samples or 
every 12 hours, as 
specified by the method, 
and at the end of the 
sequence. 

Mid-range standard: 
Perchlorate within ±15% of 
the true value 

Correct problem, then 
repeat. If still fails, repeat 
initial calibration 

Lab Manager / 
Analyst b 

SAC-LC-0012 

LC/MS/MS Initial Calibration Blank and 
Continuing Calibration Blank 
(ICB/CCB) 

Following ICV/CCVs No target analyte 
concentrations above ½ the 
reporting limit (RL).  

Rerun ICB. Isolate and 
correct problem. 
Reanalyze associated 
samples. 

Lab Manager / 
Analyst b 

SAC-LC-0012 

LC/MS/MS Ion Chromatography Calibration 
Standard (ICCS)/Interference 
check standard 

Before sample analysis. 70% - 130% Rerun ICCS If problem 
still exists, recalibrate. 

Lab Manager / 
Analyst b 

SAC-LC-0012 

LC/MS/MS Maximum Conductivity Threshold 
Standard (MCT)/High TDS 
standard 

Before sample analysis. 80% -120% Rerun MCT. If problem 
still exists, recalibrate. 

Lab Manager / 
Analyst b 

SAC-LC-0012 

ICAL: IS for each standard 
must be within ± 50% of the 
average area of the ICAL. 

LC/MS/MS Internal Standard Every calibration 
standard 

ICV, CCV: Within ± 50% of the 
average area of the ICAL or 
within ± 50% of the 1st CCV of 
the run, if the ICAL is not run the 
same day. 

Evaluate the system. 
Reanalyze/repeat the 
calibration. 

Lab Manager / 
Analyst b 

SAC-LC-0012 
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The laboratory audit will address at least the following issues. 

• Is the laboratory operation being performed as required by the subcontract? 

• Are internal laboratory operations being conducted in accordance with the laboratory 
CompQAP? 

• Are the laboratory analyses being performed in accordance with method requirements? 

Any nonconformance noted during an audit will result in a corrective action. 

Field Team Performance and System Audits 
The PC or other member of the review team, as designated by the PM, will conduct an audit 
of the field activities in accordance with the program requirements. The audit will address 
at least the following issues. 

• Are sampling operations being performed as stated in the WP?  

• Are the sample labels being filled out completely and accurately? 

• Are the COC records complete and accurate? 

• Are the field notebooks being filled out completely and accurately? 

• Are the sampling activities being conducted in accordance with the WP and approved 
SOPs? 

• Are the documents generated in association with the field effort being stored as 
described in the WP? 

The generation and documentation of field data also will be audited. Audits will focus on 
verifying that proper procedures are followed so that subsequent sample data will be valid. 
Any nonconformance noted during an audit will result in a corrective action. 

The results of the assessment and oversight activities will be reported back to the PM, who 
has ultimate responsibility for ensuring that the corrective action response is completed, 
verified, and documented. 

1.3.2 Reports to Management 
Reports to the PM include project status reports, the results of evaluation and system audits, 
data quality assessments, and significant QA problems and recommended solutions. The 
status reports, submitted in accordance with the requirements of the site-specific WP, will 
discuss at least current activities, problems encountered and their resolution, and planned 
work. 

QA reports will be submitted in accordance with the site-specific WP. QA reports document 
implementation of the QAPP and the results of the site-specific QA/QC audits. A final QA 
report must be submitted as part of each project's final report. The topics to be covered are 
outlined in the site-specific WP, but each will include at least the following information. 
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• Identification of nonconformances that required corrective action and resolution of the 
nonconformance 

• Data quality assessment in terms of precision and accuracy and how they affect the 
usability of the analytical results 

• Limitations of the qualified results and a discussion of rejected results 

• Discussion of the field and laboratory QA/QC sample results 

• The results of external laboratory audits 

The FTL will provide feedback to the PM discussing all field activities, changes to field 
procedures, problems encountered, and corrective actions taken. 

1.4 Data Validation and Usability 
This subsection addresses the QA activities that occur after the data collection has been 
completed. Implementation of these elements, which include data review, validation, and 
reconciliation to DQOs, will determine the extent to which the data conform to the specified 
criteria and satisfy the project objectives. 

1.4.1 Data Review, Validation, and Verification Requirements 
Data review and validation are processes whereby data generated in support of this project 
are reviewed against the QA/QC requirements. The data are evaluated for precision, 
accuracy, and completeness against the analytical protocol requirements. Nonconformances 
or deficiencies that could affect the usability of data are identified as noted. The types of 
data that will be validated are described further in the following subsections. 

All analytical data will be supported by a data package. The data package will contain the 
supporting QC data for the associated field samples. Before the laboratory will release each 
data package, the laboratory QAM (or the analytical section supervisor) must carefully 
review the sample and laboratory performance QC data to verify sample identity, the 
completeness and accuracy of the sample and QC data, and compliance with method 
specifications. 

Level I–Field Measurements  
Field instruments used to collect field survey (or bulk measurements such as pH or 
conductivity) are direct reading, thus making field calculations and subsequent data 
reduction unnecessary. Field data will be recorded in the site log books by appropriately 
trained field personnel. Field data (Level I data reporting) will include the following. 

• Instrument identification 
• Calibration information (standards used and results) 
• Date and time of calibration and sample measurement 
• Sample results 
• Supporting information, if appropriate 
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Data will be reviewed by the FTL, who is responsible for the collection and verification of all 
field data while in the field. Recorded data will be accepted or rejected by the FTL before 
leaving the sampling site. Extreme readings (readings that appear significantly different 
from other readings at the same site) will be accepted only after the instrument has been 
checked for malfunction and/or if the readings are verified by retesting. 

Field documentation, sample data, instrument calibrations, and QC data will be reviewed 
by the PC (or a designee) before being included in the project files. 

Level II–Physical Parameters and Investigation Derived Wastes Characterization 
The data package deliverables associated with Level II data reporting consist of the 
components listed below (also described in Table 1-8). The data package will be reviewed 
by the PC for completeness and correctness. No further validation will be performed. 

• Case narrative 
• Sample results 
• Selected QC information such as surrogate recovery 
• Associated blank results 
• Completed COC and any sample receipt information 

Level III–Laboratory Analyses 
Not applicable. 

Level IV–Laboratory Analyses 
The data package deliverables associated with Level IV data reporting are listed in 
Table 1-11. Data packages will be requested as Level IV.  

Level IV contains the QC summary forms. Definitive data can be generated by a variety of 
measurements, ranging from onsite field analyses to laboratory analyses. In the evaluation 
of definitive data, not all data require the same effort for validation. One hundred percent of 
the laboratory and definitive data generated in support of this project will be validated. 

1.4.2 Verification and Validation Methods 
Data Verification 
Before the analytical results are released by the laboratory, both the sample and QC data 
will be reviewed carefully to verify sample identity, instrument calibration, detection limits, 
dilution factors, numerical computations, accuracy of transcriptions, and chemical 
interpretations. Additionally, the QC data will be reduced and spike recoveries will be 
included in control charts, and the resulting data will be reviewed to ascertain whether they 
are within the laboratory-defined limits for accuracy and precision. Any nonconforming 
data will be discussed in the data package cover letter and case narrative. The laboratory 
will retain all of the analytical and QC documentation associated with each data package. 

As discussed previously, the data are also verified to assess whether the electronic data 
deliverables (EDDs) and the hard-copy data deliverables are consistent with one another to 
ensure an accurate database. 
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Data Validation 
Data validation is at times based on professional judgment. To achieve consistent data 
validation, data worksheets will be completed for each data validation effort. A data 
validation worksheet is a summary form on which the data validator records data 
validation notes and conclusions specific to each analytical method. The worksheets will 
help the validator track and summarize the overall quality of the data. Sample results will 
then be assigned a degree of usability based upon the overall data quality. 

One hundred percent of the laboratory Level III and Level IV data reporting packages will 
be validated. 

The data package will be validated by the PC using a process analogous to that outlined in 
the guidance documents, Contract Laboratory Program National Functional Guidelines for 
Inorganic Data Review (USEPA, 2002), and Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA, 1999), and will use QC criteria established in this 
QAPP or in the analytical method. The data review and validation process is independent of 
the laboratory's checks; it focuses on the usability of the data to support the project data 
interpretation and decision-making process. 

Sample results that do not meet the acceptance limit criteria will be indicated with a 
qualifying flag, which is a one- or two-letter abbreviation that indicates a possible problem 
with the data. Flags used in the text may include the following. 

• U Undetected. Samples were analyzed for this analyte, but it was not detected above 
the MDL or IDL. 

• UJ Detection limit estimated. Samples were analyzed for this analyte, but the results 
were qualified as not detected. The result is estimated. 

• J Estimated. The analyte was present, but the reported value may not be accurate or 
precise. 

• R Rejected. The data are unusable. (Note: Analyte/compound may or may not be 
present.) 

It is important to note that laboratory qualifying flags are included on the data summary 
forms (Form I) that are submitted to the project by the laboratory. However, during the data 
review and validation process, the laboratory qualifying flags are evaluated and replaced 
with the project-specific validation flags. 

Data Quality Evaluation 
The PC 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 
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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. 

1.4.3 Reconciliation with Data Quality Objectives 
The final activity of the data evaluation 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 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. 

1.4.4 Usability Assessment 
Summarize the usability assessment process and all procedures, including interim steps 
and any statistics, equations, and computer algorithms that will be used: 

It is the joint responsibility of CH2M HILL’s PC and the data validation subcontractor to 
ensure that the analytical data meet the method detection limits, reporting limits, and 
laboratory QC limits listed in this WP, the laboratory SOW, and the various methods. 
During this assessment, nonconformances are documented, the data are qualified for use in 
decision making, and for 10 percent of the results, the entire analytical process is 
reconstructed and recalculated from the raw data. 

Nondetected 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, or U. 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 and in most cases is not considered usable for project decisions. For 
statistical comparisons nondetect 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 
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as RPD between the two results. Deviations from the 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:  

In-depth assessment occurs during the data validation process. The third-party validation 
contractor will follow the USEPA National Functional Guidelines and analytical method QC 
criteria as listed in this QAPP to assess conformance with the QC limits. The findings of the 
data validation reports and the qualifiers applied to the data will be considered in context 
with field logs and corrective action reports to assess overall usability. 

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. 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. 

Identify the personnel responsible for performing the usability assessment:  

Project Chemist – Anita Dodson/CH2M HILL 
Project Manager – Keri Hallberg/CH2M HILL  

Describe the documentation that will be generated during usability assessment and how 
usability assessment results will be presented so that they identify trends, relationships 
(correlations), and anomalies:  

The data validation reports 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. All the results will be assembled and statistically reported for an overall 
quality assessment provided in the final project event report. Discussion will cover 
completeness and representativeness. Attachments supporting this report will include data 
validation narratives, CA forms, and field audit reports.  

Data tables will be produced to reflect detected and nondetected site contaminants and 
geochemical parameters. Data qualifiers will be reflected in the tables and discussed in the 
data quality evaluation. Figures will be produced representing concentrations of 
contamination.  

Table 1-16 presents project documentation and records. 

TABLE 1-16 
Project Documents and Records  
Camp Devil Dog 

Document Where Maintained 

Field Notebooks Electronic .pdf copies in the project file. Hardcopy (bound 
notebook) in the project file. Archived at project closeout. 

Chain-of-Custody Records Electronic .pdf copies in the project file. Hardcopy in the project file. 
Archived at project closeout. 
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TABLE 1-16 
Project Documents and Records  
Camp Devil Dog 

Document Where Maintained 

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. 

PID/FID readings Recorded in Field Notebook. Stored in EnDat. 

Water quality parameters collected 
during sediment sampling 

Recorded in Field Notebook. Stored in EnDat. 

OVM/OVA readings Recorded in Field Notebook. Stored in EnDat. 

Various field measurements Recorded in Field Notebook.  

All equipment calibration 
information 

Recorded in Field Notebook. 

Pertinent telephone conversations Recorded in Field Notebook. 

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. 

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. 

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/Clean-up Records Maintained by the laboratory. 

Raw Data Hardcopy in the full data package. Archived at project closeout. 

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. 
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Table 1-17 presents field sampling SOPs 

TABLE 1-17 
Field Sampling SOPs 
Camp Devil Dog 

Reference 
Number 

Title, Revision Date and / 
or Number 

Originating 
Organization of 
Sampling SOP 

Equipment 
Type 

Modified 
for Project 

Work? Comments 

Appendix A Low-Flow Groundwater 
Sampling from Monitoring 
Wells, revised 5/20/03 

CH2M HILL Peristaltic 
pump 

No  

Appendix A Groundwater Sampling 
from Monitoring Wells, 
revised 5/20/03 

CH2M HILL  No  

Appendix A Logging of Soil Borings; 
January 2008 

CH2M HILL   No  

Appendix A Water-Level 
Measurements; January 
2008 

CH2M HILL Electronic 
water level 
meter 

No  

Appendix A Packaging and Shipping 
Procedures for Low-
Concentration Samples; 
January 2008 

CH2M HILL Lab-supplied 
coolers 

No  

Appendix A Preparing Field Log Books; 
January 2008 

CH2M HILL n/a No  

Appendix A Utility Locating CH2M HILL   No  
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1. Scope and Application 

1.1. This procedure provides instructions for the preparation and analysis of 
nitroaromatic and nitramine explosives by high performance liquid 
chromatography (HPLC) with UV detection. 

1.2. This procedure is based on EPA SW-846 Methods 8330 and 8330B. It is 
applicable to the analysis of water, soil and sediment samples.  Four sample 
preparation procedures are provided: 

• Solid phase extraction method for low concentration aqueous samples. 

• Direct injection method for high concentration aqueous samples. 

• Sonication extraction method for soil and sediment samples (based on 
method 8330). 

• Sonication extraction method for soil samples from non-firing range sites 
(based on method 8330B). 

1.3. Table 1 and 1A identify compounds for which this method has been applied along 
with standard reporting limits for each matrix/method. 

1.4. Appendices to this procedure describe the analysis of samples for Nitroguanidine 
and MNX, TNX and DNX. 

2. Summary of Method 

2.1 Nitroaromatic and nitramine analytes are prepared for analysis using one of the 
following procedures: 

2.1.1 Solid phase extraction method: Aqueous samples of low concentration 
are extracted and concentrated using solid phase extraction (SPE). 
Analytes from a 500 mL sample are adsorbed onto the sorbent material 
in a SPE cartridge and then eluted with 2.5 mL acetonitrile. The 
concentrated extract is diluted 1:1 with reagent grade water prior to 
analysis. 

2.1.2 Direct injection method: If aqueous samples contain target analytes at 
the percentage level (e.g., requiring a 500x dilution or greater), the direct 
injection method may be used. Aqueous samples are diluted 1:1 (v/v) 
with methanol or acetonitrile, filtered and analyzed. 

2.1.3 Sonication method (8330):  A representative portion of the soil sample is 
air dried and ground with an acetonitrile rinsed mortar and pestle to pass 
a 10-mesh sieve.  A 2g subsample is extracted in a cooled ultrasonic 
bath for 18 hours with 10 mL acetonitrile.  The extract is diluted 1:1 
with 5g/L CaCl2 prior to analysis.   

2.1.4 Sonication method (8330B):  The entire soil sample is air dried and 
ground to pass a 10 mesh sieve.  A 10 gram subsample is obtained by 
selecting at least 30 (~0.3g) portions from the sample.  The 10g aliquot 
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is extracted in a cooled ultrasonic bath for 18 hours with acetonitrile.  
The extract is diluted 1:1 with 5 g/L CaCl2 prior to analysis. 

2.1.5 After the initial preparation step, the sample is introduced into the HPLC 
and concentrations of target analytes are measured by the detector 
response within a defined retention time window relative to the response 
to standard concentrations. Analysis on a second column provides 
confirmation of the identification of the target analyte. 

2.1.6 Modifications were developed for the analysis of Nitroguanidine (refer 
to Attachment A for details) and for the analysis of MNX, TNX, and 
DNX (refer to Attachment B for details). 

3. Definitions 

3.1 Definitions can be found in the TestAmerica Knoxville QAM glossary. 

4 Interferences 

4.1 Solvents, reagents, glassware and other sample processing hardware may yield 
discrete artifacts and/or elevated baselines, causing misinterpretation of 
chromatograms. All of these materials must be demonstrated to be free from 
interferences under the conditions of the analysis by running laboratory method 
blanks. 

4.2 Tetryl decomposes rapidly in methanol/water solutions, as well as with heat. 
Based on information provided by the client, if water samples are suspected to 
contain tetryl at sufficiently high concentrations to permit direct aqueous injection 
analysis, the sample pH is adjusted to pH < 3 and the sample diluted with 
acetonitrile prior to filtration. SAMPLES EXPECTED TO CONTAIN TETRYL 
SHOULD NOT BE EXPOSED TO TEMPERATURES ABOVE ROOM 
TEMPERATURE. 

4.3 Degradation products of Tetryl appear as a shoulder on the 2,4,6-TNT peak. 

5.0 Safety 

5.1 Employees must abide by the policies and procedures in the Corporate Safety 
Manual, Radiation Safety Manual and this document. 

5.2 Procedures shall be carried out in a manner that protects the health and safety of all 
associates. Exposure to chemicals and samples will be maintained as low as 
reasonably achievable, therefore, unless they are known to be non-hazardous, all 
samples must be opened, transferred and prepared in a fume hood, or under other 
means of mechanical ventilation. Solvent and waste containers will be kept closed 
unless transfers are being made. The preparation of all standards, reagents and 
glassware cleaning procedures that involve solvents will be conducted in a fume 
hood with the sash closed as far as the operations will permit. 

5.3 All work must be stopped in the event of a known or potential compromise to the 
health and safety of any associate. The situation must be reported immediately to a 
laboratory supervisor. 
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5.4 Specific Safety Concerns or Requirements: 2,4,6-TNT is the analyte most often 
detected in high concentrations in soil samples.  Soil samples as high as 2% 
2,4,6-TNT can be safely ground.  Samples containing higher concentrations should 
not be ground.  The project manager or client must provide information as to whether 
the samples are suspected to contain explosives at a level greater than 2%.  Visual 
observation of soil samples taken from a site expected to contain explosives is also 
important.  Lumps of material that have a chemical appearance should be suspect and 
not ground.  Explosives are generally a very finely ground grayish-white material. 

5.5 Primary Materials Used: The following is a list of the materials used in this 
method, which have a serious or significant hazard rating.  NOTE: This list does 
not include all materials used in the method.  The table contains a summary 
of the primary hazards listed in the MSDS for each of the materials listed in 
the table.  A complete list of materials used in the method can be found in the 
reagents and materials section.  Employees must review the information in the 
MSDS for each material before using it for the first time or when there are major 
changes to the MSDS. 

Material Hazards Exposure 
Limit (1) 

Signs and Symptoms of exposure 

Acetonitrile Flammable 
Poison 

40 ppm-
TWA 

Early symptoms may include nose and throat irritation, 
flushing of the face, and chest tightness.  Prolonged exposure 
to high levels of vapors may cause formation of cyanide 
anions in the body. 

Methanol Flammable 
Poison 
Irritant 

200 ppm-
TWA 

A slight irritant to the mucous membranes. Toxic effects 
exerted upon nervous system, particularly the optic nerve. 
Symptoms of overexposure may include headache, 
drowsiness and dizziness. Methyl alcohol is a defatting agent 
and may cause skin to become dry and cracked. Skin 
absorption can occur; symptoms may parallel inhalation 
exposure.  Irritant to the eyes. 

1 – Exposure limit refers to the OSHA regulatory exposure limit. 
5.6 The method analytes are explosive and highly toxic compounds that must be 

handled with care. The analyst must be aware of the handling and clean-up 
techniques before using these materials. Refer to the appropriate MSDS. 

5.7 Standard precautionary measures used for handling other organic compounds 
should be sufficient for the safe handling of the analytes targeted by this 
procedure.  The only extra caution that should be taken is when handling the 
analytical standard neat material and in rare cases where soil or sediment samples 
are highly contaminated with the explosives. Always dry neat materials at 
ambient temperatures. 

5.8 Arrangements shall be made to return to the client samples suspected to contain 
high levels (>2%) of explosives. 

6.0 Equipment and Supplies 

6.1 HPLC system, Hewlett Packard Series 1100, 1200, or equivalent: Analytical 
system complete with an HPLC equipped with a pump capable of achieving 4000 
psi, an injector and a variable wavelength UV detector, as well as all required 
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accessories, including analytical columns, column supplies, gases, glassware and 
vials. A data system for measuring peak height and/or peak area is required. 

6.1.1 The HPLC must also be equipped with a thermostatted column 
compartment to allow for column temperature control, HP G1316A, or 
equivalent.  

6.2 C-18 Reverse phase HPLC column, 30-cm x 4.0-mm (5-µm), Supelcosil LC-18 or 
equivalent (primary quantitation column). 

6.3 LC-18 guard column, 2-cm x 4.6-mm (5-µm). 

6.4 Dionex Acclaim E2 column, 4.6 x 250 mm (5-µm) or equivalent. 

6.5 LC-CN guard column, 2-cm x 4.6-mm (5-µm). 

6.6 Temperature controlled ultrasonic bath, Bransonic Model 5510E-MT, 135W, 42 
kHz + 6%, or equivalent. 

6.7 Vortex mixer. 

6.8 Analytical balance. 

6.9 High pressure injection syringes - 10-µL, 25-µL, 50-µL, 100-µL, 500-µL, 
Hamilton liquid syringe or equivalent. 

6.10 Disposable cartridge filters - 0.45-µm Teflon filter. 

6.11 Vacuum desiccator, glass. 

6.12 SPE Cartridges (Sep-Pak ® Vac, 6 cc, 500 mg, Porapak RDX, Part No. 
WAT047220), or equivalent. 

6.13 Vacuum manifold. 

6.14 Mortar and pestle. 

6.15 10-mesh sieves 

6.16 Aluminum pans 18” x 26” 

6.17 Blending apparatus, Robot Coupe R2N Ultra B, or equivalent. 

7.0 Reagents and Standards 

7.1 Reagent water: All references to water in this method refer to water in which an 
interference is not observed at the reporting limit of the compound of interest. 
Reagent water can be generated by passing tap water through a carbon filter bed 
containing about 1 pound of activated carbon. A water purification system may be 
used to generate organic - free deionized water. 

7.2 Acetonitrile, HPLC grade. 

7.3 Methanol, HPLC grade. 

7.4 Calcium chloride, reagent grade. Prepare an aqueous solution of 5 g/L. 

7.5 HPLC Mobile Phases. The following solutions are typical: 
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7.5.1 HPLC Primary Mobile Phase: 60/40 methanol/reagent water at 1.0 
mL/min at 254 nm UV detection, column thermostat at 15oC. 

NOTE: 214 nm also needs to be monitored if PETN and nitroglycerin are 
analytes. 

7.5.2 HPLC Confirmation Mobile Phase: 48/52 methonol/reagent water at 1.450 
mL/min, monitored at 254 nm and 214 nm wavelengths and column 
thermostat at 31oC. 

7.6 Stock Standards Solutions: Standard solutions are purchased as prepared certified 
solutions. The vendor specified expiration dates will apply. 

7.6.1 Store at 4 + 2°C and protect from light. 

7.6.2 If an expiration date is not supplied by the vendor, the stock standards 
must be replaced after one year or sooner if comparison with quality 
control samples indicates a problem. 

7.6.3 Intermediate Stock Standard Solutions 

7.6.3.1 Prepare an intermediate stock standard solution at 60 mg/L per 
analyte in acetonitrile. 

7.6.3.2 Intermediate stock standards must be replaced after one year or 
sooner if comparison with quality control samples indicates a 
problem. 

7.6.4 Calibration Standards: 

7.6.4.1 Calibration standards are prepared through dilution of the 
intermediate stock standard solutions with 1:1 mixture of 5 g/L 
calcium chloride solution: acetonitrile. Two calibration 
concentrations are typically prepared at 960 µg /L and 120 µg /L 
and a minimum of five calibration concentration levels are 
analyzed using these two stock standards. One of the 
concentration levels is at or below the reporting limit. See Table 
2 for typical calibration standard concentrations. 

7.6.4.2 Calibration standards must be refrigerated at 4 + 2°C and stored 
in the dark, and prepared fresh on the day of each initial 
calibration. 

7.6.4.3 Continuing calibration verification standards must be 
refrigerated at 4 + 2°C and stored in the dark, and may be used 
for a period of 30 days. 

7.6.5 Surrogate Standards 

7.6.5.1 1-Chloro-3-nitrobenzene is the surrogate typically used for this 
method. The surrogate standards are prepared and stored in the 
same way as the calibration standards. 

7.6.5.2 Table 2 lists typical concentrations for surrogate standards for 
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initial calibration. 

7.6.6 Quality Control (QC) Standards 

7.6.6.1 Calibration verification standards (second source verification 
standards) are prepared and stored in the same way as calibration 
standards. They are made from a separate source from that used 
for the calibration standards. 

7.6.6.2 Table 3 presents a list of suggested concentrations for spiking 
solutions for LCSs and MS/MSDs. Separate LCS and MS/MSD 
are prepared when PETN or nitroglycerin are requested.  

7.6.6.3 To assure that control limits are not biased due to slight 
variations in standard concentrations, the LCS and MS/MSD 
samples are spiked with a standard made from the same source as 
the calibration standards. 

8.0 Sample Collection, Preservation and Storage 

8.1 Sampling is not performed for this method by TestAmerica Knoxville. For 
information regarding sample shipping, refer to SOP KNOX-SC-0003, Receipt 
and Log In of Commercial Samples, current revision. 

8.2 The samples should be collected in glass bottles, protected from light, and 
refrigerated at 4 + 2°C. Samples extracts are stored at 4 + 2°C, protected from 
light, and isolated from all potential contaminants and all standards. Refer to 
Table 4 for additional information. 

9.0 Quality Control 

9.1 Initial Demonstration of Capability 

9.1.1 For the standard analyte list, the initial demonstration and method 
detection limit (MDL) studies described in section 13 must be acceptable 
before analysis of samples may begin. 

9.1.2 For non-standard analytes, a MDL study must be performed and 
calibration curve generated before analyzing any samples, unless lesser 
requirements are previously agreed to with the client. In any event, the 
minimum initial demonstration required is analysis of an extracted 
standard at the reporting limit and a single point calibration. 

9.2 Batch Definition 

9.2.1 Refer to Policy QA-003, Quality Control Program, for further details of 
the batch definition. 

9.2.2 Quality Control Batch: The batch is a set of up to 20 samples of the same 
matrix processed using the same procedures and reagents within the same 
time period. The Quality Control batch must contain a matrix spike / spike 
duplicate (MS/MSD), a Laboratory Control Sample (LCS), and a method 
blank. Upon client request, the MS/MSD may be replaced with a matrix 
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spike and sample duplicate. 

9.3 Control Limits 

9.3.1 In-house historical control limits are determined for surrogates, matrix 
spikes, and laboratory control samples (LCS). These limits must be 
determined at least annually. The recovery limits are mean recovery +/- 3 
standard deviations for surrogates, LCS and matrix spikes. Precision limits 
for matrix spikes/spike duplicates are zero to mean relative percent 
difference + 3 standard deviations. 

9.3.2 These limits do not apply to dilutions, but surrogate and matrix spike 
recoveries will be reported unless the dilution is more than 5X. 

9.3.3 All surrogate, LCS, and MS recoveries must be entered into QuantIMS or 
other database so that accurate historical control limits can be generated. 

9.3.4 Refer to Policy QA-003, Quality Control Program, for further details of 
control limits. 

9.4 Surrogates 

9.4.1 Surrogate recoveries in samples and QC samples must be assessed to 
ensure that recoveries are within established limits. If any surrogates are 
outside limits, the following corrective actions must take place (except for 
dilutions): 

• Check all calculations for error. 

• Ensure that instrument performance is acceptable. 

• Recalculate the data and/or reanalyze the extract if either of the above 
checks reveals a problem. 

• Reprepare and reanalyze the sample. 

• Flag the data as estimated concentration if none of the above resolves 
the problem. 

9.4.2 The decision to reanalyze or flag the data should be made in consultation 
with the client. It is only necessary to reprepare / reanalyze a sample once 
to demonstrate that poor surrogate recovery is due to a matrix effect, 
unless the analyst believes that the repeated out of control results are not 
due to a matrix effect. 

9.4.3 If the surrogates are out of control for the sample, matrix spike, and matrix 
spike duplicate, evaluate the surrogate recoveries in the LCS. If the 
surrogate recoveries are acceptable in the LCS, then a matrix effect has 
been demonstrated for that sample and repreparation is not necessary. If 
the sample is out of control and the MS and/or MSD is in control, then 
repreparation or flagging of the data is required. 

9.4.4 Refer to the QC Program document (QA-003) for further details of the 
corrective actions. 



 SOP No.: KNOX-LC-0001 
 Revision No.: 19 
 Revision Date: 05/13/08 
 Page 9 of 31 
 

9.5 Method Blanks 

9.5.1 For each batch of samples, analyze a method blank. The method blank 
consists of reagent water for aqueous samples and sand for soils tests. 
Surrogates are added and the method blank is carried through the entire 
analytical procedure. The method blank must not contain any analyte of 
interest at or above ½ the reporting limit or at or above 5% of the 
measured concentration of that analyte in the associated samples, 
whichever is higher.  

• Re-extraction and reanalysis of samples associated with an 
unacceptable method blank is required when reportable 
concentrations are determined in the samples. 

• If there is no target analyte greater than ½ the RL in the samples 
associated with an unacceptable method blank, the data may be 
reported with qualifiers.  

9.5.2 Refer to Policy QA-003, Quality Control Program, for further details of 
the corrective actions. 

9.6 Instrument Blanks 

9.6.1 An instrument blank must be analyzed with any sequence that does not 
contain a method blank. The method blank is always analyzed; however, if 
repeated analysis of the method blank uses up all the volume, an 
instrument blank will be analyzed in lieu of the method blank.  

9.6.2 A new sequence starts with any new initial calibration and if there has 
been a break of greater than 12 hours in sample analysis.  

9.6.3 An instrument blank consists of the appropriate solvent with surrogate 
standards added. 

9.6.4 Control criteria are the same as for the method blank, except that only 
reanalysis of affected samples would be required, not re-extraction.  

9.7 Laboratory Control Samples (LCS) 

9.7.1 For each batch of samples, analyze an LCS. The LCS contains all of the 
analytes of interest. If PETN and nitroglycerin are requested, a separate 
LCS is prepared and analyzed. If any analyte or surrogate is outside 
established control limits, the system is out of control and corrective 
action must occur. Corrective action will normally be repreparation and 
reanalysis of the batch. 

9.7.2 Refer to Policy QA-003, Quality Control Program, for further details of 
the corrective action. 

9.7.3 Refer to Table 3 for suggested LCS spike levels. 

9.8 Matrix Spikes 

9.8.1 For each QC batch, analyze a matrix spike and matrix spike duplicate. 
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Spiking compounds and levels are given in Table 3. Compare the percent 
recovery and relative percent difference (RPD) to the laboratory specific, 
historically generated limits. 

• If any individual recovery or RPD falls outside the acceptable range, 
corrective action must occur. The initial corrective action will be to 
check the recovery of that analyte in the Laboratory Control Sample 
(LCS). Generally, if the recovery of the analyte in the LCS is within 
limits, then the laboratory operation is in control and analysis may 
proceed. The reasons for accepting the batch must be documented. 

• If the recovery for any component is outside QC limits for both the 
matrix spike/spike duplicate and the LCS, the laboratory is out of 
control and corrective action must be taken. Corrective action will 
normally include repreparation and reanalysis of the batch. 

• If a MS/MSD is not possible due to limited sample, then a LCS 
duplicate must be analyzed. RPD of the LCS and LCSD are compared 
to the matrix spike limits. 

• The matrix spike/spike duplicate are analyzed at the same dilution as 
the unspiked sample whenever possible. It is acceptable to report 
spiked analyte concentrations above the calibration range (flagged 
with an “E” qualifier) if it is necessary for meeting this dilution 
requirement. 

9.9 Quality Assurance Summaries: Certain clients may require specific project or 
program QC that may supersede these method requirements. Quality Assurance 
Summaries and/or QuantIMS checklists should be developed to address these 
requirements. 

9.10 QC Program: Further details of QC and corrective action guidelines are presented 
in Policy QA-003, Quality Control Program. Refer to this document if in doubt 
regarding corrective actions. 

10.0 Calibration and Standardization 

10.1 Refer to S-Q-004, current revision, Acceptable Manual Integration Practices and 
the TestAmerica Knoxville attachment for information on manual integration 
practices and documentation requirements  

10.2 External standard calibration is used. Prepare standards containing each analyte of 
interest at a minimum of five concentration levels. The low level standard is at or 
below the reporting limit. The other standards define the working range of the 
detector. Recommended calibration levels are given in Table 2.  Calibration 
standards are analyzed by injecting different volumes of the calibration stock 
standards.  Calibration standard concentrations are calculated as follows: 

Calibration Standard Concentration (µg/L)= 

Stock Standard Concentration (µg/L) * Injection Volume (µL) 



 SOP No.: KNOX-LC-0001 
 Revision No.: 19 
 Revision Date: 05/13/08 
 Page 11 of 31 
 

Nominal Injection Volume (µL) 

10.3 Ensure the correct analyte elution order is established on each column.  See Table 
1B for elution order for primary and confirmation columns. 

10.4 A second source verification standard is analyzed with each initial calibration. 
The calculated concentration of the analytes in this standard may not be greater 
than 20% difference from the calibration standard. 

10.5 A new calibration curve is generated after major changes to the system or when 
the continuing calibration criteria cannot be met. Major changes include new 
columns, any significant changes in instrument operating parameters, and major 
instrument maintenance (e.g., UV lamp replacement). 

10.6 With the exception of 10.7 below, it is NOT acceptable to remove points from a 
calibration curve for the purpose of meeting criteria, unless the points are the 
highest or lowest on the curve AND the reporting limit and/or linear range is 
adjusted accordingly. In any event, at least 5 points must be included in the 
calibration curve. 

10.7 A level may be removed from the calibration if the reason can be clearly 
documented, for example a broken vial. A minimum of five levels must remain in 
the calibration. The documentation must be retained with the initial calibration. 
Alternatively, if the analyst believes that a point on the curve is inaccurate, the 
point may be reanalyzed and the reanalysis used for the calibration. The reason 
for this removal must be clearly documented in the project record (e.g. on the data 
review checklist). All initial calibration points must be analyzed without any 
changes to instrument conditions. 

10.8 External Standard Calibration:  Quantitation by the external standard method 
assumes a proportional relationship between the calibration run and the analyte in 
the sample. To use this approach introduce each calibration standard into the 
HPLC using the technique that will be used for samples. The ratio of the peak 
height to the concentration injected is used to prepare a calibration curve.  

10.9 Linear Regression - The linear fit uses the following equation: 

MXY =  
Where: Y = Response, peak height 
 M = Slope 
 X = Concentration in the extract, µg/L 

10.10 Evaluation of Calibration Curves - The following requirements must be met for 
any calibration to be used for quantitation: 

10.10.1 Response must increase with increasing concentration. 

10.10.2 The correlation coefficient, r, must be > 0.995. 

10.11 Continuing Calibration Verification 

10.11.1 The working calibration curve or calibration factor (CF) is verified by 
single injection of a midpoint continuing calibration standard at the 
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beginning of the analytical sequence, after every 10 field samples for 
method 8330, every 20 field samples for method 8330B, (including 
batch QC) or 12 hours, and at the end of the analysis sequence. 

10.11.2 The % drift between the determined concentrations and the expected 
concentrations must be + 15% for method 8330 and + 20% for method 
8330B.  
% Drift  = Calculated value - Expected value  x 100% 

Expected value 
10.11.3 With the exception of 10.11.4 below, samples must be bracketed by 

continuing calibration standards that meet the criteria listed above. 

10.11.4 If the standard analyzed after a group of samples exhibits an increased 
response for an analyte above the acceptance limit, and the analyte was 
not detected in any of the previous samples during the analytical shift, 
then the preceding samples do not need to be reanalyzed, as the 
verification standard has demonstrated that the analyte would have been 
detected if it were present. 

10.11.5 It is not necessary to run a daily calibration verification standard (CCV) 
at the beginning of the sequence if samples are analyzed immediately 
after the completion of the initial calibration and second source standard 
(ICV). 

10.11.6 The last sample in the sequence must be followed by an ending CCV. 
The ending calibration serves the analyst in judging the validity of the 
sequence. 

10.11.7 Corrective Actions for Continuing Calibration: If the % drift for any 
analyte is above the acceptance criteria, corrective action must be taken. 
This may include routine preventive maintenance, e.g., changing a frit or 
checking for leaks, followed by reanalyzing the standard. If the response 
for any analyte is still unacceptable, a new calibration curve must be 
prepared. 

11.0 Procedure 

11.1 Solid Phase Extraction of Low-Level Aqueous Samples 

11.1.1 Measure 500 mL of sample. Add the appropriate amount of surrogate 
spike mix, and if the sample is an LCS or MS/MSD, add the appropriate 
amount of the spike mix (see Table 3).  

11.1.2 Precondition the SPE cartridge with at least 10 mL of acetonitrile. 

11.1.3 Condition the SPE cartridge with at least 30 mL of deionized water. 

11.1.4 Begin dripping the sample through the solid phase extraction cartridge at 
a rate of 10 mL/min. Do not prefilter the sample. Do not let the solid 
phase extraction tube go completely dry. If the tube clogs after sample 
loading, measure the amount of sample successfully extracted and use 
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that volume for the extraction constant. A tube is considered clogged if a 
flow rate of 4 mL/min cannot be achieved. 

11.1.5 If the tube is not clogged, rinse the cartridge with 5 mL of deionized 
water. Maintain the vacuum for about 30 seconds to assure that the 
cartridge is completely dry. 

11.1.6 Shut off the vacuum and dry the vacuum manifold. 

11.1.7 Put the sample collection vials in the rack and slowly (approximately 
one drop per 5 seconds) elute with 2.5 mL of acetonitrile by pulsing the 
pump once and allowing the acetonitrile to be pulled by gravity (this 
takes several minutes). 

11.1.8 Add 2.5 mL of a 5 gram/liter calcium chloride solution to each sample. 

11.1.9 Adjust each final volume to 5.0 mL with acetonitrile. 

11.2 Preparation of High Level Aqueous Samples 

11.2.1 Place a 2.5 mL aliquot of each water sample in a 10 mL vial. Add the 
appropriate amount of surrogate spike mix, and if the sample is an LCS 
or MS/MSD, add the appropriate amount of the spike mix (see Table 3). 
Bring to a final volume of 5 mL with acetonitrile. Shake thoroughly.  

11.2.1.1 If particulate is present, filter through a 0.45-µm Teflon filter. 
Discard the first 3 mL of filtrate, and retain the remainder in a 
Teflon-capped vial for HPLC analysis. If the sample is 
allowed to settle overnight and all particulate matter settles, 
the filtration step may be omitted. 

11.3 Extraction of Soil/Sediment Samples (8330) 

11.3.1 Sample homogenization: Dry an aliquot of the soil/sediment samples in 
air at room temperature or colder, being careful not to expose the 
samples to direct sunlight. Grind with mortar and pestle and homogenize 
the dried sample thoroughly.  Samples that appear to be completely 
dried, and are a free-flowing matrix do not require air drying. 

NOTE: DO NOT GRIND SUSPECTED HIGH LEVEL SAMPLES! 
CONTACT THE PROJECT MANAGER FOR INFORMATION 
ABOUT SUSPECTED EXPLOSIVES CONCENTRATIONS. 
ADDITIONALLY, VISUALLY INSPECT SAMPLES FOR LUMPS 
OF GRAYISH-WHITE MATERIAL. SEE SAFETY SECTION 5.4. 

11.3.2 Place a 2.0g aliquot of each soil sample in a 4 dram (15 mL) amber glass 
vial. Add the appropriate amount of surrogate spike mix, and if the 
sample is an LCS or MS/MSD, add the appropriate amount of the spike 
mix (see Table 3). Bring the final volume to 10.0 mL with acetonitrile, 
cap with Teflon-lined cap, shake vigorously and place in a cooled 
ultrasonic bath for 18 + 2 hours. 

11.3.3 After sonication, allow sample to settle for 30 minutes. Remove an 
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aliquot (typically 2.0 mL) of supernatant, and dilute 1:1 with 5g/L 
calcium chloride solution in a 12 mL vial. Shake thoroughly. Let stand 
for a minimum of 15 minutes. 

11.3.4 Place supernatant in a disposable syringe and filter through a 0.45-µm 
Teflon filter. Discard the first 3 mL of filtrate, and retain the remainder 
in a Teflon-capped vial for HPLC analysis. If the sample is allowed to 
settle overnight and all particulate matter settles, the filtration step may 
be omitted. 

11.4 Extraction of Soil/Sediment Samples (8330B) 

11.4.1 Sample homogenization:  Dry the entire soil sample in air at room 
temperature or colder, being careful not to expose the samples to direct 
sunlight.  Grind and homogenize the dried sample thoroughly to pass 
through a 10-mesh sieve.  Samples that appear to be completely dried, 
and are a free-flowing matrix do not require air drying.   

 NOTE:  DO NOT GRIND SUSPECTED HIGH LEVEL SAMPLES!  
 CONTACT THE PROJECT MANAGER FOR INFORMATION 
ABOUT  SUSPECTED EXPLOSIVES CONCENTRATIONS.  
ADDITIONALLY,  VISUALLY INSPECT SAMPLES FOR LUMPS 
OF GRAYISH-WHITE  MATERIAL.  SEE SAFETY SECTION 5.4. 

11.4.2 To obtain a 10 g subsample, spread out the entire sample on a clean 
surface so that it is only 1 or 2 cm thick and take at least 30 different 
aliquots (~0.3 g each) from randomly chosen locations. 

11.4.3 Place the 10 g aliquot of each soil sample in a 40 mL amber glass vial.  
Add the appropriate amount of surrogate spike mix, and if the sample is 
an LCS or MS/MSD, add the appropriate amount of the spike mix (see 
Table 3).  Bring the final volume to 20 mL with acetonitrile, cap with 
Teflon-lined cap, shake vigorously and place in a cooled ultrasonic bath 
for 18 + 2 hours.   

11.4.4 After sonication, allow sample to settle for 30 minutes.  Remove an 
aliquot (typically 2 mL) of supernatant and dilute 1:1 with 5 g/L CaCl2 
solution in a 12 mL vial.  Shake thoroughly.  Let stand for a minimum of 
15 minutes.   

11.4.5 Place supernatant in a disposable syringe and filter through a 0.45-µm 
Teflon filter.  Discard the first 3 mL of filtrate, and retain the remainder 
in a Teflon filter.  Discard the first 3 mL of filtrate, and retain the 
remainder in a Teflon-capped vial for HPLC analysis.  If the sample is 
allowed to settle overnight and all particulate matter settles, the filtration 
step may be omitted. 

11.5 Sample Introduction 

11.5.1 Typical chromatographic conditions are given in Table 5.     

11.5.2 Samples are introduced by direct injection of the extract. Samples, 
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standards, and QC must be introduced using the same procedure. Allow 
extracts to warm to ambient temperature before injection. 

11.6 Analytical Sequence 

11.6.1 An analytical sequence starts with an initial calibration or a continuing 
calibration standard.  

11.6.2 A new analytical sequence will be started for each day that samples are 
analyzed. 

11.6.3 Continuing calibration standards are analyzed after every 10 field 
samples (including batch QC) and at the end of the sequence. 

11.6.4 If there is a break in the analytical sequence of greater than 12 hours, 
then a new CCV must be analyzed before proceeding with the sequence. 

11.7 Retention Time Windows 

11.7.1 Retention time windows must be determined for all analytes. Make an 
injection of all analytes of interest each day over a 72-hour period. 
Calculate the mean and standard deviation of the three retention times 
for each analyte (relative retention times may also be used). Plus or 
minus three times the standard deviation of the retention times of each 
analyte defines the retention time window. 

11.7.2 The centers of the windows are updated with the midpoint of the initial 
calibration and the daily calibration standards. The centers of the 
windows may also be updated using any continuing calibration standard, 
when any slight RT shifts are observed. The widths of the windows will 
remain the same until new windows are generated following the 
installation of a new column. 

11.7.3 The retention time window as calculated above or a retention time 
window default of +/-2% will be used. This default allows for slight 
variations in retention times caused by sample matrix and temperature 
fluctuations. 

11.7.4 The laboratory must calculate new retention time windows each time a 
new column is installed. The new windows must be generated within 
one week of the installation of the new column. Until these standards 
have been run on the new column, the retention time windows from the 
old column may be used, updated with the retention times from the new 
initial calibration. 

11.7.5 New retention time windows shall be determined with any significant 
change in the mobile phase used in the analysis. Examples of significant 
change include using a different type of solvent for the mobile phase or 
nominal changes greater than 1%. Any minor change to the nominal 
mobile phase (i.e., <1%) require that the center of the RT windows are 
updated using the continuing calibration standard. 
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11.7.6 Retention time windows shall be routinely monitored, including possible 
analyte retention time shifts outside retention time windows or incorrect 
automated peak assignments on calibrations, LCS or MS/MSD. New 
retention time windows may be determined for the following reasons: 

1) Incorrect automated peak assignments due to retention time 
windows that may be set too wide. 

2) Inconsistent retention time shifts during the course of one day of 
analysis that are not corrected with instrument maintenance or 
assigned to obvious matrix effects. 

11.7.7 Corrective Action for Retention Times: The retention times of all 
compounds in each continuing calibration must be within the most 
recently updated retention time windows. If this condition is not met, all 
samples analyzed after the last compliant standard must be reanalyzed. 

11.8 Troubleshooting Guide (Refer to the manufacturer’s manual for specific 
guidance.) 

11.8.1 Daily Instrument Maintenance: In addition to the checks listed in the 
instrument maintenance schedule in SOP KNOX-QA-0003, the 
following daily maintenance should be performed as necessary. 

11.8.1.1 Empty deionized water reservoir and refill with fresh 
deionized water. 

11.8.1.2 Add solvents to solvent reservoirs. 

11.8.2 Major Maintenance: A new initial calibration is necessary following 
major maintenance. Refer to section 10.5 for details. 

11.8.3 Minor Maintenance 

11.8.3.1 Rinse the flow cell with 1N nitric acid if sensitivity is low. 

11.8.3.2 Change the pump seals when the flow is inconsistent. 

11.8.3.3 Flush the system with the appropriate solvent to remove all 
air bubbles. 

11.9 One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in 
procedure, except those specified by project specific instructions, shall be 
completely documented using a nonconformance memo and approved by a 
Technical Specialist, Project Manager and QA Manager. If contractually required, 
the client shall be notified.  

11.10 Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

12.0 Data Analysis and Calculations 

12.1 Qualitative Identification 
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12.1.1 Tentative identification occurs when a peak is found within the retention 
time window for an analyte at a concentration above the reporting limit 
or above the MDL. If the value is found above the MDL but less than the 
reporting limit, the data is flagged with a ‘J’ qualifier to indicate the 
value is estimated.  

12.1.2 All measurements above the MDL observed on the primary (C-18) 
column must be confirmed by analysis on the confirmation column. The 
same calibration criteria used for the primary column will be used for the 
confirmation column.  

12.1.3 The RPD between the concentration of the analyte found on the primary 
column and the concentration of the analyte found on the confirmation column 
must be <40%. If the RPD is >40%, the value from the primary column will be 
reported with an appropriate qualifier (see table below), unless there is an 
interference. If there is an interference with a target analyte on the primary 
column and no interference with the target analyte on the confirmation column, 
the result for that analyte will be reported from the confirmation column with a 
qualifier. The RPD is not calculated unless analytes are detected on both 
columns. 

Qualifier Description 

COL More than 40% difference between primary and confirmation 
column results. The lower of the two results is reported. 

PE The % difference between the primary and confirmation 
columns exceeds 40%. The higher value is reported. 

12.1.4 Retention time stability, as discussed in section 11.7, must be verified by 
analyzing standards after every ten samples and at the completion of the 
sequence. 

12.1.5 The experience of the analyst weighs heavily in the interpretation of the 
chromatogram. For example, sample matrix or laboratory temperature 
fluctuation may result in variation of retention times. 

12.2 Calibration Range 

12.2.1 If concentrations of any analytes exceed the working range as defined by 
the calibration standards, then the sample must be diluted with mobile 
phase and reanalyzed. Dilutions target the most concentrated analyte to 
20-100% of the calibration range. 

12.3 Dilutions 

12.3.1 Samples may be screened to determine the appropriate dilution for the 
initial run. If the initial diluted run has no hits above 20% of the 
calibration range and the matrix allows for analysis at a lesser dilution, 
then the sample must be reanalyzed at a dilution targeted to bring the 
largest hit to 20-100% of the calibration range. 
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12.3.2 Guidance for Dilutions Due to Matrix: If the sample is initially run at a 
dilution and the baseline rise is less than half the height of the peaks in 
the level 3 standards, then the sample is reanalyzed at a more 
concentrated dilution. 

12.3.3 Reporting Dilutions: The most concentrated dilution with no target 
compounds above the calibration range will be reported. Other dilutions 
will only be reported at client request. 

12.4 Interferences 

12.4.1 If peak detection is prevented by interferences, then elevation of reporting 
levels and/or lack of positive identification must be addressed in the case 
narrative. 

12.5 Calculations for Sample Concentration using Linear Regression 

12.5.1 Aqueous Samples 
Multiplier(ug/L)ionConcentrat f xDxX=  

Where: 
X = Concentration in extract (µg/L) as defined in Section 10.9. 
Df  = Dilution factor 
Multiplier = Final volume of the extract (mL)/ Amount of sample 
extracted (mL) 

12.5.2 Non-aqueous Samples 
mL 1000L 1 Multipliermg/kg)(ionConcentrat f xxDxX=  

Where: 
X = Concentration in extract (µg/L) as defined in Section 10.9. 
Df  = Dilution factor 
Multiplier = Final volume of the extract (mL)/ Amount of sample 
extracted (g) 

12.6 Surrogate Recovery 

12.6.1 Concentrations of surrogate compounds are calculated using the same 
equations as for the target compounds. The response factor or regression 
parameters from the initial calibration are used. Surrogate recovery is 
calculated using the following equation: 

% Recovery = Concentration (or amount) found
Concentration (or amount) spiked

100×  

12.7 Refer to Appendix VI for an example data review checklist used to perform and 
document the review of the data. Using the data review checklist, the analyst also 
creates a narrative which includes any qualifications of the sample data. 

13.0 Method Performance 

13.1 Method Detection Limit 

13.1.1 Each laboratory must generate a valid method detection limit for each 
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analyte of interest. The MDL must be below the reporting limit for each 
analyte. Method Detection limits are determined and verified as specified 
in the current revision of SOP S-Q-003 (and attachment) based on 40 CFR 
Part 136 Appendix B. 

13.2 Initial Demonstration 

13.2.1 Each laboratory must make an initial demonstration of capability for each 
individual method. Demonstration of capability for both soils and water 
matrices is required. This requires analysis of QC check samples 
containing all of the standard analytes for the method. 

13.2.2 Four aliquots of the QC check sample are analyzed using the same 
procedures used to analyze samples, including sample preparation.  

13.2.3 Calculate the average recovery and standard deviation of the recovery for 
each analyte of interest. Compare these results with the historically 
generated limits. 

13.2.4 If any analyte does not meet the acceptance criteria, the test must be 
repeated. Only those analytes that did not meet criteria in the first test 
need to be evaluated. Repeated failure for any analyte indicates the need 
for the laboratory to evaluate the analytical procedure and take corrective 
action. 

13.3 Training Qualification 

13.3.1 The group/team leader has the responsibility to ensure that this procedure 
is performed by an analyst who has been properly trained in its use and 
has the required experience. 

14.0 Pollution Prevention 

14.1 This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15.0 Waste Management 

15.1 All waste will be disposed of in accordance with Federal, State and Local 
regulations.  Where reasonably feasible, technological changes have been 
implemented to minimize the potential for pollution of the environment.  
Employees will abide by this method and the policies in section 13 of the 
Corporate Safety Manual for “Waste Management and Pollution Prevention.” 

15.2 Waste Streams Produced by the Method: The following waste streams are 
produced when this method is carried out. 

• Solid sample waste: Solid sample waste will be collected and placed in the 
incinerable laboratory waste stream, contained in a steel or poly satellite 
accumulation container type. 
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• Acetonitrile/Methanol mixture: This waste will be collected and placed 
flammable waste stream, contained in a steel satellite accumulation container 
type or flammable solvent container.   

16.0 References 

16.1 SW-846 Method 8000C, “Determinative Chromatographic Separations”, Revision 
3, March 2003. 

16.2 SW-846 Method 8330, “Nitroaromatics  and Nitramines by High Performance 
Liquid Chromatography (HPLC)”, Revision 0, September 1994. 

16.3 SW-846 Method 8330B, “Nitroaromatics Nitramines and Nitrate Esters by High 
Performance Liquid Chromatography (HPLC)”, Revision 2, October 2006. 

16.4 TestAmerica Knoxville Quality Assurance  Manual (QAM), current revision. 

16.5 Acceptable Manual Integration Practices and the TestAmerica Knoxville 
Attachment, current revision. 

16.6 QA-003 Quality Contry Program, current revision. 

17.0 Miscellaneous 

17.1 Modifications from Reference Method 

17.1.1 SW-846 Method 800B states that the method blank should not contain any 
analyte of interest at or above the MDL. This SOP states that the method 
blank must not contain any analyte of interest at or above ½ the reporting 
limit. 

17.1.2 Retention time windows are calculated as in SW-846. However, a +2% 
retention time window default can be used to allow for slight variations in 
retention times due to temperature fluctuations. 

17.1.3 Section 7.1.2.2.1 of Method 8330 and 11.1.4.4.1 of Method 8330B 
indicates that the sample sonication lasts 18 hours. The procedure 
specifies the criteria for the length of sonication as 18 + 2 hours.  

17.1.4 The method 8330 requirement of triplicate injections of the daily standard 
was removed from this procedure. All CCVs in the run sequence are 
compared to the ICAL instead of the average of the triplicate daily CCVs. 

17.1.5 This procedure allows for the use of solid phase extraction for aqueous 
samples, as indicated in SW-846 Methods 3535A and 8330B.  Method 
8330 describes a salting out extraction. 

17.1.6 Method 8330 sets the time for vortex swirling the soil/acetonitrile extract 
at one minute.  This procedure does not describe a time to vortex swirl the 
soil/acetonitrile extract. 

17.1.7 As described in Method 8330B, this procedure allow for the use of any 
equivalent columns that have documented method performance. 
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17.1.8 This procedure uses <20% D as the acceptance criteria for the second 
source verification standard.  Method 8330B allows for <30%D and 
Method 8330 contains no criteria. 

17.2 Appendices 

17.2.4 Appendix I: Table 1 - Standard Analyte List, Table 1A - Additional 
Analytes, Table 1B – Standard Analyte List Elution Order 

17.2.2 Appendix II: Table 2 - Typical Calibration Standards Concentrations 

17.2.3 Appendix III: Table 3 - LCS/Matrix Spike and Surrogate Spike Levels 

17.2.4 Appendix IV: Table 4 - Holding Times, Sample Preservation and 
Recommended Containers 

17.2.5 Appendix V: Table 5 - Instrument Conditions 

17.2.6 Appendix VI: Example Data Review Checklist 

17.2.8 Appendix VII: Flow chart – Analysis 

17.2.9 Attachment A: SOP modifications for Nitroguanidine analysis. 

17.2.10 Attachment B: SOP modifications for MNX, TNX and DNX analysis. 
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Appendix I: Table 1 - Standard Analyte List and Reporting Limits1 
   8330 8330B 

Compound CAS 
Number 

Low-Level 
Aqueous RL 

(µg/L)5 

Soil/ 
Sediment RL 

(mg/kg)6 

Soil RL 
(mg/Kg)7 

HMX2 2691-41-0 0.20 0.20 0.08 
RDX3 121-82-4 0.20 0.20 0.08 
1,3,5-Trinitrobenzene 99-35-4 0.20 0.20 0.08 
1,3-Dinitrobenzene 99-65-0 0.20 0.20 0.08 
Tetryl4 479-45-8 0.20 0.30 0.08 
Nitrobenzene 98-95-3 0.20 0.20 0.08 
2,4,6-Trinitrotoluene 118-96-7 0.20 0.20 0.08 
4-Amino-2,6-dinitrotoluene 1946-51-0 0.20 0.20 0.08 
2-Amino-4,6-dinitrotoluene 35572-78-2 0.20 0.20 0.08 
2,6-Dinitrotoluene 606-20-2  0.20 0.20 0.08 
2,4-Dinitrotoluene 121-14-2 0.20 0.20 0.08 
2-Nitrotoluene 88-72-2 0.20 0.20 0.08 
4-Nitrotoluene 99-99-0  0.30 0.20 0.08 
3-Nitrotoluene 99-08-1 0.30 0.20 0.08 

1Specific reporting limits are highly matrix dependent. The reporting limits listed above are provided for 
guidance only and may not always be achievable. 

2HMX is a tradename for octahydro-1,3,5,7-tetranitro-1,3,4,7-tetrazocine. 
3RDX is a tradename for hexadydro-1,3,5-trinitro-1,3,5-triazine. 
4Tetryl is a tradename for methyl-2,4,6-trinitrophenylnitramine. 
5LL Aqueous RLs are based on the following prep factors: 500 mL sample; 5 mL final extract volume. 
68330 Soil/Sediment RLs are based on the following prep factors: 2 g sample; 20 mL final extract 
volume. 
78330B Soil RLs are based on the following prep factors:  10g sample, 40 mL final extract volume. 
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Table 1A - Additional Analyte List and Reporting Limits 

Compound CAS 
Number 

Low-Level Aqueous 
RL (µg/L) 

High-Level Aqueous 
RL (µg/L) 

8330 Soil/ Sediment 
RL (mg/kg) 

PETN 78-11-5 3.0 500 2.5 
Nitroglycerin 55-63-0 2.5 500 2.5 

 
Table 1B - Standard Analyte List Elution Order 

Primary Column (C-18) Confirmation Column (Acclaim E2) 
HMX HMX 
RDX RDX 
1,3,5-Trinitrobenzene 1,3,5-Trinitrobenzene 
1,3-Dinitrobenzene 1,3-Dinitrobenzene 
Tetryl Nitrobenzene 
Nitrobenzene 2,4,6-Trinitrotoluene 
2,4,6-Trinitrotoluene Tetryl 
4-Amino-2,6-dinitrotoluene 2,6-Dinitrotoluene 
2-Amino-4,6-dinitrotoluene 2,4-Dinitrotoluene 
2,6-Dinitrotoluene 2-Nitrotoluene 
2,4-Dinitrotoluene 4-Nitrotoluene 
2-Nitrotoluene 3-Nitrotoluene 
4-Nitrotoluene 4-Amino-2,6-dinitrotoluene 
3-Nitrotoluene 2-Amino-4,6-dinitrotoluene 
1-chloro-3-nitrobenzene (surrogate) 1-chloro-3-nitrobenzene (surrogate) 
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Appendix II: Table 2 – Typical Calibration Standards Concentrations (µg/L) 1 
 
Compound Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 
HMX 10 20 60 120 240 480 960 
RDX 10 20 60 120 240 480 960 
1,3,5-Trinitrobenzene 10 20 60 120 240 480 960 
1,3-Dinitrobenzene 10 20 60 120 240 480 960 
Tetryl 10 20 60 120 240 480 960 
Nitrobenzene 10 20 60 120 240 480 960 
2,4,6-Trinitrotoluene 10 20 60 120 240 480 960 
4-Amino-2,6-dinitrotoluene 10 20 60 120 240 480 960 
2-Amino-4,6-dinitrotoluene 10 20 60 120 240 480 960 
2,6-Dinitrotoluene 10 20 60 120 240 480 960 
2,4-Dinitrotoluene 10 20 60 120 240 480 960 
2-Nitrotoluene 10 20 60 120 240 480 960 
4-Nitrotoluene 10 20 60 120 240 480 960 
3-Nitrotoluene 10 20 60 120 240 480 960 
1-chloro-3-nitrobenzene 
(surrogate) 

5.9 12 35 71 140 280 560 

Additional Analytes:  
PETN 250 1000 2500 5000 10,000 20, 000 
Nitroglycerine 250 1000 2500 5000 10,000 20, 000 
1 Levels 1, 2, 3, and 4 are typically prepared using 3.33uL, 6.67uL, 20uL and 40uL respectively of the 
120 µg/L standard.  Levels 5, 6 and 7 are typically prepared using 10uL, 20uL and 40uL respectively of 
the 960ug/L standard. 
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Appendix III: Table 3 - Typical LCS/Matrix Spike and Surrogate Spike Levels 

Compound Aqueous  
(µg/L) 

8330 Soil/Sediment 
(mg/kg) 

8330B Soil  
(mg/Kg) 

HMX 3 3 1.2 
RDX 3 3 1.2 
1,3,5-Trinitrobenzene 3 3 1.2 
1,3-Dinitrobenzene 3 3 1.2 
Tetryl 3 3 1.2 
Nitrobenzene 3 3 1.2 
2,4,6-Trinitrotoluene 3 3 1.2 
4-Amino-2,6-dinitrotoluene 3 3 1.2 
2-Amino-4,6-dinitrotoluene 3 3 1.2 
2,6-Dinitrotoluene 3 3 1.2 
2,4-Dinitrotoluene 3 3 1.2 
2-Nitrotoluene 3 3 1.2 
4-Nitrotoluene 3 3 1.2 
3-Nitrotoluene 3 3 1.2 
1-chloro-3-nitrobenzene 1.7 1.7 0.67 
Additional Analyte:    
PETN 25 25 NA 
Nitroglycerin 25 25 NA 

 
Appendix IV: Table 4 – Holding Times, Sample Preservation and Recommended Containers  

Sample Matrix Container Preservative Holding Time 

Water  1 L amber glass, Teflon-lined cap 4 + 2 oC Extract within 7 days 
from collection 

Soil/Sediment 60 mL amber glass, Teflon-lined 
cap 4 + 2 oC Extract within 14 days 

from collection 

Sample Extracts 4 mL amber vial, Teflon-sealed 
crimp top 4 + 2 oC Analyze within 40 days 

from extraction 
 
Appendix V: Table 5 - Instrument Conditions 

Parameter Typical Conditions 
Primary Column C-18 Reverse phase HPLC column, 30-cm x 4.0-mm (5 -µm), 

Supelco LC-18 or equivalent 
Secondary Column Acclaim E2 column 4.6 x 250 mm (5-µm), Dionex or 

equivalent 
Primary Column Mobile Phase 60/40 (v/v) methanol/reagent water 
Secondary Column Mobile Phase 48/52 (v/v methanol/reagent water 
Primary Column Flow Rate 1 mL/min 
Secondary Column Flow Rate 1 mL/min 
Injection Volume 40 µL 
UV Detector 254 nm (214 nm for PETN and nitroglycerin) 
Automated Column Pressure Max 350 psi (primary) and 360 psi (confirmation) 

The typical conditions listed above result in resolution of all analytes listed in Table 1 on the primary 
column. 
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Appendix VI: Example Method 8330 Data Review Checklist 
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Appendix VI: Example Method 8330 Data Review Checklist, continued 
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Appendix VI: Example Method 8330 Data Review Checklist, continued 
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 Appendix VII: Flow chart - Analysis 
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Attachment A: SOP Modifications for Nitroguanidine Analysis 
 
Sample preparation 
Water Extraction: The water samples are diluted with an equal volume of acetonitrile (usually 
2.5 mL of sample, 2.5 mL of acetonitrile for a final volume of 5 mL. 
Soil Extraction: The soil samples are extracted as described in the SOP for Method 8330. 
 
The surrogate used for this analysis is 1-chloro-3-nitrobenzene. 
 
Sample analysis 
The sample analysis is performed on a Restek Cyano column (5 µm x 4.6 mm x 250 cm) or 
equivalent. The column used as the confirmation column is a Phenominex Phenosphere NH2 
(amino) column (5 µm x 3.2 mm x 250 cm), or equivalent. If confirmation is not possible due to 
matrix interferences, prepare and analyze post-extraction spikes to confirm the peak identity. 
 
The suggested calibration levels are 10 µg/L, 20 µg /L, 50 µg /L, 200 µg /L and 500 µg /L. 
 
The suggested LCS/MS/MSD spike levels are 100 µg /L in water and 2.5 mg/kg in soil. 
 
The suggested instrument conditions are: 
 
Parameter Primary Analysis Confirmation Analysis 
Mobile phase 50:50 Acetonitrile:Water 50:50 Acetonitrile:Water 
Column Flow Rate 1.2 mL/min  1.2 mL/min  
Column oven Temperature 20o C 15o C 
UV Detector 220 nm  265 nm 
Nitroguanidine Elution Time Approximately 2.4 min. Approximately 1.3 min. 
Injection volume 20 µL 20 µL 
 
The reporting limits are 20 µg /L in water and 0.2 mg/kg in soil. 
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Attachment B: SOP Modifications for MNX, TNX and DNX Analysis 
 
Analytes 
MNX = 1-Nitroso-3,5-dinitro-1,3,5-triazacyclohexane 
TNX = 1,3,5-Trinitroso-1,3,5- triazacyclohexane 
DNX = 3,5-dinitroso-1-Nitro-1,3,5-triazacyclohexane 
 
Sample preparation 
Water Extraction: Solid phase extraction, same as in section 11.1. 
 
Soil Extraction: Same as in section 11.3. 
 
Sample analysis 
The sample analysis can be performed as described in sections 11.4 - 11.7. Under these 
conditions, TNX, DNX and MNX elute between HMX and RDX. 
 
The confirmation analysis may be performed using a Phenomenex Luna phenyl hexyl column, 5 
µm x 3.0 mm x 25 cm. 
The suggested instrument conditions for the confirmation analysis are  

Gradient, 0.55 mL/min., 50% water/50% methanol at 0 minutes to 0.683 mL/min, 30 % 
water/70% methanol at 24 minutes. 

 
The elution order for the second column confirmation is TNX, DNX, HMX, MNX, RDX, NB, 
DNB, 2-NT, 4-NT, 3-NT, 4-A-2,6 DNT, TNB, 2-A-4,6-DNT, Surrogate, 2,6-DNT, 2,4-DNT, 
Tetryl, TNT. 
 
The suggested calibration levels are 50 µg /L, 100 µg /L, 250 µg /L, 500 µg /L, and 1000 µg /L. 
 
The suggested LCS/MS/MSD spike levels are 2.5 µg /L in water and 2.5 mg/kg in soil. 
 
The reporting limits are 0.5 µg /L in water and 0.5 mg/kg in soil. 
 
Standard availability is extremely limited. The only known source is SRI International, 333 
Ravenswood Avenue, Menlo Park, California, 94025. 
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1. SCOPE AND APPLICATION 

1.1. This procedure describes the analysis of trace elements by Inductively Coupled 
Plasma - Atomic Emission Spectroscopy (ICP-AES) using SW-846 Methods 
6010B, 6010C and EPA Method 200.7. Table I of Appendix B lists the elements 
appropriate for analysis. Additional elements may be analyzed provided that the 
method performance criteria presented in Sections 9 and 13 are met. 

1.2. Methods 6010B, and 6010C are applicable to the determination of dissolved, 
suspended, total recoverable and total elements in ground water, aqueous 
samples, soils, sludges, wastes, sediments, air train samples and TCLP, EP and 
other leachates/extracts. All matrices require digestion prior to analysis with the 
exception of analyses for dissolved metals in filtered and acidified aqueous 
samples. Although digestion is not specifically required by the method, some 
clients and regulators may require digestion of dissolved samples and this must 
be clarified and documented before project initiation.  

1.3. Method 200.7 is applicable to the determination of dissolved, suspended, total 
recoverable and total elements in drinking water, water, wastewater, and solid 
wastes. 40CFR 136C Method 200.7 Revision 4.4 is the method for both 
wastewater testing for the Clean Water Act and for drinking water compliance 
testing for the Safe Drinking Water Act. All matrices require digestion prior to 
analysis.  

2. SUMMARY OF METHOD 

2.1. This method describes a technique for the determination of elements in solution 
using simultaneous optical systems and axial viewing of the plasma. The basis of 
the method is the measurement of atomic emission by an optical spectroscopic 
technique. Samples are nebulized and the aerosol that is produced is transported 
to the plasma torch where excitation occurs. Characteristic atomic-line emission 
spectra are produced by a radio frequency inductively coupled plasma (ICP). The 
spectra are dispersed by a grating spectrometer and the intensities of the emission 
lines are monitored by photomultiplier tubes. The photocurrents from the 
photomultiplier tubes are processed and controlled by a computer system. A 
background correction technique is required to compensate for variable 
background contribution to the determination of trace elements. Background must 
be measured adjacent to analyte lines during analysis. The position selected for 
the background intensity measurement, on either or both sides of the analytical 
line, will be determined by the complexity of the spectrum adjacent to the analyte 
line. The position used must be free of spectral interferences and reflect the same 
change in background intensity as occurs at the analyte wavelength measured. 
Background correction is not required in cases of line broadening where a  
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background correction measurement would actually degrade the analytical result. 
The possibility of additional interferences should also be recognized and 
appropriate actions taken. Alternatively, multivariate calibration methods may be 
chosen for which point selection for background correction is superfluous since 
whole spectral regions are processed.  

2.2. Refer to the appropriate SOPs listed in section 11.1 for details on sample 
preparation methods. 

3. DEFINITIONS 

3.1. Dissolved Metals: Those elements which pass through a 0.45 um membrane. 
(Sample is acidified after filtration). 

3.2. Suspended Metals: Those elements which are retained by a 0.45 um membrane. 

3.3. Total Metals: The concentration determined on an unfiltered sample following 
vigorous digestion. 

3.4. Total Recoverable Metals: The concentration determined on an unfiltered sample 
following treatment with hot, dilute mineral acid. 

3.5. Additional definitions can be found in the TestAmerica Knoxville LQM glossary. 

4. INTERFERENCES 

4.1. Spectral, physical and chemical interference effects may contribute to 
inaccuracies in the determinations of trace elements by ICP. Spectral 
interferences are caused by: 

• Overlap of a spectral line from another element. 
• Unresolved overlap of molecular band spectra. 
• Background contribution from continuous or recombination phenomena. 
• Stray light from the line emission of high concentration elements. 

4.1.1. A background correction technique is required to compensate for 
variable background contribution to the determination of trace elements. 
Background correction is not required in cases where a background 
corrective measurement would actually degrade the analytical result. 

4.1.2. Interelement correction factors (IECs) are necessary to compensate for 
spectral overlap. Interelement interferences occur when elements in the 
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sample emit radiation at wavelengths so close to that of the analyte that 
they contribute significant intensity to the analyte channel. If such 
conditions exist, the intensity contributed by the matrix elements will 
cause an excessively high (or sometimes low) concentration to be 
reported for the analyte. Interelement corrections must be applied to the 
analyte to remove the effects of these unwanted emissions. 

4.1.3. Physical interferences are generally considered to be effects associated 
with sample transport, nebulization and conversion within the plasma. 
These interferences may result in differences between instrument 
responses for the sample and the calibration standards. Physical 
interferences may occur in the transfer of solution to the nebulizer (e.g., 
viscosity effects), at the point of aerosol formation and transport to the 
plasma (e.g., surface tension) or during excitation and ionization 
processes within the plasma itself. Changes in viscosity and surface 
tension can cause significant inaccuracies, especially in samples 
containing high dissolved solids or high acid concentrations. If physical 
interferences are present, dilution of the sample, use of a peristaltic 
pump, mass flow controller, use of an internal standard and/or use of a 
high solids nebulizer can reduce the effect. 

4.1.4. Chemical interferences are characterized by molecular compound 
formation, ionization effects and solute vaporization effects. Normally 
these effects are not significant with the ICP technique but if observed 
can be minimized by buffering the sample, matrix matching or standard 
addition procedures. 

5. SAFETY 

5.1. Employees must abide by the policies and procedures in the Corporate Safety 
Manual, Radiation Safety Manual and this document. 

5.2. Specific Safety Concerns or Requirements:  

5.2.1. The ICP plasma emits strong UV light and is harmful to vision. All 
analysts must avoid looking directly at the plasma. 

5.2.2. The RF generator produces strong radio frequency waves, most of which 
are unshielded. People with pacemakers should not go near the 
instrument while in operation. 

5.3. Primary Materials Used: The following is a list of the materials used in this 
method, which have a serious or significant hazard rating. NOTE: This list does  
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not include all materials used in the method. The table contains a summary 
of the primary hazards listed in the MSDS for each of the materials listed in 
the table. A complete list of materials used in the method can be found in the 
reagents and materials section. Employees must review the information in the 
MSDS for each material before using it for the first time or when there are major 
changes to the MSDS.  

Material (1) Hazards Exposure Limit (2) Signs and symptoms of exposure 
Nitric Acid Corrosive 

Oxidizer 
Poison 

2 ppm-TWA 
4 ppm-STEL 

Nitric acid is extremely hazardous; it is corrosive, 
reactive, an oxidizer, and a poison. Inhalation of 
vapors can cause breathing difficulties and lead to 
pneumonia and pulmonary edema, which may be 
fatal. Other symptoms may include coughing, 
choking, and irritation of the nose, throat, and 
respiratory tract. Can cause redness, pain, and 
severe skin burns. Concentrated solutions cause 
deep ulcers and stain skin a yellow or yellow-brown 
color. Vapors are irritating and may cause damage 
to the eyes. Contact may cause severe burns and 
permanent eye damage. 

Hydrochloric 
Acid 

Corrosive 
Poison 

5 ppm-Ceiling Inhalation of vapors can cause coughing, choking, 
inflammation of the nose, throat, and upper 
respiratory tract, and in severe cases, pulmonary 
edema, circulatory failure, and death. Can cause 
redness, pain, and severe skin burns. Vapors are 
irritating and may cause damage to the eyes. 
Contact may cause severe burns and permanent eye 
damage. 

Hydrofluoric 
Acid 

Reactive  
Corrosive 
Toxic 

3 ppm (2.6 mg/m3) 
as F 

Can irritate nose, eyes, throat and respiratory 
system. Onset of symptoms may be delayed for 
several hours. Can cause nose and throat burns, 
lung inflammation and pulmonary edema. Both 
liquid and vapor can cause irritation or corneal 
burns and conjunctivitis. Also results in other 
systemic effects including depletion of calcium 
levels in the body, which if not promptly treated, 
can result in death due to hypocalcemia. 

Hydrogen 
Peroxide 

Oxidizer 
Corrosive 

1 ppm-TWA Vapors are corrosive and irritating to the respiratory 
tract. Vapors are very corrosive and irritating to the 
eyes and skin. 

1 – Always add acid to water to prevent violent reactions. 
2 – Exposure limit refers to the OSHA regulatory exposure limit. 

5.4. The use of hydrofluoric acid requires special safety precautions. Consult the 
facility EH&S Manager and laboratory supervisor for guidance. 

5.5. All work must be stopped in the event of a known or potential compromise to the 
health and safety of an TestAmerica associate. The situation must be reported 
immediately to a laboratory supervisor. 
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6. EQUIPMENT AND SUPPLIES 

6.1. Inductively Coupled Plasma Atomic Emission Spectrometer: Thermo Jarrell Ash 
ICP 61E Trace Analyzers are currently used. Instruments with demonstrated 
equivalent performance may also be used. 

6.2. Radio Frequency Generator. 

6.3. Argon gas supply, welding grade or equivalent. 

6.4. Coolflow or appropriate water cooling device. 

6.5. Peristaltic Pump. 

6.6. Autosampler.  

6.7. Calibrated automatic pipettes or Class A glass volumetric pipettes. 

6.8. Class A volumetric flasks. 

6.9. Autosampler tubes. 

7. REAGENTS AND STANDARDS 

7.1. Intermediate standards are purchased as custom multi-element mixes or as single-
element solutions. All standards must be stored in FEP fluorocarbon or unused 
polyethylene or polypropylene bottles. Intermediate standard solutions must be 
replaced prior to the expiration date provided by the manufacturer. If no 
expiration date is provided, the intermediate solutions may be used for up to one 
year and must be replaced sooner if verification from an independent source 
indicates a problem. Expiration dates can be extended provided that the 
acceptance criteria described in laboratory specific SOPs are met. 

7.1.1. Calibration standards are purchased from Inorganic Ventures: 

7.1.2. Catalog No. QUANT-CAL-3 contains Ag and Tl at 100 µg/mL each and 
As, Cd, Pb, Sb and Se at 50 µg/mL each. 

7.1.3. Catalog No. QUANT-CAL-4C contains B, Li, Mo, Si, Sn and Ti at 200 
µg/mL each. 

7.1.4. Catalog No. QUANT-CAL-4E contains Ca, K, Mg and Na at 5000 
µg/mL each, Al and Fe at 2500 µg/mL each and Ba, Be, Co, Cr, Cu, Mn, 
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 NiP, Sr, V and Zn at 200 µg/mL each. 

7.1.5. ICV standards are purchased from Inorganic Ventures: 

7.1.6. Catalog No. QUANT-ICV-2D contains B, Li, Mo, Si, Sn and Ti at 50 
µg/mL each. 

7.1.7. Catalog No. QUANT-ICV-2F contains Ca, K, Mg and Na at 1250 
µg/mL each, Al and Fe at 625 µg/mL each, Ba, Be, Co, Cr, Cu, Mn, Ni, 
P, Sr, V and Zn at 50 µg/mL each, Ag and Tl at 25 µg/mL each and As, 
Cd, Pb, Sb and Se at 12.5 µg/mL each. 

7.1.8. ICSA standards are purchased from Inorganic Ventures: 

7.1.9. Catalog No. CLPP-ICS-A contains Al, Ca and Mg at 5000 µg/mL each 
and Fe at 2000 µg/mL. 

7.1.10. ICSAB standards are purchased from Inorganic Ventures: 

7.1.11. Catalog No. QUANT-ICSB2-A contains K and Na at 100 µg/mL each, 
Cd, Ni and Zn at 10 µg/mL each, Ba, Be, Co, Cr, Cu, Mn and V at 5 
µg/mL each, Ag at 2 µg/mL, As and Tl at 1 µg/mL each and Pb and Se 
at 0.5 µg/mL each. 

7.1.12. Catalog No. QUANT-ICSB3-A contains B, Li, Mo, P, Si, Sn, Sr and Ti 
at 10 µg/mL each and Sb at 6 µg/mL. 

7.1.13. CRI standards are purchased from Inorganic Ventures: 

7.1.14. Catalog No. STLTN-CRI-1REVA contains Si at 10 µg/mL, Sn at 2 
µg/mL Sb at 1.2 µg/mL, Ti at 1 µg/mL and Mo at 0.80 µg/mL. 

7.1.15. Catalog No. STLTN-CRI-1REVB contains Ca, K, Mg, Na at 100 
µg/mL, P at 6 µg/mL, Al, B at 4 µg/mL, Fe at 2 µg/mL, Co, Li, Sr, V at 
1 µg/mL, Ni at 0.8 µg/mL, Cu at 0.5 µg/mL, Zn at 0.4 µg/mL, Mn at 0.3 
µg/mL, Ag, As, Ba, Cr, Tl at 0.2 µg/mL, Be, Cd, Se at 0.1 µg/mL and 
Pb at 0.06 µg/mL.  

7.1.16. Single element solutions are typically purchased from Spex or ULTRA 
Scientific. 

7.2. Working standard solutions prepared from the intermediate standards may be 
used for up to 3 months and must be replaced sooner if verification from an 
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independent source indicates a problem. Working standards are prepared in a 
matrix of 5% hydrochloric and 5% nitric acids.  

7.3. Refer to Tables II, IIIA, IIIB, IV and V (Appendix B) for details regarding the 
working standard concentrations for calibration, calibration verification, 
interference correction and spiking solutions. 

7.4. Concentrated nitric acid (HNO3), trace metal grade or better. 

7.5. Concentrated hydrochloric acid (HCl), trace metal grade or better. 

7.6. Reagent water must be produced by a Millipore DI system or equivalent. Reagent 
water must be free of the analytes of interest as demonstrated through the analysis 
of method blanks. 

7.7. Calibration blanks – Fill a 10 liter carboy with about 8 liters of reagent water. 
Slowly add 0.5 liter each of concentrated HNO3 and concentrated HCl. Carefully 
mix and dilute to 10 liters with reagent water.  

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Sampling is not performed for this method by TestAmerica Knoxville. For 
information regarding sample shipping, refer to SOP KNOX-SC-0003, “Sample 
Receipt and Log In”, current revision. 

8.2. Sample holding times for metals are six months from time of collection to the 
time of analysis.  

8.3. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored 
in either plastic or glass. If boron or silicon are to be determined, plastic 
containers are preferred. Refrigeration is not required. Preservation must be 
verified prior to analysis. For samples that will be analyzed by Method 200.7, the 
samples must be held for a minimum of 24 hours prior to verifying the pH. 

8.4. Soil samples do not require preservation but must be stored at 4°C ± 2° until the 
time of preparation. 

9. QUALITY CONTROL 

9.1. Table VI (Appendix B) provides a summary of quality control requirements 
including type, frequency, acceptance criteria and corrective action. For the 
reporting limits and QC type, frequency, acceptance criteria and corrective action 
for air train, PM10, low-level waste and SEP samples, refer to the applicable 
preparation SOP. 
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9.2. Linear Range Verification (LR) - The linear range is the concentration above 
which results cannot be reported without dilution of the sample.  

9.2.1. For the initial determination of the upper limit of the linear dynamic 
range (LDR) for each wavelength, determine the signal responses from a 
minimum of three to five different concentration standards across the 
estimated range. One standard is near the upper limit of the estimated 
range. The concentration measured at the LDR must be no more than 
10% less than the expected level extrapolated from lower standards.  

9.2.2. The linear range must be verified on a semi-annual basis for each 
analyte wavelength used on each instrument. The standards used to 
define the linear range limit must be analyzed during a routine analytical 
run. The linear range standards will be analyzed as single element 
standards for the interfering elements in order to determine the accuracy 
of the interelement correction factors. The concentration measured must 
be within 10% of the true value. If the instrument is adjusted in any way 
that may affect the LRs, the linear range must be reverified. The LR data 
must be documented and kept on file. 

NOTE: Many of the alkali and alkaline earth metals have nonlinear 
response curves due to ionization and self absorption effects. These 
curves may be used; however, the effective range must be checked and 
the second order curve must have a correlation coefficient of 0.995 or 
better. Third order fits are not acceptable. These nonlinear response 
curves are revalidated and recalculated every six months. These curves 
are much more sensitive to changes in operating conditions than the 
linear lines and are checked whenever there have been moderate 
equipment changes. 

9.3. Background Correction Points - The location selected for background correction 
must be either free of off-line interelement spectral interference or a computer 
routine must be used for automatic correction on all determinations. Tests to 
determine spectral interference must be done using analyte concentrations that 
will adequately describe the interference. Background correction points must be 
set prior to determining IECs. Refer to the ICP instrument manual for specific 
procedures to be used in setting background correction points. 

9.4. Interelement Corrections (IECs) - ICP interelement correction factors must be 
determined prior to the analysis of samples and annually thereafter. If the 
instrument is adjusted in any way that may affect the IECs, the IECs must be 
redetermined. When initially determining IECs for an instrument, wavelength 
scans must be performed to ensure that solutions in use are free from 
contaminants. If an IEC varies significantly from the previously determined IEC, 
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then the possibility of contamination is investigated. The purity of the IEC check 
solution can be verified by using a standard from a second source or an alternate 
method (i.e., GFAA or ICP-MS). Published wavelength tables ( e.g. MIT tables, 
Inductively Coupled Plasma-Atomic Spectroscopy: Prominent Lines) can also be 
consulted to evaluate the validity of the IECs. Refer to the instrument 
manufacturer’s recommendations for specific procedures to be used in setting 
IECs. An IEC must be established to compensate for any interelement 
interference which results in a false analyte signal greater than ± the RL as 
defined in Table I. To determine IECs, run a single element standard at the 
established linear range or near the LDR. To calculate an IEC, divide the 
observed concentration of the analyte by the observed concentration of the 
“interfering element.” 

NOTE: Trace ICP IECs are sensitive to small changes in the plasma and 
instrument setup conditions. Adjustments in the IECs will be required on a more 
frequent basis for the Trace as reflected by the ICSA response. 

9.5. Rinse Time Determination - To determine the appropriate rinse time for a 
particular ICP system, the linear range verification standard (see section 9.2.2) is 
aspirated as a regular sample followed by the analysis of a series of rinse blanks. 
The length of time required to reduce the analyte signals to < RL will define the 
rinse time for a particular ICP system. For some analytes it may be impractical to 
set the rinse time based on the linear range standard result (i.e., analyte not 
typically detected in environmental samples at that level and an excessive rinse 
time would be required at the linear range level). Until the required rinse time is 
established, the method recommends a rinse period of at least 60 seconds between 
samples and standards. If a memory effect is suspected, the sample must be 
reanalyzed after a rinse period of sufficient length. Rinse time studies can be 
conducted at additional concentration levels. These additional studies must be 
documented and kept on file if a concentration other than the linear range level is 
used to set the rinse time. The concentration levels used to establish the rinse time 
must be taken into consideration when reviewing the data. The rinse time is 
typically 70 seconds.  

9.6. Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of all reagents specific to the method and is 
carried through the entire analytical procedure, including preparation and 
analysis. The method blank is used to identify any system and process 
interferences or contamination of the analytical system that may lead to the 
reporting of elevated analyte concentrations or false positive data. The method 
blank cannot contain any analyte of interest at or above ½ the reporting limit or at 
or above 10% of the measured concentration of that analyte in the associated 
samples (i.e., samples must be at least 10x higher than the blank contamination 
level). The method blank cannot contain zinc > RL. Zinc is a common laboratory 
contaminant. Refer to SOPs KNOX-MT-0006, KNOX-IP-0003, KNOX-IP-0008 
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and KNOX-MT-0008 for the acceptance criteria for air train, PM10, low level 
waste and SEP samples, respectively. 

• Repreparation and reanalysis of all samples associated with an unacceptable 
method blank is required when reportable concentrations are determined in 
the samples. 

• If there is no analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such 
action must be taken in consultation with the client and must be 
addressed in the project narrative. 

• If the above criteria are not met and reanalysis is not possible, then the sample 
data must be qualified. This anomaly must be addressed in the project 
narrative and the client must be notified. 

• For dissolved metals samples that have not been digested, a CCB result is 
reported as the method blank. The CCB run immediately prior to the start of 
the dissolved sample analyses must be used for this purpose. No more than 20 
samples can be associated with one CCB. 

9.7. Laboratory Control Sample (LCS) - One LCS must be processed with each 
preparation batch. The LCS must contain all analytes of interest and must be 
carried through the entire analytical procedure. LCS spike levels are provided in 
Table II (Appendix B). The LCS is used to monitor the accuracy of the analytical 
process. On-going monitoring of the LCS results provides evidence that the 
laboratory is performing the method within acceptable accuracy and precision 
guidelines. 

• Historical control limits are used to evaluate LCS results. These in-house 
limits must be within the method limits of 80-120% recovery for 6010B, 
6010C and 85-115% recovery for Method 200.7. If any analyte is outside 
control limits, the system is out of control and corrective action must occur. 

• In the event that an MS/MSD analysis is not possible, a Laboratory Control 
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD 
must be < 20%. 

• In the instance where the LCS recovery is greater than the upper control limit 
and the sample results are ND (i.e., not detected), the data may be reported 
with qualifiers. Such action must be addressed in the report narrative. 

• Corrective action will be repreparation and reanalysis of the batch unless the 
client agrees that other corrective action is acceptable. 
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• For dissolved metals samples that have not been digested, a CCV result is 
reported as the LCS. The CCV run immediately prior to the start of the 
dissolved sample analyses must be used for this purpose. No more than 20 
samples can be associated with a CCV that is being used as an LCS. 

9.8. Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be 
processed for each preparation batch. A matrix spike is a field sample to which 
known concentrations of target analytes have been added. A matrix spike 
duplicate is a second aliquot of the same sample (spiked identically as the MS) 
prepared and analyzed along with the sample and matrix spike. Some client 
specific data quality objectives (DQO’s) may require the use of sample duplicates 
in place of MSDs. The MS/MSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Due to the 
potential variability of the matrix of each sample, these results may have 
immediate bearing only on the specific sample spiked. Samples identified as field 
blanks cannot be used for MS/MSD analysis. Spiking levels are provided in Table 
II (Appendix B). 

• If any analyte recovery or RPD falls outside the acceptance range, the 
recovery of that analyte must be in control for the LCS. For methods 200.7, 
6010B, and 6010C, control limits of 75 - 125% recovery and 20% RPD or 
historical acceptance criteria must be applied to the MS/MSD. If the LCS 
recovery is within limits, then the laboratory operation is in control and the 
results may be accepted. If the recovery of the LCS is outside limits, 
corrective action must be taken. Corrective action will include repreparation 
and reanalysis of the batch. MS/MSD results which fall outside the control 
limits must be addressed in the narrative. 

• If the native analyte concentration in the sample exceeds 4x the spike level for 
that analyte, the recovery data are reported with the following qualifiers: NC 
(i.e., not calculated), MSB (i.e., the recovery and RPD were not calculated 
because the sample amount was greater than four times the spike amount). 
The project narrative includes the following statement: “The matrix spike 
recoveries for samples were outside control limits for some analytes because 
the native analyte concentration in the sample was at least four times greater 
than the spike level.” 

• If an MS/MSD is not possible due to limited sample volume, then a laboratory 
control sample duplicate (LCSD) is analyzed. The RPD of the LCS and LCSD 
must be < 20%. 

• For dissolved metals samples which have not been digested, a MS/MSD must 
be performed per batch of up to 20 samples by spiking two aliquots of the 
sample at the levels specified in Table II (Appendix B). 
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9.9. Duplicate - One duplicate may be processed with the preparation batch instead of 
the matrix spike duplicate at the request of the client. Samples identified as field 
blanks cannot be used for duplicate sample analysis.  

• If the sample results are greater than or equal to five times the RL, the control 
limit is ± 20% RPD. 

• If either the sample or sample duplicate value is less than five times the RL, 
the control limit is ± the RL. 

• If both the sample and sample duplicate results are below the MDL, the RPD 
is not calculated and no control criteria apply. 

• If the duplicate RPD is outside control limits, the associated data is flagged 
appropriately. 

9.10. Serial Dilution – A dilution test is performed to determine whether significant 
physical or chemical interferences exist due to the sample matrix. One sample per 
preparation batch must be processed as a serial dilution. The test is performed by 
running a sample at a 5x (1/5) dilution. Samples identified as field blanks cannot 
be used for serial dilutions. The results of the diluted sample, after correction for 
dilution, should agree within 10% of the original sample determination when the 
original sample concentration is greater than 50x the IDL. If the results are not 
within 10%, the possibility of chemical or physical interference exists, and this 
must be noted in the narrative. 

9.11. Post Digestion Spike (PDS) - The addition of a known amount of standard after 
digestion. Post digestion spikes are typically evaluated to assess the ability of a 
method to successfully recover target metals from an actual sample matrix after 
the digestion process has been performed. The PDS results are used with MS 
results to evaluate matrix interferences. Post digestion spikes are performed upon 
client request.The recovery must be within 75-125% of expected value. Qualify 
the PDS results which fall outside the control limits by addressing the affected 
analytes and samples in the narrative. 

9.12. Interference Check Analysis (ICSA/ICSAB) - The validity of the interelement 
correction factors is demonstrated through the successful analysis of interference 
check solutions. The ICSA contains only interfering elements; the ICSAB 
contains analytes and interferents. Refer to Table IV (Appendix B) for the details 
of ICSA and ICSAB composition. Custom multielement ICS solutions are used. 
All analytes are spiked into the ICSAB solution, therefore, if a non-routine 
analyte is required, it is manually spiked into the ICSAB using a certified ultra-
high purity single element solution or custom lab-specific mix. Since the ICP will 
display overcorrection as a negative number, the non-routine elements are 
controlled from the ICSA as described in section 9.12.3. Elements known to be 
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interferents on a required analyte must be included in the ICP run when that 
analyte is determined. Aluminum, iron, calcium and magnesium must always be 
included in all ICSA/ICSAB runs. 

9.12.1. The ICSA and ICSAB solutions must be run at the beginning of the run. 
(See Section 11.5 for the required run sequence.). 

9.12.2. The ICSAB results for the interferents and analytes must fall within 80 - 
120% of the true value. If any ICSAB result fails criteria, the ICSAB 
analysis may be repeated one time. If the second analysis fails, the 
analysis is terminated, the problem is corrected, the instrument is 
recalibrated and the samples are rerun. 

9.12.3. ICSA results for the non-interfering elements must fall within the 
guidelines of ± 1x RL from zero for water, soil and waste samples. For 
air train, SEP, low-level waste and PM10 samples, ICSA results for the 
non-interfering elements with reporting limits ≤ 10 µg/L must fall within 
the guidelines of ± 2x RL from zero, whereas, ICSA results for the non-
interfering elements with RLs > 10 µg/L must fall within the guidelines 
of ± 1x RL from zero. If the ICSA results for the non-interfering 
elements do not fall within the acceptance limits, the field sample data 
must be evaluated as follows: 

• If the non-interfering element concentration in the ICSA is the result 
of contamination versus a spectral interference, and this reason is 
documented, the field sample data can be accepted. 

• If the affected element was not required, the sample data can be 
accepted. 

• If the interfering elements are not present in the field sample at a 
concentration which would result in a false positive or negative 
result greater than + 1x RL from zero, the field sample data can be 
accepted. 

• If the interfering element is present in the field sample at a level 
which would result in a false analyte signal greater than ± 1x RL 
from zero, the data can be accepted only if the concentration of the 
affected analyte in the field sample is more than 10x the analyte 
signal in the ICSA. 

• If the data does not meet the above conditions, the IECs must be re-
evaluated and corrected, if necessary, and the affected samples 
reanalyzed. Alternatively, the sample results can be manually 
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corrected through application of the new IEC to the raw results. If 
the results are recalculated manually, the calculations must be 
clearly documented on the raw data. 

9.13. Method of Standard Addition (MSA) - This technique involves adding known 
amounts of standard to one or more aliquots of the processed sample solution. 
This technique compensates for a sample interferent that may enhance or depress 
the analyte signal, thus producing a different slope from that of the calibration 
standards. It will not correct for additive interferences that cause a baseline shift. 
Refer to Section 11.10 for additional information on when MSA is required as 
well as Appendix E for specific MSA requirements. 

9.14. The reporting limits listed in Table I of Appendix B are a minimum of three times 
the method detection limit. For projects require that require lower reporting 
limits, the following acceptance criteria will be used: 

9.14.1. The method blank cannot contain any analyte of interest at or above the 
reporting limit. 

9.14.2. The RL calibration check standard must be within + 50% of the true 
value. 

9.14.3. The reporting limit must be greater than the method detection limit. 

9.14.4. The ICSA results for the non-interfering elements with reporting limits ≤ 
10 µg/L must fall within the guidelines of ± 2x RL from zero, whereas, 
ICSA results for the non-interfering elements with RLs> 10 µg/L must 
fall within the guidelines of ± 1x RL from zero. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Set up the instrument with the operating parameters recommended by the 
manufacturer. (Refer to the ICAP 61E Trace Analyzer Operator’s Manual and 
Appendix H for detailed instructions.) Complete any required preventative 
maintenance as indicated in Appendix I. 

10.2. Allow the instrument to become thermally stable before beginning calibration 
(approximately 30 minutes of warm-up is required). 

10.3. This section only describes calibration and calibration verification procedures. 
The complete run sequence is shown in Section 11.5. 

10.4. Profile the instrument with 1 ppm Arsenic standard. The peak position must be 
+0.08. Record the peak intensity for the arsenic profile standard in the ICP runlog. 
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10.5. Initial Calibration (ICAL) 

10.5.1. For all elements except sodium and potassium, the calibration curve is 
established on each day of operation using a blank and one standard 
(Standard 1). A second calibration standard (Standard 2) is analyzed 
immediately after the calibration curve. Calibration Standard 2 is a ¼ 
dilution of Calibration Standard 1. The result for Calibration Standard 2 
must be within 10% of the true value. The final concentrations of the 
ICAL standards are described in Appendix B, Table III.  

10.5.2. Sodium and potassium are calibrated using a multi-point calibration 
curve. A minimum of five calibration standards and a blank are 
analyzed. Typical final concentrations of the ICAL standards are 
described in Appendix B, Table IIIB. The second order curve must have 
a correlation coefficient of 0.995 or better (third order fits are not 
acceptable). These curves are reanalyzed every six months. Since these 
curves are much more sensitive to changes in operating conditions than 
the linear lines, they are checked whenever there have been moderate 
equipment changes. 

10.5.3. Calibration must be performed daily and each time the instrument is set 
up. The calibration is good as long as the instrument is analyzing 
samples and QC. Each batch of samples can last as long as the analyst is 
running the instrument or until all of the samples on an auto-sampler are 
run overnight without a break in the sequence. 

10.6. Initial Calibration Verification (ICV/ICB)  

10.6.1. Calibration accuracy is verified by analyzing a second source standard 
(ICV). The final concentration of the ICV standard is described in 
Appendix B, Table III. For analyses conducted under Method 200.7, the 
ICV result must fall within 5% of the true value for that solution with a 
relative standard deviation <3% from replicate (minimum of two) 
exposures. For Methods 6010B and 6010C the ICV must fall within 
10% of the true value for that solution with a relative standard deviation 
<5% from replicate (minimum of two) exposures.  

10.6.2. An initial calibration blank (ICB) is analyzed immediately following the 
ICV to monitor low level accuracy and system cleanliness. The ICB 
result must be less than three times the standard deviation of the mean 
blank value and less than or equal to the MDL. For air train samples, 
PM10, low-level waste and SEP samples, the ICB must be less than the 
RL. 
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10.6.3. If either the ICV or ICB fail to meet criteria, the analysis is terminated, 
the problem corrected, the instrument recalibrated and the calibration 
reverified. 

10.7. Continuing Calibration Verification (CCV/CCB)   

10.7.1. Calibration accuracy is monitored throughout the analytical run through 
the analysis of a known standard after every 10 samples. The CCV is a 
mid-range standard made from a dilution of the calibration standard. The 
final concentration of the CCV standard is described in Appendix B, 
Table III. The CCV for methods 6010B, 6010C and 200.7 must fall 
within 10% of the true value for that solution with a relative standard 
deviation <5% from replicate (minimum of two) exposures.  

10.7.2. A continuing calibration blank (CCB) is analyzed immediately 
following each CCV. The CCB result must be less than three times the 
standard deviation of the mean blank value and less than or equal to the 
MDL. For air train samples, PM10, low-level waste and SEP samples, 
the CCB must be less than the RL. 

10.7.3. Sample results may only be reported when bracketed by valid 
CCV/CCB pairs. 

10.8. Reporting Limit (RL) Calibration Check Standard - Calibration accuracy at the 
reporting limit is verified by analyzing a standard prepared at a concentration at 
or below the reporting limit. The acceptance limit is + 30% of the true value for 
water, soil and waste samples and + 50% for air train, PM10, low-level waste and 
SEP samples. If the RL check standard fails to meet acceptance limits, the 
analysis may be repeated one time. If the second analysis fails, the analysis is 
terminated, the problem is corrected, the instrument is recalibrated and the 
calibration is re-verified.   

 NOTE:  For method 6010C, samples must be bracketed by reporting limit check 
standards that are within the + 30% acceptance limits.  

11. PROCEDURE 

11.1. Samples are prepared by one of the following SOPs:  
• KNOX-IP-0002, current revision, “Metals Sample Preparation Based on 

Method 3030C” 
• KNOX-IP-0003, current revision, “Digestion of Total Metals in Filters” 
• KNOX-IP-0004, current revision, “Acid Digestion of Soils, SW846 Method 

3050B” 
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• KNOX-IP-0005, current revision, “Acid Digestion of Aqueous Samples by 
SW846 Methods and EPA Method 200.7” 

• KNOX-IP-0008, current revision, “Preparation of Organic Waste Feed 
Samples for Total Metals Analysis” 

• KNOX-MT-0004, current revision, “Microwave-Assisted Acid Digestion of 
Sediments, Soils and Oils By Methods 3051 and 3052” 

• KNOX-MT-0006, current revision, “Multi-Metals (MMT) Sampling Train 
Preparation” 

• KNOX-MT-0008, current revision, “Seven Step Sequential Extraction 
Procedure” 

• KNOX-MT-0013, current revision, “Six Step Sequential Extraction 
Procedure” 

11.2. A minimum of two exposures for each standard, field sample and QC sample is 
required. The average of the exposures is reported and the results of the 
summation channel must be used for reporting. 

11.3. Prior to calibration and between each sample/standard, the system is rinsed with a 
1% HNO3 blank solution. The rinse time between analytical samples is 70 
seconds. 

11.4. The use of an internal standard (IS) is required. This technique is useful in 
overcoming matrix interferences especially in high solids matrices. The following 
procedural guidelines must be followed when using an internal standard: 

11.4.1. Typically, yttrium is used as the internal standard. Cesium chloride is 
used as the internal standard for sodium and potassium. 

11.4.2. The internal standard must be added to every sample and standard at the 
same concentration. The IS is added to each analytical sample 
automatically through use of a third pump channel and mixing coil. 
Internal standards are added to blanks, samples and standards in a like 
manner, so that dilution effects resulting from the addition may be 
disregarded. 

11.4.3. The concentration of the internal standard is typically 5 ppm. This 
concentration is high enough to obtain good precision in the 
measurement of the IS and to minimize the possibility of correction 
errors if the IS analyte is naturally present in the sample.  

11.4.4. The internal standard raw intensity counts must be printed on the raw 
data. 

11.4.5. The analyst must monitor the response of the internal standard 
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throughout the sample analysis run. This information is used to detect 
potential problems and identify possible background contributions from 
the sample (i.e., natural occurrence of IS analyte). 

11.4.5.1. If the internal standard counts fall within ±30% of the counts 
observed in the ICB, the data is acceptable. 

11.4.5.2. If the internal standard counts in the field samples are not 
within ±30% of the ICB count, one of the following actions 
must be taken: 

• The field sample must be diluted and reanalyzed; 

• the IS concentrations must be raised; or 

• a different internal standard must be used. 

11.5. The following analytical sequence must be used: 
Instrument Calibration 
ICV 
ICB 
ICSA 
ICSAB 
RL Check Standard 
CCV 
CCB 
10 samples (Blanks, LCS, LCSD, MS, MSD, DUP, PDS, Serial Dilutions are 
included in the count of 10 samples) 
CCV 
CCB 
10 samples 
CCV 
CCB 
Repeat sequence of up to 10 samples between CCV/CCB pairs as required to 
complete run. 
 
NOTE:  For method 6010C, samples must be bracketed by acceptable RL Check 
Standards, therefore, the RL Check Standard may be analyzed after every 10 
samples or at the end of the run. 

11.6. Guidelines are provided in the appendices on procedures to minimize 
contamination of samples and standards, preventive maintenance and 
troubleshooting. 
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11.7. Dilutions for high levels of elements of interest - Results must fall within the 
linear range. Dilute and reanalyze all samples for required analytes that exceed 
the linear range. Dilutions must be prepared using 5% hydrochloric acid and 5% 
nitric acid to maintain the correct acid strength. 

11.8. Dilutions for high levels of interfering elements - Dilutions are also required for 
an element that is included in an IEC calculation if it exceeds the linear range. If a 
dilution is not performed, the IEC may be inaccurately applied. Therefore, even if 
an overrange analyte may not be required to be reported for a sample, if that 
analyte is an interferent for any requested analyte in that sample, the sample must 
be diluted to a level at or below the linear range. 

11.9. TCLP sample and method blank digestates are analyzed at a minimum of a 1/3 
dilution in order to reduce the high percent solids and minimize the risk to the 
nebulizer. The LCS and MS/MSD digestates are analyzed at a 1/10 dilution 
because the spike levels are above the linear range. The reporting limits are not 
adjusted for this dilution since the TCLP reporting limits are at least ten times the 
normal reporting limits.  

11.10. For TCLP samples, full four-point MSA will be required if all of the following 
conditions are met: 

1) Recovery of the analyte in the matrix spike is not at least 50%, 

2) the concentration of the analyte does not exceed the regulatory level, and 

3) the concentration of the analyte is within 20% of the regulatory level. 

The reporting and regulatory limits for TCLP analyses as well as matrix spike 
levels are detailed in Table VI (Appendix B). Appendix F provides guidance on 
performing MSA analyses. 

11.11. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in 
procedure, except those specified by project specific instructions, shall be 
completely documented using a nonconformance memo and approved by a 
Technical Specialist, Project Manager and QA Manager. If contractually required, 
the client shall be notified.  

11.12. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 
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12. DATA ANALYSIS AND CALCULATIONS 

12.1. ICV percent recoveries are calculated according to the equation: 
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12.2. CCV percent recoveries are calculated according to the equation: 
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12.3. Matrix Spike Recoveries are calculated according to the following equation: 
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Where: 
SSR = Spike Sample Result 
SR = Sample Result 
SA = Spike Added 

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates are 
calculated according to the following equations: 
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Where: 
MS = determined spiked sample concentration 
MSD = determined matrix spike duplicate 

concentration 

12.5. The LCS percent recovery is calculated according to the following equation: 
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12.6. The serial dilution percent difference for each component is calculated as follows:  
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Where: 
I = Sample result (Instrument reading) 
S = Serial dilution result (Instrument reading × 5) 

12.7. The final concentration for a digested aqueous sample is calculated as follows: 

mg
ugx

V
DFVC

Lug 1000/
2

1 ××
=  

 
Where: 

C = Concentration from instrument readout, mg/L 
DF = Bench dilution factor 
V1 = Final volume after sample preparation, L 
V2 = Initial volume of sample digested, L 

12.8. The final concentration determined in digested solid samples when reported on a 
dry weight basis is calculated as follows: 

SW
DFVCweightdry,Kg/mg

×
××

=  

Where: 
C = Concentration from instrument readout, mg/L 
DF = Bench dilution factor 
V = Final volume after sample preparation, L 
W = Weight wet sample digested, kg 
S = Percent solids/100 

NOTE: A percent solids determination must be performed on a separate aliquot 
when dry weight concentrations are to be reported. If the results are to be reported 
on wet weight basis, the “S” factor is omitted from the above equation. 

12.9. Sample results are reported with up to three significant figures in accordance with 
the significant figure policy. 

12.10. Refer to Appendix C for an example data review checklists used to perform and 
document the review of the data. Using the data review checklist, the analyst also 
creates a narrative which includes any qualifications of the sample data. 

13. METHOD PERFORMANCE 

13.1. Method Detection Limit (MDL) - An MDL must be determined for each analyte 
in each routine matrix prior to the analysis of any samples. Method Detection 
limits are determined and verified as specified in the current revision of SOP S-Q-
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003 (and attachment) based on 40 CFR Part 136 Appendix B. The result of the 
MDL determination must support the reporting limit. 

13.2. Initial Demonstration of Capability – Each analyst must perform an initial 
demonstration of capability (IDOC) for each target analyte prior to performing the 
analysis independently. The IDOC is determined by analyzing four replicate 
spikes (e.g., LCSs) as detailed in TestAmerica Knoxville SOP KNOX-QA-0009.  

13.3. Training Qualification: The group/team leader has the responsibility to ensure that 
this procedure is performed by an associate who has been properly trained in its 
use and has the required experience. Refer to SOP KNOX-QA-0009 current 
revision for further requirements for performing and documenting initial and on-
going demonstrations of capability. 

13.4. Instrument Detection Limit (IDL) - The IDL for each analyte must be determined 
for each analyte wavelength used on each instrument. The IDL must be 
determined annually. If the instrument is adjusted in any way that may affect the 
IDL (e.g., major instrument repair), the IDL for that instrument must be 
redetermined. The IDL shall be determined by multiplying by 3, the standard 
deviation obtained from the analysis of a standard solution at a concentration 3x - 
5x the previously determined IDL, with seven consecutive measurements. Each 
measurement must be performed as though it were a separate analytical sample 
(i.e., each measurement must be followed by a rinse and/or any other procedure 
performed between the analysis of separate samples). The result of the IDL 
determination must be below the MDL. The CLP IDL procedure can be used for 
this method. 

14. POLLUTION PREVENTION 

14.1. This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15. WASTE MANAGEMENT AND POLLUTION PREVENTION 

15.1. All waste will be disposed of in accordance with Federal, State and Local 
regulations. Where reasonably feasible, technological changes have been 
implemented to minimize the potential for pollution of the environment. 
Employees will abide by this method and the policies in section 13 of the 
Corporate Safety Manual for “Waste Management and Pollution Prevention.” 

15.2. Waste Streams Produced by the Procedure: The following waste streams are 
produced when this method is carried out. 



 SOP No. KNOX-MT-0007 
 Revision No. 9 
 Revision Date: 10/8/08 
 Page: 24 of 46 

• Acid waste consisting of sample and rinse solution will be collected and 
placed in the acidic waste stream 55 gallon poly drum. Never use metal 
containers for acidic waste. 
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17. MISCELLANEOUS (TABLES, APPENDICES, ETC.) 

17.1. Modifications/Interpretations from Reference Methods 

17.1.1. The laboratory uses mixed calibration standard solutions purchased from 
approved vendors instead of using individual mixes prepared in house as 
recommended by the subject methods. 

17.1.2. Methods 200.7, 6010B and 6010C state that if the correction routine is 
operating properly, the determined apparent analyte(s) concentration 
from analysis of each interference solution should fall within a specific 
concentration range around the calibration blank. In determining IECs, 
because of lack of definition clarification for “concentration range 
around the calibration blank,” the laboratory has adopted the procedure 
in EPA CLP ILMO4.0.  

17.1.3. Section 8.5 of Method 6010B and Section 9.5 of Method 200.7 
recommend that whenever a new or unusual matrix is encountered, a 
series of tests be performed prior to reporting concentration data for that 
analyte. The dilution test helps determine if a chemical or physical 
interference exists. Because the laboratory receives no prior information 
from clients regarding when to expect a new or unusual matrix, the 
laboratory performs a dilution test on one sample in each prep batch. 
According to the method, the post digestion spike (PDS) determines any 
potential matrix interferences. At TestAmerica Knoxville, matrix 
interference is determined by evaluating data for the LCS and MS/MSD. 
TestAmerica Knoxville requires documented, clear guidance when a 
new or unusual matrix will be received for a project and a request to 
perform the dilution test or PDS on a client-identified sample. 

17.1.4. ICSA results for the non-interfering elements must fall within the 
guidelines of ± 1x RL from zero. If the ICSA results for the non-
interfering elements do not fall within ± 1xRL from zero, the field 
sample data must be evaluated as defined in section 9.12.3. 

17.1.5. The calibration blank is prepared in an acid matrix of 5% HNO3/5% HCl 
instead of the specified 2% HNO3/10% HCl matrix as the former matrix 
provides for improved performance relative to the wide variety of 
digestate acid matrices which result from the various EPA preparation 
protocols applied. 

17.1.6. Method 200.7 defines the IDL as the concentration equivalent to a 
signal, due to the analyte, which is equal to three times the standard 
deviation of a series of ten replicate measurements of the calibration 
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blank signal at the same wavelength. The laboratory utilizes the CLP 
IDL definition as defined in Section 13 of this SOP. 

17.1.7. Method 200.7 section 9.3.4 specifies that “Analysis of the IPC (ICV) 
solution immediately following calibration must verify that the 
instrument is within ± 5% of calibration with a relative standard 
deviation <3% from replicate integrations ≥ 4.” The laboratory uses a 
minimum of two exposures.  

17.1.8. Section 7.12 of 200.7 indicates that the QCS (ICV) should be prepared 
at a concentration > 1 ppm. The ICV specified in this SOP 
accommodates the 1 ppm criteria for the majority of analytes. For the 
remaining analytes, this SOP specifies ICV concentrations that are 
appropriate to the range of calibration. The intent of the ICV, 
verification of calibration standard accuracy, is independent of the ICV 
concentration used. 

17.1.9. The ICS criteria applied by this SOP differ from those stated in the 
method. Method 200.7 section 10.4 states that results should fall within 
the established control limits of 3 times the standard deviation of the 
calibration blank for that analyte. The control limits listed in this SOP 
are those applicable to the EPA designed solution. 

17.1.10. Method 200.7 section 9.3.4 states the CCB should be less than the IDL, 
but > the lower 3-sigma control limit of the calibration blank. The intent 
of this requirement is to ensure that the calibration is not drifting at the 
low end. TestAmerica Knoxville has adopted a control limit of < 3X the 
standard deviation of the mean blank value and < to the MDL for 
calibration blank criteria. SOP section 10.7 provides the detailed 
corrective action criteria that must be followed. 

17.1.11. Chapter 1 of SW-846 states that the method blank should not contain 
any analyte of interest at or above the MDL. This SOP states that the 
method blank must not contain any analyte of interest at or above ½ the 
reporting limit.  

17.1.12. Method 6010B section 8.6.1.3 states that the results of the calibration 
blank are to agree within 3x the IDL. If not, repeat the analysis two or 
more times and average the results. If the average is not within three 
standard deviation of the background mean, terminate the analysis, 
correct the problem, recalibrate, and reanalyze the previous 10 samples. 
The intent of this requirement is to ensure that the calibration is not 
drifting at the low end. TestAmerica Knoxville has adopted a control 
limit of < 3X the standard deviation of the mean blank value and < the 
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MDL for calibration blank criteria. See SOP Section 10.7 for a detailed 
description of the required corrective action procedures. 
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APPENDIX A - FLOW DIAGRAM 
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APPENDIX B - TABLES 

TABLE I.  Analyte List and Reporting Limits 

 

Element Symbol CAS # 
Target Analyte 

List (TAL) Water 
(µg/L) 

Soil 
(mg/kg) 

Waste 
(mg/kg) 

Aluminum Al 7429-90-5 X 400 40.0 40.0
Antimony Sb 7440-36-0 X 60.0 6.0 6.0
Arsenic As 7440-38-2 X 20.0 2.0 2.0
Barium Ba 7440-39-3 X 10.0 1.0 1.0
Beryllium Be 7440-41-7 X 10.0 1.0 1.0
Boron B 7440-42-8  200 20.0 20.0
Cadmium Cd 7440-43-9 X 5.0 0.5 0.5
Calcium Ca 7440-70-2 X 5000 500 500
Chromium Cr 7440-47-3 X 15.0 1.5 1.5
Cobalt Co 7440-48-4 X 50.0 5.0 5.0
Copper Cu 7440-50-8 X 25.0 2.5 2.5
Iron Fe 7439-89-6 X 200 20.0 20.0
Lead Pb 7439-92-1 X 15.0 1.5 1.5
Lithium Li 7439-93-2  50.0 5.0 5.0
Magnesium Mg 7439-95-4 X 5000 500 500
Manganese Mn 7439-96-5 X 15.0 1.5 1.5
Molybdenum Mo 7439-98-7  40.0 4.0 4.0
Nickel Ni 7440-02-0 X 40.0 4.0 4.0
Phosphorus* P 7723-14-0  300 30.0 30.0
Potassium K 7440-09-7 X 5000 500 500
Selenium Se 7782-49-2 X 15.0 1.5 1.5
Silicon Si 7631-86-9  500 N/A N/A
Silver Ag 7440-22-4 X 30.0 3.0 3.0
Sodium Na 7440-23-5 X 5000 500 500
Strontium Sr 7440-24-6  50.0 5.0 5.0
Thallium Tl 7440-28-0 X 35.0 3.5 3.5
Tin Sn 7440-31-5  100 10.0 10.0
Titanium Ti 7440-32-6  50.0 5.0 5.0
Vanadium V 7440-62-2 X 25.0 2.5 2.5
Zinc Zn 7440-66-6 X 60.0 6.0 6.0

* Phosphorus can only be analyzed on the SuperTrace II. 
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TABLE II.  Matrix Spike and Laboratory Control Sample Spike Levels 
 

Element 
MS/LCS 

Spike Level 
(µg/L) 

Aluminum 2000
Antimony 500
Arsenic 100
Barium 100
Beryllium 50
Boron 1000
Cadmium 50
Calcium 50000
Chromium 200
Cobalt 100
Copper 250
Iron 1000
Lead 100
Lithium 100
Magnesium 10000
Manganese 100
Molybdenum 500
Nickel 500
Phosphorous 5000
Potassium 50000
Selenium 150
Silicon 5000
Silver 50
Sodium 50000
Strontium 500
Thallium 400
Tin 500
Titanium 100
Vanadium 200
Zinc 500
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TABLE IIIA.  ICP Calibration and Calibration Verification Standards 
 

Element 
Calibration 
Standard 1 

(µg /L) 

Calibration 
Standard 2 

(µg /L) 

ICV 
(µg /L) 

CCV 
(µg /L) 

Aluminum 50,000 12,500 12500 25000 
Antimony 1000 250 250 500 
Arsenic 1000 250 250 500 
Barium 4000 1000 1000 2000 
Beryllium 4000 1000 1000 2000 
Boron 4000 1000 1000 2000 
Cadmium 1000 250 250 500 
Calcium 100,000 25,000 25000 50000 
Chromium 4000 1000 1000 2000 
Cobalt 4000 1000 1000 2000 
Copper 4000 1000 1000 2000 
Iron 50,000 12,500 12500 25000 
Lead 1000 250 250 500 
Lithium 4000 1000 1000 2000 
Magnesium 100,000 25,000 25000 50000 
Manganese 4000 1000 1000 2000 
Molybdenum 4000 1000 1000 2000 
Nickel 4000 1000 1000 2000 
Phosphorous 4000 1000 1000 2000 
Potassium 100,000 25,000 25000 50000 
Selenium 1000 250 250 500 
Silicon 4000 1000 1000 2000 
Silver 2000 500 500 1000 
Sodium 100,000 25,000 25000 50000 
Strontium 4000 1000 1000 2000 
Thallium 2000 500 500 1000 
Tin 4000 1000 1000 2000 
Titanium 4000 1000 1000 2000 
Vanadium 4000 1000 1000 2000 
Zinc 4000 1000 1000 2000 
  

TABLE IIIB.  Typical Potassium and Sodium Multi-Point Calibration Levels 
 

Element 
Calibration 
Standard 1 

(µg /L) 

Calibration 
Standard 2 

(µg /L) 

Calibration 
Standard 3 

(µg /L) 

Calibration 
Standard 4 

(µg /L) 

Calibration 
Standard 5 

(µg /L) 

Calibration 
Standard 6 

(µg /L) 
Potassium 5000 10,000 25,000 50,000 75,000 100,000
Sodium 5000 25,000 75,000 100,000 300,000 600,000
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TABLE IV.  Interference Check Sample Concentrations 
 

Element ICSA 
(µg/L) 

ICSAB 
(µg/L) 

Aluminum 500000 250000
Antimony - 600

Arsenic - 100
Barium - 500

Beryllium - 500
Boron - 1000

Cadmium - 1000
Calcium 500000 250000

Chromium - 500
Cobalt - 500

Copper - 500
Iron 200000 100000

Lead - 50
Lithium - 1000

Magnesium 500000 250000
Manganese - 500

Molybdenum - 1000
Nickel - 1000

Phosphorus - 1000
Potassium - 10000
Selenium - 50

Silicon - 1000
Silver - 200

Sodium - 10000
Strontium - 1000
Thallium - 100

Tin - 1000
Titanium - 1000

Vanadium - 500
Zinc - 1000
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TABLE V.  TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels 
 

Element Reporting 
Limit (mg/L) 

Regulatory 
Limit (mg/L) 

Spike Level 
(mg/L) 

Arsenic 0.50 5.0 5.0 
Barium 10.0 100 50.0 
Cadmium 0.10 1.0 1.0 
Chromium 0.50 5.0 5.0 
Lead 0.50 5.0 5.0 
Selenium 0.25 1.0 1.0 
Silver 0.50 5.0 1.0 
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TABLE VI.  Summary of Quality Control Requirements (The QC requirements provided in this table apply only when 
TestAmerica Knoxville’s standard RLs provided in Table 1 are requested. Refer to section 9.14 for the QC requirements that apply 
when lower RLs are requested.) 

Parameter/Method QC Check Frequency Target Criteria Corrective Action 

Initial Calibration 
Verification (ICV/ICB) 

Beginning of analysis sequence ICV (6010B/6010C) 
• 90 to 110% recovery 
• %RSD of at least two exposures <5% 
ICV (200.7) 
• 95-105% recovery 
• % RSD of at least two exposures <3% 
ICB 
• Concentration < MDL and < 3xSD of mean 

blank value 

1. Make necessary adjustments. 
2. Repeat calibration. 

Metals by ICP 
(Methods 6010B, 
6010C and EPA 
200.7) 
 
Refer to the 
appropriate SOP (see 
section 16) for the 
QC requirements for 
air train, PM10, low-
level waste, SEP and 
DOD QSM samples. 

Continuing Calibration 
Verification (CCV/CCB) 

Before and after sample 
analysis, and after every 10 
samples 

CCV 
• 90 to 110% recovery 
• %RSD of at least two exposures <5% 
CCB 
• Concentration < MDL and < 3xSD of mean 

blank value 

1. Repeat CCV/CCB. 
2. If 1. fails, make adjustments and 

repeat calibration and reanalyze 
affected samples. 

 Reporting Limit (RL) Check 
Standard 

Daily • 70 to 130% recovery 
6010C 
• Samples must be bracketed by acceptable RL 

Check Standards. 

1. Repeat RL check standard. 
2. If 1. fails, make adjustments and 

repeat calibration and reanalyze 
affected samples. 

 Interference Check 
Standards (ICSA/ICSAB) 

Beginning of analysis sequence ICSA non-interfering elements 
• +1x RL  
ICSAB 
• 80 to 120% recovery 

1. Repeat ICSA/ICSAB. 
2. If 1. fails, make adjustments and 

repeat calibration and reanalyze 
affected samples. 

 Laboratory Method Blanks Once per digestion batch  
(maximum 20 samples) 

• Target analyte concentrations <½ RL 
• Common lab contaminant (Zn) < RL 

1. Reanalyze method blank. 
2. If 1. fails, reprepare and 

reanalyze samples associated 
with unacceptable blank. 

3. Report results if sample results 
>10x blank result or sample 
results ND. 
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Parameter/Method QC Check Frequency Target Criteria Corrective Action 

Laboratory Control 
Sample/Laboratory Control 
Sample Duplicate 
(LCS/LCSD) 

Once per digestion batch  
(maximum 20 samples) 
LCSD not required if MS/MSD 
or MS/DUP performed 

Accuracy (6010B) 
• More stringent of historical limits and 

80-120% recovery 
Accuracy (200.7) 
• 85-115% recovery 
Precision (if applicable) 
• ≤ 20% RPD 

1. Reanalyze LCS/LCSD. 
2. If 1. fails, reprepare and 

reanalyze samples associated 
with unacceptable LCS/LCSD.  

3. Report results if LCS results > 
control limit and samples are 
ND. 

Matrix Spike/Matrix Spike 
Duplicate 

Once per digestion batch 
(maximum 20 samples) 

Accuracy 
• More stringent of historical limits and 

75-125% recovery 
Precision 
• ≤ 20% RPD 

1. Determine root cause. 
2. If LCS is acceptable, flag 

MS/MSD data and discuss in 
report narrative. 

Metals by ICP 
(Method 6010B, 
6010C and EPA 
200.7)  
 
Refer to the 
appropriate SOP (see 
section 16) for the 
QC requirements for 
air train, PM10, low-
level waste, SEP and 
DOD QSM samples. 

Serial Dilution Once per digestion batch 
(maximum 20 samples) 

• 10%D for sample results >50xIDL 1. Determine root cause. 
2. Flag serial dilution data. 
3. Discuss in report narrative. 

 Post-Digestion Spike Upon client request. • 75 - 125% recovery 1. Determine root cause. 
2. Flag PDS data. 
3. Discuss in report narrative. 

 Internal Standards (IS) Add to every sample, QC 
sample and QC standard 

• IS intensities in samples within 70-130% of 
ICB IS 

1. Reanalyze samples at a dilution. 
2. If 1. fails, raise IS concentration 

or use different IS. 
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APPENDIX C – EXAMPLE ICP DATA REVIEW CHECKLIST 
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APPENDIX C – EXAMPLE ICP DATA REVIEW CHECKLIST (continued) 
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APPENDIX C – EXAMPLE ICP DATA REVIEW CHECKLIST (continued) 
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APPENDIX C– EXAMPLE ICP DATA REVIEW CHECKLIST (continued) 
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APPENDIX D - CROSS REFERENCE OF TERMS USED IN TESTAMERICA KNOXVILLE 
SOP, METHODS 6010B/6010C AND METHOD 200.7 

 
TestAmerica Knoxville SOP 6010B/6010C 200.7 

Initial and continuing calibration 
blanks (ICB/CCB) 

Calibration blank Calibration blank (CB) 

Dilution Test Dilution test Dilution test 

Instrument detection limit (IDL) Instrument detection limit (IDL) Instrument detection limit (IDL) 

Continuing calibration verification 
(CCV) 

Continuing calibration verification 
(CCV) 

Instrument performance check (IPC) 

Internal standard (IS) Internal standard Internal standard 

n/a n/a Laboratory duplicates 

Laboratory control sample (LCS) n/a Laboratory fortified blank (LFB) 

Matrix spike and matrix spike 
duplicate (MS/MSD) 

Matrix spike and matrix spike 
duplicate (MS/MSD) 

Laboratory fortified sample matrix 
(LFM) 

Method or Prep blank (MB) Method blank Laboratory reagent blank (LRB) 

Linear dynamic range (LDR) Linear dynamic range (LDR) Linear dynamic range (LDR) 

Method detection limit (MDL) Method detection limit (MDL) Method detection limit (MDL) 

Initial calibration verification (ICV) Check standard or Initial calibration 
verification (ICV) 

Quality control sample (QCS) 

Interference check solution 
(ICSA/ICSAB) 

Interference check solution (ICS) Spectral interference check solution 
(SIC) 
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APPENDIX E - MSA GUIDANCE 
 
Method of Standard Addition 

Four equal volume aliquots of sample are measured and known amounts of standards are added to 
three aliquots. The fourth aliquot is the unknown and no standard is added to it. The concentration of 
standard added to the first aliquot should be 50% of the expected concentration. The concentration 
of standard added to the second aliquot should be 100% of the expected concentration and the 
concentration of standard added to the third aliquot should be 150% of the expected concentration. 
The volume of the unspiked and spiked standard should be the same. 

In order to determine the concentration of analyte in the sample, the analytical value of each solution 
is determined and a plot or linear regression performed. On the vertical axis the analytical value is 
plotted versus the concentrations of the standards on the horizontal axis. An example plot is shown 
in Figure 1. When the resulting line is extrapolated back to zero absorbance, the point of interception 
of the horizontal axis is the concentration of the unknown. 

 

 

 

 

 

 

 

 

 

 

For the method of standard additions to be correctly applied, the following limitations must be taken 
into consideration: 

• The plot of the sample and standards must be linear over the concentration range of concern. For 
best results, the slope of the curve should be similar to that of a plot of the aqueous standard 
curve. 

• The effect of the interference should not vary as the ratio of the standard added to the sample 
matrix changes. 
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APPENDIX F - TROUBLESHOOTING GUIDE 

Problem Possible Cause/Solution 

High Blanks Increase rinse time 
Clean or replace tip 
Clean or replace torch 
Clean or replace sample tubing 
Clean or replace nebulizer 
Clean or replace mixing chamber 
Lower Torch 

Instrument Drift RF not cooling properly 
Vacuum level is too low 
Replace torch (Crack) 
Clean or replace nebulizer (blockage) 
Check room temperature (changing) 
Replace pump tubing 
Room humidity too high 
Clean torch tip (salt buildup) 
Check for argon leaks 
Adjust sample carrier gas 
Reprofile Horizontal Mirror 
Replace PA tube 

Erratic Readings, Flickering Torch or  
High RSD 

Check for argon leaks 
Adjust sample carrier gas 
Replace tubing (clogged) 
Check drainage(back pressure changing) 
Increase uptake time (too short) 
Increase flush time (too short) 
Clean nebulizer, torch or spray chamber 
Increase sample volume introduced 
Check that autosampler tubes are full 
Sample or dilution of sample not mixed 
Increase integration time (too short) 
Realign torch 
Reduce amount of tubing connectors 

Cu/Mn Ratio Outside Limits or 
Low Sensitivity 

Plasma conditions changed 
Clean nebulizer, torch or spray chamber 
Replace tubing (clogged) 
Realign torch 
Check IECs 

Standards reading twice normal absorbance 
or concentration 

Incorrect standard used 
Incorrect dilution performed 
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APPENDIX G – CONTAMINATION CONTROL GUIDELINES 
 

The following procedures are strongly recommended to prevent contamination: 

All work areas used to prepare standards and spikes are cleaned before and after each use. 

All glassware is washed with detergent and tap water and rinsed with 1:1 nitric acid followed by 
deionized water. 

Proper laboratory housekeeping is essential in the reduction of contamination in the metals 
laboratory. All work areas must be kept scrupulously clean. 

Powdered or Latex Gloves must not be used in the metals laboratory since the powder contains 
silica and zinc as well as other metallic analytes. Only vinyl or nitrile gloves are used in the 
metals laboratory. 

Glassware is periodically checked for cracks and etches and discarded if found. Etched 
glassware can cause cross contamination of any metallic analytes. 

Autosampler trays are covered to reduce the possibility of contamination. Trace levels of 
elements being analyzed in the samples can be easily contaminated by dust particles in the 
laboratory. 

The following are helpful hints in the identification of the source of contaminants: 

Yellow pipet tips and volumetric caps can sometimes contain cadmium. 

Some sample cups have been found to contain lead. 

The markings on glass beakers have been found to contain lead. If acid baths are in use for 
glassware cleaning, they are periodically checked for contaminants since contaminant 
concentrations will increase over time. 

New glassware especially beakers can be a source of silica and boron. 

Reagents or standards can contain contaminants or be contaminated with the improper use of a 
pipette. 

Improper cleaning of glassware can cause contamination. 

Latex gloves contain over 500 ppb of zinc. 

 



 SOP No. KNOX-MT-0007 
 Revision No. 9 
 Revision Date: 10/8/08 
 Page: 44 of 46 

APPENDIX H – ICP 61E OPERATING INSTRUCTIONS 

Start-up sequence 
o Log on to the computer with user name and password 
o Go to Start icon and select Shut Down 
o Select Restart in MS-DOS mode 
o Type STNRUN at prompt and press enter 
o Ctrl F6 to go to Auto Plasma Control Panel 
o F2 –Levels 
o Auxiliary gas set to Low by hitting space bar to select and press enter 
o Nebulizer (Nebulzr) gas set to On by hitting space bar to select and press enter 
o Pump Rate set to 140 by typing in the value and press enter 
o F9- Done 
o Allow instrument to pump rinse solutions for 30 seconds until a mist forms in the spray chamber 
o F1- StartUp 
o F9- Continue  After 90 seconds the plasma should be lit 
o Press Enter at the “Press enter startup procedure complete” prompt 
o Allow instrument to warm-up at least 30 minutes  

Auto plasma control panel set-up for analysis 
o Move the internal standard line from the rinse solution to the IS Standard solution 
o F2- Levels 

 Change Auxiliary gas from high to low by hitting the space bar to select and press enter 
 Change RF Power from 950 to 1150 by hitting the space bar to select and press enter 

o F9-Done 
o Ctrl F9 (Main Menu) to exit plasma control panel screen 

Autosampler table set-up 
o At the Main Menu select Development 

 Select Methods and press enter twice 
 Select F3 (Method Info) 
 Change Analysis Data File to the current date of analysis 
• Example: ST1=S  ST2=T     Date 10/17/07 
• Type S101707  

 Press enter and F9-Done/Keep  
o At the Main Menu select Exit 

 Select ASEDIT.EXE and press enter twice 
 F1- Edit Set 
• Rinse time should be a minimum of 70 seconds 

 F1- EdSamples 
• Insert sample IDs and Quality Control samples 
• Press F9-Done/Keep twice 
• F2-PrinTable to print autosampler list 
• F9-Done/Keep 

APPENDIX H – ICP 61E OPERATING INSTRUCTIONS (continued) 
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Profile the instrument 
o This is performed daily 
o Select Operation on the Main Menu 

 Select Analysis and press enter twice 
 Type IA (Initialize Autosampler) and press enter 
 Type MA19- this command will move the sample tip from the rinse station to the position in 

which the 1ppm As solution is located 
 Press enter 
 Allow uptake of the As solution for 2-3 minutes 
 F5- Profile 
 F3 –Automatic 
 F1- Run 

o Peak position less than or equal to 0.08 
o Ctrl F2 to print screen/profile 
o F9-Done press twice 
o Type RA to return sample tip to rinse station 
o F9- Autosmplr and press enter 
o F1-Run to start calibration/analysis 

Transfer of data to Upload 
o After analysis complete press Ctrl F9 to exit to Main Menu 
o Select Exit on the Main Menu then select Quit to DOS and press enter 
o At prompt C:\STATION\BIN> type exit 

 This returns to Windows 
 Log on with user name and password 

o Select PDFAuto icon 
 Type at prompt (C:\apps\pdfauto>) .\pdfauto chart name and press enter 
• Example .\pdfauto T101707 

o Select Stnrun icon 
 This returns you to the Main Menu (MS-DOS mode) 
 Select IMS on the Main Menu 
 Select Filer and press enter 
 Select number 12- Samples Archival and press enter 
 F1- Archive 
 F1- New Path 
 Type G:\Chart name  i.e. G:\T101707 and press enter 
 Type in the month\day\year and time for the start and the end and press enter 
 F9-Done/Go! 
 At prompt (Press enter to continue) press enter 
 Ctrl F9 to exit to Main Menu and select Exit 
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APPENDIX I - PREVENTIVE MAINTENANCE 

A maintenance log is used to record when maintenance is performed on instruments. When an 
instrument problem occurs indicate the date, time and instrument number, then identify the problem 
and corrective action in the maintenance log. 

The following procedures are required to ensure that that the instrument is fully operational. 

 
Daily Monthly or As Needed Semi-annually Annually 

Check gases 
Check that argon tank 
pressure is 80 psi and that 
a spare tank is available. 

Clean plasma torch 
assembly to remove 
accumulated deposits. 
 

Replace coolant water 
filter (may require 
replacement more or less 
frequently, depending on 
the quality of water). 

Notify manufacturer service 
engineer for scheduled preventive 
maintenance service. 

Check aspiration tubing. Clean nebulizer and drain 
chamber; keep free flowing 
to maintain optimum 
performance. 

 Clean/lubricate pump rollers. 

Check vacuum pump 
gauge. (<10 millitorr) 

Clean filters on back of 
power unit to remove dust. 

 Change vacuum pump oil. 

Check that cooling water 
supply system is full and 
drain bottle is not full. 
Also ensure drain tubing is 
clear, tight fitting and has 
few bends. 

Replace when needed: 
peristaltic pump tubing 
sample capillary tubing 
autosampler sipper probe. 

  

Check that nebulizer is not 
clogged. 

Check yttrium position. 
 
 

  

Check that capillary 
tubing is clean and in good 
condition. 

Check O-rings    

Check that peristaltic 
pump windings are secure. 

   

Check that high voltage 
switch is on. 

   

Check that exhaust screens 
are clean. 

   

Check that torch, 
glassware, aerosol injector 
tube, bonnet are clean. 
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STANDARD OPERATING PROCEDURE 

Preparing Field Log Books 

I. Purpose 
To provide general guidelines for entering field data into log books during site 
investigation and remediation field activities. 

II. Scope 
This is a general description of data requirements and format for field log books.  
Log books are needed to properly document all field activities in support of data 
evaluation and possible legal activities. 

III. Equipment and Materials 
• Log book 

• Indelible pen  

IV. Procedures and Guidelines 
Properly completed field log books are a requirement of much of the work we 
perform under the Navy CLEAN contract.  Log books are legal documents and, as 
such, must be prepared following specific procedures and must contain required 
information to ensure their integrity and legitimacy. This SOP describes the basic 
requirements for field log book entries. 
 

A. PROCEDURES FOR COMPLETING FIELD LOG BOOKS 

1. Field notes commonly are kept in bound, orange-covered logbooks 
used by surveyors and produced, for example, by Peninsular 
Publishing Company and Sesco, Inc. Pages should be water-resistant 
and notes should be taken only with water-proof, non-erasable 
permanent ink, such as that provided in Sanford Sharpie® permanent 
markers.  

2. On the inside cover of the log book the following information should 
be included: 

• Company name and address 

• Log-holders name if log book was assigned specifically to that 
person 
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• Activity or location 

• Project name 

• Project manager’s name   

• Phone numbers of the company, supervisors, emergency 
response, etc.   

3. All lines of all pages should be used to prevent later additions of text, 
which could later be questioned. Any line not used should be marked 
through with a line and initialed and dated. Any pages not used 
should be marked through with a line, the author’s initials, the date, 
and the note “Intentionally Left Blank.” 

4. If errors are made in the log book, cross a single line through the error 
and enter the correct information. All corrections shall be initialed 
and dated by the personnel performing the correction. If possible, all 
corrections should be made by the individual who made the error. 

5. Daily entries will be made chronologically. 

6. Information will be recorded directly in the field log book during the 
work activity.  Information will not be written on a separate sheet and 
then later transcribed into the log book. 

7. Each page of the log book will have the date of the work and the note 
takers initials. 

8. The final page of each day’s notes will include the note-takers 
signature as well as the date. 

9. Only information relevant to the subject project will be added to the 
log book.  

10. The field notes will be copied and the copies sent to the Project 
Manager or designee in a timely manner (at least by the end of each 
week of work being performed). 

B. INFORMATION TO BE INCLUDED IN FIELD LOG BOOKS  

1. Entries into the log book should be as detailed and descriptive as 
possible so that a particular situation can be recalled without reliance 
on the collector’s memory.  Entries must be legible and complete.  

2. General project information will be recorded at the beginning of each 
field project.  This will include the project title, the project number, 
and project staff.   

3. Scope: Describe the general scope of work to be performed each day. 

4. Weather: Record the weather conditions and any significant changes 
in the weather during the day.   
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5. Tail Gate Safety Meetings: Record time and location of meeting, who 
was present, topics discussed, issues/problems/concerns identified, 
and corrective actions or adjustments made to address concerns/ 
problems, and other pertinent information. 

6. Standard Health and Safety Procedures: Record level of personal 
protection being used (e.g., level D PPE), record air monitoring data 
on a regular basis and note where data were recording (e.g., reading 
in borehole, reading in breathing zone, etc).  Also record other 
required health and safety procedures as specified in the project 
specific health and safety plan. 

7. Instrument Calibration; Record calibration information for each piece 
of health and safety and field equipment. 

8. Personnel: Record names of all personnel present during field 
activities and list their roles and their affiliation.  Record when 
personnel and visitors enter and leave a project site and their level of 
personal protection. 

9. Communications: Record communications with project manager, 
subcontractors, regulators, facility personnel, and others that impact 
performance of the project. 

10. Time: Keep a running time log explaining field activities as they occur 
chronologically throughout the day. 

11. Deviations from the Work Plan: Record any deviations from the work 
plan and document why these were required and any 
communications authorizing these deviations. 

12. Heath and Safety Incidents: Record any health and safety incidents 
and immediately report any incidents to the Project Manager. 

13. Subcontractor Information: Record name of company, record names 
and roles of subcontractor personnel, list type of equipment being 
used and general scope of work.  List times of starting and stopping 
work and quantities of consumable equipment used if it is to be billed 
to the project. 

14. Problems and Corrective Actions: Clearly describe any problems 
encountered during the field work and the corrective actions taken to 
address these problems. 

15. Technical and Project Information: Describe the details of the work 
being performed. The technical information recorded will vary 
significantly between projects.  The project work plan will describe 
the specific activities to be performed and may also list requirements 
for note taking.  Discuss note-taking expectations with the Project 
Manager prior to beginning the field work. 

16. Any conditions that might adversely affect the work or any data 
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obtained (e.g., nearby construction that might have introduced 
excessive amounts of dust into the air). 

17. Sampling Information;  Specific information that will be relevant to 
most sampling jobs includes the following: 

• Description of the general sampling area – site name, 
buildings and streets in the area, etc. 

• Station/Location identifier 
• Description of the sample location – estimate location in 

comparison to two fixed points – draw a diagram in the field 
log book indicating sample location relative to these fixed 
points – include distances in feet. 

• Sample matrix and type 
• Sample date and time  
• Sample identifier 
• Draw a box around the sample ID so that it stands out in the 

field notes 
• Information on how the sample was collected – distinguish 

between “grab,” “composite,” and “discrete” samples 
• Number and type of sample containers collected  
• Record of any field measurements taken (i.e. pH,  turbidity, 

dissolved oxygen, and temperature, and conductivity) 
• Parameters to be analyzed for, if appropriate 
• Descriptions of soil samples and drilling cuttings can be 

entered in depth sequence, along with PID readings and other 
observations. Include any unusual appearances of the 
samples. 

 
C. SUGGESTED FORMAT FOR RECORDING FIELD DATA  

1. Use the left side border to record times and the remainder of the page 
to record information (see attached example). 

2. Use tables to record sampling information and field data from 
multiple samples. 

3. Sketch sampling locations and other pertinent information. 

4. Sketch well construction diagrams. 

 

V. Attachments 
Example field notes. 
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STANDARD OPERATING PROCEDURE 

Low-Flow Groundwater Sampling from 
Monitoring Wells 

I. Purpose and Scope 
This procedure presents general guidelines for the collection of groundwater 
samples from monitoring wells using low-flow purging and sampling procedures.   
Operations manuals should be consulted for specific calibration and operating 
procedures. 

II. Equipment and Materials 
• Flow-through cell with inlet/outlet ports for purged groundwater and 

watertight ports for each probe 
• Meters to monitor pH, specific conductance, turbidity, dissolved oxygen, 

oxidation-reduction potential (ORP), and temperature (e.g., Horiba® U-22 or 
similar) 

• Water-level indicator 
• In-line disposable 0.45μm filters (QED®  FF8100 or equivalent) 
• Adjustable-rate positive-displacement pump, submersible pump, or peristaltic 

pump 
• Generator  
• Disposable polyethylene tubing  
• Plastic sheeting 
• Well-construction information 
• Calibrated bucket or other container and watch with second indicator to 

determine flow rate 
• Sample containers 
• Shipping supplies (labels, coolers, and ice) 
• Field book 

III. Procedures and Guidelines 
A. Setup and Purging 

1. For the well to be sampled, information is obtained on well location, 
diameter(s), depth, and screened interval(s), and the method for disposal 
of purged water.    

2. Instruments are calibrated according to manufacturer's instructions. 
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3. The well number, site, date, and condition are recorded in the field 
logbook. 

4. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened.  All decontaminated equipment to be used in sampling will be 
placed only on the plastic sheeting until after the sampling has been 
completed. To avoid cross-contamination, do not let any downhole 
equipment touch the ground. 

5. All sampling equipment and any other equipment to be placed in the 
well is cleaned and decontaminated before sampling in accordance with 
SOP Decontamination of Personnel and Equipment. 

6. Water level measurements are collected in accordance with SOP Water 
Level Measurements.  Do not measure the depth to the bottom of the 
well at this time; this reduces the possibility that any accumulated 
sediment in the well will be disturbed.  Obtain depth to bottom 
information from well installation log. 

7. Attach and secure the polyethylene tubing to the low-flow pump.  
Lower the pump slowly into the well and set it at approximately the 
middle of the screen.  Place the pump intake at least 2 feet above the 
bottom of the well to avoid mobilization of any sediment present in the 
bottom. Preferably, the pump should be in the middle of the screen.  

8. Insert the measurement probes into the flow-through cell.  The purged 
groundwater is directed through the cell, allowing measurements to be 
collected before the water contacts the atmosphere.  

9. Start purging the well at 0.2 to 0.5 liters per minute.   Avoid surging.  
Purging rates for more transmissive formations could be started at 0.5-
liter to 1 liter per minute. The initial field parameters of pH, specific 
conductance, dissolved oxygen, ORP, turbidity, and temperature of 
water are measured and recorded in the field logbook. 

10. The water level should be monitored during purging, and, ideally, the 
purge rate should equal the well recharge rate so that there is little or no 
drawdown in the well (i.e., less than 0.5-foot).  The water level should 
stabilize for the specific purge rate.  There should be at least 1 foot of 
water over the pump intake so there is no risk of the pump suction being 
broken, or entrainment of air in the sample.  Record adjustments in the 
purge rate and changes in depth to water in the logbook.  Purge rates 
should, if needed, be decreased to the minimum capabilities of the pump 
(0.1- to 0.2-liter per minute) to avoid affecting well drawdown.  

11. During purging, the field parameters are measured frequently (every 3 
to 5 minutes) until the parameters have stabilized.  Field parameters are 
considered stabilized when measurements meet the following criteria: 

• pH: within 0.1 pH units 
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• Specific conductance: within 3 percent 

• Dissolved oxygen: within 10 percent 

• Turbidity: within 10 percent or as low as practicable given sampling 
conditions 

• ORP: within 10 mV 

B. Sample Collection 

Once purging has been completed, the well is ready to be sampled.  The elapsed 
time between completion of purging and collection of the groundwater sample 
from the well should be minimized.  Typically, the sample is collected 
immediately after the well has been purged, but this is also dependent on well 
recovery. 

Samples will be placed in bottles that are appropriate to the respective analysis 
and that have been cleaned to laboratory standards.  Each bottle typically will 
have been previously prepared with the appropriate preservative, if any.   

The following information, at a minimum, will be recorded in the logbook: 

1. Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; whether the sample is 
filtered or not; time and date; sampler's identity) 

2. Sample source and source description 

3. Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

4. Sample disposition (preservatives added; laboratory sent to, date and time 
sent; laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

             The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 

2. The sample is slowly discharged from the pump so that it runs down the 
inside of the sample bottle with a minimum of splashing. The pumping 
rate should be reduced to approximately 100 ml per minute when 
sampling VOCs.   

3. Samples may be field filtered before transfer to the sample bottle.  
Filtration must occur in the field immediately upon collection.  
Inorganics, including metals, are to be collected and preserved in the 
filtered form as well as the unfiltered form.  The recommended method 
is through the use of a disposable in-line filtration module (0.45-micron 
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filter) using the pressure provided by the pumping device for its 
operation.  

4. Samples for analysis for volatile organic compounds should be collected 
first, if such samples are required. 

5. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to overflowing and capped. 

6. The bottle is capped, then labeled clearly and carefully following the 
procedures in SOP Packaging and Shipping Procedures. 

7. Samples are placed in appropriate containers and, if necessary, packed 
with ice in coolers as soon as practical. 

C. Additional remarks 

1. If the well goes dry during purging, wait until it recovers sufficiently to 
remove the required volumes to sample all parameters.  It may be 
necessary to return periodically to the well but a particular sample (e.g., 
large amber bottles for semivolatile analysis) should be filled at one time 
rather than over the course of two or more visits to the well. 

2. It may not be possible to prevent drawdown in the well if the water-
bearing unit has sufficiently low permeability.  If the water level was in 
the screen to start with, do not worry about it because there is no 
stagnant water in the riser above the screen to begin with.  

If the water level in the well is in the riser above the screen at the 
beginning of purging, then be sure you pump out sufficient volume 
from the well to remove the volume of water in the riser above the 
screen.  For a 2-inch diameter well, each foot of riser contains 0.163 
gallons; for a 4-inch riser, each foot of riser contains 0.653 gallons; for a 6-
inch riser, each foot of riser contains 1.47 gallons. 

Alternatively, the water in the riser above the screen can be removed by 
lowering the pump into the well until the pump intake is just below the 
water level, starting the pump, running it at a low rate, and slowly 
lowering the pump as the water level in the riser declines.  This 
approach can be terminated when the water level reaches the top of the 
screen, at which time the stagnant water in the riser has been removed. 
This may not be a practical approach for dedicated sampling equipment. 
 As with typical low-flow sampling, the flow rate should be kept as low 
as practicable. 

3. There may be circumstances where a positive-displacement or 
submersible pump cannot be used. An example is at isolated, hard-to-
reach locations where the required power supply cannot be brought. In 
this case, a peristaltic pump may be used. Samples can be collected by 
the procedures described above for all but those for VOC analysis. The 
water to be placed in the vials for VOC analysis should not be run 
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through the peristaltic pump but instead should be collected by the 
following: 

• Stop the pump when it is time to collect the VOC sample. 

• Disconnect the tubing upstream from the pump (a connector 
must be installed in the line to do this). 

• Pinching the tubing to keep the water in the tubing, remove the 
tubing from the well. Be sure that the tubing does not contact 
other than clean surfaces. 

• Place the end of the tubing that was in the well into each VOC 
vial and fill the vial by removing the finger from the other end of 
the tube. 

• Once the vials are filled, return the tubing to the well and collect 
any other samples required.    

4. Nondedicated sampling equipment is removed from the well, cleaned, 
and decontaminated in accordance with SOP Decontamination of 
Personnel and Equipment.  Disposable polyethylene tubing is disposed of 
with PPE and other site trash. 

IV. Attachments 
White paper on reasons and rationale for low-flow sampling. 

V. Key Checks and Preventative Maintenance 
• The drawdown in the well should be minimized as much as possible (preferably 

no more than 0.5-foot to 1 foot) so that natural groundwater-flow conditions are 
maintained as closely as possible. 

• The highest purging rate should not exceed 1 liter per minute. This is to keep the 
drawdown minimized. 

• Stirring up of sediment in the well should be avoided so that turbidity 
containing adsorbed chemicals is not suspended in the well and taken in by the 
pump. 

• Overheating of the pump should be avoided to minimize the potential for losing 
VOCs through volatilization. 

• Keep the working space clean with plastic sheeting and good housekeeping. 

• Maintain field equipment in accordance with the manufacturer’s 
recommendations.  This will include, but is not limited to: 

• Inspect sampling pump regularly and replace as warranted 
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• Inspect quick-connects regularly and replace as warranted 

• Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during 
field efforts 
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Attachment to the SOP on Low-Flow Sampling Groundwater Sampling 
from Monitoring Wells  

White Paper on Low-Flow Sampling 

 

EPA recommends low-flow sampling as a means of collecting groundwater samples in a way that 
minimizes the disturbance to the natural groundwater flow system and minimizes the introduction of 
contamination into the samples from extraneous sources. The following are details about these issues. 

When a pump removes groundwater from the well at the same rate that groundwater enters the well 
through the screen, the natural groundwater-flow system around the well experiences a minimum of 
disturbance. Some disturbance is bound to occur because you are causing groundwater to flow to the 
well in a radial fashion that otherwise would have flowed past it. However, the resulting low-flow 
sample provides the most-representative indication we can get of groundwater quality in the 
immediate vicinity of the well. 

Normally, when a well is pumped at an excessive rate that drops the water level in the well below the 
water level in the aquifer, the water cascades down the inside of the well screen when it enters the 
well. The turbulence from this cascading causes gases such as oxygen and carbon dioxide to mix with 
the water in concentrations that are not representative of the native groundwater and are higher than 
expected. This causes geochemical changes in the nature of the water that can change the 
concentrations of some analytes, particularly metals, in the groundwater sample, not mention it’s 
effect on the dissolved oxygen levels that then will be measured in the flow-through cell. Such 
turbulence also may cause lower-than-expected concentrations of volatile organic compounds due to 
volatilization.  

For wells in which the water level is above the top of the screen, the water up in the riser is out of the 
natural circulation of the groundwater and, therefore, can become stagnant. This stagnant water is no 
longer representative of natural groundwater quality because its pH, dissolved-oxygen content, and other 
geochemical characteristics change as it contacts the air in the riser. If we minimize the drawdown in the 
well when we pump, then we minimize the amount of this stagnant water that is brought down into the 
well screen and potentially into the pump. As a result, a more-representative sample is obtained.  

Typically, wells contain some sediment in the bottom of the well, either as a residue from 
development that has settled out of the water column or that has sifted through the sand pack and 
screen since the well was installed. This sediment commonly has adsorbed on it such analytes as 
metals, SVOCs, and dioxins that normally would not be dissolved in the groundwater. If these 
sediments are picked up in the groundwater when the well is disturbed by excessive pumping, they 
can: 

• Make filtering the samples for metals analysis more difficult 

• Add unreasonably to the measured concentration of SVOCs and other organic compounds 

The SOP for low-flow sampling has been modified recently and should be consulted for additional 
information about low-flow sampling and ways of dealing with wells in which the water level cannot 
be maintained at a constant level. 
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STANDARD OPERATING PROCEDURE 

Groundwater Sampling from Monitoring Wells 

I. Purpose and Scope 
This procedure presents general guidelines for collecting groundwater samples from 
monitoring wells.  The procedure does not address purging and sampling using 
“low-flow” techniques (see SOP Low-Flow Groundwater Sampling from Monitoring 
Wells).  Operations manuals should be consulted for specific calibration and 
operating procedures. 

II. Equipment and Materials 
• Probe box with inlet/outlet ports for purged groundwater and watertight ports 

for each probe 

• Meters to monitor pH, specific conductance, turbidity, dissolved oxygen, 
oxidation-reduction potential (ORP), and temperature (e.g., Horiba® U-22 or 
similar) 

• In-line disposable 0.45μm filters: QED®  FF8100 or equivalent 

• Bailer, Teflon or stainless steel 

• Peristaltic pump, bladder pump, or submersible sampling pump with tubing, 
support cables, and power supply (may not be required if well yield is low)  

Note: bailers and peristaltic pumps should only be used when site access or other 
limitations prevent using a submersible sampling pump  

III. Procedures and Guidelines 
A. Setup and Purging 

1. For the well to be sampled, information is obtained on well location, 
diameter(s), depth, and screened interval(s), and the method for disposal 
of purged water. 

2. A pump will be used for well purging if the well yield is adequate; 
otherwise, a bailer may be used. 

3. Instruments are calibrated according to manufacturer's instructions. 

4. The well number, site, date, and condition are recorded in the field 
logbook. 

5. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened.  All decontaminated equipment to be used in sampling will be 
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placed only on the plastic sheeting until after the sampling has been 
completed.  

6. Water level measurements are collected in accordance with SOP Water 
Level Measurements, and the total depth of the well is measured. 

7. The volume in gallons of water in the well casing or sections of 
telescoping well casing is calculated as follows: 

0.052 (π r2h) = 0.163 (r2h) = gallons 

where: π = 3.14 

r = Radius of the well pipe in inches 
h = height of water in well in feet 

The volume of water in typical well casings may be calculated as 
follows: 

2-inch diameter well: 
0.163 gal/ft x ___ (linear feet of water ) = gallons 

4-inch diameter well: 
0.653 gal/ft x ___ (linear feet of water ) = gallons 

6-inch diameter well: 
1.469 gal/ft x ___ (linear feet of water ) = gallons 

The initial field parameters of pH, ORP, turbidity, dissolved oxygen, 
specific conductance, and temperature of water are measured and 
recorded in the field logbook.  The measurement probes are inserted into 
the probe box.  The purged groundwater is directed through the box, 
allowing measurements to be collected before the water contacts the 
atmosphere. 

8. Sampling equipment is cleaned and decontaminated prior to sampling 
in accordance with SOP Decontamination of Personnel and Equipment. 

9. If a bailer is being used, it is removed from either its protective covering 
or the well casing and attached to a cord compatible with constituents 
and long enough to reach the bottom of the well. If a sampling pump is 
being used, the airline, discharge line, and support cable or rope is 
attached to the pump. The support line should bear the weight of the 
pump.  If the well is purged using dedicated tubing, it is lowered into 
the well to the top of the screened zone.  

10. The sampling device is lowered to the well interval from which the 
sample is to be collected.  The pump intake will be placed above the top 
of the screen, where possible. If a bailer is being used, it is allowed 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. 
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During purging, the field parameters are measured at least once for 
each well volume.  In productive wells, the well purging end point is 
determined using the field measurements.  In nonproductive wells, 
the well is repeatedly bailed dry to obtain a minimum of three well 
volumes, then allowed to recover before sampling. 

 11.       Three to five well volumes are purged (more may be purged if 
parameters do not stabilize).  Purging is stopped when field parameters 
have stabilized over three consecutive well volumes.  Field parameters 
are considered stabilized when pH measurements agree within 0.1 units, 
specific conductance measurements agree within 3 percent, ORP 
measurements agree within 10 mV, dissolved oxygen measurements 
agree within 10 percent, and turbidity measurements agree within 10 
percent or are as low as practicable given sampling conditions. 

B. Sample Collection 

Once purging has been completed, the well is ready to be sampled.  The elapsed 
time between completion of purging and collection of the groundwater sample 
from the well should be minimized.  Typically, the sample is collected 
immediately after the well has been purged, but this is also dependent on well 
recovery. 

Samples will be placed in bottles that are appropriate to the respective analysis 
and that have been cleaned to laboratory standards.  Each bottle typically will 
have been previously prepared with the appropriate preservative, if any.   

The following information, at a minimum, will be recorded in the log book: 

1. Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler's identity) 

2. Sample source and source description 

3. Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

4. Sample disposition (preservatives added; laboratory sent to, date and time 
sent; laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

5. Additional remarks 

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 

2. The sample is slowly poured from the bailer or discharged from the 
pump so that it runs down the inside of the sample bottle with a 
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minimum of splashing. The pumping rate should be reduced to 
approximately 100 ml per minute when sampling VOCs. Samples may 
be field filtered before transfer to the sample bottle.  Filtration must 
occur in the field immediately upon collection.  Inorganics, including 
metals, are to be collected and preserved in the filtered form as well as 
the unfiltered form.  The recommended method is through the use of a 
disposable in-line filtration module (0.45 micron filter) using the 
pressure provided by the pumping device for its operation.  When a 
bailer is used, filtration may be driven by a peristaltic pump. 

3. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to the top with a positive meniscus. 

4. The bottle is capped, then labeled clearly and carefully. 

5. Samples are placed in appropriate containers and, if necessary, packed 
with ice in coolers as soon as practical. 

6. If the sampler is dedicated, it is returned to the well and the well is 
capped and locked.  Nondedicated samplers are cleaned and 
decontaminated in accordance with SOP Decontamination of Personnel and 
Equipment. 

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
• Avoid using peristaltic pumps and bailers if possible. 

• Allow purge parameters to stabilize within the specified criteria as much as 
possible.  

• Fill bottles for VOC samples first. 

• Be sure the sample identification is properly specified. 

• Maintain field equipment in accordance with the manufacturer’s 
recommendations.  This will include, but is not limited to: 

• Inspect sampling pump regularly and replace as warranted 

• Bring supplies for replacing the bladder if using a positive-displacement bladder 
pump 

• Inspect tubing regularly and replace as warranted 

• Inspect air/sample line quick-connects regularly and replace as warranted 
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• Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during field 
efforts 
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STANDARD OPERATING PROCEDURE 

Logging of Soil Borings 

I. Purpose and Scope 
This SOP provides guidance to obtain accurate and consistent descriptions of soil 
characteristics during soil-sampling operations.  The characterization is based on 
visual examination and manual tests, not on laboratory determinations. 

II. Equipment and Materials 
• Indelible pens 
• Tape measure or ruler 
• Field logbook 
• Spatula 
• HCl, 10 percent solution 
• Squirt bottle with water 
• Rock- or soil-color chart (e.g., Munsell) 
• Grain-size chart 
• Hand lens 
• Unified Soil Classification System (USCS) index charts and tables to help with 

soil classification (attached) 

III. Procedures and Guidelines 
This section covers several aspects of the soil characterization: instructions for 
completing the CH2M HILL soil boring log Form D1586 (attached), field 
classification of soil, and standard penetration test procedures. 

A. Instructions for Completing Soil Boring Logs  

Soil boring logs will be completed in the field log books or on separate soil boring 
log sheets.  Information collected will be consistent with that required for Form 
D1586 (attached), a standard CH2M HILL form, or an equivalent form that supplies 
the same information.   

The information collected in the field to perform the soil characterization is 
described below.   

Field personnel should review completed logs for accuracy, clarity, and 
thoroughness of detail.  Samples also should be checked to see that information is 
correctly recorded on both jar lids and labels and on the log sheets. 
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B. Heading Information 

Boring/Well Number.  Enter the boring/well number.  A numbering system should 
be chosen that does not conflict with information recorded for previous exploratory 
work done at the site.  Number the sheets consecutively for each boring.   

Location.  If station, coordinates, mileposts, or similar project layout information is 
available, indicate the position of the boring to that system using modifiers such as 
“approximate” or “estimated” as appropriate. 

Elevation.  Elevation will be determined at the conclusion of field activities.  

Drilling Contractor.  Enter the name of the drilling company and the city and state 
where the company is based. 

Drilling Method and Equipment.  Identify the bit size and type, drilling fluid (if 
used), and method of drilling (e.g., rotary, hollow-stem auger).  Information on the 
drilling equipment (e.g., CME 55, Mobile B61) also is noted.  

Water Level and Date.  Enter the depth below ground surface to the apparent water 
level in the borehole.  The information should be recorded as a comment.  If free 
water is not encountered during drilling or cannot be detected because of the drilling 
method, this information should be noted.  Record date and time of day (for tides, 
river stage) of each water level measurement.   

Date of Start and Finish.  Enter the dates the boring was begun and completed.  
Time of day should be added if several borings are performed on the same day. 

Logger.  Enter the first initial and full last name. 

C. Technical Data 

Depth Below Surface.  Use a depth scale that is appropriate for the sample spacing 
and for the complexity of subsurface conditions.   

Sample Interval.  Note the depth at the top and bottom of the sample interval.  

Sample Type and Number.  Enter the sample type and number.  SS-1 = split spoon, 
first sample.  Number samples consecutively regardless of type.  Enter a sample 
number even if no material was recovered in the sampler. 

Sample Recovery.  Enter the length to the nearest 0.1-foot of soil sample recovered 
from the sampler.  Often, there will be some wash or caved material above the 
sample; do not include the wash material in the measurement. Record recovery in 
feet. 

Standard Penetration Test Results.  In this column, enter the number of blows 
required for each 6 inches of sampler penetration and the "N" value, which is the 
sum of the blows in the middle two 6-inch penetration intervals.  A typical standard 
penetration test involving successive blow counts of 2, 3, 4, and 5 is recorded as 2-3-
4-5 and (7).  The standard penetration test is terminated if the sampler encounters 
refusal.  Refusal is a penetration of less than 6 inches with a blow count of 50.  A 
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partial penetration of 50 blows for 4 inches is recorded as 50/4 inches. Penetration by 
the weight of the slide hammer only is recorded as “WOH.” 

Samples should be collected using a 140-pound hammer and 2-inch diameter split 
spoons.   Samples may be collected using direct push sampling equipment.  
However, blow counts will not be available.  A pocket penetrometer may be used 
instead to determine relative soil density. 

Sample also may be collected using a 300-pound hammer or 3-inch-diameter split-
spoon samples at the site.  However, use of either of these sample collection 
devices invalidates standard penetration test results and should be noted in the 
comments section of the log.  The 300-pound hammer should only be used for 
collection of 3-inch-diameter split-spoon samples.  Blow counts should be recorded 
for collection of samples using either a 3-inch split-spoon, or a 300-pound hammer. 
 An “N” value need not be calculated. 

Soil Description.  The soil classification should follow the format described in the 
“Field Classification of Soil” subsection below. 

Comments.  Include all pertinent observations (changes in drilling fluid color, rod 
drops, drilling chatter, rod bounce as in driving on a cobble, damaged Shelby 
tubes, and equipment malfunctions).  In addition, note if casing was used, the sizes 
and depths installed, and if drilling fluid was added or changed.  You should 
instruct the driller to alert you to any significant changes in drilling (changes in 
material, occurrence of boulders, and loss of drilling fluid).  Such information 
should be attributed to the driller and recorded in this column. 

Specific information might include the following:   

• The date and the time drilling began and ended each day 
• The depth and size of casing and the method of installation 
• The date, time, and depth of water level measurements 
• Depth of rod chatter 
• Depth and percentage of drilling fluid loss 
• Depth of hole caving or heaving   
• Depth of change in material   
• Health and safety monitoring data 
• Drilling interval through a boulder 

D. Field Classification of Soil 

This section presents the format for the field classification of soil.  In general, the 
approach and format for classifying soils should conform to ASTM D 2488, Visual-
Manual Procedure for Description and Identification of Soils (attached).  

The Unified Soil Classification System is based on numerical values of certain soil 
properties that are measured by laboratory tests.  It is possible, however, to 
estimate these values in the field with reasonable accuracy using visual-manual 
procedures (ASTM D 2488).  In addition, some elements of a complete soil 
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description, such as the presence of cobbles or boulders, changes in strata, and the 
relative proportions of soil types in a bedded deposit, can be obtained only in the 
field.   

Soil descriptions should be precise and comprehensive without being verbose.  
The correct overall impression of the soil should not be distorted by excessive 
emphasis on insignificant details.  In general, similarities rather than differences 
between consecutive samples should be stressed. 

Soil descriptions must be recorded for every soil sample collected.  The format and 
order for soil descriptions should be as follows: 

1. Soil name (synonymous with ASTM D 2488 Group Name) with appropriate 
modifiers.  Soil name should be in all capitals in the log, for example 
“POORLY-GRADED SAND.” 

2. Group symbol, in parentheses, for example, “(SP).” 

3. Color,  using Munsell color designation 

4. Moisture content 

5. Relative density or consistency 

6. Soil structure, mineralogy, or other descriptors 

This order follows, in general, the format described in ASTM D 2488.   

E. Soil Name 

The basic name of a soil should be the ASTM D 2488 Group Name on the basis of 
visual estimates of gradation and plasticity.  The soil name should be capitalized.   

Examples of acceptable soil names are illustrated by the following descriptions: 

• A soil sample is visually estimated to contain 15 percent gravel, 55 percent sand, 
and 30 percent fines (passing No. 200 sieve).  The fines are estimated as either 
low or highly plastic silt.  This visual classification is SILTY SAND WITH 
GRAVEL, with a Group Symbol of (SM). 

• Another soil sample has the following visual estimate: 10 percent gravel, 30 
percent sand, and 60 percent fines (passing the No. 200 sieve).  The fines are 
estimated as low plastic silt.  This visual classification is SANDY SILT.  The 
gravel portion is not included in the soil name because the gravel portion was 
estimated as less than 15 percent.  The Group Symbol is (ML).   

The gradation of coarse-grained soil (more than 50 percent retained on No. 200 sieve) 
is included in the specific soil name in accordance with ASTM D 2488.  There is no 
need to further document the gradation.  However, the maximum size and angularity 
or roundness of gravel and sand-sized particles should be recorded.  For fine-grained 
soil (50 percent or more passing the No. 200 sieve), the name is modified by the 
appropriate plasticity/elasticity term in accordance with ASTM D 2488. 
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Interlayered soil should each be described starting with the predominant type.  An 
introductory name, such as “Interlayered Sand and Silt,” should be used.  In addition, 
the relative proportion of each soil type should be indicated (see Table 1 for example). 

Where helpful, the evaluation of plasticity/elasticity can be justified by describing 
results from any of the visual-manual procedures for identifying fine-grained soils, 
such as reaction to shaking, toughness of a soil thread, or dry strength as described in 
ASTM D 2488. 

F. Group Symbol 

The appropriate group symbol from ASTM D 2488 must be given after each soil name. 
 The group symbol should be placed in parentheses to indicate that the classification 
has been estimated. 

In accordance with ASTM D 2488, dual symbols (e.g., GP-GM or SW-SC) can be used 
to indicate that a soil is estimated to have about 10 percent fines.  Borderline symbols 
(e.g., GM/SM or SW/SP) can be used to indicate that a soil sample has been identified 
as having properties that do not distinctly place the soil into a specific group.  
Generally, the group name assigned to a soil with a borderline symbol should be the 
group name for the first symbol.  The use of a borderline symbol should not be used 
indiscriminately.  Every effort should be made to first place the soil into a single group.  

G. Color 

The color of a soil must be given.  The color description should be based on the 
Munsell system.  The color name and the hue, value, and chroma should be given. 

H. Moisture Content 

The degree of moisture present in a soil sample should be defined as dry, moist, or 
wet.  Moisture content can be estimated from the criteria listed on Table 2. 

I. Relative Density or Consistency 

Relative density of a coarse-grained (cohesionless) soil is based on N-values (ASTM D 
1586 [attached]).  If the presence of large gravel, disturbance of the sample, or non-
standard sample collection makes determination of the in situ relative density or 
consistency difficult, then this item should be left out of the description and explained 
in the Comments column of the soil boring log. 

Consistency of fine-grained (cohesive) soil is properly based on results of pocket 
penetrometer or torvane results.  In the absence of this information, consistency can be 
estimated from N-values.  Relationships for determining relative density or 
consistency of soil samples are given in tables 3 and 4. 

J. Soil Structure, Mineralogy, and Other Descriptors 

Discontinuities and inclusions are important and should be described.  Such features 
include joints or fissures, slickensides, bedding or laminations, veins, root holes, and 
wood debris.   
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Significant mineralogical information such as cementation, abundant mica, or unusual 
mineralogy should be described. 

Other descriptors may include particle size range or percentages, particle angularity or 
shape, maximum particle size, hardness of large particles, plasticity of fines, dry 
strength, dilatancy, toughness, reaction to HCl, and staining, as well as other 
information such as organic debris, odor, or presence of free product. 

K. Equipment and Calibration 

Before starting the testing, the equipment should be inspected for compliance with the 
requirements of ASTM D 1586.  The split-barrel sampler should measure 2-inch or 3-
inch O.D., and should have a split tube at least 18 inches long.  The minimum size 
sampler rod allowed is “A” rod (1-5/8-inch O.D.).  A stiffer rod, such as an “N” rod  
(2-5/8-inch O.D.), is required for depths greater than 50 feet.  The drive weight 
assembly should consist of a 140-pound or 300-pound hammer weight, a drive head, 
and a hammer guide that permits a free fall of 30 inches.   

IV. Attachments 
Soil Boring Log, CH2M HILL Form D1586, and a completed example 

ASTM D 2488 Standard Practice for Description and Identification of Soils (Visual-Manual 
Procedures) 

ASTM 1586 Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils 

Tables 1 through 4 

V. Key Checks and Preventive Maintenance 
• Check entries to the soil-boring log and field logbook in the field; because the 

samples will be disposed of at the end of fieldwork, confirmation and corrections 
cannot be made later.   

• Check that sample numbers and intervals are properly specified.   

• Check that drilling and sampling equipment is decontaminated using the 
procedures defined in SOP Decontamination of Drilling Rigs and Equipment. 

 



ShipLowConc.doc  
Revised 10/31/96 
Revised 5/23/03 
Reviewed 01/2008  1 

STANDARD OPERATING PROCEDURE 

Packaging and Shipping Procedures for Low-
Concentration Samples 

I. Purpose and Scope 
The purpose of this guideline is to describe the packaging and shipping of low-
concentration samples of various media to a laboratory for analysis.   

II. Scope 
The guideline only discusses the packaging and shipping of samples that are 
anticipated to have low concentrations of chemical constituents.  Whether or not 
samples should be classified as low-concentration or otherwise will depend upon the 
site history, observation of the samples in the field, odor, and photoionization-
detector readings.   
 
If the site is known to have produced high-concentration samples in the past or the 
sampler suspects that high concentrations of contaminants might be present in the 
samples, then the sampler should conservatively assume that the samples cannot be 
classified as low-concentration.  Samples that are anticipated to have medium to 
high concentrations of constituents should be packaged and shipped following 
procedures for dangerous-goods shipping specified by the intended shipper (e.g., 
Federal Express). 

 

III. Equipment and Materials 
• Coolers 
• Clear tape 
• “This Side Up” labels 
• “Fragile” labels 
• Vermiculite 
• Ziplock bags or bubble wrap 
• Ice 
• Chain-of-Custody form (completed) 
• Custody seals 
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IV. Procedures and Guidelines 

  Low-Concentration Samples 
A. Prepare coolers for shipment: 

• Tape drains shut. 

• Affix “This Side Up” labels on all four sides and “Fragile” labels on 
at least two sides of each cooler. 

• Place mailing label with laboratory address on top of coolers. 

• Fill bottom of coolers with about 3 inches of vermiculite or 
absorbent pads. 

B. Arrange decontaminated sample containers in groups by sample number. 
Consolidate VOC samples into one cooler to minimize the need for trip 
blanks. 

C. Affix appropriate adhesive sample labels to each container.  Protect with 
clear label protection tape. 

D. Seal each sample bottle within a separate ziplock plastic bag or bubble 
wrap, if available.  Tape the bag around bottle.  Sample label should be 
visible through the bag. 

E. Arrange sample bottles in coolers so that they do not touch. 

F. If ice is required to preserve the samples, cubes should be repackaged in 
zip-lock bags and placed on and around the containers.  

G. Fill remaining spaces with vermiculite or absorbent pads. 

H. Complete and sign chain-of-custody form (or obtain signature) and 
indicate the time and date it was relinquished to Federal Express or the 
courier. 

J Close lid and latch. 

K. Carefully peel custody seals from backings and place intact over lid 
openings (right front and left back).  Cover seals with clear protection 
tape. 

L. Tape cooler shut on both ends, making several complete revolutions with 
strapping tape.  Cover custody seals with tape to avoid seals being able to 
be peeled from the cooler. 

M. Relinquish to Federal Express or to a courier arranged with the laboratory.  
Place airbill receipt inside the mailing envelope and send to the sample 
documentation coordinator along with the other documentation. 
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 Medium- and High-Concentration Samples: 

Medium- and high-concentration samples are packaged using the same techniques 
used to package low-concentration samples, with several additional restrictions.  The 
sample handler must refer to instructions associated with the shipping of dangerous 
goods for the necessary procedures for shipping by Federal Express or other 
overnight carrier. 

V. Attachments 
None. 

VI. Key Checks and Items 
• Be sure laboratory address is correct on the mailing label 
• Pack sample bottles carefully, with adequate vermiculite or other packaging and 

without allowing bottles to touch 
• Be sure there is adequate ice 
• Include chain-of-custody form 
• Include custody seals 



Standard Operating Procedure 

Locating and Clearing Underground Utilities  

I. Purpose  
The purpose of this SOP is to provide general guidelines and specific procedures that 
must be followed on Navy CLEAN projects for locating underground utilities and 
clearing dig locations in order to maximize our ability to avoid hitting underground 
utilities and to minimize liabilities to CH2M HILL and its subcontractors and health and 
safety risks to our project staff.  

This SOP shall be used by Activity Managers and Project Managers to, in-turn, develop 
Activity-specific and project-specific utility location procedures. The activity and 
project-specific procedures will become part of work plans and project instructions and 
will be used to prepare scopes of work (SOWs) for the procurement of utility location 
subcontractors to meet the needs of individual projects.  

This SOP also identifies the types of utility locating services that are available from 
subcontractors and the various tools that are used to locate utilities, and discusses when 
each type of service and tool may or may not be applicable. 

II. Scope 
Depending on the Navy/Marine Activity we typically find ourselves in one of two 
scenarios: 
 

Scenario 1 
The Activity provides utility locating (or dig clearance) services through the public 
works department or similar organization, or has a contract with an outside utility 
clearance service. Some of these services are provided in the form of dig permits which 
are required before you can dig or drill. In other cases no official permit is required and 
the process is somewhat vague.  

Scenario 2 
The Activity does not get involved in any utility locating processes aside from possibly 
providing the most recent utility maps, and relies on CH2M HILL to clear the dig 
locations. 
 

Table 1 provides an up to date summary of which scenarios apply to the various 
primary Activities served under the Navy CLEAN program.  

Scenario 1 is preferred because under this scenario the Navy tends to assume the 
responsibility if the location is improperly cleared, a utility is struck, and property 
damage results. However, our experience has been that the clearance services provided 
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by the Navy do not meet the standards that we consider to be adequate, in that they 
often simply rely on available base maps to mark utilities and do not verify locations 
using field geophysics. And if they do use locating tools, they do not provide adequate 
documentation or marking to confirm that a location has been cleared. So while the 
Navy’s process may protect us from liability for property damage, it does not 
adequately protect our staff and subcontractors from health risks nor does it compensate 
us for down time, should a utility be hit.  

Therefore, regardless of what services the Navy provides, in most cases we still need 
to supplement this effort with clearance services from our own third party utility 
location subcontractor following the procedures and guideline outlined in Section IV 
of this SOP. The cost implications of providing this service will range from $500 to 
several $1,000 depending on the size of the project. 

The scope of services that we ask our subcontractors to provide can involve utility 
marking/mapping or the clearing of individual dig locations. In the former we ask our 
subs to mark all utilities within a “site” and often ask them to prepare a map based on 
their work. In the later, we ask them to clear (identify if there are any utilities within) a 
certain radius of a proposed dig/drill location. 

The appropriate requested scope of services for a project will depend on the project. 
Clearing individual boreholes is often less expensive and allows the sub to concentrate 
their efforts on a limited area. However if the scope of the investigation is fluid (all 
borehole locations are not predetermined) it may be best to mark and map an entire site 
or keep the subcontractor on call. 

Clearance of individual dig locations should be done to a minimum 20 foot radius 
around the location. 

An example SOW for a utility subcontractor procurement is provided in Attachment A. 

III. Services and Equipment  
This section provides a general description of the services available to help us locate 
subsurface utilities and describes the types of equipment that these services may (or may 
not) use to perform their work.  It identifies the capabilities of each type of equipment to 
help the PM specify what they should require from our utility location subs.  

Services 
The services that are available to us for identifying and marking underground utilities 
are: 

• The local public/private utility-run service such as Miss Utility 
• Utility location subcontractors (hired by us) 
 
Attachment B provides a detailed description of each type of organization.  It also 
provides contact numbers and web sites for the various Miss-Utility-type organizations 
in the areas where we do work for the Navy and contacts and services provided by 
several subcontractors that we have used or spoken to in the past. 
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Equipment 
Attachment C provides a summary of the various types of equipment used for 
subsurface utility location.  It describes the capabilities and limitations of each in order 
to help the PM determine if the equipment being used by a subcontractor is adequate.  

It is important to make the potential subcontractors aware of the possible types of 
utilities (and utility materials) that are at the site, and to have them explain in their bid 
what types of equipment they will use to locate utilities /clear dig locations, and what 
the limitations of these equipment are. 

A list of in-house experts that can be used to help you evaluate bids or answer questions 
you may have is provided in Appendix C.  

IV. Procedures and Guidelines 
This section presents specific procedures to be followed for the utility location work to 
be conducted by CH2M HILL and our subcontractors. In addition, a PM will have to 
follow the procedures required by the Activity to obtain their approvals, clearances and 
dig permits where necessary. These “dig permit” requirements vary by Activity and 
must be added to the project-specific SOP, or project instructions. It is preferable that the 
Activity perform their clearance processes before we follow up with our clearance work. 

Activity Notification and Dig Permit Procedures 
Identify Activity-specific permit and/or procedural requirements for excavation and 
drilling activities.  Contact the Base Civil Engineer and obtain the appropriate form to 
begin the clearance process. 

Activity Specific: To be provided by Activity or Project Manager 

CH2M HILL Utility Clearance Procedures 
Do not begin subsurface construction activities (e.g., trenching, excavation, drilling, etc.) 
until a check for underground utilities and similar obstructions has been conducted by 
CH2M HILL as a follow-up to the services provided by the Navy. The use of as-built 
drawings and utility company searches must be supplemented with a geophysical or 
other survey by a qualified, independent survey contractor (subcontracted to 
CH2M HILL) to identify additional and undiscovered buried utilities. 

Examples of the type of geophysical technologies include (these are further described in 
Attachment C): 

 
• Ground Penetrating Radar (GPR), which can detect pipes, including gas pipes, 

tanks, conduits, cables etc, both metallic and non-metallic at depths up to 30 feet 
depending on equipment.  Sensitivity for both minimum object size and maximum 
depth detectable depends on equipment selected, soil conditions, etc. 

• Radio Frequency (RF), involves inducing an RF signal in the pipe or cable and using 
a receiver to trace it.   Some electric and telephone lines emit RF naturally and can be 
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detected without an induced signal. This method requires knowing where the 
conductive utility can be accessed to induce RF field if necessary.  

• Dual RF, a modified version of RF detection using multiple frequencies to enhance 
sensitivity but with similar limitations to RF 

• Ferromagnetic Detectors, are metal detectors that will detect ferrous and non-
ferrous utilities.  Sensitivity is limited, e.g. a 100 mm iron disk to a depth of about 
one meter or a 25 mm steel paper clip to a depth of about 20 cm. 

• Electronic markers, are emerging technologies that impart a unique electronic 
signature to materials such as polyethylene pipe to facilitate location and tracing 
after installation.  Promising for future installations but not of help for most existing 
utilities already in place. 

The following procedures shall be used to identify and mark underground utilities 
during subsurface construction activities on the project: 
 

• Contact utility companies or the state/regional utility protection service (such as 
Miss Utility) at least two (2) working days prior to intrusive activities to advise of the 
proposed work, and ask them to establish the location of the utility underground 
installations prior to the start of actual excavation: this is a law. These services will 
only mark the location of public-utility-owned lines and not Navy-owned utilities. In 
many cases there will not be any public-utility-owned lines on the Activity. There 
may also be Base-access issues to overcome. 

• Procure and schedule the independent survey. 

• The survey contractor shall determine the most appropriate geophysical technique 
or combinations of techniques to identify the buried utilities on the project site, 
based on the survey contractor’s experience and expertise, types of utilities 
anticipated to be present and specific site conditions. The types of utilities must be 
provided to the bidding subcontractors in the SOW and procedures to be used must 
be specified by the bidder in their bid. It is extremely helpful to provide the sub with 
utility maps, with the caveat that all utilities are not necessarily depicted. 

• The survey subcontractor shall employ the same geophysical techniques used to 
identify the buried utilities, to survey the proposed path of subsurface 
investigation/construction work to confirm no buried utilities are present.   

• Obtain utility clearances for subsurface work on both public and private property.   

• Clearances provided by both the “Miss Utility” service and the CH2M HILL-
subcontracted service are to be in writing, signed by the party conducting the 
clearance. The Miss Utility service will have standard notification forms/letters 
which typically simply state that they have been to the site and have done their 
work. The CH2M HILL subcontractor shall be required to fill out the form provided 
in Attachment D (this can be modified for a particular project) indicating that each 
dig/drill location has been addressed. This documentation requirement (with a copy 
of the form) needs to be provided in the subcontractor SOW. 
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• Marking shall be done using the color coding presented in Attachment E. The type of 
material used for marking must be approved by the Activity prior to marking. Some 
base commanders have particular issues with persistent spray paint on their 
sidewalks and streets. Any particular marking requirements need to be provided in 
the subcontractor SOW. 

• Protect and preserve the markings of approximate locations of facilities until the 
markings are no longer required for safe and proper excavations. If the markings of 
utility locations are destroyed or removed before excavation commences or is 
completed, the Project Manager must notify the utility company or utility protection 
service to inform them that the markings have been destroyed. 

• Perform a field check prior to drilling/digging (preferably while the utility location 
sub is still at the site) to see if field utility markings coincide with locations on utility 
maps.  Look for fire hydrants, valves, manholes, light poles, lighted signs, etc to see 
if they coincide with utilities identified by the subcontractor. 

• Underground utility locations must be physically verified (or dig locations must be 
physically cleared) by hand digging using wood or fiberglass-handled tools, air 
knifing, or by some other acceptable means approved by CH2M HILL, when the dig 
location (e.g. mechanical drilling, excavating) is expected to be within 5 feet of a 
marked underground system.  Hand clearance shall be done to a depth of four feet 
unless a utility cross-section is available that indicates the utility is at a greater depth. 
In that event, the hand clearance shall proceed until the documented depth of the 
utility is reached. 

• Conduct a site briefing for employees at the start of the intrusive work regarding the 
hazards associated with working near the utilities and the means by which the 
operation will maintain a safe working environment. Detail the method used to 
isolate the utility and the hazards presented by breaching the isolation. 

• Monitor for signs of utilities during advancement of intrusive work (e.g., sudden 
change in advancement of auger or split spoon during drilling or change in color, 
texture or density during excavation that could indicate the ground has been 
previously disturbed). 

 

IV. Attachments 
A- Example SOW for Utility Location Subcontractor Procurement 
B - Services Available for Identifying and Marking Underground Utilities 
C – Equipment Used for Identifying Underground Utilities 
D – Utility Clearance Documentation Form 
E – Utility Marking Color Codes 
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Attachment A – Example SOW for 
Subcontracting Underground Utilities 
Locating Services  

 

CTO-XXX 

Scope of Work 

Subsurface Utility Locating 

Site XX 

Navy Activity 

City, State 
 

 
A licensed and insured utility locator will be subcontracted to identify and mark out 
subsurface utilities for an environmental investigation/remediation project at Site XX of 
<<insert name of base, city, and state>>.  The subcontractor will need to be available 
beginning at <<insert time>> on <<insert date>>.  It is estimated that the work can be 
completed within XX days.   

Proposed Scope of Work 
The subcontractor will identify and mark all subsurface utilities (CHOOSE 1) that lie 
within a radius of 20 feet of each of XX sampling locations at Site XX shown on the 
attached Figure 1; (OR) that lie within the bounds of Site XX as delineated on the 
attached Figure 1. (If multiple sites are to be cleared, provide maps of each site with 
sample locations or clearance boundaries clearly delineated and a scale provided.) 

Utilities will be identified using all reasonably available as-built drawings, electronic 
locating devices, and any other means necessary to maintain the safety of drilling and 
sampling personnel and the protection of the base infrastructure.  The location of 
utilities identified from as-built drawings or other maps must be verified in the field 
prior to marking. 

Base utility drawings for the Site(s) (CHOOSE 1) can be found at <<insert specific 
department and address or phone number on the base>> and should be reviewed by the 
subcontractor and referenced as part of the utility locating. (OR), will be provided to the 
subcontractor by CH2M HILL upon the award of the subcontract. (OR), are not 
available.  Utility drawings shall not be considered definitive and must be field verified. 
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Field verification will include detection using nonintrusive subsurface detection 
equipment (magnetometers, GPR, etc) as well as opening manhole covers to verify pipe 
directions. As part of the bid, the Subcontractor shall provide a list of the various 
subsurface investigation tools they propose to have available and use at the site and 
what the limitations are of each tool.  

A CH2M HILL representative shall be present to coordinate utility clearance activities 
and identify points and features to be cleared.  

Field Marking and Documentation 
All utilities located within (CHOOSE 1) a 20-ft radius of the XX proposed soil boring 
locations (OR) within the boundary of the site(s) as identified on the attached figure(s) 
will be marked using paint (some Bases such as the WNY may have restrictions on the 
use of permanent paint) and/or pin flags color coded to indicate electricity, gas, water, 
steam, telephone, TV cable, fiber optic, sewer, etc. The color coding shall match the 
industry standard as described on the attached form. In addition, the Buried Utility 
Location Tracking Form (attached) will be completed by the Subcontractor based upon 
what is identified in the field during the utility locating and submitted back to 
CH2M HILL (field staff or project manager) within 24 hours of completing the utility 
locating activities.   

(OPTIONAL) The subcontractor shall also provide a map (or hand sketch) of the 
identified utilities to the Engineer within XX days of field demobilization. The map 
shall include coordinates or ties from fixed surface features to each identified subsurface 
utility. 

Bid Sheet/Payment Units 
The subcontractor will bid on a time and materials basis for time spent on site and 
researching utility maps. Mobilization (including daily travel to the site) should be bid 
as a lump sum, as well as the preparation of the AHA and any required mapping. The 
per diem line item should be used if the field crew will require overnight 
accommodations at the project site. 

Health and Safety Requirements   
The utility locating subcontractor is to provide and assume responsibility for an 
adequate corporate Health and Safety Plan for onsite personnel.  Standard personal 
safety equipment including: hard hat, safety glasses, steel-toed boots, gloves are 
recommended for all project activities. Specific health and safety requirements will be 
established by the Subcontractor for each project.  The health and safety requirements 
will be subject to the review of CH2M HILL. 

The subcontractor shall also prepare and provide to the Engineer, at least 48 hours prior 
to mobilization, an acceptable Activity Hazard Analysis (AHA) using the attached AHA 
form or similar. 

It is also required that all subcontractor personnel who will be on site attend the daily 
15-minute health and safety tailgate meeting at the start of each day in the field. 
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Subcontractor personnel showing indications of being under the influence of alcohol or 
illegal drugs will be sent off the job site and their employers will be notified.  
Subcontractor personnel under the influence of prescription or over-the-counter 
medication that may impair their ability to operate equipment will not be permitted to 
do so.  It is expected that the subcontractor will assign them other work and provide a 
capable replacement (if necessary) to operate the equipment to continue work. 

Security 
The work will be performed on US Navy property.  CH2M HILL will identify the 
Subcontractor personnel who will perform the work to the appropriate Navy facility 
point-of-contact, and will identify the Navy point-of-contact to the Subcontractor crew.  
The Subcontractor bears final responsibility for coordinating access of his personnel onto 
Navy property to perform required work.  This responsibility includes arranging 
logistics and providing to CH2M HILL, in advance or at time of entry as specified, any 
required identification information for the Subcontractor personnel.  Specifically, the 
following information should be submitted with the bid package for all personnel that 
will perform the work in question (this information is required to obtain a base pass): 

• Name 
• Birth Place 
• Birth Date 
• Social Security Number 
• Drivers License State and Number 
• Citizenship 

Please be advised that no weapons, alcohol, or drugs will be permitted on the Navy 
facility at any time.  If any such items are found, they will be confiscated, and the 
Subcontractor will be dismissed. 

Quality Assurance 
The Subcontractor will be licensed and insured to operate in the State of <<state>> and 
will comply with all applicable federal, state, county and local laws and regulations.  
The subcontractor will maintain, calibrate, and operate all electronic locating 
instruments in accordance with the manufacturer’s recommendations.  Additionally, the 
Subcontractor shall make all reasonable efforts to review as-built engineering drawings 
maintained by Base personnel, and shall notify the CH2M HILL Project Manager in 
writing (email is acceptable) whenever such documentation was not available or could 
not be reviewed. 
 

Subcontractor Standby Time 
At certain periods during the utility locating activities, the Subcontractor’s personnel 
may be asked to stop work and standby when work may normally occur.  During such 
times, the Subcontractor will cease activities until directed by the CH2M HILL 
representative to resume operations.  Subcontractor standby time also will include 
potential delays caused by the CH2M HILL representative not arriving at the site by the 
agreed-upon meeting time for start of the work day.  Standby will be paid to the 
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Subcontractor at the hourly rate specified in the Subcontractor’s Bid Form attached to 
these specifications. 

Cumulative Subcontractor standby will be accrued in increments no shorter than 15 
minutes (i.e., an individual standby episode of less than 15 minutes is not chargeable). 

During periods for which standby time is paid, the surveying equipment will not be 
demobilized and the team will remain at the site.  At the conclusion of each day, the 
daily logs for the Subcontractor and CH2M HILL representative will indicate the 
amount of standby time incurred by the Subcontractor, if any.  Payment will be made 
only for standby time recorded on CH2M HILL’s daily logs. 

Down Time 
Should equipment furnished by the Subcontractor malfunction, preventing the effective 
and efficient prosecution of the work, or inclement weather conditions prevent safe and 
effective work from occurring, down time will be indicated in the Subcontractor’s and 
CH2M Hill representative’s daily logs.  No payment will be made for down time. 

Schedule 
It is anticipated that the subsurface utility locating activities will occur on <<insert 
date>>.  It is estimated that the above scope will be completed within XXX days. 
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Attachment B - Services Available for 
Identifying and Marking Underground Utilities 

The services that are available to us for identifying and marking underground utilities 
are: 
 
• The Activity’s PWC (or similar organization) 
• The local public/private utility -run service such as Miss Utility 
• Utility location subcontractors (hired by CH2M HILL) 
 
Each are discussed below. 

Navy Public Works Department 
A   Public Works Department (PWD) is usually present at each Activity. The PWD is 
responsible for maintaining the public works at the base including management of 
utilities. In many cases, the PWD has a written permit process in place to identify and 
mark-out the locations of Navy-owned utilities [Note: The PWD is usually NOT 
responsible for the locations/mark-outs of non-Navy owned, public utilities (e.g., 
Washington Gas, Virginia Power, municipal water and sewer, etc.). Therefore, it is likely 
that we will have to contact other organizations besides the PWD in order to identify 
non-Navy owned, public utilities]. 

At some Activities, there may not be a PWD, the PWD may not have a written permit 
process in place, or the PWD may not take responsibility for utility locating and mark-
outs. In these cases, the PWD should still be contacted since it is likely that they will 
have the best understanding of the utility locations at the Activity (i.e., engineering 
drawings, institutional knowledge, etc.).  Subsequently, the PWD should be brought into 
a cooperative arrangement (if possible) with the other services employed in utility 
locating and mark-out in order to have the most comprehensive assessment performed.  

At all Activities we should have a contact (name and phone number), and preferably an 
established relationship, with PWD, either directly or through the NAVFAC Atlantic, 
Midlant, or Washington NTR or Activity Environmental Office that we can work with 
and contact in the event of problems. 

Miss Utility or “One Call” Services for Public Utility Mark-outs  
Miss Utility or “One Call” service centers are information exchange centers for 
excavators, contractors and property owners planning any kind of excavation or 
digging. The “One Call” center notifies participating public utilities of the upcoming 
excavation work so they can locate and mark their underground utilities in advance to 
prevent possible damage to underground utility lines, injury, property damage and 
service outages. In some instances, such with southeastern Virginia bases, the Navy has 
entered into agreement with Ms. Utilities and is part of the response process for Miss 
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Utilities.  Generally, a minimum of 48 hours is required for the public utility mark-outs 
to be performed. The “One Call” services are free to the public. Note that the “One Call” 
centers only coordinate with participating public utilities. There may be some public 
utilities that do NOT participate in the “One Call” center which may need to be 
contacted separately. For example, in Washington, DC, the Miss Utility “One Call” 
center does not locate and mark public sewer and water lines. Therefore, the municipal 
water and sewer authority must be contacted separately to have the sewer and water 
lines marked out.  The AM should contact the appropriate one-call center to determine 
their scope of services.  

A national listing of the “One Call” service centers for each state is presented on the web 
at http://www.underspace.com/refs/ocdir.htm. For the Mid-Atlantic region, the 
following “One Call” service centers are available.   
 
Name Phone Website Comments 
Miss Utility of 
DELMARVA 

800-257-7777 www.missutility.net Public utility mark-outs in 
Delaware, Maryland, 
Washington, DC, and Northern 
Virginia 

Miss Utility of Southern 
Virginia (One Call) 

800-552-7001  not available Public utility mark-outs in 
Southern Virginia 

Miss Utility of Virginia 800-257-7777
800-552-7007 

www.missutilityofvirginia.com  General information on public 
utility mark-outs in Virginia, 
with links to Miss Utility of 
DELMARVA and Miss Utility 
of Southern Virginia (One Call) 

Miss Utility of West 
Virginia, Inc 
 
 
 

800-245-4848 none Call to determine what utilities 
they work with in West 
Virginia 

North Carolina One Call 
Center 

800-632-4949 www.ncocc.org/ncocc/default.htm  Public Utility Markouts in 
North Carolina 

 

Private Subcontractors 
1. Utility-locating support is required at some level for most all CH2M HILL field 

projects in "clearing" proposed subsurface boring locations on the project site. Utility 
location and sample clearance can include a comprehensive effort of GIS map 
interpretation, professional land surveying, field locating, and geophysical 
surveying. Since we can usually provide our own GIS-related services for projects 
and our professional land surveying services are normally procured separately, 
utility-locating subcontractors will normally only be required for some level of 
geophysical surveying support in the field. This level of geophysical surveying 
support can range widely from a simple electromagnetic (EM) survey over a known 
utility line, to a blind geophysical effort, including a ground-penetrating radar (GPR) 
survey and/or a comprehensive EM survey to delineate and characterize all 
unknown subsurface anomalies.  

The level of service required from the subcontractor will vary depending on the 
nature of the site. At sites where utility locations are well defined on the maps and 
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recent construction is limited, CH2M HILL may be confident with a limited effort 
from a traditional utility-locating subcontractor providing a simple EM survey. At 
sites where utility locations are not well defined, where recent constructions may 
have altered utility locations, or the nature of the site makes utility location difficult, 
CH2M HILL will require the services of a comprehensive geophysical surveying 
subcontractor, with a wide range of GPR and EM services available for use on an "as-
needed" basis. Typical costs for geophysical surveying subcontractors will range 
from approximately $200 per day for a simple EM effort (usually one crew member 
and one instrument) to approximately $1,500 per day for a comprehensive 
geophysical surveying effort (usually a two-person crew and multiple instruments). 
Comprehensive geophysical surveying efforts may also include field data 
interpretation (and subsequent report preparation) and non-destructive excavation 
to field-verify utility depths and locations. 

The following table provides a list of recommended geophysical surveying support 
subcontractors that can be used for utility-locating services: 

Equipment1 Other Services2 

Company Name and 
Address 

Contact Name 
and Phone 

Number 1 2 3 4 5 A B C 

US Radar, Inc.* 
PO Box 319 
Matawan, NJ 07747 

Ron LaBarca 

732-566-2035 

  4      

Utilities Search, Inc.* Jim Davis  

703-369-5758 

4    4 4 4 4 

So Deep, Inc.* 
8397 Euclid Avenue 
Manassas Park, VA 20111 

703-361-6005 4     4 4 4 

Accurate Locating, Inc. 
1327 Ashton Rd., Suite 101 
Hanover, MD 21076 

Ken Shipley  

410-850-0280 

4 4       

NAEVA Geophysics, Inc. 
P.O. Box 7325   
Charlottesville, VA 22906 

Alan 
Mazurowski 

434-978-3187 

4 4 4 4 4 4 4 4 

Earth Resources 
Technology. Inc.              
8106 Stayton Rd.           
Jessup, MD 20794 

Peter Li 

240-554-0161 

4 4 4 4 4 4 4  

Geophex, Ltd                        
605 Mercury Street 
Raleigh, NC 27603 

I. J. Won 

919-839-8515 

4 4 4 4 4 4 4 4 
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Notes: 

*Companies denoted with an asterisk have demonstrated reluctance to assume responsibility for 
damage to underground utilities or an inability to accommodate the insurance requirements that CH2M 
HILL requests for this type of work at many Navy sites.  
1Equipment types are: 
1. Simple electromagnetic instruments, usually hand-held 
2. Other, more innovative, electromagnetic instruments, including larger instruments for more area 

coverage 
3. Ground-penetrating radar systems of all kinds 
4. Audio-frequency detectors of all kinds 
5. Radio-frequency detectors of all kinds 
2Other services include: 

A. Data interpretation and/or report preparation to provide a permanent record of the geophysical 
survey results and a professional interpretation of the findings, including expected accuracy and 
precision. 

B. Non-destructive excavation to field-verify the depths, locations, and types of subsurface utilities. 
C. Concrete/asphalt coring and pavement/surface restoration. 
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Attachment C – Equipment Used for 
Identifying Underground Utilities 

This attachment provides a summary of the various types of equipment used for 
subsurface utility location.  It describes the capabilities and limitations of each in order 
to help the AM and PM determine if the equipment being proposed by a subcontractor 
or Navy is adequate. A list of in-house experts that can be used to answer questions you 
may have is provided below.  

CH2M HILL In-house Utility Location Experts 

Tamir Klaff/WDC  

Home Office Phone – 703-669-9611 

Electromagnetic Induction (EMI) Methods 

EMI instruments, in general, induce an electromagnetic field into the ground (the 
primary field) and then record the response (the secondary field), if any.  Lateral 
changes in subsurface conductivity, such as caused by the presence of buried metal or 
by significant soil variations, cause changes in the secondary field recorded by the 
instrument and thus enable detection and mapping of the subsurface features.  It should 
be noted that EMI only works for electrically conductive materials--plastic or PVC pipes 
are generally not detected with EMI. Water and gas lines are commonly plastic, 
although most new lines include a copper “locator” strip on the top of the PVC to allow 
for detection with EMI.   

EMI technology encompasses a wide range of instruments, each with inherent strengths 
and weaknesses for particular applications.  One major division of EMI is between 
“time-domain” and “frequency-domain” instruments that differ in the aspect of the 
secondary field they detect.  Another difference in EMI instruments is the operating 
frequency they use to transmit the primary field.   Audio- and radio-frequencies are 
often used for utility detection, although other frequencies are also used.  Consideration 
of the type of utility expected, surface features that could interfere with detection, and 
the “congestion” of utilities in an area, should be made when choosing a particular EMI 
instrument for a particular site.  

One common EMI tool used for utility location is a handheld unit that can be used to 
quickly scan an area for utilities and allows for marking locations in “real time”.  This 
method is most commonly used by “dig-safe” contractors marking out known utilities 
prior to excavation.  It should be noted that this method works best when a signal (the 
primary field) can be placed directly onto the line (i.e., by clamping or otherwise 
connecting to the end of the line visible at the surface, or for larger utilities such as 
sewers, by running a transmitter through the utility).  These types of tools also have a 
limited capability to scan an area for unknown utilities.  Usually this requires having 
enough area to separate a hand held transmitter at least a hundred feet from the 
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receiver.  Whether hunting for unknown, or confirming known, utilities, this method 
will only detect continuous lengths of metallic conductors.  

In addition to the handheld EMI units, larger, more powerful EMI tools are available 
that provide more comprehensive detection and mapping of subsurface features.  
Generally, data with these methods are collected on a regular grid in the investigation 
area, and are then analyzed to locate linear anomalies that can be interpreted as utilities.  
These methods will usually detect all subsurface metal (above a minimum size), 
including pieces of abandoned utilities. In addition, in some situations, backfill can be 
detected against native soils giving information on trenching and possible utility 
location.  Drawbacks to these methods are that the secondary signals from utilities are 
often swamped (i.e., undetectable) close to buildings and other cultural features, and 
that the subsurface at heavily built-up sites may be too complicated to confidently 
interpret completely.   

Hand-held metal detectors (treasure-finders) are usually based on EMI technology.  
They can be used to locate shallow buried metal associated with utilities (e.g., junctions, 
manholes, metallic locators).  Advantages of these tools is the ease of use and real-time 
marking of anomalies.  Drawbacks include limited depths of investigations and no data 
storage capacity. 

Ground Penetrating Radar (GPR) 

GPR systems transmit radio and microwave frequency (e.g., 80 megaHertz to 1,000 
megaHertz) waves into the ground and then record reflections of those waves coming 
back to the surface. Reflections of the radar waves typically occur at lithologic changes, 
subsurface discontinuities, and subsurface structures. Plastic and PVC pipes can 
sometimes be detected in GPR data, especially if they are shallow, large, and full of a 
contrasting material such as air in a wet soil, or water in a dry soil.  GPR data are usually 
collected in regular patterns over an area and then analyzed for linear anomalies that 
can be interpreted as utilities.  GPR is usually very accurate in x-y location of utilities, 
and can be calibrated at a site to give very accurate depth information as well.  A 
significant drawback to GPR is that depth of investigation is highly dependant on 
background soil conductivity, and it will not work on all sites.  It is not uncommon to 
get only 1-2 feet of penetration with the signal in damp, clayey environments.  Another 
drawback to GPR is that sites containing significant fill material (e.g., concrete rubble, 
scrap metal, garbage) will result in complicated anomalies that are difficult or 
impossible to interpret.   

Magnetic Field Methods 

Magnetic field methods rely on detecting changes to the earth’s magnetic field caused by 
ferrous metal objects.  This method is usually more sensitive to magnetic metal (i.e., 
deeper detection) than EMI methods.  A drawback to this method is it is more 
susceptible to being swamped by surface features such as fences and cars.  In addition, 
procedures must usually be implemented that account for natural variations in the 
earth’s background field as it changes throughout the day.  One common use of the 
method is to measure and analyze the gradient of the magnetic field, which eliminates 
most of the drawbacks to the method.  It should be noted this method only detects 
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ferrous metal, primarily iron and steel for utility location applications.  Some utility 
detector combine magnetic and EMI methods into a single hand-held unit.  

Optical Methods 

Down the hole cameras may be useful in visually reviewing a pipe for empty conduits 
and/or vaults. 
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Attachment D – Utility Clearance 
Documentation Form 
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Attachment E – Utility Marking Color Codes 

The following is the standard color code used by industry to mark various types of 
utilities and other features at a construction site. 

White – Proposed excavations and borings 

Pink – Temporary survey markings 

Red – Electrical power lines, cables, conduits and lighting cables 

Yellow – Gas, oil, steam, petroleum or gaseous materials 

Orange – Communication, alarm or signal lines, cables, or conduits 

Blue – Potable water 

Purple – Reclaimed water, irrigation and slurry lines 

Green – Sewer and storm drain lines 
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STANDARD OPERATING PROCEDURE 

Water-Level Measurements 

I. Purpose and Scope 
The purpose of this procedure is to provide a guideline for the measurement of the 
depth to groundwater in piezometers and monitoring wells, even where a second 
phase of floating liquid (e.g., gasoline) is encountered, and on staff gages in surface-
water bodies.  This SOP includes guidelines for discrete measurements of static 
water levels and does not cover the use of continuously recording loggers (see SOP 
Use of Data Loggers and Pressure Transducers). 

II. Equipment and Materials 
• Electronic water-level meter (Solinst® or equivalent) with a minimum 100-foot 

tape; the tape should have graduations in increments of 0.01 feet or less 

• Interface probe (Solinst® Model 122 Interface Meter or equivalent) 

III. Procedures and Guidelines 
Verify that the unit is turned on and functioning properly.  Slowly lower the probe on 
its cable into the piezometer or well until the probe just contacts the water surface; the 
unit will respond with a tone or light signal.  Note the depth from a reference point 
indicated on the piezometer or well riser. Typically this is the top of the protective 
casing. If no reference is clearly visible, measure the depth to water from the northern 
edge of the riser. If access to the top of the riser is difficult, sight across the top of the 
locking casing adjacent to the measuring point, recording the position of the cable when 
the probe is at the water surface.  

Measure the distance from this point to the closest interval marker on the tape, and 
record the water level reading in the logbook. Water levels will be measured to the 
nearest 0.01-foot. Also measure and record the three following readings: (1) the depth of 
the piezometer or well; (2) the distance from the reference point to the top of the 
protective casing; and (3) the distance to the surface of the concrete pad or to ground. 
The depth of the piezometer or well may be measured using the water-level probe with 
the instrument turned off. 

Free product light or dense nonaqueous phase liquid may be present in the piezometer 
or well. If the presence of free product is suspected, the thickness of the product should 
be determined using appropriate equipment (e.g., Solinst® Model 122 Interface Meter). 
The depth to water also is determined with this equipment and the water-level meter 
should not be used in the piezometer or well as long as product is present. Typically, a 
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constant sound is emitted from the device when free product is encountered and an 
alternating on/off beep sound is emitted when water is encountered.  

The apparent elevation of the water level in the well or piezometer is determined by 
measuring both the apparent depth to water and the thickness of free product. The 
corrected water-level elevation is calculated by the following equation: 

  WLc = Wla + (Free-product thickness x 0.80) 

Where WLc = Corrected water-level elevation 

  Wla = Apparent water-level elevation 

  0.80 = Typical value for the density of petroleum hydrocarbon products. 

If free product is detected on the surface of the water in the piezometer or well, the 
value of sampling should be reconsidered because of the potential for contaminating the 
sampling equipment. 

Staff gages may be installed in some surface-water bodies.  These facilities typically are 
constructed by attaching a calibrated, marked staff gage to a wood or metal post, 
driving the post into the bottom of the surface-water body, and surveying the elevation 
of the top of the post to a resolution or 0.01-foot. The elevation of the water in the 
surface-water body then can be determined by reading off the distance the water level is 
from the top of the post. A shield or other protection may be needed to calm the 
fluctuations in water level if the gage is installed at a location exposed to wind or wave. 
       

IV. Attachments 
None. 

V. Key Checks 
• Before each use, verify that the battery is charged by pressing the test button on the 

water-level meter.   

• Verify that the unit is operating correctly by testing the probe in distilled or de-
ionized water.  Leave the unit turned off when not in use. 
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1. SCOPE  AND APPLICATION 

1.1. This procedure is based upon Waters Application Note, “Determination of 
Perchlorate by LC/MS/MS” 2005, Dionex Application Note 151, the DoD 
Perchlorate Handbook, and Method 6850, “Perchlorate in Water, Soils and 
Solid Wastes Using High Performance Liquid Chromatography/Electrospray 
Ionization/Mass Spectrometry (HPLC/ESI/MS or HPLC/ESI/MS/MS).  This 
procedure acquires data using Multiple Reaction Monitoring (MRM) to reduce 
the effects of interferences. Alternative procedures are referred to as Method 
8321 Modified. 

1.2. This method covers the determination of perchlorate in ground and surface 
waters, soils, and wastes using a Liquid Chromatograph with tandem Mass 
Spectrometry (LC/MS/MS).  

1.3. Reporting limits and the dynamic range of the analysis are listed in the table 
below.  Expansion of the upper range is achieved through sample dilution.  
Lower reporting limits are achievable and may be implemented on a client or 
project specific basis. 

Reporting Limits and Dynamic Range for Perchlorate Analysis 

Aqueous (ug/L) Solid (ug/kg) 
Reference Method 

Reporting Limit Upper Calibration Limit Reporting Limit Upper Calibration Limit 

8321 Modified 0.50 20 1.0 40 

DoD Perchlorate 
Handbook 0.50 20 5.0 200 

Method 6850 0.50 20 5.0 200 

2. SUMMARY OF METHOD 

2.1. An aliquot of the aqueous sample is filtered and subjected to cleanup to remove 
anionic (sulfate, chloride, and carbonate) and organic interferences. 

2.2. Soil samples are extracted with water, centrifuged, and the supernate subjected 
to similar cleanup as aqueous samples.  

2.3. All samples are spiked with internal standard, then analyzed using an 
LC/MS/MS equipped with an atmospheric pressure ionization interface. 

3. DEFINITIONS 

3.1. Definitions of terms used in this SOP may be found in the glossary of the 
Quality Assurance Manual (QAM). 
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3.2. Data qualifiers are defined on each data report.  Commonly used data qualifiers 
are defined in the QAM. 

4. INTERFERENCES 

4.1. Method interferences may be caused by contaminants in the reagent water, 
reagents, glassware, and other sample processing apparatus that lead to discrete 
artifacts or elevated baselines in an LC/MS system.  These interferences can 
lead to false positive results for the target analyte as well as elevated detection 
limits.  

4.2. Hydrogen sulfate that is formed from the 34S isotope of sulfur (H34SO4-, (mz/ 
99) is a common interference.  It can interfere with the qualitative identification 
of perchlorate if there is poor chromatographic resolution between sulfate and 
perchlorate.  When using MRM detection, as this procedure does, this ion, at 
modest concentrations, does not interfere with the identification or quantitation 
of perchlorate. 

4.3. Reagent solutions and sample extracts that contain particulates larger than 0.45 
microns require filtration to prevent damage to the instrument.  Particulates can 
be separated by filtering the samples, standards, or reagents through a filter 
syringe with a 0.45-micron filter cartridge.  All samples pass through filter caps 
prior to injection.  This filtering is sufficient when small amounts of particulate 
are present in a sample. 

4.4. Sample matrices with high concentrations of common anions such as chloride, 
sulfate, and carbonate can destabilize the baseline in the perchlorate retention 
time window.  Use of a Ba/Ag/H cleanup cartridge (e.g., On-Guard II™ or 
other manufacturer) may remove common anions from the sample.   

4.5. Sample matrices with high organic content can be cleaned up by passing 
through a C18 SPE column, and/or may be rinsed with methylene chloride 
several times using a separatory funnel.     

4.6. Contamination by carryover can occur when a low concentration sample is 
analyzed after a high concentration sample.  The injection following a high 
level sample should be evaluated for possible carryover.  A solvent blank must 
be used following high level samples to monitor for carryover. 

5. SAFETY 
Employees must abide by the policies and procedures in the Corporate Environmental 
Health and Safety Manual (CW-E-M-001), the West Sacramento Addendum to the 
Corporate EH&S Manual (WS-PEHS-002) and this document.  This procedure may 
involve hazardous material, operations and equipment.  This SOP does not purport to 
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address all of the safety problems associated with its use.  It is the responsibility of the 
user of the method to follow appropriate safety, waste disposal and health practices 
under the assumption that all samples and reagents are potentially hazardous.  Safety 
glasses, gloves, lab coats and closed-toed, nonabsorbent shoes are a minimum.   

5.1. Specific Safety Concerns or Requirements 

5.1.1. The use of separatory funnels to clean up aqueous samples with 
methylene chloride creates excessive pressure very rapidly.  Initial 
venting should be done immediately after the sample container has 
been sealed and inverted.  Vent the funnel into the hood away from 
people and other samples.  This is considered a high-risk activity, and 
a face shield must be worn over safety glasses or goggles when it is 
performed.  Alternately, the process may be performed behind a closed 
fume hood sash. 

5.1.2. Eye protection that satisfies ANSI Z87.1, laboratory coat, and 
chemically resistant gloves must be worn while samples, standards, 
solvents, and reagents are being handled.  PVC and nitrile gloves both 
provide adequate levels of protection against most of the chemicals 
used in this SOP.  However, if methylene chloride cleanup (Section 
11.6) is performed, ONLY nitrile gloves will be worn when handling 
methylene chloride. 

5.1.3. Exposure to chemicals must be maintained as low as reasonably 
achievable; therefore all samples must be opened, transferred and 
prepared in a fume hood.  Solvent and waste containers will be kept 
closed unless transfers are being made. 

5.1.4. Laboratory procedures such as repetitive use of pipets, repetitive 
transferring of extracts, and manipulation of filled separatory funnels 
and other glassware represent a significant potential for repetitive 
motion or other ergonomic injuries.  Laboratory associates performing 
these procedures are in the best position to realize when they are at 
risk for these types of injuries.  Whenever a situation is found in which 
an employee is performing the same repetitive motion, the employee 
shall immediately bring this to the attention of their supervisor, 
manager, or the EH&S staff.  The task will be analyzed to determine a 
better means of accomplishing it. 

5.1.5. Exercise caution when using syringes with attached filter assemblies.  
Application of excessive force has, upon occasion, caused a filter disc 
to burst during the process. 

5.2. Primary Materials Used 
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The following is a list of the materials used in this method, which have a 
serious or significant hazard rating.  NOTE:  This list does not include all 
materials used in the method.  The table contains a summary of the 
primary hazards listed in the MSDS for each of the materials listed in the 
table.  A complete list of materials used in the method can be found in the 
reagents and materials section.  Employees must review the information in the 
MSDS for each material before using it for the first time or when there are 
major changes to the MSDS. 

 
Material 
(1) 

Hazards Exposure 
Limit (2) 

Signs and symptoms of exposure 

Acetonitrile Flammable 
Poison 

40 ppm-TWA Early symptoms may include nose and throat irritation, 
flushing of the face, and chest tightness.  Prolonged 
exposure to high levels of vapors may cause formation of 
cyanide anions in the body. 

Ammonium 
Hydroxide 

Corrosive 
Poison 

50 ppm-TWA Vapors and mists cause irritation to the respiratory tract.  
Causes irritation and burns to the skin and eyes. 

Methanol Flammable 
Poison 
Irritant 

200 ppm-TWA A slight irritant to the mucous membranes.  Toxic effects 
exerted upon nervous system, particularly the optic nerve.  
Symptoms of overexposure may include headache, 
drowsiness, and dizziness.  Methyl alcohol is a defatting 
agent and may cause skin to become dry and cracked.  
Skin absorption can occur; symptoms may parallel 
inhalation exposure.  Irritant to the eyes. 

Methylene 
Chloride 

Carcinogen 
Irritant 
Poison 

500 ppm-TWA Inhalation of vapors may cause severe irritation of the 
respiratory system.  Inhalation may cause headache, 
nausea, vomiting, dizziness, narcosis, suffocation, lower 
blood pressure, and depression of the central nervous 
system.  Liquid may be irritating to skin and eyes.  
Prolonged skin contact may result in dermatitis.  Eye 
contact may result in temporary corneal damage.  Ingestion 
may cause nausea, vomiting, gastrointestinal irritation, and 
burns to mouth and throat.  Reported as causing cancer in 
laboratory animals.   

1 – Always add acid to water to prevent violent reactions. 
2 – Exposure limit refers to the OSHA regulatory exposure limit. 

6. EQUIPMENT AND SUPPLIES 

6.1. Liquid Chromatograph/Mass Spectrometer (LC/MS/MS) – This method uses 
LC instrumentation manufactured by Waters, Model 2690, or equivalent, and a 
tandem Mass Spectrometer manufactured by Micromass, Model Quattro LC, or 
equivalent.  The liquid chromatograph is equipped with a refrigerated 
autosampler, an injection valve, a pump with variable flow rate, and a 250uL-
sample loop.  

6.1.1. Columns: Waters IC-Pak™ Anion HR, 75x4.6mm, 7um, PN 026765, 
or equivalent.   
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6.1.1.1. The use of a guard column is highly recommended; Waters 
PN 007357 (guard holder and 5 inserts) or PN 010551 (5 
inserts/package), or equivalent. 

6.1.2. Detector:  Mass Spectrometer with API - EI negative mode. 

6.2. Balance: Analytical balance, capable of accurately weighing to the nearest 
0.0001 g. 

6.3. Cleanup cartridges, On-Guard II™, or equivalent; 

6.3.1. Single use cartridge with three media: Ba/Ag/H, Dionex PN 63955, or 
equivalent. 

6.3.2. Individual use cartridge with single media may be used: Ba, Dionex 
PN 057093, Ag, Dionex PN 057089, and H, Dionex PN 057085, or 
equivalent. 

6.3.3. Centrifuge. 

6.3.4. Conical centrifuge tubes, 50 mL. 

6.3.5. Filter assembly, 25 mm, 0.45 μm and 0.20 μm. 

6.3.6. Test tubes, 16 mL and 8 mL, glass, with teflon-lined screw caps. 

6.3.7. Separatory funnel, 50 mL, 100 mL, or 250 mL, with Teflon stopcock 
and Teflon or glass stopper. 

6.3.8. SPE column, C18, 1000 mg, 6 mL, Fisher PN 11-131-9, or equivalent. 

6.3.9. Syringe, disposable, 2 to 10 mL capacity and equipped with male 
pressure fitting. 

6.3.10. Vials, 2 mL and 40 mL, glass with Teflon-lined screw caps. 
Note:  It is permissible to change column types, injection volumes, 
and/or eluents to improve separation or to lower costs, provided that 
the initial demonstration of capability is repeated. 

7. REAGENTS AND STANDARDS 

7.1. Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, 
it is intended that all reagents shall conform to the specifications of the 
Committee on the Analytical Reagents of the American Chemical Society, 
where such specifications are available.  Other grades may be used, provided it 
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is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

7.2. Reagent water, HPLC grade.  Distilled or deionized water, free of anions of 
interest may be used.  

7.3. Methylene Chloride, pesticide grade. 

7.4. Acetonitrile, HPLC grade. 

7.5. Ammonium Bicarbonate, NH4HCO3, ACS certified. 

7.6. Ammonium Hydroxide, NH4OH, concentrated in water, ACS certified. 

7.7. Sodium Bicarbonate (NaHCO3) 

7.8. Sodium Chloride (NaCl) 

7.9. Sodium Sulfate (Na2SO4) 

7.10. Methanol, pesticide grade. 

7.11. LC Mobile Phase Solution (Ammonium Bicarbonate, 25 mM): Dissolve 1.58 g 
ammonium bicarbonate into 1 L HPLC water.  Adjust the pH to 10 with 
concentrated ammonium hydroxide. 

7.12. Synthetic Matrix Solution, 1000 mg/L of chloride, sulfate, and bicarbonate: 
Dissolve 1.40 g sodium bicarbonate, 1.54 g sodium chloride, and 1.48 g sodium 
sulfate in a 1 L volumetric flask containing reagent water.  Dilute to the mark 
with reagent water.  

7.13. Isotopically labeled perchlorate standard (Cl18O4), 1.0 ug/mL in water: Obtain 
commercially.  Store the solution in the refrigerator at 2-6 °C.  The solution is 
valid for 1 year or as per manufacturer’s expiration date. 

7.14. Perchlorate stock solution, 1000 ug/mL: Obtain commercially.  Store the 
solution in the refrigerator at 2-6 °C.  The solution is valid for 1 year or as per 
manufacturer’s expiration date. 

7.14.1. The working standard is prepared at 1.0 ug/mL in water.  This solution 
is used for preparing the analytical curve and for spiking samples.  
Store the solution at 2-6°C.  Replaced every six months or sooner if 
there are signs of degradation or the source standard expires sooner. 

7.14.2. Prepare the analytical curve from the working standard at the 
following concentrations in water: 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10, and 



                                                                                                    SOP No.WWS-LC-0012, Rev. 5.1 
Effective Date: 02/13/2009  

Page No.: 8 of 32
 

Company Confidential & Proprietary 

20 ng/mL perchlorate.  Prior to analysis, spike each calibration 
standard with the labeled internal standard at a concentration of 10 
ng/mL.  Alternatively, the internal standard can be included when the 
curve standards are prepared. 

7.15. Second Source Stock Standard, 1000 ug/mL: Obtain commercially from either 
an alternate vendor, or a different lot from the same vendor supplying the 
perchlorate stock solution in 7.13 above.  This standard is valid for up to 1 year. 

7.16. Second Source Working Standard/Initial Calibration Verification (ICV):  
Prepare from the second source stock standard at a concentration of 5.0 ng/mL 
in water.  Store at 2-6 °C, and replace every six months or sooner if there are 
signs of degradation.  Prior to analysis, add the labeled internal standard at a 
concentration of 10 ng/mL.  Alternatively, the internal standard can be included 
when the curve standards are prepared. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Samples should be collected in pre-cleaned plastic or glass containers.  The 
volume collected should be sufficient to ensure a representative sample, allow 
for replicate analysis (if required), and minimize waste disposal.  There should 
be headspace in about 1/3 of the sample container to minimize anaerobic 
conditions.  Perchlorate is susceptible to microbiological degradation by 
anaerobic bacteria.  Ship samples at 2-6ºC. 

8.1.1. Samples to be analyzed under the requirements of Method 6850 or the 
DoD Perchlorate Handbook require filtration through a sterile 0.20 um 
filter to remove microorganisms and suspended solids.  Collect 80 mL 
filtered sample into a sterile sample container.  Store with headspace to 
minimize the possibility of anaerobic conditions developing during 
sample storage. 

8.2. Samples are stored at 2-6°C with no chemical preservative. 

8.3. Aqueous samples should be analyzed within 28 days of collection. 

8.4. Soil samples should be analyzed within 28 days of collection.  

9. QUALITY CONTROL 

9.1. Initial Demonstration of Capability 
The initial demonstration and method detection limit (MDL) studies described 
in Section 13 must be acceptable before analysis of samples may begin. 
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9.2. Batches are defined at the sample preparation step.  Batches should be kept 
together through the whole analytical process as far as possible, but it is not 
mandatory to analyze prepared extracts on the same instrument or in the same 
sequence.  Refer to the QC program document (WS-PQA-003) for further 
details of the batch definition. 

9.2.1. The quality control batch is a set of up to 20 samples of the same 
matrix processed using the same procedure and reagents within the 
same time period.  The quality control batch must contain a matrix 
spike/matrix spike duplicate (MS/MSD), a laboratory control sample 
(LCS) and a method blank (MB).  Laboratory generated QC samples 
(MB, LCS, MS/MSD) do not count toward the maximum 20 samples 
in a batch.  Field QC samples are included in the batch count.  In some 
cases, at client request, the MS/MSD may be replaced with a matrix 
spike and sample duplicate.  If insufficient sample is available for an 
MS/MSD and batch specific precision is required, an LCSD may be 
substituted.  In the event that multiple MS/MSDs are run with a batch 
due to client requirements, the additional MS/MSDs do not count 
toward the maximum 20 samples in a batch. 

9.3. In-house control limits may be determined for MS/MSD, and LCSs as specified 
below in discussions of LCS and MS/MSD.  When in-house control limits are 
used, they must be determined at least annually.  The recovery limits are mean 
recovery ± 3 standard deviations, unless that limit is tighter than the calibration 
criteria, in which case limits may be widened.  Refer to policy WS-PQA-003 
for details.   
In-house control limits are available through the use of QC Browser or other 
LIMS query tools. 

9.4. One method blank must be extracted with every process batch of similar matrix, 
not to exceed twenty (20) samples.  For aqueous samples, the method blank is 
an aliquot of laboratory reagent water.  For soil samples, the method blank is an 
aliquot of control soil (such as Ottawa sand).  The method blank is processed in 
the same manner and at the same time as the associated samples.  Corrective 
actions must be documented on a non-conformance memo (NCM), then 
implemented when target analytes are detected in the method blank above the 
reporting limit or when surrogate recoveries are outside of the control limits.  
Re-extraction of the blank, other batch QC, and the affected samples are 
required when the method blank is deemed unacceptable.  See policy WS-PQA-
003 for specific acceptance criteria. 

9.4.1. The method blank must not contain any analyte at or above the 
reporting limit, or at or above 10% of the measured concentration of 
that analyte in the associated samples, whichever is higher. 
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9.4.2. If there is no target analyte greater than the RL in the samples 
associated with an unacceptable method blank, the data may be 
reported with qualifiers.  Such action should be taken in consultation 
with the client. 

9.4.3. Re-extraction and re-analysis of samples associated with an 
unacceptable method blank is required when reportable concentrations 
are determined in the samples. 

9.4.4. Refer to WS-PQA-003 for further details of the corrective actions. 

9.4.5. Projects performed under the auspices of the DoD QSM or AFCEE 
must meet DoD-specific criteria for method blanks.  Results are 
acceptable if the blank contamination is less than ½ of the reporting 
limit for each analyte, or less than 1/10 of the regulatory limit, or less 
than 1/10 of the sample result for the same analyte, whichever is 
greater.  If the method blank does not meet the acceptance criteria, the 
source of contamination must be investigated and measures taken to 
correct, minimize or eliminate the problem.  If contamination remains, 
the contaminated samples should be re-prepared and reanalyzed with a 
new MB and batch-specific QC samples. 

9.5. An LCS must be extracted with every process batch of similar matrix, not to 
exceed twenty (20) samples.  The LCS is an aliquot of laboratory matrix (e.g. 
water for aqueous samples and Ottawa sand for solid samples) spiked with 
analytes of known identity and concentration.  The LCS must be processed in 
the same manner and at the same time as the associated samples.  Corrective 
actions must be documented on an NCM, then implemented when recoveries of 
any spiked analyte are outside of the control limits provided by the Laboratory 
Information Management System (LIMS) or by the client.  Re-extraction of the 
blank, other batch QC and all associated samples are required if the LCS is 
deemed unacceptable.  See WS-PQA-0003 for specific acceptance criteria. 

LCS Control Limits 
Method Criteria 
8321Modified Historically generated (section 9.2). 
6850 Recovery: 80-120%, RPD 15% (mid-range spike) 
DoD Perchlorate Handbook Recovery: 80-120%, RPD 15% 
Note: LCS for DoD Perchlorate Handbook is spiked at the reporting limit, as directed in table 
G-3 of the Handbook. 

9.6. Interference effects from high anion concentrations are evaluated using spiked 
aliquots of synthetic matrix solution (section 7.11).  These are known internally 
as the Synthetic Matrix Check Samples (SMCS). 
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9.6.1. An interference check sample must be prepared and evaluated for each 
batch analyzed using the DoD Perchlorate Handbook criteria.  This 
sample is an aliquot of synthetic matrix solution spiked with 
perchlorate at or below the reporting limit.  The concentration of the 
anions in the synthetic matrix solution is determined through the 
interference threshold study (section 13.2).  Recovery must be within 
30% of the true value.  If the ICS fails this criterion, the cause must be 
determined and corrected, and all affected samples reanalyzed.  
Common causes for failure include poor recovery from cleanup filters 
or analytical column degradation. 

9.6.2. For Method 6850, a “high TDS” standard may be analyzed to evaluate 
matrix effects.  This standard is prepared at the mid-range 
concentration level in an aliquot of synthetic matrix solution, such that 
the final specific conductivity of the solution is similar to the samples 
being analyzed.  Recovery should be within 80-120%. 

9.7. An MS/MSD or MS/SD pair must be extracted with every process batch of 
similar matrix, not to exceed twenty (20) samples.  An MS/MSD pair is aliquots 
of a selected field sample spiked with analytes of known identity and 
concentration.  The MS/MSD pair must be processed in the same manner and at 
the same time as the associated samples.  Spiked analytes with recoveries or 
precision outside of the control limits must be within the control limits in the 
LCS.  Corrective actions must be documented on an NCM, then implemented 
when recoveries of any spiked analyte are outside of the control limits provided 
by the LIMS or by the client.  Re-extraction of the blank, the LCS, the selected 
field samples, and the MS/MSD may be required after evaluation and review. 

MS/MSD Control Limits 
Method Criteria 
8321Modified Historically generated (section 9.2). 
6850 Aqueous recovery: 80-120%; Solid Recovery 70-130%. 

RPD 15% (mid-range spike) or 50% (low range spike) 
DoD Perchlorate Handbook Recovery: 80-120%, RPD 15% 
Note: MS/MSD for DoD Perchlorate Handbook are spiked at the reporting limit, as directed in 
table G-3 of the Handbook. 

9.8. A duplicate control sample (LCSD or DCS) may be substituted when 
insufficient sample volume is provided to process an MS/MSD pair, and batch 
precision is required per client requirements.  However, on going precision 
measurements may be made from daily LCSs without an LCSD.  The LCSD is 
evaluated in the same manner as the LCS.  See WS-PQA-0003 for specific 
acceptance criteria. 
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9.9. Initial Calibration Verification (ICV) – A second source standard (Section 7.15) 
is analyzed with the initial calibration curve.  (Note:  This ICV is the second 
source calibration verification standard in the DoD Perchlorate Handbook).  

ICV (Second Source) Criteria 
Criteria 

Method 
Perchlorate Internal Standard 

8321Modified Within ± 30% of true value ± 50% of the average area from ICAL 
6850 Within ± 15% of true value ± 50% of the average area from ICAL 
DoD Perchlorate 
Handbook 

Within ± 15% of true value ± 50% of the average area from ICAL 

Corrective actions for the ICV include: 

• Rerun the ICV. 
• Remake or acquire a new ICV. 
• Evaluate the instrument conditions. 
• Evaluate the initial calibration standards. 

9.10. Internal Standards  
Internal standard, labeled Perchlorate-Cl18O4, is added to all blanks, standards 
and samples before analysis at a final concentration of 10 ng/mL. 
Criteria for the internal standards in the ICAL and ICV/CCV are presented with 
the other criteria in the calibration section. 

Internal Standard Criteria for Samples 
Method Criteria Relative Retention Time 

8321Modified IS area within 50% of the average area in 
ICAL 1.0 +/- 2% (0.987 – 1.02) 

6850 

IS area within 50% of the average area in 
ICAL, or, if ICAL isn’t on same day, IS 
area within 50% of the area of the ICV or 
first CCV of batch. 

1.0 +/- 2% (0.987 – 1.02) 

DoD Perchlorate 
Handbook 

IS area within 50% of the average area in 
ICAL 1.0 +/- 2% (0.987 – 1.02) 

9.10.1. If the internal standard areas do not meet the criteria, the following 
corrective actions may be taken: 

• Reanalyze the sample at increasing dilutions until the criteria is met, or 
• Perform additional cleanups.    

9.10.2. If the internal standards do not meet the criteria and sample results are 
reported, the internal standard failure should be narrated in the NCM 
program. 
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9.11. Isotope Ratios 
Natural abundance stable isotopes for chlorine have a mass of 35 and 37 (35Cl 
and 37Cl) in nature at a relative abundance of 3 to 1.  The multiple reaction 
monitoring (MRM) for perchlorate for mass to charge ratio (m/z) of 85 and 83 
is monitored and the transition mass 99 → 83 for 35ClO4− → 35ClO3− and 
transition mass 101 → 85 for 37ClO4− → 37ClO3−.  Criteria for the isotopic 
ratios are below.  Reported positives that do not meet the ratio criteria should be 
narrated using the NCM program. 

9.11.1. Method 8321Modified:  The ratio of 83 to 85 should be within 30% of 
the theoretical value of 3.08 (2.31 to 3.85) for all positives that are 
reported.  Analyst interpretation may be required for certain matrices.  
These must be flagged and noted in the narrative. 

9.11.2. Method 6850:  The 83/85 peak area count ratio should be within 30% 
of the average peak area count ratio of the mid-range calibration 
standard, if the calibration is performed on the same day as the 
analysis, or otherwise, using the average peak area count ratios of all 
the CCV runs of the analytical batch, whichever is appropriate. 

9.11.3. For the DoD Perchlorate Handbook, the ratio must be within 2.3 – 3.8 
(theoretical ratio approximately 3.06) for all samples, spike samples, 
and standards for both the parent ions 99/101 and daughter ions 83/85.  
If the criteria are not met,  
• Reanalyze the sample,  
• Perform additional cleanups,  
• Re-extract the sample, and/or 
• Use alternative techniques such as post-spiking to confirm the 

presence of perchlorate. 
• Analyst interpretation may be required for certain matrices.  

These must be flagged and noted in the narrative. 

9.12. An instrument blank (consisting of reagent water spiked with internal standard) 
must be analyzed prior to and immediately following initial calibration, 
following samples with over-range concentrations of perchlorate, and at the end 
of each batch.  The blank should contain less than ½ the reporting limit of 
perchlorate.  If the blank does not meet this criteria, reanalyze until no 
carryover is observed, then reanalyze all samples following the contaminated 
blank. 

10. CALIBRATION 

10.1. Mass tuning is performed by the service engineer following major maintenance 
to the mass spectrometer. 
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10.2. Mass calibration is verified on an as-needed basis (daily for DoD Handbook), 
when conditions have been optimized.  The mass calibration range must bracket 
the ion masses of interest without greatly exceeding the range.  The most recent 
mass calibration must be used for all data files in an analytical run.  Verify the 
mass calibration by acquiring a full-scan mass spectrum of a perchlorate stock 
standard.  Perchlorate ions should be within 0.3 m/z of mass 99, 101, and 107 
or their respective daughter ion masses (83, 85 and 89) depending on which 
ions are quantitated. 

10.2.1. For DoD Perchlorate Handbook analysis, mass calibration must be 
verified on a daily basis. 

10.3. A new calibration curve must be generated after major changes to the system or 
when the continuing calibration criteria cannot be met.  Major changes include, 
but are not limited to new columns or pump seals.  A new calibration is not 
required after minor maintenance. 

10.4. With the exception of the circumstances delineated in policy P-T-001, it is not 
acceptable to remove points from a calibration curve.  In any event, at least five 
points must be included in the calibration curve.  Average response factor and 
linear fit calibrations require five points, whereas quadratic (second order) 
calibrations require six points.  See Section 7.13.2 for calibration curve levels. 

10.5. The following requirements must be met for any calibration to be used. 
• Response must increase with increasing concentration. 
• If a curve is used, the intercept of the curve must be less than ± ½ 

the reporting limit (or the method detection limit when running 
under the DoD Perchlorate Handbook) for the analyte. 

• The internal standard area count must be within criteria for the 
standards. 

• Do not “Include Origin”. 

10.6. A fixed injection volume is used for quantitation purposes and is to be the same 
for both the sample and standards. 

10.6.1. Volumes up to 250 uL are used to obtain the necessary sensitivity on a 
0.20 ng/mL standard. 

10.7. All units used in the calculations must be consistently uniform, such as 
concentration in ng/mL and response in area or height counts. 

10.8. Initial Calibration 

10.8.1. A minimum of five analytical standards of different analyte 
concentrations, with the lowest concentration at or below the reporting 
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limit, are used to generate the curve.  (Note:  Method 6850 
recommends a minimum of six calibration levels, regardless of the 
calibration fit mode.)  Each standard is injected once to obtain the peak 
area for each analyte at each concentration and the internal standard 
area count must be within criteria from each standard.  An instrument 
blank consisting of reagent water spiked with internal standard is 
analyzed before and after the sequence of standards used to generate 
the curve.  These should meet the criteria in Section 9.12. 

10.8.2. Evaluate the internal standards.  All individual internal standard areas 
must be within 50% of the average internal standard areas for the 
initial calibration. 

10.8.3. Calibration is by average response factor, linear fit, or by quadratic fit.  
Quadratic fit is used if the response is non-linear.   

10.8.3.1. For linear fit, the intercept of the line must be less than ½ 
the reporting limit (or the method detection limit for DoD 
Perchlorate Handbook), and the coefficient of 
determination (r2) must be greater than or equal to 0.990 
for the curve to be considered valid (or the correlation 
coefficient (r) > 0.995).  This calibration scheme may be 
used for Method 8321 Modified, the DoD Perchlorate 
Handbook, and Method 6850. 

10.8.3.2. For average response factor (RFa), the relative standard 
deviation (RSD) must be < 20% for the curve to be valid.  
This calibration scheme may be used for Method 8321 
Modified and the DoD Perchlorate Handbook. 

10.8.3.3. For quadratic fit, the intercept of the line must be less than 
½ the reporting limit, the coefficient of determination (r2) 
must be greater than or equal to 0.990 (Method 8321 
Modified) or 0.995 (Method 6850) for the curve to be 
considered valid.  This calibration scheme may be used for 
Method 8321 Modified and Method 6850. 

10.8.4. Initial calibrations are required on a daily basis for analysis under the 
DoD Perchlorate Handbook. 

10.9. Initial Calibration Verification Standard (ICV) – Immediately following the 
initial calibration, the initial calibration verification standard (ICV) is the 
second source standard and is injected singly to determine the concentration for 
perchlorate based on the initial calibration curve.  The ICV is a mid-range 
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standard.  The value calculated is compared to the expected value and should 
meet the percent difference (%D) criteria before the samples are analyzed. 

Equation 1   100%
1

21 ×
−

=
R

RR
D  

Where R1 is the expected result, and R2 is the calculated result based on the initial 
curve.   

10.9.1. Refer to Section 9.9 for details of criteria and corrective actions. 

10.10. Continuing Calibration Verification Standards (CCV) – is injected prior to sample 
analysis, following every 10 samples or fewer, and at the end of the analytical run.  
Samples may be analyzed immediately after the curve and the ICV standard.  For the 
DoD Handbook and Method 8321 Modified analysis, the CCV is at the mid-range of 
the calibration curve.  For Method 6850 analysis, the CCV concentrations alternating 
between the low- and mid-range calibration standards are recommended. 

CCV Criteria 
Criteria 

Method 
Perchlorate Internal Standard 

8321 Modified ± 30% of true value ± 50% of the average area from ICAL 
6850: Mid-Range ± 15% of true value 

6850: Low-Range ± 50% of true value 

± 50% of the average area from ICAL or 
first CCV of batch, if ICAL run on 
different day. 

DoD Perchlorate 
Handbook ± 15% of true value ± 50% of the average area from ICAL 

10.10.1. If a failure occurs, any samples injected after the last good continuing 
calibration standard must be reinjected. 

10.11. Limit of Detection Verification (LODV, MRL) - is injected prior to sample analysis, 
and at the end of the analytical run.  This is a low-level standard.  For Method 8321 
Modified, this standard is at the reporting limit.  For the DoD Perchlorate Handbook, 
this standard is approximately 2 times the MDL.  Note: The LODV is not required for 
Method 6850, which alternates mid-range and low-range standards for CCVs. 

LODV Criteria 
Criteria 

Method 
Perchlorate Internal Standard 

8321 Modified Within ± 50% of true value ± 50% of the average area from ICAL 
6850 Not required Not Required 
DoD Perchlorate 
Handbook Within ± 30% of true value ± 50% of the average area from ICAL 
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10.11.1. If the LODV standard is out of control, samples with values between 
the RL and MDL must be reinjected with a passing LODV.  Samples 
with values above the RL may be reported. 

10.12. Retention Time Windows 

10.12.1. Retention time windows are set at  +/- 0.15 minutes, and the center of 
the retention time window (retention time) is updated with the mid 
point of the calibration curve, and with the first CCV of the day.   

10.12.2. Corrective Action for Retention Times 
The retention times of all compounds in each continuing calibration 
must be within the retention time windows established by the 12 hour 
calibration.   

11. PROCEDURE  

11.1. Procedural Variations 
Procedural variations are allowed only if deemed necessary in the professional 
judgment of the supervisor to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters.  Any variation in 
procedure shall be completely documented using a Nonconformance memo and 
approved by a supervisor and QA/QC manager.  If contractually required, the 
client will be notified. The Nonconformance memo will be filed in the project 
file. 
Any deviations from this procedure identified after the work has been 
completed must be documented as a nonconformance, with a cause and 
corrective action described.  A Nonconformance memo shall be used for this 
documentation. 

11.2. Aqueous Samples 

11.2.1. Measure 20 mL of sample into a 40 mL vial. 

11.2.2. Measure 20 mL reagent water into a 40 mL vial for each MB and LCS/LCSD. 

11.2.3. DoD Perchlorate Handbook and Method 6850: Measure 20 mL of synthetic 
matrix solution into a 40 mL vial for the SMCS.   

11.2.4. DoD Perchlorate Handbook and Method 6850:  Fortify all samples, 
including MB, LCS/LCSD and MS/MSD with 200 uL of the 1.0 ug/mL 
labelled perchlorate standard to yield 10 ng/mL in the sample. 
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11.2.5. Fortify the LCS and SMCS (if needed) with 100 uL of the 1.0 ug/mL 
perchlorate standard to yield 5.0 ppb in the sample.  For DOD, the QCs are 
fortified at the reporting limit; spike with the appropriate volume of the 
perchlorate standard to obtain the desired level.   

 For example, with the RL of 0.50 ppb, spike with 100 µL of the 0.10 µg/mL 
perchlorate standard.  For RL of 0.20 ppb, spike with 40 µL of the 0.10 
µg/mL perchlorate standard. 

11.2.6. Fortify the MS and MSD each with 100 uL of the 1.0 ug/mL perchlorate 
standard to yield 5.0 ppb in the sample.  For DOD, the QCs are fortified at the 
reporting limit; spike with the appropriate volume of the perchlorate standard 
to obtain the desired level.   

 For example, with the RL of 0.50 ppb, spike with 100 µL of the 0.10 µg/mL 
perchlorate standard.  For RL of 0.20 ppb, spike with 40 µL of the 0.10 
µg/mL perchlorate standard. 

11.2.7. Mix the samples well, and filter through a syringe fitted with a 0.45 um filter 
assembly into 16-mL test tubes. 
Warning: Exercise caution when using syringes with attached filter 
assemblies.  Application of excessive force has, upon occasion, caused a 
filter disc to burst during the process. 

11.2.8. Samples are ready for cleanup.  Proceed to Sections 11.6, 11.7, or 11.8. 

11.3. Soil/Sediment Samples for Method 8321 Modified 

11.3.1. Weigh 10.0 g of soil into 50 mL centrifuge tubes. 

11.3.2. Weigh 10.0 g of Ottawa sand into a 50 mL centrifuge tube for each MB, LCS 
and LCSD if required. 

11.3.3. Fortify the LCS and MS/SD (and LCSD, if required) with 100 uL of the 1.0 
ug/mL perchlorate standard to yield 10 ppb. 

11.3.4. Add 20 mL of HPLC grade water to each sample.   

11.3.5. Seal the tubes with a screw cap, and make sure they do not leak.  

11.3.6. Secure the tubes in a rack and on the reciprocating shaker, and shake for 1 
hour. 

11.3.7. After the samples have been shaken, centrifuge at approximately 3000 rpm for 
15 minutes. 
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11.3.8. Decant approximately 12 to 16 mL and filter with a syringe fitted with a 0.45 
um filter assembly into a 16 mL test tube. 
Warning: Exercise caution when using syringes with attached filter 
assemblies.  Application of excessive force has, upon occasion, caused a 
filter disc to burst during the process. 

11.3.9. Samples are ready for cleanup.  Proceed to Section 11.6, 11.7, or 11.8. 

11.4. Soil/Sediment Samples for DoD Perchlorate Handbook and Method 6850 

11.4.1. Weigh 3.0 g of sample into 15 mL centrifuge tubes. 

11.4.2. Weigh 3.0 g of Ottawa sand into a 15 mL centrifuge tube for each MB, SMCS, 
and LCS/LCSD. 

11.4.3. Fortify all samples with 100 uL of the 1.0 ug/mL labelled perchlorate standard 
to yield 10 ng/mL extract. 

11.4.4. DoD Perchlorate Handbook: The SMCS, LCS and MS/SD or the LCSD are 
fortified at the reporting limit; spike with the appropriate volume of the 
perchlorate standard to obtain the desired level.  For RL of 5.0 ppb, spike with 
150 µL of the 0.10 µg/mL perchlorate standard.  For RL of 2.0 ppb, spike with 
60 µL of the 0.10 µg/mL perchlorate standard.   

11.4.5. Method 6850:  Fortify the SMCS, LCS and MS/SD or the LCSD with 150 uL 
of the 1.0 ug/mL perchlorate standard to yield 50 ppbAdd 10 mL of synthetic 
matrix solution to the SMCS.  For 6850, spike the QC with 150 µL of the 1.0 
µg/mL perchlorate standard to yield 50 ppb.   

11.4.6. Add 10 mL of HPLC grade water to each remaining sample. 

11.4.7. Seal the tubes with a screw cap, and make sure they do not leak.  

11.4.8. Secure the tubes in a rack and on the reciprocating shaker, and shake for 15 
minutes. 

11.4.9. Remove from the shaker and sonicate in a water bath for 30 minutes. 

11.4.10. Following sonication, secure on the shaker and shake for an additional 15 
minutes. 

11.4.11. After the samples have been shaken, centrifuge at approximately 3000 rpm for 
15 minutes. 
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11.4.12. Decant approximately 8 to 10 mL and filter with a syringe fitted with a 0.45 
um filter assembly into a 16 mL test tube. 
Warning: Exercise caution when using syringes with attached filter 
assemblies.  Application of excessive force has, upon occasion, caused a 
filter disc to burst during the process. 

11.4.13. Samples are ready for cleanup.  Proceed to Section 11.6, 11.7, or 11.8. 

11.5. On-Guard Cleanup – for samples and extracts having high salt content.   
Note: If extracts have high level of organic contents, proceed with the C18 SPE 
cleanup in Section 11.8 or with the separatory funnel technique rinsing with 
methylene chloride in Section 11.7 before proceeding with On-Guard Cleanup.  

11.5.1. Rinse the Ba/Ag/H cartridge carefully with 15 mL of reagent water and purge 
the excess water (they do not necessarily have to be air-dried).   

Note: Do not force the cartridge on and off of the syringe, otherwise the 
cartridge housing will break the seal and cause leakage.  Do not use cartridges 
that leak. 

11.5.1.1. If the cartridge blanks are contaminated, then increase the 
volume of water for rinsing. 

11.5.2. If using individual cartridges, then arrange the cartridges and the 25 mm,      
0.2 um filter (not 0.45 um) in series as follows: 

(Ba)=>(Ag)=>(0.2 um filter)=>(H)=>   
Or, with a single cartridge, (Ba/Ag/H) is fitted with the 0.2 um filter: 

(Ba/Ag/H)=>(0.2 um filter)=> 
Note: A 0.2 um filtration is required after the On-Guard Cleanup to remove 
the silver ions.  Silver ions will pass through the 0.45 um filter and black 
precipitation will form in the extracts, causing an increase in the backpressure 
of the column and possible shutdown of the instrument. 

11.5.3. Pass 5 mL of sample through the cartridge/filter assembly – discard the first 1 
mL and collect the remainder (last 4 mL) into a 4 mL vial. 

11.5.4. Store the extracts at 4 ± 2 °C until analysis.  The extracts must be analyzed 
within 28 days of sampling. 

11.6. Cleanup by Separatory Funnel technique – for samples and extracts having high 
organic contents, such as milk and crop matrices. 

WARNING:  ONLY nitrile gloves are to be worn when performing this 
cleanup step.  No other gloves provide adequate protection against 
methylene chloride.   
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11.6.1. Mark the meniscus of the aqueous level on the sample container and transfer 
the aqueous sample to the small separatory funnel (50, 100, or 250 mL). 

11.6.2. Rinse the container with a small amount of methylene chloride and transfer to 
the separatory funnel. 
WARNING:  Methylene chloride creates pressure very rapidly!  
Therefore, initial venting should be done immediately after the sample 
container has been sealed and inverted.  Vent into hood away from 
analysts and other samples. 

11.6.3. Add 50 mL of methylene chloride and shake the separatory funnel.  Vent 
frequently since methylene chloride will pressurize rapidly.  Shake for 3 
minutes, and allow the phases to separate. 

11.6.4. If emulsions form, it may be necessary to aid the separation by centrifuging the 
methylene chloride layer.  Transfer the phases back to the separatory funnel, 
allow the phases to separate, and discard the methylene chloride phase. 

11.6.5. Repeat the washing with two 50 mL portions of methylene chloride, shake 
each time for 3 minutes, and allow the phases to separate.  Discard the 
methylene chloride phase. 

11.6.6. Transfer the aqueous phase to the container, and place in a heated water bath at 
50 °C.  Purge with nitrogen gently in the extract for approximately 2 to 5 
minutes to dissipate traces of methylene chloride. 

11.6.7. Bring the volume to the original mark with water, mix well, and filter the 
extracts through a 0.45 um filter into a vial. 
Warning: Exercise caution when using syringes with attached filter 
assemblies.  Application of excessive force has, upon occasion, caused a 
filter disc to burst during the process. 

11.6.8. Store the extracts at 4 ± 2 °C until analysis.  The extracts must be analyzed 
within 28 days of sampling. 

11.6.9. If the extracts contain high levels of anions, then proceed with the Ba/Ag/H 
cleanup in Section 11.6. 

11.7. Cleanup by SPE C18 – for extracts containing high organic contents, such as soil and 
sediments. 

11.7.1. Activate the 1000 mg C18, 6-cc SPE column with one column volume of 
methanol followed by one column volume of water at a flow rate of 
approximately 0.5 mL/min.  Do not allow the column to go dry. 
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11.7.2. With gentle positive pressure, push approximately 6 mL of the extract solution 
through the SPE column.  Discard the first 2 mL of the eluted sample extract 
and collect the last 4 mL. 

11.7.3. Filter the extracts through a 0.45 um filter into a vial. 
Warning: Exercise caution when using syringes with attached filter 
assemblies.  Application of excessive force has, upon occasion, caused a 
filter disc to burst during the process. 

11.7.4. If the extracts contain high levels of anions, then proceed with the Ba/Ag/H 
cleanup in Section 11.6.  

11.7.5. The extracts must be analyzed within 28 days of sampling. 

11.8. Internal Standard Addition – Method 8321 Modified analysis only.  Samples for 
method 6850 and DoD Perchlorate Handbook analysis are spiked prior to any 
preparation and cleanup steps. 

11.8.1. The internal standard Cl18O4-perchlorate is added to all extracts prior to 
analysis. 

11.8.2. Transfer 1.8 mL of extract to a 2 mL vial containing 18 uL of the IS solution 
(1.0 ug/mL in water), or at a ratio of 10 uL/1.0mL. 

11.8.3. Cap the vial and mix well. 

11.8.4. Final concentration for the internal standard is at 10 ng/mL in blanks, extracts 
and standards. 

11.9. HPLC Conditions for Perchlorate by Method 8321 Modified and DoD Perchlorate 
Handbook: 

11.9.1. Column: Waters IC-Pak™ Anion HR, 75x4.6 mm, 7 um, or equivalent.  A 
guard column is used with the column. 

11.9.2. Column temperature: 35 °C. 

11.9.3. Injection volume: 100 to 200 uL (Injection volume is consistent with the 
volume used for the initial calibration). 

11.9.4. Retention time for Perchlorate is approximately 7.4 minutes. 

11.9.5. LC Solvent System 
Reservoir Solvent 

A 25mM ammonium bicarbonate in water, pH adjusted to 10 with 
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ammonium hydroxide. 
B Not used 
C Acetonitrile 
D Not used 

11.9.6. LC Program (isocratic condition): 
Time A B C D Flow Rate 
0.00 25 0 75 0 0.40 mL/min. 

NOTE: Instrument conditions may change to improve resolutions and response 
for perchlorate. 

11.10. Tandem MS conditions  

11.10.1. The following settings must be optimized whenever necessary in order to 
provide good performance.  The values given below may change as a result. 
Capillary Voltage 3.00 Kilovolts 
Cone Voltage 60 Volts 
Extractor Voltage 3 Volts 
RF lens 0.0 Volts 
Source Temperature  120 °C. 
Desolvation Temperature 380 °C. 
Cone Gas Flow 50 L/hr 
Desolvation Gas Flow 650 L/hr 
Collision Energy 28 
Multiplier Voltage 800 

11.10.2. Mass Spectrometer (MS) scanning conditions - Conditions below describe 
analysis in negative-ion multiple-reaction-monitoring (MRM) mode. 

 Perchlorate 
Ion 

Parent 
Ion 

Daughter 
Ion 

 

Primary 99 83 35ClO4 => 35ClO3 Perchlorate (Native) 
Secondary 101 85 37ClO4 => 37ClO3 

Primary 107 89 35Cl18O4 => 35Cl18O3 Perchlorate   
(Cl18O4-Labeled IS) Secondary 109 91 37Cl18O4 => 37Cl18O3 

11.10.3. The ratio for the perchlorate ion (primary ion/secondary ion or 35Cl / 
37Cl) is used for the confirmation of perchlorate.  See Section 9.11. 

11.10.4. The ratio for the labeled perchlorate ion is monitored; however, it is 
not used in the methods.  The primary ion of the labeled perchlorate is 
used for positively identifying perchlorate in the sample by its 
retention time. 

11.10.5. Both ions are monitored with dwell time at 0.20 seconds, and delay 
time at 0.05 seconds on each ion. 

11.10.6. Use a diverting valve to switch the eluent to and from the mass 
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spectrometer.  Doing so helps to eliminate salt deposits from the 
sample matrix, and therefore reduces down time and possible matrix 
suppression.  The diverter valve is on several minutes before 
perchlorate elutes from the column then switched to waste after 
perchlorate is detected in the mass spectrometer.   

11.11. Preventive Maintenance 
Change in-line-frit as needed to retain proper pressure, peak shape, and 
response. 

12. CALCULATIONS/DATA REDUCTION 

12.1. If the concentration of the perchlorate anion exceeds the working range as 
defined by the calibration standards, then the sample must be diluted and 
reanalyzed.  Dilutions should target the most concentrated analyte in the upper 
half (over 50% of the high level standard) of the calibration range.  It may be 
necessary to dilute samples due to matrix. 

12.2. Qualititative Analysis 

12.2.1. Compare the retention time of the perchlorate (m/z 83) peak and the 
internal standard (m/z 89) peak.  The retention times should not vary 
by more than 0.1 minutes from one another. 

12.2.2. In addition, compare the retention time in the sample to the retention 
time in the CCV.   

12.2.3. Evaluate the relative abundances of m/z 83 and 85 and compare to the 
criteria for the isotope ratios in Section 9. 

12.3. Calculations 

12.3.1. Peak areas are used as a measure of response.  

12.3.2. The calibration is automatically performed by the Micromass 
MassLynx software, based on the equations: 

Equation 2  Average Response Factor 

aRF
yx =  

Where: 
x  =  ratio of the sample concentration to the IS concentration 
y =  ratio of the sample response to the IS response 
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RFa  =  average response factor 

Equation 3 Linear Calibration 

( )
m

byx −
=  

 Where: 
x  =  ratio of the sample concentration to the IS concentration 
y =  ratio of the sample response to the IS response 
b = y intercept of the curve 
m = slope of the curve 

Equation 4 Quadratic calibration; 

a
ycabb

x
2

)(42 −−±−
=      

 Where: 
a = second order coefficient (curvature) 
b = first order coefficient (slope) 
c = zero order coefficient (intercept) 
x  =  ratio of the sample concentration to the IS concentration 
y =  ratio of the sample response to the IS response 

Equation 5 Concentration in Aqueous Sample 

Conc in Sample (ng/mL) = Conc (ng/mL) • DF 

Where:   
DF = Dilution Factor 

Equation 6 Concentration in Solid Sample  

Conc in Sample (ng/g) = Conc (ng/mL) • (Vl / Ms) • DF 
Where:   

DF = Dilution Factor 
Vl = Volume of extract (in mL) 
Ms = Mass of soil (in g) 

12.4. Reporting Requirements 

12.4.1. Reporting limits and units are described in Section 1.5.   

12.4.2. Sample results are entered into a LIMS system in accordance with 
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current QA policies. 

12.4.3. Footnotes and anomalies when applicable must be included in the data 
pack and data reduction process.  Exceeded holding times must be 
immediately communicated to the project managers and followed by 
an electronically filed NCM.   
 
 

13. METHOD PERFORMANCE  

13.1. The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required expertise. 

13.2. Method Detection Limit 
The laboratory must generate a valid method detection limit for each analyte of 
interest.  The MDL must be below the reporting limit for each analyte.  The 
procedure for determination of the method detection limit is given in 40 CFR 
Part 136, Appendix B, and further defined in SOP WS-QA-0006.  MDLs are 
available in the Quality Assurance Department. 

13.3. Initial Demonstration 
The laboratory must make an initial demonstration of capability for each 
individual method.  Demonstration of capability for both soil and water 
matrices is required.  This requires analysis of QC check samples containing all 
of the standard analytes for the method.  For some tests it may be necessary to 
use more than one QC check mix to cover all analytes of interest. 

13.3.1. Four aliquots of the QC check sample are analyzed using the same 
procedures used to analyze samples, including sample preparation.  
The concentration of the QC check sample should be less than or 
equivalent to the LCS samples. 

13.3.2. Calculate the average recovery and standard deviation of the recovery 
for each analyte of interest.  Compare these results with the acceptance 
criteria below:  

Demonstration of Capability Criteria 
Method Recovery RSD 

8321 Modified 70-130% 20% 
6850 80-120% 20% 
DoD Perchlorate Handbook 80-120% 20% 

13.3.3. If any analyte does not meet the acceptance criteria, then the test must 
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be repeated.  Only those analytes that did not meet criteria in the first 
test need to be evaluated.  Repeated failure for any analyte indicates 
the need for the laboratory to evaluate the analytical procedure and 
take corrective action. 

13.4. Interference threshold study.  The interference threshold study is performed at 
initial setup, and any time there are major changes in the system, per the DoD 
Perchlorate Handbook.  A Synthetic Matrix Control Sample (SMCS) is used at 
increasing concentrations of the suppressors to determine the maximum 
concentration that can be present without affecting the quantitation of 
perchlorate.  The SMCS consists of an aliquot of Synthetic Matrix Solution 
spiked with perchlorate at the same level as the LCS (0.5 ug/L for Method 
6850).  The level at which perchlorate falls outside the control limits is the 
maximum threshold for the suppressors.  Samples with suppressor 
concentrations above that level should be analyzed at a dilution. 

Interference threshold study- Control Limits 
Method Criteria 
8321Modified Not required 
6850 Recommended, Recovery 80-120%, IS ± 50% of CCV 
DoD Perchlorate Handbook Recovery: 85-115% 

13.5. The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required expertise. 

13.6. The laboratory must generate a valid method detection limit for each analyte of 
interest.  The MDL must be below the reporting limit for each analyte.  The RL 
must be at least 3 times the MDL for the DoD Perchlorate Handbook.  The 
procedure for determination of the method detection limit is given in 40 CFR 
Part 136, Appendix B, and further defined in WS-QA-0006 and policy CA-Q-
S-006. 

14. POLLUTION CONTROL 
It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize 
waste generated (i.e., examine recycling options, ordering chemicals based on quantity needed, 
preparation of reagents based on anticipated usage and reagent stability).  Employees must 
abide by the policies in Section 13 of the Corporate Environmental Health and Safety Manual 
(CW-E-M-001) for “Waste Management and Pollution Prevention.” 

15. WASTE MANAGEMENT 
Waste management practices are conducted consistent with all applicable rules and 
regulations.  Excess reagents, samples and method process wastes are disposed of in an 
accepted manner.  Waste description rules and land disposal restrictions are followed.  Waste 
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disposal procedures are incorporated by reference to SOP WS-EHS-0001.  The following 
waste streams are produced when this method is carried out. 

15.1. Assorted test tubes, autovials, syringes, filter discs and extracted soil samples.  
Pour any excess liquid from the extracted soil samples into a 1 liter to 4 liter 
HPLC collection carboy at the fume hood.  When the carboy is full, or at the 
end of your shift, whichever comes first, empty the carboy into the plastic 
HPLC collection drum in the H3 closet.  When the drum is full to between one 
and four inches from the top, or after no more than 75 days, move the drum to 
the waste collection area for shipment.  Dump the solid waste into a 
contaminated lab trash bucket.  When the bucket is full, or at the end of the day, 
tie the plastic bag liner shut and put the lab trash into the steel collection drum 
in the H3 closet.  When the drum is full, or after no more than 75 days, move it 
to the waste collection area for shipment. 

15.2. Waste methylene chloride generated during glassware cleaning and from 
separatory funnel cleanup.  Keep waste methylene chloride separated from 
waste flammable solvents.  Collect the waste methylene chloride in tripours 
during use.  Empty the tripours into a 1 liter to 4 liter carboy at the fume hood.  
When the carboy is full, or at the end of your shift, whichever comes first, 
empty the carboy into the steel methylene chloride drum in the H3 closet.  
When the drum is full to between one and four inches from the top, or after no 
more than 75 days, move the steel drum to the waste collection area for 
shipment. 

16. REFERENCES/CROSS REFERENCES 

16.1. Waters Application Note, “The Determination of Perchlorate in Water Using 
LC/MS/MS”, Jim Krol, 2005. 

16.2. EPA Method 331.0, Determination of Perchlorate in Drinking Water by Liquid 
Chromatography Electrospray Ionization Mass Spectrometry, Revision 1.0, 
January 2005. 

16.3. EPA Method 332.0, Determination of Perchlorate in Drinking Water by Ion 
Chromatography with Suppressed Conductivity and Electrospray Ionization 
Mass Spectrometry, Revision 1.0, March 2005. 

16.4. EPA Method 314.0, Determination of Perchlorate in Drinking Water using Ion 
Chromatography, Revision 1.0, November 1999. 

16.5. State of California Department of Health Services, Determination of 
Perchlorate by Ion Chromatography, Revision 0, July 3, 1997. 
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16.6. Dionex Application Note 134; Determination of Low Concentrations of 
Perchlorate in Drinking and Ground Waters Using Ion Chromatography.  

16.7. Dionex Application Note 151; Determination of Perchlorate in Environmental 
Waters by Ion Chromatography Coupled with Electrospray Mass Spectrometry 
(IC-MS). 

16.8. AU XX: Determination of Perchlorate in Drinking Water by Ion 
Chromatography 

16.9. “Analysis of Perchlorate in Water and Soil by Electrospray LC/MS/MS”, 
Winkler P, Minter M, Willey J, Time Solutions Corporation & Analytical 
Quality Associates 

16.10. SW-846 Method 8000B, “Determinative Chromatographic Separations”, 
Revision 2, December 1996, U.S. Environmental Protection Agency, Office of 
Solid Waste and Emergency Response, Washington, D.C. 

16.11. SW-846 Method 8000C, “Determinative Chromatographic Separations”, 
Revision 3, March 2003, U.S. Environmental Protection Agency, Office of 
Solid Waste and Emergency Response, Washington, D.C. 

16.12. SW-846 Method 8321A, “Solvent Extractable Nonvolatile Compounds by High 
Performance Liquid Chromatography/Thermospray/Mass Spectrometry 
(HPLC/TS/MS) or Ultraviolet (UV) Detection”, Revision 1, December 1996, 
U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, D.C. 

16.13. SW-846 Method 6850, “Perchlorate in Water, Soils and Solid Wastes Using 
High Performance Liquid Chromatography/Electrospray Ionization/Mass 
Spectrometry (HPLC/ESI/MS or HPLC/ESI/MS/MS)”, Revision 0, January 
2007, U.S. Environmental Protection Agency, Office of Solid Waste and 
Emergency Response, Washington, D.C. 

16.14. “DoD Perchlorate Handbook”, Department of Defense Environmental Data 
Quality Workshop, Revision 1, Change 1, August 2007 

16.15. “DoD Standard Operating Procedure for the Analysis of Perchlorate in Water, 
Soils, and Solid Wastes using High Performance Liquid 
Chromatography/Electrospray Ionization/Mass Spectrometry (HPLC/ESI/ES)”, 
Rev 2, August 2006. 

17. METHOD MODIFICATIONS 

17.1. Method Deviations from the DoD Perchlorate Handbook 
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17.1.1. Solid samples are spiked with 100 uL of internal standard for a final 
concentration of 10 ng/mL instead of 50 uL of internal standard for a 
final concentration of 5 ng/mL. 

18. ATTACHMENTS 

18.1. Table 1-Perchlorate QC/Sequence Summary by Method 

19. REVISION HISTORY 

19.1. WS-LC-0012, Revision 5.1, Effective 02/13/2009 

19.1.1. Editorial changes. 

19.2. SAC-LC-0012, Revision 5, Effective 10/09/07 

19.2.1. The SOP format was updated to TestAmerica format. 

19.2.2. The DOD Perchlorate Handbook reference was updated. 

19.3. SAC-LC-0012, Revision 4, Effective 7/25/07 

19.3.1. Incorporated recent changes to the DoD Perchlorate Handbook 
(control limits for LCS, MS/SD; removing the RT Window study.) 

19.3.2. Incorporated the newly issued method 6850 and its criteria (including 
control limits for LCS, MS/SD, ICAL/CCV criteria, threshold study, 
IS criteria.) 

19.3.3. Incorporated sterile preservation requirements. 

19.3.4. Removed the separate ICS, incorporated just the SMCS, as they were 
both the spiked at the same level. 

19.4. SAC-LC-0012, Revision 3, Effective 9/25/06 

19.4.1. Incorporated the SOP to include DOD Perchlorate Handbook with 
Method 8321. 

19.4.2. The column specification has been updated, and solvent conditions 
changed accordingly. 

19.4.3. Clean-up steps added and updated. 

19.4.4. QC criteria included: Method 8321 DOD Perchlorate Handbook. 
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19.5. SAC-LC-0012, Revision 2, Effective 9/17/04 

19.5.1. This SOP has been modified to accommodate MS/MS analytical 
techniques as well as MS techniques. 

19.5.2. The column specification has been updated, and solvent conditions 
changed accordingly. 

19.5.3. A clean-up step has been added. 

19.5.4. The calibration curve fit has been changed from linear to quadratic. 

19.5.5. Use of internal standard methodology has been added. 

19.6. SAC-LC-0012, Revision 1, Effective 4/1/03 

19.6.1. This was the first version of this SOP. 
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Table 1 
Perchlorate QC/Sequence Summary by Method 

 8321 6850 DoD Handbook 
Required Batch 
QC  

MB Section 9.4 
LCS Section 9.5 
MS/MSD Section 9.7 

MB Section 9.4 
LCS Section 9.5 
SMCS   Section 9.6 
MS/MSD Section 9.7 

MB  Section 9.4 
LCS  Section 9.5 
ICS (SMCS) Section 9.6 
MS/MSD Section 9.7 

Sequence  
 

ICAL/ICV --or -- Section 10.8 
Daily CCV Section 10.9 
LODV Section 10.11 
Batch QC        (MB/LCS) 
10 Samples  
CCV 
10 samples 
CCV 
(continue with blocks of 10 
samples/CCVs)  
LODV 
 

ICAL/ICV --or --
 Section 10.8 
Daily CCV 
 Section 10.9 
Batch QC        
(MB/LCS/SMCS) 
10 Samples  
CCV (alternate level) 
10 samples 
CCV 
(continue with blocks 
of 10 samples/CCVs)  
CCV 
 

Daily Tune Section 10.2 
ICAL/ICV –or-- Section 10.8 
Daily CCV Section 10.9 
LODV  Section 10.11 
Batch QC (MB/LCS/SMCS) 
10 Samples  
CCV 
10 samples 
CCV 
(continue with blocks of 10 
samples/CCVs) 
LODV 

 



Appendix B 
Example COC 



Sample 
Date

Sample 
Time

Sample 
Type Matrix

# of 
Cont.

Date/Time:

Received by:

Received by:Company: 

Company:

Company:

_______   of ______  COCs
Job No.    

SDG No.

Sample Specific Notes:

Received by:

Project Name:

P O # 

Company:

TestAmerica Laboratories, Inc.
Project Manager: 
Tel/Fax:

Analysis Turnaround Time

Fi
lte

re
d 

Sa
m

pl
e

Calendar ( C ) or Work Days (W)  __________

TAT if different from Below  __________

Site Contact:

1 day   

Knoxville

Chain of Custody Record
5815 Middlebrook Pike

Knoxville, TN  37921
phone 865.291.3000  fax 865.584.4315

 

1 week  

Client Contact

(xxx) xxx-xxxx                              Phone 

2 weeks

City/State/Zip

(xxx) xxx-xxxx                                FAX

Date:

Relinquished by:

Company: 

Company: 

Preservation Used:  1= Ice,  2= HCl;  3= H2SO4;  4=HNO3;  5=NaOH; 6= Other _____________

Date/Time:

Date/Time:

Your Company Name here Carrier:

Sample Identification

Address  
Lab Contact:

Site: 2 days 

 

Relinquished by: Date/Time:

Date/Time:

Special Instructions/QC Requirements & Comments:  

Relinquished by:  Date/Time:

COC  No:  

          Non-Hazard                  Flammable                  Skin Irritant                  Poison B                  Unknown

Possible Hazard Identification

          Return To Client                  Disposal By Lab                  Archive For __________ Months

Sample Disposal ( A fee may be assessed if samples are retained longer than 1 month)
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