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Executive Summary 

This document presents the plan for the Preliminary Assessment and Site Investigation 
(PA/SI) including archival research, digital geophysical mapping and environmental 
sampling of five former ranges located on MCB Camp Lejeune in Jacksonville, North Carolina.  

CH2M HILL prepared this document under the U.S. Navy, Naval Facilities Engineering 
Command (NAVFAC) Atlantic Division, Comprehensive Long-Term Environmental Action 
- Navy (CLEAN) 1000 Contract N62470-08-D-1000, Contract Task Order 014 in accordance 
with the Navy’s Uniform Federal Policy Sampling Analysis Plan (UFP-SAP) policy guidance 
to ensure that environmental data collected are scientifically sound, of known and 
documented quality, and suitable for intended uses. The Site Management Plan, Fiscal Year 
2008, Marine Corps Base Camp Lejeune, Jacksonville, North Carolina provides additional 
information and background on MCB Camp Lejeune. 

The laboratory information cited in this SAP is specific to Empirical Laboratories and 
Katahdin Analytical Services. Empirical Laboratories in Nashville, Tennessee will be 
responsible for analyzing environmental samples from unexploded ordnance (UXO) Sites 7, 
10, 11, and 14. Katahdin Analytical Services in Scarborough, Maine will be responsible for 
analyzing environmental samples from Site UXO-02. If additional laboratory services are 
requested requiring modification to the existing SAP, revised SAP worksheets will be 
submitted to the Navy and regulatory agencies for approval. 

Activities for the PA/SI include archival research, surveying and vegetation clearance, 
digital geophysical mapping (DGM) and environmental sampling of surface & subsurface 
soil, sediment, surface water and groundwater from temporary wells at five UXO-related 
sites. The DGM and collected samples will be used to characterize the current nature and 
extent of UXO-constituents at the site. Archival research will determine optimal sample 
location. Analytical data from sampling will be used to pursue either a No Further Action 
(NFA) Agreement if all sampled constituents are negative or an Interim Action and 
expanded Site Investigation if results warrant further study.  

SAP Outline 
This SAP consists of 37 worksheets specific to the UFP-SAP. All tables are embedded within 
the worksheets. All figures are included at the end of the document. The project specific 
Health and Safety Plan (HASP) is included as Attachment 1. Field standard operation 
procedures (SOPs) are included in Attachment 2. Data management guidelines are included 
in Attachment 3 and laboratory SOPs are included in Attachment 4. Upon approval of this 
Draft SAP, the sampling activities will be scheduled and executed.  
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SAP Worksheet #2—SAP Identifying Information  

Site Name/Number: Site UXO-02, Site UXO-07, Site UXO-10, Site UXO-11, Site UXO-14 

Operable Unit: N/A  

Contractor Name:  CH2M HILL 

Contract Number:  N62470-08-D-1000 

Contract Title:  Navy Comprehensive Long-Term Environmental Action Navy 
(CLEAN) 1000 

Work Assignment Number (optional):  Contract Task Order (CTO) 14 

1. This SAP was prepared in accordance with the requirements of: 

Uniform Federal Policy – Quality Assurance Project Plan (UFP - QAPP) (USEPA, 2005) 

United States Environmental Protection Agency (USEPA) Guidance for Quality Assurance 
Project Plans (QAPPs)(USEPA, 2002) 

USEPA Quality Assurance (QA)/G-5, Quality Assurance Management Staff (QAMS) 
(USEPA, 2002) 

USEPA Guidance on Systematic Planning Using the Data Quality Objectives Process 
(USEPA, 2006) 

2. Identify regulatory program: Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) 

3. This SAP is a Project Specific

4. List dates of scoping sessions that were held: 

 SAP 

Scoping Session      Date 

Partnering Meetings \ Raleigh, NC  August 28, 2008 

Partnering Meetings \ Charlotte, NC  October, 2008 

5. List dates and titles of any SAP documents written for previous site work that are 
relevant to the current investigation.  

    Title        Date   

Site Management Plan, Marine Corps Base Camp 
Lejeune, Jacksonville, NC  November, 2007 
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6. List organizational partners (stakeholders) and connection with lead organization: 

North Carolina Department of Environment and Natural Resources (NC DENR)– 
regulatory stakeholder 

USEPA Region 4 – regulatory stakeholder 

NAVFAC Mid-Atlantic – lead organization 

MCB Camp Lejeune – site owner 

7.  Lead organization:  

U.S. Department of Navy – Lead Agency 

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:  

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

Name of 
SAP 

Recipients Title/Role Organization 
Telephone 

Number 
E-mail Address or Mailing 

Address 

Dave 
Cleland 

Navy Technical 
Representative 
(NTR) 

NAVFAC Mid-Atlantic (757) 322-4851 david.t.cleland@navy.mil 

Bob Lowder Environmental 
Engineer 

MCB Camp Lejeune- 
Environmental 
Management Division 
(EMD) 

(910) 451-9607 robert.a.lowder@usmc.mil 

Gena 
Townsend 

Remedial Project 
Manager (RPM) EPA Region 4 (404) 562-8538 townsend.gena@epa.gov 

Marti 
Morgan RPM NCDENR 919 508-8447  martha.morgan@ncdenr.gov 

Matt Louth Activity Manager 
(AM) 

CH2M HILL 

(757) 671-6240 matt.louth@ch2m.com 

Tom Roth 
Activity Quality 
Manager/Senior 
MR Consultant 

(404) 474-7640 tom.roth@ch2m.com 

Teg 
Williams 

Senior Technical 
Consultant (704) 543-3297 tegwyn.williams@ch2m.com 

Bill 
Schmithorst 

Project Manager 
(PM) (919) 760-1769 bill.schmithorst@ch2m.com 

Brett Doerr 
Navy CLEAN 
Program UFP-
SAP Reviewer 

(757) 671-6219 brett.doerr@ch2m.com 

Steve Beck Health & Safety 
(H&S) Manager (414) 847-0277 Steven.beck@ch2m.com 

Roni Warren 
Human Health 
Risk Assessors 
(HHRA) 

(814) 364-2454 roni.warren@ch2m.com 

Jonathon 
Weier 

Ecological Risk 
Assessors (ERA) (770) 485-7503 jonathon.weier@ch2m.com 

Simon Kline Task Manager 
(TM) (919) 760-1787 simon.kline@ch2m.com 

Erin Must Field Team 
Leader (FTL) (919) 760-1763 erin.must@ch2m.com 

David Seed Field Staff (919) 673-3002 david.seed@ch2m.com 

Rachel 
Zajac Field Staff (919) 889-0468 rachel.zajac@ch2m.com 

Clif White 
Munitions 
Response (MR) 
Group Tech 

(928) 380-7768 Clif.white@ch2m.com 
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SAP Worksheet #3—Distribution List (continued) 

Name of 
SAP 

Recipients Title/Role Organization 
Telephone 

Number 
E-mail Address or Mailing 

Address 

Anita 
Dodson Project Chemist 

 

(757) 671-6218 anita.dodson@ch2m.com 

Genevieve 
Moore 

Environmental 
Information 
Specialist (EIS) 

(757) 671-6284 Genevieve.moore@ch2m.com 

Marcia 
McGinnity PM 

Empirical 
Laboratories 
(Laboratory for Sites 
UXO-07, UXO-10, 
UXO-11, and UXO-
14) 

(615) 345-1115 mmcginnity@empirlabs.com 

Randy Ward QAO (615) 345-1115 rward@empirlabs.com 

Andrea 
Colby PM Katahdin Analytical 

Services 
(Laboratory for Site 
UXO-02) 

(207) 874-2400 acolby@katahdinlab.com 

Leslie 
Dimond QAO (207) 874-2400 ldimond@katahdinlab.com 

Nelo Ligi PM 

Test America 
Laboratories (TAL)- 
West Sacramento 
(Subcontractor of 
Empirical and 
Katahdin for 
perchlorate analysis) 

(916) 374-4427 Nelo.ligi@testamericainc.com 

Pam 
Schemmer QAO (916) 374-4427 Pamela.schemmer@testameric

ainc.com 

Deb Patton PM 
Columbia Analytical 
Services (CAS) 
(Subcontractor of 
Empirical for thallium 
analysis) 

(585) 288-5380 dpatton@caslab.com 

Lisa Reyes QAO (585) 288-5380 lreyes@caslab.com 

Laura 
Maschhoff PM: Site UXO-02 

DataQual 
Environmental 
Services (DataQual) 

(314) 330-1327 dataqual@charter.net 

Nancy 
Weaver 

PM: Sites UXO-
07, 10, 11, 14 

Environmental Data 
Services (EDS) (757) 564-0090 nweaver@env-data.com 
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SAP Worksheet #4—Project Personnel Sign-Off Sheet 

Name Organization/Title/Role 
Telephone 

Number 

Signature/ 
email 

receipt 
Section 

Reviewed 

Date 
SAP 
Read 

Dave Cleland NAFAC-Mid Atlantic/ NTR (757) 322-4851    

Bob Lowder MCB Camp Lejeune/ EMD (910) 451-9607    

Gena Townsend EPA Region 4/ RPM (404) 562-8538    

Marti Morgan NCDENR/ RPM (919) 508-8447    

Matt Louth CH2M HILL/ AM (757) 671-6240    

Brett Doerr CH2M HILL / Navy CLEAN 
Program UFP-SAP Reviewer (757) 671-6219    

Bill Schmithorst CH2M HILL/ PM (919) 760-1769     

Tom Roth CH2M HILL/ Senior MR 
Consultant (404) 474-7600    

Teg Williams CH2M HILL/ Senior 
Technical Support (704) 543-3297     

Paul Favara CH2M HILL/ QAO (352) 335-5877     

Roni Warren CH2M HILL/ HHRA (814) 364-2454    

Jonathon Weier CH2M HILL/ ERA (770) 485-7503    

Steve Beck CH2M HILL/ H&S Manager (414) 847-0277    

Anita Dodson CH2M HILL / Navy CLEAN 
Program Chemist (757) 671-6218    

Genevieve Moore CH2M HILL/ EIS (757) 671-6284    

Marcia McGinnity Empirical/ PM (615) 345-1115    

Randy Ward Empirical / QAO (615) 345-1115    

Andrea Colby Katahdin/ PM (207) 874-2400    

Leslie Dimond Katahdin/ QAO (207) 874-2400    

Nelo Liegi TAL- W. Sacramento/ PM (916) 374-4427    

Pam Schemmer TAL- W. Sacramento/ QAO (916) 374-4427    

Deb Patton CAS/ PM (585) 288-5380    

Laura Maschhoff DataQual/ PM (314) 330-1327    

Nancy Weaver EDS/ PM (757) 564-0090    

Simon Kline CH2M HILL TM  (919) 760-1787    

Erin Must CH2M HILL FTL (919) 760-1763    

David Seed CH2M HILL/ Field Team 
Member (919) 673 3002    
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SAP Worksheet #5—Project Organizational Chart 

Regulator and Stakeholder 
Agencies

Gena Townsend - EPA Region 4 
(404- 562– 8538)

Marti Morgan - NCDENR (919-
508-8447)

Lead Organization
Dave Cleland - NAVFAC Mid- 

Atlantic (757- 322-4851)

NAVFAC Customer
Bob Lowder - MCB Camp Lejeune 

(910- 451- 9607)

Lead Organization Chemist/QA Officer
Jonathan Tucker - NAVFAC LANT 

(757- 322- 4366)

Activity Manager
Matt Louth - CH2M HILL 

(757- 671- 6240) 

Project Manager
Bill Schmithorst – CH2M HILL 

 (919-7640-1769)

Task Manager
Simon Kline- CH2M HILL 

(919 760-1787)

 H&S Manager
Steve Beck – CH2M HILL

 (414- 847- 0277)

Contractor Chemist
Anita Dodson – CH2M HILL 

(757- 671- 6218)

QA Officer
Brett Doerr – CH2M HILL

(757) 671-6219

Activity Quality Manager 
and Senior MR Consultant

Tom Roth – CH2M HILL 
(404.474.7640)

Laboratories:
UXO-02: Katahdin Analytical Services
Other UXO’s: Empirical Laboratories

Data Validation:
UXO-02: DataQual
Other UXO’s: EDS

EIS
Genevieve Moore – CH2M HILL 

(757-671-6284)

Second Tier Subcontracted 
Laboratory:

TAL- W. Sacramento CAS

Field Team Leader
Erin Must – CH2M HILL

(919-760-1763)

Onsite H&S Officer
TBD

Sub-Contractor
TBD

                    Line Communication
              Line of Authority
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SAP Worksheet #6—Communication Pathways 

Communication 
Drivers 

Responsible 
Affiliation Name 

Phone Number and/or 
e-mail Procedure, Pathway, etc. 

Communication with 
Navy (lead agency) 

Navy NTR/RPM  Dave 
Cleland 

david.t.cleland@navy.mil Primary point of contact (POC) for 
Navy; can delegate 
communication to other internal or 
external points of contact. RPM 
will notify EPA and NCDENR via 
email or telephone call within 
24hrs if field changes effecting the 
scope or implementation of the 
design occur. Navy will have 30 
days for work plan review. All 
sampling data will be presented 
and discussed during partnering 
meetings. 

Communication with 
EPA Region 4 

EPA Region 4 
RPM 

Gena 
Townsend 

townsend.gena@epa.gov Primary POC for EPA; can 
delegate communication to other 
internal or external points of 
contact. Upon notification of field 
changes, EPA will have 24hrs to 
approve or comment on the field 
changes. All data results will be 
presented and discussed during 
partnering meetings. 

Communication with 
NCDENR 

NCDENR RPM Marti 
Morgan 

martha.morgan@ncdenr.gov Primary POC for NCDENR; can 
delegate communication to other 
internal or external points of 
contact. Upon notification of field 
changes, NCDENR will have 24hrs 
to approve or comment on the field 
changes. 

Communication 
regarding overall 
project status and 
implementation and 
primary POC with 
Navy RPM, EPA, 
and NCDENR 

CH2M HILL AM Matt Louth matt.louth@ch2m.com Oversees project and will be 
informed of project status by the 
PM. If field changes occur, AM will 
work with the Navy RPM to 
communicate field changes to the 
team via email within 24hrs. All 
data results will be communicated 
to the project team during the first 
partnering meeting following data 
receipt. 

Technical 
communications for 
project 
implementation, and 
data interpretation 

CH2M HILL 
Senior 
Consultants 

Tom Roth 
Teg 
Williams 

tom.roth@ch2m.com 
tegwyn.williams@ch2m.com 

Contact senior consultant 
regarding questions/issues 
encountered in the field, input on 
data interpretation, as needed. Sr. 
Consultants will have 24 hrs to 
respond to technical field 
questions as necessary. 
Additionally, Sr. consultants will 
review of the data as necessary 
prior to partnering team discussion 
and reporting review. 
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SAP Worksheet #6—Communication Pathways (continued) 

Communication 
Drivers 

Responsible 
Affiliation Name 

Phone Number and/or e-
mail Procedure, Pathway, etc. 

Communications 
regarding project 
management and 
implementation 

PM Bill 
Schmithorst 

bill.scmithorst@ch2m.com All information and materials about 
the project will be forwarded to the 
Navy, Activity Mangers and Senior 
Consultants as necessary. POC for 
field sampling team. 

Coordinate 
activities between 
PM and Field 
Team / Sub-
contractors  

TM Simon 
Kline 

simon.kline@ch2m.com All field team and reporting activities 
will be forwarded to PM for further 
dissemination if necessary. 
Responsible for field team 
members’ and subcontractors 
adherence to work plan.  

Work Plan 
changes in field. 
QAPP Field 
Changes/ Field 
Progress Reports 

FTL Erin Must erin.must@ch2m.com Documentation of deviations from 
the Work Plan will be made in the 
field logbook (made with the 
approval of AM and/or QAO) and 
the PM will be notified immediately. 
Provide daily progress reports to 
PM. Deviations will be made only 
with approval from the PM. 

Communication 
regarding risk 
assessments  

Human Health 
and Ecological 
Risk Assessors 

Roni Warren 
(Human 
Health) 
Jonathan 
Weier 
(Ecological) 

roni.warren@ch2m.com 
jonathon.weier@ch2m.com 

Responsible for conducting risk 
assessments. Technical questions 
regarding this project must be 
answered within 24 hours.  

Health & Safety 
(H&S) 

Onsite H&S 
Officer 

Rachel 
Zajac 
Erin Must 

rachel.zajac@ch2m.com 
erin.must@ch2m.com 

Responsible for field team 
members’ adherence to the site 
safety requirements described in 
the HASP. Will report H&S 
incidents and near losses to PM. 

Data tracking from 
field collection to 
database upload 

EIS Genevieve 
Moore 

Genevieve.moore@ch2m.com Tracking data from sample 
collection through database 
upload. 

Reporting Lab 
Data Quality 
Issues 

Laboratory PM Marcia 
McGinnity, 
Empirical 
Andrea 
Colby,  
Katahdin 
Nelo Ligi, 
TAL- W. 
Sacramento 
Deb Patton, 
CAS 

mmcginnity@empirlabs.com 
acolby@katahdinlab.com 
Nelo.ligi@testamericainc.com 
dpatton@caslab.com 

All QA/Quality Control (QC) issues 
with project field samples will be 
reported within 2 days to the 
project chemist by the laboratory. 

Reporting Data 
Validation Issues 

DV PMs Laura 
Maschhoff, 
DataQual 
Nancy 
Weaver, 
EDS 

dataqual@charter.net 
nweaver@env-data.com 
 

All data validation issues regarding 
resubmissions from the laboratory 
will copy the CH2M HILL EIS on 
communications. The data 
validation report will be due to 
CH2M HILL within 14 calendar 
days of data receipt. 

 

mailto:bill.scmithorst@ch2m.com�
mailto:simon.kline@ch2m.com�
mailto:erin.must@ch2m.com�
mailto:roni.warren@ch2m.com�
mailto:jonathon.weier@ch2m.com�
mailto:rachel.zajac@ch2m.com�
mailto:erin.must@ch2m.com�
mailto:Genevieve.moore@ch2m.com�
mailto:mmcginnity@empirlabs.com�
mailto:acolby@katahdinlab.com�
mailto:Nelo.ligi@testamericainc.com�
mailto:dpatton@caslab.com�
mailto:dataqual@charter.net�
mailto:nweaver@env-data.com�


SAMPLING AND ANALYSIS PLAN - SITES UXO-02, UXO-07, UXO-10, UXO-11, AND UXO-14 UFP-SAP 
REVISION NUMBER 1 

NOVEMBER 2009 
PAGE 27 OF 242 

 

SAP Worksheet #6—Communication Pathways (continued) 

Communication 
Drivers 

Responsible 
Affiliation Name 

Phone Number and/or e-
mail Procedure, Pathway, etc. 

Field and analytical 
corrective actions 
(CAs) 

Navy CLEAN 
Program UFP-
SAP Reviewer 

Anita 
Dodson 

anita.dodson@ch2m.com Any CAs for field and analytical 
issues will be determined by the 
FTL and/or the Project Chemist 
and reported to the PM within 4hrs. 

Release of 
Analytical Data 

Navy CLEAN 
Program UFP-
SAP Reviewer  

Anita 
Dodson 

anita.dodson@ch2m.com No analytical data can be released 
until validation of the data is 
completed and has been approved 
by the Project Chemist. The project 
chemist will review analytical 
results within 7 days of receipt for 
release to the project team. 

Field corrective 
actions 

TM and PM Simon Kline 
Bill 
Schmithorst 

simon.kline@ch2m.com 
bill.schmithorst@ch2m.com 

Field and analytical issues 
requiring corrective action will be 
determined by the TM and/or PM; 
the PM will ensure QAPP 
requirements are met by field staff 
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SAP Worksheet #7—Personnel Responsibilities and Qualifications Table  

Name Title/Role 
Organizational 

Affiliation Responsibilities 

Education and Experience 
Qualifications1 

(Optional) 

Dave Cleland Navy Technical 
Representative 

NAVFAC Mid-
Atlantic 

Oversees project  

Bob Lowder Base Environmental 
Management 
Division 

MCB Camp 
Lejeune 

Oversees project  

Matt Louth, 
PG 

Activity Manager CH2M HILL Oversees project activities B.S. Geology 
16 years experience 

Bill 
Schmithorst, 
PG 

Project Manager CH2M HILL Manages Project and 
coordinates project tasks and 
project staff 

M.S. Hydrogeology 
B.A. Geology 
17 years experience 

Brett Doerr Navy CLEAN 
Program UFP-SAP 
Reviewer 

CH2M HILL  Navy CLEAN Program UFP-
SAP Reviewer 

M.S. Environmental Science/ 
Hydrogeology 
B.S. Chemistry 
16 years experience 

Tom Roth, 
PE 

Activity Quality 
Manager 

CH2M HILL Provides senior MR technical 
support for remedial action 
design and implementation 

B.S. Geological Engineering 
24 years experience 

Tim 
Garretson 

Senior Technical 
Support 

CH2M HILL  Provides senior MR technical 
support for MEC 

Naval School, Explosive 
Ordnance Disposal 
30 years experience 

Tegwyn 
Williams, PG 

Senior Technical 
Support 

CH2M HILL Provides senior technical 
support for field investigations 
and implementation 

 

Steve Beck H&S Manager CH2M HILL Prepares H&S Plan; manages 
H&S for all field activities 

M.S. Occupational Safety and 
Health 
15 years experience 

Simon Kline, 
PG 

Task Manager CH2M HILL Manages project tasks M.S. Earth Sciences 
B.S. Geosciences 
7 years experience  

Anita Dodson Navy CLEAN 
Program Chemist 

CH2M HILL Program-level review of UFP-
SAP 

B.S. Chemistry 
8 years experience 

Genevieve 
Moore 

EIS CH2M HILL Data Management: manages 
sample tracking, 
communicates with laboratory 
and data validator 

 

Erin Must, PG FTL CH2M HILL Coordinates all field activities 
and sampling 

M.S. Geology 
B.S. Geology 
4 years experience 

Rachel Zajac Site H&S Officer CH2M HILL Oversees H&S for all field 
activities 

B.S. Environmental 
Technology 
2 years experience 

Marcia 
McGinnity 

Laboratory PM Empirical Manages sample tracking and 
maintains good communication 
with project chemist and EIS 
(Refers to all UXOs except 
UXO-02) 

 

Randy Ward QAO Empirical Responsible for audits, CA, 
checks of QA performance 
within the laboratory (Refers 
to all UXOs except UXO-02) 
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SAP Worksheet #7—Personnel Responsibilities and Qualifications Table 
(continued) 

Name Title/Role 
Organizational 

Affiliation Responsibilities 

Education and Experience 
Qualifications1 

(Optional) 

Andrea Colby Laboratory PM Katahdin Manages sample tracking and 
maintains good 
communication with project 
chemist and EIS (Refers to 
UXO-02 only) 

B.A. Biology 
21 years experience 

Leslie 
Diamond 

QAO Katahdin Responsible for audits, CA, 
checks of QA performance 
within the laboratory (Refers 
to UXO-02 only) 

B.A. Chemistry 
17 years experience 

Nelo Ligi Laboratory PM TAL- W. 
Sacramento 

Manages sample tracking and 
maintains good 
communication with project 
chemist and EIS (Refers to 
perchlorate from all UXOs) 

 

Pam 
Schemmer 

QAO TAL- W. 
Sacramento 

Responsible for audits, CA, 
checks of QA performance 
within the laboratory (Refers 
to perchlorate from all UXOs) 

 

Deb Patton Laboratory PM CAS Manages sample tracking and 
maintains good 
communication with project 
chemist and EIS (Refers to 
thallium from UXOs 7, 10, 11, 
14) 

 

Lisa Reyes QAO CAS Responsible for audits, CA, 
checks of QA performance 
within the laboratory (Refers 
to thallium from UXOs 7, 10, 
11, 14) 

 

Laura 
Maschhoff 

DV PM DataQual Validate laboratory data from 
an analytical standpoint prior 
to data use 

 

Nancy 
Weaver 

DV PM EDS Validate laboratory data from 
an analytical standpoint prior 
to data use 

 

1Resumes are maintained by the individuals’ organizations and are available upon request; upon execution of 
the project, staff may be removed (if unnecessary to project execution) and other staff may be added or 
substituted, as necessary and available. 
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SAP Worksheet #8—Special Personnel Training Requirements Table 

Project 
Function 

Specialized 
Training By 

Title or 
Description of 

Course 
Training 
Provider 

Training 
Date 

Personnel 
/ Groups 

Receiving 
Training 

Personnel 
Titles / 

Organizational 
Affiliation 

Location of 
Training 

Records / 
Certificates 

Field 
Sampling 

HAZWOPER 
40-hour 
Training, 8 
hour refreshers 
as applicable 

Registered 
training 
organization 

Annually* 

All field 
staff 

FTL, field team 
members / 
CH2M HILL  

CH2M HILL 
HSE 

CPR/ First Aid 
Training 

Every 3 
years 
(CPR 
Annually)* 

Behavior 
Based Loss 
Prevention 
System 
(BBLPS) 

Site Safety 
Coordinator, 
Hazardous 
Waste  
(SSC-HW) 

Onsite H&S 
Officer/ 
FTL 

FTL, Site safety 
coordinator 
(SSC) / 
CH2M HILL  

Investigation 
Derived 
Waste (IDW) 
Management 

Waste 
Management 

Registered 
training 
CH2M HILL 
online (UXO 
Safety-
USAF) 

Every 3 
Years 

PM and all 
field staff 

FTL, field team 
members / 
CH2M HILL 

Dangerous 
Goods 
Shipping 

Dangerous 
Goods Training 

Every 3 
Years 

Blood Borne 
Pathogens 

Blood Borne 
Pathogen 
Training 

Annually 

UXO Safety 

UXO Safety 
(unexploded 
ordnance) 
Training 
Package 

* - Training records for field personnel are available on the CH2M HILL Virtual Office 
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SAP Worksheet #9—Project Scoping Session Participants Sheet 

Project Name: CTO-014 PA/SI of Sites UXO 2, 7, 10, 11, and 14  

Projected Date(s) of Sampling: April 2009 through August 2009 Site Name: Camp Lejeune 

PM: Bill Schmithorst Site Location: Camp Lejeune, Jacksonville, North Carolina 

Dates of Session: October 28, 2008 
Scoping Session Purpose: The purpose of the scoping session was to present the CTO-14 PA/SI scope of work to the Camp Lejeune Partnering Team and 
reach a consensus on the project approach. 

Name Title Affiliation Phone # E-mail Address Project Role 

Dave Cleland RPM NAVFAC Mid-
Atlantic 757 322-4851 david.t.cleland@navy.mil Primary Navy POC 

Robert Lowder RPM EMD EMC Camp 
Lejeune 910 451-9607 robert.a.lowder@usmc.mil Camp Lejeune Navy POC 

Gena Townsend RPM USEPA 404 562-8538 townsend.gena@epa.gov EPA oversight lead 
Beth Hartzell Environmental Engineer NCDENR 919 508-8489 Beth.hartzell@ncdenr.gov NCDENR  

Marti Morgan RPM NCDENR (919) 508-8447 Martha.morgan@ncdenr.gov NCDENR MMRP oversight lead  

Bill Schmithorst Project Manager CH2M HILL  919-760-1769 Bill.schmithorst@ch2m.com Project Management. Primary project 
CH2M HILL point of contact 

Matt Louth Camp Lejeune Activity 
Manager 

CH2M HILL  757 671-8311 x417 Matt.louth@ch2m.com Activity Manager for Camp Lejeune projects. 
Coordinates CH2M HILL projects at Camp 
Lejeune with Navy contacts. 

Kim Henderson Deputy Camp Lejeune 
Activity Manager 

CH2M HILL   Kim.henderson@ch2m.com Deputy Activity Manager for Camp Lejeune 
projects 

Comments/Decisions: Gena Townsend questioned why there are no proposed samples under paved/parking lot areas at Sites UXO-07 and UXO-10. Bill Schmithorst explained that 
for surface soil, at least a foot of soil would have been disturbed during construction of the paved/parking lot areas. The Team agreed to collect subsurface soil samples underneath 
the paved/parking lot areas.  
Marti Morgan asked if digital geophysical mapping (DGM) is conducted in developed areas. Bill explained that it depends on the type of development. DGM can be conducted over 
asphalt parking lots but not concrete, near utilities, near buildings, or in wetland areas. Bob Lowder indicated that at sites with developed or wetland areas where DGM was not 
performed, the Team will need to review the results of intrusive investigations to make decisions regarding these areas. For example, if no munitions and explosives of concern (MEC) 
are encountered during intrusive activities at a site, assumptions can be made regarding the areas where DGM was not able to be performed. If MEC is encountered, actions or LUCs 
may be required in areas where DGM could not be performed.  
Upon completion of PA/SI activities, data evaluation will include comparison of analytical data to regulatory screening criteria and human health and ecological risk screenings. Matt 
asked if the general approach is acceptable to the Team for the UFP-SAP work plan submittal and if DGM activities can begin prior to work plan approval. 
Action Items: Document decisions from the October 28, 2008 Partnering Meeting. 

Consensus Decisions: The Team agreed that the general approach for investigating the Group 2 MMRP sites is acceptable. Subsurface soil samples will be added at sites with 
parking lot/paved areas. DGM activities can commence upon approval of the ESS determination. 

mailto:robert.a.lowder@usmc.mil�
mailto:townsend.gena@epa.gov�
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SAP Worksheet #10—Problem Definition 

The primary objective of this sampling and analysis plan (SAP) is to evaluate whether a 
release of munitions constituents (MC) or other hazardous substances has occurred due to 
the historical activities conducted at any of five former unexploded ordnance (UXO) sites 
being investigated and, if so, evaluate whether potential releases warrant further 
assessment. An additional objective is to estimate the number and density of geophysical 
anomalies that may represent subsurface munitions and explosives of concern (MEC).These 
objectives will be addressed with an archival search, environmental sampling for MC, 
human health risk and ecological surveys and estimating the number and density of 
geophysical anomalies that may represent potential subsurface MEC. 

Conceptual Site Model Development 
As the sites covered under this SAP are under a preliminary investigation, much of the 
information contained in a comprehensive conceptual site model (CSM) is not warranted at 
this time. The CSM information pertinent to developing the approach for this SAP (for 
example, historical activities, potential release mechanisms, and potential constituents 
released [if known or suspected]) is included below on a site-by-site basis together with the 
site-specific problem definitions and environmental questions to be answered. A 
hypothetical three-dimensional CSM for these UXO sites is found on Figure 10-1, and the 
locations of the UXO sites within Marine Corps Base (MCB) Camp Lejeune in North 
Carolina are displayed on Figure 10-2. This three-dimensional CSM is a hypothetical 
representation and not all of the elements of the conceptual model are present at all of the 
sites; however, the appropriate elements have been defined. 

Site UXO-02 – Unnamed Explosives Range ASR 2.201 
Site UXO-02 is 127 acres in size and is composed of Unnamed Explosive Range, Archives 
Search Report (ASR) Area 2.201. The site is located in the Stone Bay area of Camp Lejeune 
(USACE, 2001). Site UXO-02 may be accessed from Highway 17 by entering the Base at the 
Stone Bay Gate, and taking the unpaved Red Trail to Everett Creek Road that leads to Site 
UXO-02 (Figures 10-3 through 10-8). The area is primarily wooded with heavy undergrowth 
and is bordered on the east by the New River. Topography is gently sloping northeast 
towards the New River but hummocky within the central portion of Site UXO-02.  

Previous Site Investigations 
There have been no previous site investigations of the entire area comprising Site UXO-02; 
however, within the site is a fenced 14-acre portion of land known as Installation 
Restoration (IR) Operable Unit 14 (Site 69)/(Rifle Range Chemical Dump). From 1950 until 
1976, IR Site 69 was reportedly used for the trench disposal of chemical wastes, including 
polychlorinated biphenyls (PCBs), solvents, and pesticides. Site 69 also has a suspected 
history of chemical agent disposal; 50 to 60 55-gallon drums of mustard or nerve agent were 
allegedly buried in two trenches at Site 69. Chemical agent detector kits, similar to the 
M18A2, have been observed at the site and has led to speculation of the potential for the 
presence of Chemical Agent Identification Sets (CAIS); for example, K941 or K951. 
However, no physical evidence to support the presence of CAIS has been discovered.  
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SAP Worksheet #10—Problem Definition (continued) 

Investigative activities conducted at Site 69 to date have focused on hazardous substances 
related to the historical disposal of wastes at the site. Environmental investigation activities 
began in 1984 and have progressed to ongoing remediation and monitoring activities, and 
are summarized in Baker (1997). Additional CA investigative activities at Site 69 are being 
conducted under Contract Task Order (CTO) 223. No investigations related to MC have 
been conducted at Site 69 or Site UXO-02. The CA constituents of concern present at Site 69 
are unrelated to the former range activities being investigated at Site UXO-02.  

Conceptual Site Model  
Physical Characteristics 
Site UXO-02 consists of gently rolling topography sloping towards the east and the New 
River. Shallow incised drainages exist along the portion of the site bordering the New River. 
The central portion of the site (comprising Site 69) has areas of hummocky terrain that may 
be due to historical landfilling activities. Surface drainages at the site run into localized 
drainage ditches and wetland areas and then drain (see Figure 10-3) into the New River. 
Surface water in the southwest portion of the site drains into ditches that flow into Everett 
Creek south of Site UXO-02. Everett Creek also empties into the New River south of Site 
UXO-02. 

Based upon historical investigations conducted at Site 69, the surficial aquifer at the site is 
10 to 29 feet thick. It is composed primarily of silty sand with interbedded sand lenses. 
Sandy silty clay layers, ranging from 6 to 25 feet thick, are beneath the surficial aquifer and 
could potentially act as a retarding layer. Data from two rifle range wells located 
approximately 2 miles north of Site UXO-02 indicate the unit is 18 to 21 feet thick, which is 
consistent with the boring logs obtained from monitoring well installation during 
investigative activities at Site 69. The Castle Hayne aquifer is located approximately 27 to 
50 feet below ground surface (bgs) within Site 69. Boring logs from previous investigations 
at Site 69 indicate the upper portion of the Castle Hayne aquifer consists of silty sand with 
shell and limestone fragments and is approximately 40 feet thick.  

The depth to water in the surficial aquifer ranges from approximately 1 to 10 feet bgs. 
Shallow groundwater flows radially from Site 69 to the low-lying areas to the north, south, 
east, and west with groundwater potentiometric surface maps indicating an average 
hydraulic gradient of 0.065 feet per foot. Groundwater flow in the upper portion of the 
Castle Hayne aquifer is towards the south/southeast in the southern portion of the Site. 
Groundwater flow in the deep portion of the Castle Hayne aquifer is eastward towards the 
New River. 

The site soils throughout Site UXO-02 will likely be similar to Site 69, which consist of silty 
sands interbedded with sandy clay lenses. Due to the suspected permeability of site soils, 
soluble contaminants, if present, could leach to groundwater. The surficial aquifer 
discharges to the New River and the unnamed tributary bounding the northwest and 
Everett Creek to the south. Material released at ground surface could potentially run off 
down-slope with storm water flow to the local drainages within Site UXO-02 that ultimately 
discharge into the New River. 
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SAP Worksheet #10—Problem Definition (continued) 

Ecological Setting 
Site UXO-02 is located within the red-cockaded woodpecker management area. The red-
cockaded woodpecker is a federally protected avian species. Figure 10-3 displays the habitat 
for the red-cockaded woodpecker within Site UXO-02. After consultation with MCB Camp 
Lejeune biologists, it was deemed that the proposed field activities to be performed at Site 
UXO-02 under this task order will not negatively affect red-cockaded woodpecker habitat. 

Potential Sources of Release 
The potential source area(s) for MC within the former range boundary of Site UXO-02 is 
unknown. Interviews conducted during the RI suggest that there may be a high number of 
fired and unfired rifle cartridges from troop exercises in the area, which could be a potential 
source of MC. In addition, based upon the range designations and use at other similar 
ranges on MCB Camp Lejeune, 60 millimeter (mm) and 81 mm mortar (high explosive, 
white phosphorus, illumination) may have been fired on Mortar Range “L-2”, formerly 
located along the southern boundary of Site UXO-02 (USACE, 2001). Short-fall from 
malfunctioning mortar shells fired from the mortar range may have impacted this portion of 
the site and be a potential source of MC.  

Problem Definition 
Historical munitions-related activities suggest MEC and MC could have been released at the 
site, but no previous investigation has been conducted to verify whether a release(s) has 
occurred. If a release(s) has occurred, it is unknown whether the release(s) poses a 
potentially unacceptable risk to human health and/or the environment and, therefore, 
warrants further assessment. 

The CA investigation is being addressed under the Site 69 IR investigation (CTO–223). 

The environmental questions and problems to be addressed by the PA/SI at Site UXO-02 
are: 

1. Have there been releases of munitions constituents to the surrounding soils? This 
question will be addressed by collecting soil samples from various locations at Site 
UXO-02 and submitting them for laboratory analysis. A total of 205 composite surface 
soil samples will be collected at Site UXO-02 using the TR-02-1 Method (Figures 10-4 
and 10-5). The TR-02-1 composite surface soil sampling method described in Worksheet 
#14. In addition, 30 discrete subsurface soil samples will be collected at depths from just 
above the water table, using direct-push technology (DPT) (Figures 10-6 and 10-7). Soil 
samples will be analyzed for explosives residues, pentaerythritol tetranitrate (PETN), 
nitroglycerine, perchlorate, and total metals. Due to the potential for exposure to 
chemical agent, all work conducted within the fenced perimeter surrounding Site 69 will 
be completed in accordance with the Site 69 Health and Safety Plan (HSP) (CH2M HILL, 
2009).  
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SAP Worksheet #10—Problem Definition (continued) 

2. Have there been releases of munitions constituents to the underlying groundwater? 

3. 

The issue of potential impact to groundwater will be addressed by installing up to 
25 temporary groundwater monitoring wells within the surficial aquifer and collecting 
groundwater samples for laboratory analysis. However, well installation and 
groundwater sampling activities will not proceed until approval of the CA investigation 
work plan is obtained under CTO-223. Due to the general lack of detailed information 
regarding historical range activities at Site UXO-02, the 25 temporary well and 7 existing 
well locations were selected to provide a broad spatial coverage (Figures 10-7 and 10-8). 
The actual temporary well locations may be adjusted based upon site conditions (e.g., 
flooded areas) and access. The groundwater samples will be analyzed for explosives 
residues, PETN, nitroglycerine, perchlorate, and total metals. Groundwater samples will 
be collected within the fenced boundary of Site 69 from existing monitoring wells. Due 
to the potential for exposure to chemical agent, all work conducted within the fenced 
perimeter surrounding Site 69 will be completed in accordance with the Site 69 Health 
and Safety Plan (HSP) (CH2M HILL, 2009).  

Have there been releases of munitions constituents to the adjacent surface water 
body? 

4. 

To address this question, 10 sediment and 10 surface water samples will be 
collected from water bodies within and adjacent to Site UXO-02. The samples will be 
collected from likely depositional areas along stream channels or wetlands (Figure 10-8). 
Exact locations may be modified during preliminary field activities because of variations 
in the occurrence of surface water bodies based on seasonal climatic conditions. 
Samples, if appropriate, will be collected from downstream to upstream to avoid cross-
contamination by sediment suspension. Surface water and sediment samples will be 
analyzed for explosives residues, PETN, nitroglycerine, perchlorate, and total metals. 

Are geophysical anomalies potentially representing munitions and explosives of 
concern (MEC) present at the site

 

? To address this question, a DGM survey using single 
coil, manually-towed EM-61 equipment and will be conducted over approximately 
10 percent of the site (Figure 11-1). DGM survey results will be compared to a threshold 
response of 2.5 millivolts (mV). Those DGM survey results exceeding the threshold 
response will be identified as anomalies.  

Site UXO-07 – D-6 Practice Hand Grenade Course ASR 2.77 
Site UXO-07 is approximately 7 acres in size and is composed of ASR Area 2.77 
(Figures 10-9 and 10-10) (USACE, 2001). Site UXO-07 is comprised of two areas (a 2-acre 
south portion and a 5-acre north portion) located south of McHugh Boulevard and east of 
O Street on the ‘main side’ of Camp Lejeune. The majority of the site is primarily cleared 
and/or developed with a parking lot and buildings, with the exception of a small forested 
area in the northeast corner of the northern boundary of the site.  
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SAP Worksheet #10—Problem Definition (continued) 

Previous Site Investigations 
Based upon an archival review and interviews with base personnel, no site investigations 
are known to have occurred at Site UXO-07. The site appeared as a practice hand grenade 
course on MCB Camp Lejeune range maps dated from 1953 until closure in 1959. The MCB 
does conduct routine clearance for UXO on ranges, but no known information exists for 
specific clearance operations conducted at Site UXO-07. Base maps dated from 1984 show 
that the southern portion of Site UXO-07 appears to overlap the former 5th Area Gun Park. 
The gun park formerly consisted of a large parking area with concrete pads and storage 
buildings that were used to house 105 mm and 155 mm howitzers and associated vehicles. 
According to MCB Camp Lejeune personnel, the storage buildings also were used for 
maintenance and equipment storage for the howitzers.  

Underground utilities are present in the area, and utility clearance activities will be required 
before any subsurface sampling can be conducted. No existing groundwater monitoring 
wells are known to be located within the site boundaries.  

Conceptual Site Model 
Physical Characteristics 
Site UXO-07 consists of flat terrain gently sloping southwest towards the New River. A 
surface drainage feature runs along the northern boundary of Site UXO-07 and drains 
towards the southeast into a wetland and then into an unnamed tributary of French Creek. 
French Creek in turn drains into the New River south of Site UXO-07. 

Given the absence of site-specific information regarding the subsurface conditions at Site 
UXO-07, the physical characteristics have been inferred from previous investigations of 
nearby Site UXO-08. It is anticipated that the shallow soils that underlie Site UXO-07 
comprise silty sands possibly interbedded with sandy clay lenses of varying thicknesses. A 
site reconnaissance conducted on August 19, 2008, found sandy soils along the incised 
banks of the drainage feature trending along the northeastern boundary of the site. 

The depth to groundwater is expected to range from near surface to less than 10 feet below 
ground surface. The groundwater flow direction is expected to be southwesterly toward the 
New River, which is located approximately 0.25 miles from Site UXO-07. Groundwater flow 
in the immediate vicinity of the surface drainage located along the northeast boundary is 
expected to flow into this drainage which in turn drains into French Creek located 
approximately 500 ft. southeast of Site UXO-07. 

The permeable site soils present at the site may allow soluble contaminants, if present, to 
leach toward groundwater.  

Potential Sources of Release 
Historical documentation regarding range practices indicate that fuzes and practice hand 
grenades may have been used throughout the site and could potentially be a source of MC. 
Based on this information and conversations with Base personnel, the contaminants most 
likely associated with potential releases at Site UXO-07 are explosives, nitroglycerine, PETN, 
metals and perchlorate. 
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SAP Worksheet #10—Problem Definition (continued) 

Problem Definition 
Historical munitions-related activities suggest MEC and MC could have been released at the 
site, but no previous investigation has been conducted to verify whether a release(s) has 
occurred. If a release(s) has occurred, it is unknown whether the release(s) poses a 
potentially unacceptable risk to human health and/or the environment and, therefore, 
warrants further assessment. 

The environmental questions and problems to be addressed by the preliminary 
investigation at Site UXO-07 are: 

1. Have there been releases of munitions or other hazardous constituents to the 
surrounding soils? 

2. 

The question will be answered by collecting composite surface soil 
samples from 42 locations throughout Site UXO-07 (excluding paved areas) using the 
TR-02-1 sampling method (Figure 10-9). Seventeen subsurface soil samples will be 
collected from above the water table, using DPT at Site UXO-07 (Figure 10-10). Soil 
samples will be analyzed for explosives residues, PETN, nitroglycerine, perchlorate, and 
total metals.  

Have there been releases of munitions constituents to the underlying groundwater? 

3. 

Potential impacts to groundwater will be addressed by installing up to 6 temporary 
groundwater monitoring wells within the surficial aquifer, and by collecting 
groundwater samples for laboratory analysis. Because of the lack of data on source areas 
at Site UXO-07, the six locations were selected to provide a broad spatial coverage of the 
former range (Figure 10-10). The actual well locations may be adjusted based upon site 
conditions and access, upon completion of a subsurface utility survey. Groundwater 
samples from temporary wells will be analyzed for explosives residues, PETN, 
nitroglycerine, perchlorate, and total metals.  

Have there been releases of munitions constituents to the adjacent surface water 
body? 

4. 

To address this question, two sediment and two surface water samples will be 
collected from water bodies within Site UXO-07. The samples will be collected from 
likely depositional areas along drainage channels, if present during the sampling event 
(Figure 10-10). Samples, if appropriate, will be collected from downstream to upstream 
to avoid cross-contamination by sediment suspension. Surface water and sediment 
samples will be analyzed for explosives residues, PETN, nitroglycerine, perchlorate, and 
total metals. 

Are geophysical anomalies potentially representing munitions and explosives of 
concern (MEC) present at the site? To address this question, a DGM survey will be 
conducted over approximately 10 percent of the site using single coil, manually-towed 
EM-61 equipment (Figure 11-2). DGM survey results will be compared to a threshold 
response of 2.5 mV. Those DGM survey results exceeding the threshold response will be 
identified as anomalies. Given the presence of buildings and paved areas that present 
logistical and technical impediments, the geophysical area of investigation for this 
PA/SI will be limited to unpaved surfaces only.   
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SAP Worksheet #10—Problem Definition (continued) 

Site UXO-10 – D-11A Flame Tank and Flame Thrower Range ASR 2.136 
Site UXO-10 is approximately 10 acres in size and is composed of ASR Area 2.136 
(Figures 10-11 to 10-12) (USACE, 2001). The site is intersected by Gonzalez Boulevard and 
McHugh Boulevard just west of Sneads Ferry Road on the ‘main side’ of Camp Lejeune. The 
majority of the site is cleared and consists of parking lots, fenced motor pool lots and paved 
roads (Gonzalez Blvd bisects the lot from north to south), with the exception of a loosely 
vegetated area in the southeastern area of the site.  

Previous Site Investigations 
Based upon an archival review and interviews with base personnel, no site investigations 
are known to have occurred at Site UXO-10. The site was used as a flame thrower test range, 
and small arms blank ammunition was used on tanks at the site for demonstration purposes 
from 1970 to 1977. Other munitions potentially used at the range include demolitions 
(Composition-4 [C-4]), hexachloroethane (HC) smoke grenades, and white phosphorous 
hand grenades. The Base conducts routine clearance for UXO on ranges, but no known 
information exists for specific clearance operations conducted at Site UXO-10. Underground 
utilities such as stormwater and steam are present in the area, and utility clearance activities 
will be required before any subsurface sampling can be conducted. No existing monitoring 
wells were identified within the site boundaries.  

Conceptual Site Model 
Physical Characteristics 
Site UXO-10 consists of flat terrain with storm water run-off depressions located around the 
parking lots within the northwestern portion of the site.  

Given the absence of site-specific information regarding the subsurface conditions at Site 
UXO-10, the physical characteristics are inferred based on an area-wide USGS study of 
Camp Lejeune (Cardinell, Berg, and Lloyd, 1993). The soils that underlie Site UXO-10 will 
likely consist of silty sands interbedded with sandy clay lenses of varying thicknesses. A site 
reconnaissance conducted on August 19, 2008, found sandy soils along the incised banks of 
the run-off depressions around the parking lots.  

Groundwater within the surficial aquifer is expected to be located at a similar elevation to 
nearby sites (Site UXO-06: Fortified Beach Assault Area with groundwater at approximately 
1 to 10 feet bgs). No surface water was present at the site during a site reconnaissance 
conducted in August 2008. Estimated groundwater flow direction is to the south towards 
tributaries leading to French Creek located approximately 1-2 miles south of Site UXO-07. 

Based on the preliminary information collected through archives searches and conversations 
with base personnel, the contaminants most likely associated with potential releases at Site 
UXO-10 are explosive residues, nitroglycerin, PETN, metals, and perchlorate from small  
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SAP Worksheet #10—Problem Definition (continued) 

arms, demolitions and phosphorous grenades, and petroleum hydrocarbon constituents 
including SVOCs, VOCs and total petroleum hydrocarbons (TPH) associated with flame-
thrower activities. The permeable soils present at the site could potentially allow vertical 
migration of soluble contaminants to groundwater, if present. Material released at ground 
surface could potentially run off down-slope with surface storm water flow and ultimately 
discharge into the New River. 

Potential Sources of Release 
According to MCB Camp Lejeune documents, one simulated cement bunker (location 
unknown) would have been used for flame thrower practice within the former range 
boundary, although no information was found showing the layout of the historical range. In 
addition, demolitions (C-4), HC smoke grenades, white phosphorous hand grenades, and 
flame thrower weapons and blank ammunition for small arms may have been used on the 
course, which could be a source of MC and petroleum hydrocarbon constituents.  

Problem Definition 
Historical munitions-related activities suggest MEC, MC, and petroleum hydrocarbons 
could have been released at the site, but no previous investigation has been conducted to 
verify whether a release(s) has occurred. If a release(s) has occurred, it is unknown whether 
the release(s) poses a potentially unacceptable risk to human health and/or the environment 
and, therefore, warrants further assessment. 

The environmental questions and problems to be addressed by the preliminary 
investigation at Site UXO-10 are: 

1. Have there been releases of munitions and/or hazardous constituents to the 
surrounding soils?

2. 

  The question will be answered by collecting multi-increment (MI) 
surface soil samples from 3 decision units (DUs), 9 composite surface soil samples using 
the TR-02-1 method, and 9 discrete surface soil samples (Figure 10-11). A description of 
the multi-increment and TR-02-1 sampling methods is provided in Worksheet 
#14.Thirty-six subsurface soil samples will be collected from above the water table using 
DPT (Figure 10-12). Multi-increment soil samples will be analyzed for explosives 
residues, PETN, nitroglycerine, perchlorate, and total metals. The 9 composite surface 
soil samples will be analyzed for explosives residues, PETN, nitroglycerine, perchlorate, 
and total metals. The 9 discrete surface soil samples will be analyzed for VOCs, SVOCs, 
PAHs, TPH-DRO, and TPH-GRO. The subsurface soil samples will be analyzed for 
explosives residues, PETN, nitroglycerine, perchlorate, total metals, VOCs, SVOCs, 
TPH-DRO, and TPH-GRO. 

Have there been releases of munitions constituents to the underlying groundwater? 
The issue of potential impact to groundwater will be addressed by collecting 
groundwater from the surficial aquifer in 10 temporary wells spaced throughout Site 
UXO-10. Because of the lack of data on potential source areas at Site UXO-10, the 10 
locations were selected to provide a broad spatial coverage of the range (Figure 10-12). 
The actual well locations may be adjusted based upon site conditions and access, upon 
completion of the subsurface utility survey. Groundwater samples from temporary wells  
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SAP Worksheet #10—Problem Definition (continued) 

will be analyzed for explosives residues, PETN, nitroglycerine, perchlorate, total metals, 
VOCs, PAHs, SVOCs, TPH-DRO, and TPH-GRO.  

3. Are geophysical anomalies potentially representing munitions and explosives of 
concern (MEC) present at the site

4.  

? To address this question, a DGM survey will be 
conducted using single coil, manually-towed EM-61 equipment and will be conducted 
over approximately 10 percent of the site. Given the presence of buildings and paved 
areas that present logistical and technical impediments, the geophysical area of 
investigation for this PA/SI will be limited to unpaved surfaces only.  

Site UXO-11 – B-5 Practice Hand Grenade Course ASR 2.81 
Site UXO-11 is approximately 2 acres in size and is composed of ASR Area 2.81 
(Figures 10-13 through 10-15) (USACE, 2001). The site is located just north of Sixth Street 
and east of Seventh Street at the Marine Corps Air Station New River. The lot is cleared and 
consists entirely of mown grass.  

Previous Site Investigations 
Based upon an archival review and interviews with base personnel, no known 
environmental site investigations have been conducted at Site UXO-11. Site UXO-11 first 
appeared as a practice hand grenade course on the June 30, 1954, range overlay map. This 
document also references a map from September 1, 1953 (not provided), and states that 
while the range appeared on the 1954 range overlay map, Site UXO-11 was in use only 
during 1953. The Base conducts routine clearance for UXO on ranges, but no known 
information exists for specific clearance operations conducted at Site UXO-11. 

Underground utilities may be present in the area, and utility clearance activities will be 
required before any subsurface sampling can be conducted in the area. No known existing 
monitoring wells are located within the boundaries of the site. 

Conceptual Site Model 
Physical Characteristics 
Site UXO-11 consists of flat terrain with a small drainage channel on the southeast corner of 
the site and several other drainage channels surrounding the site 

No documented intrusive environmental assessment activities have been conducted at Site 
UXO-11, and details regarding site subsurface physical characteristics are not known. Based 
on an area-wide USGS study of Camp Lejeune and nearby PA/SI activities at Site UXO-05, 
Former Miniature Anti-tank Range, the soils that underlie Site UXO-11 will likely consist of 
silty sands interbedded with sandy clay lenses of varying thicknesses. A site reconnaissance 
conducted on August 19, 2008, found sandy soils along the incised banks of the drainage 
channels in and around Site UXO-11.  
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SAP Worksheet #10—Problem Definition (continued) 

Groundwater within the surficial aquifer is expected to be located at a similar elevation to 
nearby sites (Site UXO-05: groundwater at 5 to 10 feet bgs). No surface water was present at 
the site during a site reconnaissance conducted in August 2008. Estimated groundwater 
flow direction is towards the southwest towards an unnamed tributary located at Site 
UXO-05 that ultimately drains into the New River. 

Based on the preliminary information collected through archives searches and conversations 
with base personnel, the contaminants most likely associated with potential releases at Site 
UXO-11 are explosive residues, nitroglycerin, PETN, metals, and perchlorate from fuzes and 
practice hand grenades. The permeable site soils may potentially allow soluble 
contaminants, if present, to leach to groundwater. Material released at ground surface could 
potentially run off down-slope with storm water to surface drainage features within and 
surrounding Site UXO-11 that ultimately discharge to the New River. 

Potential Sources of Release 
According to MCB Camp Lejeune documents, practice hand grenades were tossed at fixed 
targets and pits throughout the site, potentially acting as a source of MC.  

Problem Definition 
Historical munitions-related activities suggest MEC and MC could have been released at the 
site, but no previous investigation has been conducted to verify whether a release(s) has 
occurred. If a release(s) has occurred, it is unknown whether the release(s) poses a 
potentially unacceptable risk to human health and/or the environment and, therefore, 
warrants further assessment. 

The environmental questions and problems to be addressed by the preliminary 
investigation at Site UXO-11 are: 

1. Have there been releases of munitions constituents to the surrounding soils? 

2. 

The 
question will be answered by collecting multi-increment surface soil samples from 
4 DUs (Figure 10-13). Five subsurface soil samples will be collected from just above the 
water table using DPT (Figure 10-14). Multi-increment and subsurface soil samples will 
be analyzed for explosives residues, PETN, nitroglycerine, perchlorate, and total metals. 

Have there been releases of munitions constituents to the underlying groundwater? 
The issue of potential impact to groundwater will be addressed by collecting 
groundwater from the surficial aquifer in 5 temporary wells spaced throughout Site 
UXO-11. The actual well locations may be adjusted based upon site conditions and 
access. Because of the lack of data on potential source areas at Site UXO-11, upon 
completion of the subsurface utility survey, the 5 locations were selected to provide a 
broad spatial coverage of the range (Figure 10-14). Groundwater samples from 
temporary wells will be analyzed for explosives residues, PETN, nitroglycerine, 
perchlorate, and total metals. 
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SAP Worksheet #10—Problem Definition (continued) 

3. Have there been releases of munitions constituents to the adjacent surface water 
body? 

4. 

To address this question, two sediment and two surface water samples will be 
collected from water bodies within Site UXO-11, if present (Figure 10-15). Although 
surface water was not observed during site reconnaissance activities, site conditions can 
change based on local climatic conditions. Samples, if appropriate, will be collected from 
downstream to upstream to avoid cross-contamination by sediment suspension. Surface 
water and sediment samples will be analyzed for explosives residues, PETN, 
nitroglycerine, perchlorate, and total metals. 

Are geophysical anomalies potentially representing munitions and explosives of 
concern (MEC) present at the site

Site UXO-14 – Former Pistol Range and Gas Chamber (Rifle Range Area) 
ASR 2.199 and ASR 2.200 

? To address this question, a DGM survey will be 
conducted using single coil, manually-towed EM-61 equipment and will be conducted 
over approximately 10 percent of the site. DGM survey results will be compared to a 
threshold response of 2.5 mV. Those DGM survey results exceeding the threshold 
response will be identified as anomalies. 

Site UXO-14 consists of two sites, ASR 2.199 and ASR 2.200, each approximately 1/10 acre in 
size (Figures 10-16 and 10-17) (USACE, 2001). Site UXO-14 is located in Stones Bay just west 
of Powder Lane and approximately 100 yards west of the intersection of Rifle Range Road 
and Powder Lane. ASR 2.199 is cleared with patches of sand and maintained grass, while 
ASR 2.200 is covered with dense vegetation. 

Previous Site Investigations 
No known site investigations have been conducted at Site UXO-14. ASR 2.199 was used as a 
small arms indoor pistol range from 1950 to 1996. The building has been since demolished 
with an area of loose sand present where the range used to stand. ASR 2.200 was used as a 
training gas chamber from 1950 to 1954. After 1954, building RR-63 was used as a storage 
building and was present on existing conditions maps until 1965. However, on the 1962 
historical aerial, the area is completely overgrown and Building RR-63 is no longer present. 
The MCB does conduct routine clearance for UXO on ranges, but no known information 
exists for specific clearance operations conducted at Site UXO-14. 

Underground utilities may be present in the area due to the presence of neighboring active 
base structures (Building RR13 on Figure 10-16), and utility clearance activities will be 
required before any subsurface sampling can be conducted in the area. No known existing 
monitoring wells are located within the boundaries of the site. 
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SAP Worksheet #10—Problem Definition (continued) 

Conceptual Site Model 
Physical Characteristics 
The area comprising the former Site UXO-14 indoor pistol range consists of flat terrain with 
a loose sandy area covering the former building footprint. Topography at the former gas 
chamber slopes towards the west and an unnamed tributary that drains into the New River. 

No documented intrusive environmental assessment activities have been conducted at Site 
UXO-14, and details regarding site subsurface physical characteristics are not known. Based 
on an area-wide USGS study of Camp Lejeune, the soils that underlie Site UXO-14 will 
likely consist of silty sands interbedded with sandy clay lenses of varying thicknesses. A site 
reconnaissance conducted on August 19, 2008 found loose, sandy soil at the former indoor 
pistol range and heavy vegetation obscuring soils at the former gas chamber. 

Groundwater within the surficial aquifer is expected to be located at a similar elevation to 
nearby sites (Site UXO-02: groundwater between approximately 1 and 10 feet bgs). No 
surface water was present at either the former indoor pistol range or former gas chamber 
site during a site reconnaissance. Estimated groundwater flow direction is towards the 
unnamed tributary located west of the former gas chamber that ultimately drains into the 
New River. 

Based on the preliminary information collected through archives searches and conversations 
with base personnel, the contaminants most likely associated with potential releases at Site 
UXO-14 are metals at the former indoor pistol range and tear gas constituents at the former 
tear gas chamber. The permeable site soils may potentially allow soluble contaminants, if 
present, to leach to groundwater. Material released at ground surface could potentially run 
off down-slope with storm water flow to tributaries to the west of Site UXO-14 that 
ultimately discharge into the New River. 

Potential Sources of Release 
According to MCB Camp Lejeune documents, the site was used as an indoor pistol range 
and gas chamber. MC may be present along the former firing line and target locations at the 
indoor pistol range (ASR 2.199) and, if present, should be located within a relatively small 
area. Potential COCs at the former gas chamber site (ASR 2.200) are anticipated to include 
tear gas constituents.  

Problem Definition 
Historical munitions-related activities suggest MEC and MC could have been released at the 
site, but no previous investigation has been conducted to verify whether a release(s) has 
occurred. If a release(s) has occurred, it is unknown whether the release(s) poses a 
potentially unacceptable risk to human health and/or the environment and, therefore, 
warrants further assessment. 
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SAP Worksheet #10—Problem Definition (continued) 

The environmental questions and problems to be addressed by the preliminary 
investigation at Site UXO-14 are: 

1. Have there been releases of munitions constituents to the surrounding soils? 

2. 

The 
question will be answered by assessing site soil conditions. Site soils will be assessed by 
collecting 12 composite surface soil samples from the former indoor pistol range area 
and eight composite surface soil samples from the former gas chamber collected using 
the TR-02-1 Method (Figure 10-16). Three subsurface soil samples from the former 
indoor pistol range and one subsurface soil sample from the former gas chamber will be 
collected from above the water table using DPT (Figure 10-17). Soil samples will be 
analyzed for total metals. In addition, soil samples collected from the former gas 
chamber area will be analyzed for tear gas constituents. 

Have there been releases of munitions constituents to groundwater? 

3. 

The issue of 
potential impact to groundwater will be addressed by collecting groundwater from the 
surficial aquifer in 4 temporary wells at Site UXO-14. Three temporary wells will be 
located in the former indoor pistol range area and one temporary well will be located in 
the former gas chamber area (Figure 10-17). Actual well locations may be adjusted based 
upon site conditions and access, upon completion of the subsurface utility survey. 
Groundwater samples from temporary wells will be analyzed for total metals. 
Groundwater from the temporary well located in the former gas chamber area also will 
be analyzed for tear gas constituents. 

Are geophysical anomalies potentially representing munitions and explosives of 
concern (MEC) present at the site? To address this question, a DGM survey will be 
conducted using single coil, manually-towed EM-61 equipment and will be conducted 
over approximately 10 percent of the gas chamber portion of the site. DGM survey 
results will be compared to a threshold response of 2.5 mV. Those DGM survey results 
exceeding the threshold response will be identified as anomalies. 
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SAP Worksheet #11—Project Quality Objectives/Systematic Planning Process 
Statements 

This section presents the project quality objectives for the PA/SI.  

Who will use the data? 

The data will be used by the Camp Lejeune Partnering Team to evaluate whether a release 
of munitions constituents (MC) or other hazardous substances has occurred due to the 
historical activities conducted at any of five former unexploded ordnance (UXO) sites being 
investigated and, if so, evaluate whether potential releases warrant further assessment.  In 
addition, the data will be used by the Camp Lejeune Partnering Team to estimate the 
number and density of geophysical anomalies that may represent subsurface MEC.  

This determination will be made based on an evaluation of the analytical data in accordance 
with the decision analysis tree displayed in Worksheet #11. 

If releases are identified through environmental sampling and analysis, what is the 
appropriate next step?  

In addition, if elevated target analytes are detected in DU samples above two times the base 
mean concentration, the DU will be divided into smaller units in order to better define the 
source area.  The proposed number of units and analytes will be decided after results from 
the PA/SI are evaluated. 

What are the project action limits?  

The project action limits are based on established criteria as agreed to by the Partnering Team.  

Groundwater 

1. Groundwater analytical results for metals will be compared to two times the mean base 
background concentrations (Baker, 2002). Many of the metals being analyzed are found 
at background concentrations at MCB Camp Lejeune. The Partnering Team established 
two times mean base background as a suitable screening level to determine if additional 
screening may be required. 

2. Groundwater analytical results will be compared to NCGWQS (NCDENR, 2006), as 
required by NCDENR.  

• In accordance with the North Carolina Administrative Code (NCAC) 2L 
Groundwater Quality Standards, if a standard for a substance is less than the 
laboratory practical quantitation limit, the detection of that substance at or above the 
practical quantitation limit shall constitute a violation of the standard.  

3. Groundwater analytical results also will be compared to the adjusted U.S. 
Environmental Protection Agency (USEPA) regional screening levels (RSLs) for tap 
water (USEPA, 2008) and drinking water maximum contaminant levels (MCLs) as 
required by the USEPA. The RSLs based on noncarcinogenic effects will be adjusted by 
dividing by 10 to account for exposure to multiple constituents; the RSLs based on 
carcinogenic effects will be used as presented in the USEPA RSL table.  
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SAP Worksheet #11 — Project Quality Objectives/Systematic Planning Process 
Statements (continued) 

Surface Water 

1. Surface water analytical results will be compared to the NCAC 2B surface water 
standards for human health and water supply. If a constituent does not have an 
applicable NCAC 2B surface water standard, the constituent will be compared to the 
national recommended water quality criteria (NRWQC) for human health.  

2. Concentrations of surface water constituents also will be compared to the NRWQC for 
human health. 

3. If an NCAC 2B surface water standard or an NRWQC are not available for a detected 
constituent, the adjusted (as defined above) USEPA tap water RSL will be used for 
comparison, as agreed by the Partnering Team.  

Surface and Subsurface Soil 

1. Surface and subsurface soil analytical results will be compared to the two times the 
mean base background concentrations (Baker, 2001). ). Many of the metals being 
analyzed are found at background concentrations at MCB Camp Lejeune and metals 
analytical results will be compared to two times the mean base background 
concentrations. The Partnering Team established two times mean base background as a 
suitable screening level to determine if additional screening may be required. 

2. Surface and subsurface soil analytical results will also be compared to the Federal 
Remediation Branch Target Screening Values Table for industrial and residential soil. 

Sediment 

1. Concentrations of sediment constituents will be compared to the USEPA soil RSLs for 
residential soil. The USEPA soil RSLs are the established screening criteria for sediment 
at Camp Lejeune. 

DGM 

1. DGM survey results will be compared to a threshold response of 2.5 millivolts (mV). 
This threshold was chosen because it is the lowest amplitude at which a metallic item 
can be positively distinguished from signal noise using the EM-61 instrumentation. 

What will the data be used for?  

The data will be used to evaluate: 

• If releases took place, and if so, whether further assessment is warranted.  

• If the presence of potential MEC found during the geophysical investigation at the 
UXO sites warrants the need for an expanded MEC investigation. 
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SAP Worksheet #11 — Project Quality Objectives/Systematic Planning Process 
Statements (continued) 

What types of data are needed?  

• DGM will be conducted to assess the density of geophysical anomalies representing 
potential MEC at Sites UXO-02, UXO-07, UXO-10, UXO-11, and UXO-14 (Figures 11-1 
through 11-5). 

• Worksheet #10 defines the matrices, analytical groups, and where applicable, specific 
target analytes for each site. Because of the nature of a PA/SI, the target analyses are not 
generally restricted to particular analytes; however, discrete analytes are restricted to 
analyte groups based on known or suspected historical activities. Analytes are based 
upon decayed daughter products and fragments of disposed or spent munitions 
expected at these sites, as well as the findings of previous UXO investigations.  

• Water quality parameters including field testing for pH, conductivity, oxidation-
reduction potential, dissolved oxygen, temperature, and turbidity will be collected 
during the sampling of temporary monitoring wells at the five UXO sites. This data will 
be used for field quality control to ensure that groundwater samples are representative 
of the water-bearing formation. 

• Lithologic logging will be conducted during drilling operations to collect subsurface soil 
samples and installation of temporary monitoring wells. The logging activities will 
facilitate selection of well screen intervals. 

• Surface and subsurface soil, sediment and surface water sample locations will be input 
onto a hand-held GPS device during environmental sampling activities. Sample 
locations will be pre-plotted onto devices for easier sample location navigation. Samples 
will be re-plotted on GPS if locations vary significantly (10-20 feet) from the original 
location. Temporary monitoring well locations will be professionally surveyed before 
abandonment and will document both land elevation and top of well casing for 
groundwater elevation data. Field activities will be documented in a field notebook to 
ensure adherence to the approved work plan. The CH2M HILL Preparing Field Log 
Books SOP located in Attachment 2 describes the necessary documentation required for 
log book completion.  

How “good” does the data need to be in order to support the environmental decision?  

• Laboratory analytical data will be distributed to a third-party validator for data quality 
evaluation. Data validation procedures requirements are detailed in Worksheet #36. The 
data needs to be of sufficient quality for determining the concentration of constituents in 
media collected at each site. 

• Data collected by the geophysical survey instrumentation (EM-61) needs to be of 
sufficient quality for making determinations of the extent of suspected buried MEC at 
the UXO sites. The geophysical standard operating procedure (SOP) contained in 
Attachment 2 describes the quality of the data anticipated from the geophysical survey. 
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SAP Worksheet #11 — Project Quality Objectives/Systematic Planning Process 
Statements (continued) 

• Visual observations and photo-ionization detector (PID) readings will be used at UXO 
sites to help select subsurface soil sampling intervals and need to be of sufficient quality 
to facilitate consideration relative to other data in the same area. PID readings will only 
be used to assist with selecting soil samples for laboratory analysis of VOC constituents. 
Calibration and operation of the PID will be conducted under the CH2M HILL SOP 
located in Attachment 2. 

• Groundwater samples representative of the water-bearing formation must be obtained 
to accurately reflect groundwater conditions. This will be ensured, in part, by installing 
and developing the temporary groundwater monitoring wells in accordance with the 
CH2M HILL Installation of Shallow Monitoring Wells SOP (Attachment 2).  

• In conjunction with proper installation, monitoring wells must be properly purged to 
allow for a representative sample. Purging will be considered complete when the water 
quality parameters pH, specific conductance, and temperature have stabilized for three 
consecutive readings (every 3 to 5 minutes), and at least 1 well volume has been purged 
with minimal drawdown. Stabilization is achieved when the water quality parameters 
for each of the three consecutive readings are within 10 percent (0.1 standard unit for 
pH) of each of the other readings, and the turbidity is less than 10 nephelometric 
turbidity units. Groundwater sampling procedures are detailed in Worksheet #14.  

• During the SI, quality assurance/quality control samples will be collected with the 
various media samples as a check on sampling and analytical protocol. Worksheet #20 
describes the quantities and appropriate analyses to be conducted during sampling 
activities outlined in this SAP. 

How much data should be collected?  

1. DGM survey data will be collected over approximately 10 percent of each UXO site, 
according to established DGM protocol at MCB Camp Lejeune. 

2. For environmental sampling this question will be answered by the following. The 
number of samples per site and rationale are provided in Worksheet #17: 

• For the amount of composite surface soil samples (TR-02-01 samples) collected at 
each UXO site, the sampling rationale is based upon a probability of at least 
90 percent of discovering a hot spot (defined as a contaminated area) no greater than 
11 percent of the total area of each UXO site. The TR-02-01 samples are utilized in 
areas where site constraints, such as dense vegetation, interfere with DU multi-
increment sampling. In addition, surface soil samples are not proposed in developed 
areas of the sites. 

• Each UXO site with composite surface soil samples is presented below (note that 
Site UXO-11 contains DUs covering the entire site, and COCs, if present, will be 
contained within a particular DU).  
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SAP Worksheet #11 — Project Quality Objectives/Systematic Planning Process 
Statements (continued) 

Site 
Hot Spot Size 

(acres) 
Probability of 
Detection (%) 

UXO-02 0.55 93.2 

UXO-07 0.17 90.7 

UXO-10 0.8 92.7 

UXO-14 0.0065 90.3 

 

• Three composite surface soil samples will be collected from each DU. A total of 30 
increments will be collected per DU composite surface soil sample. 

• A minimum of four subsurface soil samples will be collected per available acre at 
sites UXO-07, UXO-10, UXO-11, and UXO-14 (in areas not restricted by buildings or 
other structures). A total of 30 subsurface soil samples are proposed for Site UXO-02, 
due to the size of the site and restricted access.  Investigation activities are focused 
primarily on surface soil because MC are generally immobile within the soil profile. 
The highest concentrations of MC are most likely to exist (if present) 0-2 inches bgs. 
MC contamination in subsurface is unlikely because of this; however, a limited 
number of subsurface soil samples will be collected to evaluate the potential for 
leaching from surface soils. The number of proposed subsurface soil samples 
provides a suitable quality control check of subsurface soil conditions and were 
agreed upon by the Partnering Team.  

• In the absence of site-specific information that would bias sampling locations to 
certain areas, the subsurface soil, groundwater, surface water and sediment samples 
will be distributed evenly across each UXO site. Shallow surface soil samples are 
biased to undeveloped areas of the sites. The number of samples and rationale are 
provided in Worksheet #17. 

Where, when, and how should the data be collected/generated?  

• The preliminary site assessment for the five UXO sites at MCB Camp Lejeune under 
CTO-0014 will be conducted in the fall of 2009. 

• The DGM survey and environmental samples will be collected following the SOPs 
presented in Worksheet #21. 

Who will collect and generate the data? How will the data be reported? 

• A qualified geophysical survey subcontractor will perform DGM surveys at all five UXO 
sites under CTO-0014. 

• CH2M HILL staff will collect environmental samples from the five UXO sites, including 
groundwater, surface water, sediment, and surface and subsurface soil as outlined in 
Worksheets #10 and #18. 
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SAP Worksheet #11 — Project Quality Objectives/Systematic Planning Process 
Statements (continued) 

• Borehole drilling, temporary monitoring well installation and well development will be 
performed by a North Carolina-licensed well drilling subcontractor with oversight 
provided by CH2M HILL staff.  

• Laboratory analytical services for Site UXO-02 will be provided by Katahdin Analytical 
Services (Katahdin) under subcontract to CH2M HILL. Katahdin will subcontract 
perchlorate analysis to Test America Laboratories’ West Sacramento branch (TAL-W. 
Sacramento). 

• Laboratory analytical services for all other UXOs will be provided by Empirical 
Laboratories (Empirical) under subcontract to CH2M HILL. Empirical will subcontract 
perchlorate analysis to TAL-W. Sacramento and thallium inductively coupled plasma-
mass spectrometry (ICP-MS) analysis to Columbia Analytical Services’ Rochester branch 
(CAS-Rochester). 

• Once generated, analytical data will be submitted to DataQual (Site UXO-02) and 
Environmental Data Services (Sites UXO-07, UXO-10, UXO-11, and UXO-14) for 
validation against analytical methodology requirements and measurement performance 
criteria presented in this SAP. 

• CH2M HILL will receive validated data and upload the data into a centralized electronic 
database used for Navy projects by the project team(s). 

• Data will be reported in the PA/SI report, which will be submitted to the Navy as a 
draft for review prior to distribution to the NCDENR and USEPA for review and 
approval. 

How will the data be archived?  

Data will be archived according to procedures dictated via the Navy CLEAN 
program/contract. Data will be uploaded into a centralized database developed and 
maintained by CH2M HILL 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 listed in the form of if/then qualitative and quantitative 
statements.  

The decision analysis process below represents the project quality objectives (PQOs) for the 
environmental media sample data collected at the sites. The general objectives of the 
decision analysis process is to evaluate if a CERCLA-related release occurred and, if so, 
whether the release warrants further action. 

The other PQO is related to the analysis of DGM data. If results from the DGM activities 
indicate anomalies above 2.5 mV, then an MEC intrusive investigation will be 
recommended. 
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Project Quality Objectives Decision Flowchart:  Contract Task Order No. 014, MCB Camp Lejeune, NC 
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Project Quality Objectives Decision Flowchart:  Contract Task Order No. 014, MCB Camp Lejeune, NC 
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SAP Worksheet #12-1—Measurement Performance Criteria Table – Field QC Samples – Site UXO-02 

The analytical methods selected in this UFP-SAP and their respective Measurement Performance Criteria are acceptable for this 
investigation. 

Matrix: Groundwater, Surface Water 
Katahdin will analyze Explosives (as listed in Worksheets #15-1 and 15-4), including PETN and Nitroglycerin, by SW-846 8330.  

QC Sample 
Analytical 

Group Frequency 
Data Quality Indicators 

(DQIs) 
Measurement Performance 

Criteria (MPC) 

QC Sample Assesses 
Error for Sampling (S), 
Analytical (A) or both 

(S&A) 

Equipment Rinsate 
Blank 

Explosives 

One per day of sampling Bias/Contamination No analyte detected > Quantitation 
Limit (QL) S + A 

Cooler 
Temperature Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision Relative Percent Difference (RPD) ≤ 

25% S + A 

Matrix Spike/ 
Matrix Spike 
Duplicate 
(MS/MSD) 

One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See recovery limits in Worksheet 
#28-1a; RPD ≤ 30% A 
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SAP Worksheet #12-2—Measurement Performance Criteria Table – Field QC Samples – Site UXO-02 

Matrix: Groundwater, Surface Water 

TAL- W. Sacramento will analyze all Perchlorate samples from this investigation. Samples from Site UXO-02 will be sent by the field team to Katahdin, who will 
then send them to TAL-W. Sacramento for analysis. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Perchlorate 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler 
Temperature Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery - 80-120%; RPD ≤ 15% A 
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SAP Worksheet #12-3—Measurement Performance Criteria Table - Field QC Samples- Site UXO-02 

Matrix: Groundwater, Surface Water 
Katahdin will analyze the metals listed in Worksheets # 15-2 and 15-5 using SW-846 6010B using an Inductively Coupled Plasma (ICP) Atomic Emission 
Spectrometer (AES) at a medium level. Mercury samples will be analyzed by SW-846 7470A using a mercury analyzer. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment 
Rinsate Blank 

Metals by ICP-
AES 

One per day of sampling Bias/Contamination No analyte detected > QL with the 
exception of Na,K, and Ca S + A 

Cooler 
Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery 80-120%; RPD ≤ 30% A 
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SAP Worksheet #12-4—Measurement Performance Criteria Table – Field QC Samples – Site UXO-02 

Matrix: Groundwater, Surface Water 
Katahdin will analyze for thallium as in Worksheet #15-3 and 15-6 using SW-846 6020 using an ICP Mass Spectrometer (MS) in order to achieve QLs that are 
below the project action limits.  

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Thallium by 
ICP-MS 

One per day of sampling Bias/Contamination No analyte detected > QL  S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery 80-120%; RPD ≤ 20% A 
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SAP Worksheet #12-5—Measurement Performance Criteria Table - Field QC Samples - Site UXO-02 

Matrix: Groundwater, Surface Water 
Katahdin will analyze cyanide samples using method SW-846 9012B. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Cyanide 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

Recovery 75-125%; RPD ≤ 
30% A 



SAMPLING AND ANALYSIS PLAN - SITES UXO-02, UXO-07, UXO-10, UXO-11, AND UXO-14 UFP-SAP 
REVISION NUMBER 0 
NOVEMBER 2009 
PAGE 62 OF 242 

 

SAP Worksheet #12-6—Measurement Performance Criteria Table - Field QC Samples - Site UXO-02 

Matrix: Surface Soil, Subsurface Soil, Sediment 
Katahdin will analyze Explosives (as listed in Worksheets #15-7, 15-10, and 15-13), including PETN and Nitroglycerin, by SW-846 8330.  

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Explosives 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See Worksheet #28-6a for 
recovery limits; RPD ≤ 50% A 
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SAP Worksheet #12-7—Measurement Performance Criteria Table - Field QC Samples - Site UXO-02 

Matrix: Surface Soil, Subsurface Soil, Sediment 

TAL- W. Sacramento will analyze all Perchlorate samples from this investigation. Samples from Site UXO-02 will be sent by the field team to Katahdin, who will 
then send them to TAL-W. Sacramento for analysis. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment 
Rinsate Blank 

Perchlorate 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler 
Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field samples Accuracy/Bias and 
Precision Recovery 70-130%; RPD ≤ 20% A 
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SAP Worksheet #12-8—Measurement Performance Criteria Table - Field QC Samples - Site UXO-02 

Matrix: Surface Soil, Subsurface Soil, Sediment 
Katahdin will analyze the metals listed in Worksheets # 15-8, 15-11, and 15-14 using SW-846 6010B using an Inductively Coupled Plasma (ICP) Atomic Emission 
Spectrometer (AES) at a medium level. Mercury samples will be analyzed by SW-846 7471A using a mercury analyzer. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Metals by 
ICP-AES 

One per day of sampling Bias/Contamination No analyte detected > QL with the 
exception of Na, K, and Ca S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field samples Accuracy/Bias and 
Precision Recovery 80-120%; RPD ≤ 30% A 
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SAP Worksheet #12-9—Measurement Performance Criteria Table - Field QC Samples - Site UXO-02 

Matrix: Surface Soil, Subsurface Soil, Sediment 
Katahdin will analyze Thallium as shown in Worksheets #15-9, 15-12, and 15-15 using SW-846 6020 using an ICP Mass Spectrometer (MS) in order to achieve 
QLs that are below the project action limits.  

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Thallium by 
ICP-MS 

One per day of sampling Bias/Contamination No analyte detected > QL  S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery 80-120%; RPD ≤ 30% A 
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SAP Worksheet #12-10—Measurement Performance Criteria Table - Field QC Samples - Site UXO-02 

Matrix: Surface Soil, Subsurface Soil, Sediment 
Katahdin will analyze cyanide samples using SW-846 9012B.  

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Cyanide 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery 75-125%; RPD ≤ 30% A 
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SAP Worksheet #12-11—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Groundwater, Surface Water 
Empirical will analyze Explosives (as listed in Worksheets #15-16 and 15-22), including PETN and Nitroglycerin, by SW-846 8330.  

QC Sample Analytical Group Frequency DQIs MPC 

QC Sample Assesses 
Error for Sampling (S), 
Analytical (A) or both 

(S&A) 

Equipment Rinsate 
Blank 

Explosives 

One per day of sampling Bias / Contamination  No analyte detected > QL S + A 

Cooler Temperature 
Indicator 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples Accuracy / Bias / Precision See recovery limits in Worksheet 

#28-1a; RPD ≤ 30% A 
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SAP Worksheet #12-12—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Groundwater, Surface Water 

TAL- W. Sacramento will analyze all Perchlorate samples from this investigation. Sample from Site UXO-07, 10, 11, and 14 will be sent by the field team to 
Empirical, who will then send them to TAL-W. Sacramento for analysis. 

QC Sample Analytical Group Frequency DQIs MPC 

QC Sample Assesses 
Error for Sampling (S), 
Analytical (A) or both 

(S&A) 

Equipment Rinsate 
Blank 

Perchlorate 

One per day of sampling Bias / Contamination  No analyte detected > QL S + A 

Cooler Temperature 
Indicator 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples Accuracy / Bias / Precision Recovery - 80-120%; RPD ≤ 

15% A 
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SAP Worksheet #12-13—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Groundwater, Surface Water 
Empirical will analyze all metals (as listed in Worksheet #15-17 and 15-23) at a medium level (except thallium) using an ICP-AES and SW-846 6010B. Mercury will 
be analyzed using a Flow Injection Mercury System (FIMS) and SW-846 7470A. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Metals by 
ICP-AES 

One per day of sampling Bias/Contamination No analyte detected > QL with the 
exception of Na, K, and Ca S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery 80-120%; RPD ≤ 30% A 
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SAP Worksheet #12-14—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Groundwater, Surface Water 
CAS will analyze thallium results (QLs shown in Worksheets #15-18 and 15-24) using an ICP-MS and SW-846 6020. The use of an ICP-MS for this element will 
provide a QL that meets the project action limit. Thallium samples will be shipped to Empirical by the field team, who will then send them to CAS. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Thallium by 
ICP-MS 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank One per cooler to the laboratory Accuracy / 

Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field samples Accuracy/Bias and 
Precision 

Recovery 80-120%; RPD 
≤ 30% A 
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SAP Worksheet #12-15—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Groundwater, Surface Water 
Empirical will analyze cyanide samples using SW-846 9012B. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Cyanide 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field samples Accuracy/Bias and 
Precision 

Recovery 75-125%; RPD ≤ 
30% A 
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SAP Worksheet #12-16—Measurement Performance Criteria Table - Site UXO-07, 10, 11, and 14 

Matrix:   Groundwater and Surface Water 
Analytical Group:  TPH 
Concentration Level/Method:  “Low” (SW8015B) 
Measurement Performance Criteria Table – Field QC Samples 

QC Sample 
Analytical 

Group1 Frequency DQI 
Measurement Performance 

Criteria 

QC Sample 
Assesses Error for 

Sampling (S), 
Analytical (A) or 

both (S&A) 

Matrix Spike (MS) TPH - GRO One for each group of 20 
samples of a similar matrix 

Accuracy/Bias 50-150% A 

Matrix Spike Duplicate (MSD) TPH - GRO One for each group of 20 
samples of a similar matrix 

Accuracy/Bias and 
Precision 

50-150% 
RPD <30% 

A 

Field Duplicate (FD) TPH - GRO One per 10 samples Precision RPD < 30% S & A 

Equipment Rinsate Blank (EB) TPH - GRO One per day Bias/Contamination No analytes detected > PQL S & A 

Cooler temperature indicator  TPH - GRO One per cooler Accuracy/ 
Representativeness 

4°C (± 2°C) S 

Matrix Spike (MS) TPH - DRO One for each group of 20 
samples of a similar matrix 

Accuracy/Bias 50-150% A 

Matrix Spike Duplicate (MSD) TPH - DRO One for each group of 20 
samples of a similar matrix 

Accuracy/Bias and 
Precision 

50-150% 
RPD <30% 

A 

Field Duplicate (FD) TPH - DRO One per 10 samples Precision RPD < 30% S & A 

Equipment Rinsate Blank (EB) TPH - DRO One per day Bias/Contamination No analytes detected > PQL S & A 

Cooler temperature indicator  TPH - DRO One per cooler Accuracy/ 
Representativeness 

4°C (± 2°C) S 

1If information varies within an analytical group, separate by individual analyte. 
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SAP Worksheet #12-17—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Groundwater 
Empirical will analyze the list of VOCs in Worksheet #15-19 using method SW-846 8260B. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

VOCs 

One per day of sampling Bias/Contamination 

No analyte detected > QL with the 
exception of common contaminants 
(acetone, methylene chloride, 2-
butanone) 

S + A 

Ambient Field Blank One per week of sampling Bias/Contamination 

No analyte detected > QL with the 
exception of common contaminants 
(acetone, methylene chloride, 2-
butanone) 

S + A 

Trip Blank One per cooler to the 
laboratory Bias/Contamination 

No analyte detected > QL with the 
exception of common contaminants 
(acetone, methylene chloride, 2-
butanone) 

S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See Worksheet #28-16a for recovery 
limits; RPD ≤ 30% A 
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SAP Worksheet #12-18—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Groundwater 

Empirical will analyze the list of SVOCs in Worksheet #15-20 using method SW-846 8270C. Tear gas constituents will be analyzed for Site UXO-14 only. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

SVOCs 

One per day of sampling Bias/Contamination 
No analyte detected > QL with the 
exception of common contaminants 
(Bis-2-ethylhexylphthalate) 

S + A 

Ambient Field Blank One per week of sampling Bias/Contamination 
No analyte detected > QL with the 
exception of common contaminants 
(Bis-2-ethylhexylphthalate) 

S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See Worksheet #28-17a for recovery 
limits; RPD ≤ 30% A 
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SAP Worksheet #12-19—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Groundwater 
Empirical will analyze the list of PAHs in Worksheet #15-21 using method SW-846 8270C and the Selective Ion Monitoring (SIM) technique. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

PAHs  

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Ambient Field Blank One per week of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 25% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See Worksheet #28-18a for 
recovery limits; RPD ≤ 30% A 
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SAP Worksheet #12-20—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Surface Soil, Subsurface Soil, Sediment 
Empirical will analyze Explosives listed in Worksheets #15-25, 15-30, and 15-35, including PETN and Nitroglycerin, by SW-846 8330.  

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Explosives 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See Worksheet #28-6a for 
recovery limits; RPD ≤ 50% A 
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SAP Worksheet #12-21—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Surface Soil, Subsurface Soil, Sediment 

TAL- W. Sacramento will analyze all Perchlorate samples from this investigation. Sample from Site UXO-07, 10, 11, and 14 will be sent by the field team to 
Empirical, who will then send them to TAL-W. Sacramento for analysis. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Perchlorate 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery 70-130%; RPD ≤ 20% A 
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SAP Worksheet #12-22—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Surface Soil, Subsurface Soil, Sediment 
Empirical will analyze all metals in Worksheets #15-26, 15-31, and 15-36 at a medium level using an ICP-AES and SW-846 6010B. Mercury will be analyzed using 
a Flow Injection Mercury System (FIMS) and SW-846 7470A. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Metals by ICP-
AES 

One per day of sampling Bias/Contamination No analyte detected > QL with 
the exception of Na,K, and Ca S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery 80-120%; RPD ≤ 30% A 
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SAP Worksheet #12-23—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Surface Soil, Subsurface Soil, Sediment 
Empirical will analyze cyanide using SW-846 9012B. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

Cyanide 

One per day of sampling Bias/Contamination No analyte detected > QL S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision Recovery 75-125%; RPD ≤ 30% A 



SAMPLING AND ANALYSIS PLAN - SITES UXO-02, UXO-07, UXO-10, UXO-11, AND UXO-14 UFP-SAP 
REVISION NUMBER 0 
NOVEMBER 2009 
PAGE 80 OF 242 

 

SAP Worksheet #12-24—Measurement Performance Criteria Table- Field QC Samples- Site UXO-07, 10, 11, and 14 

Matrix: Surface Soil, Subsurface Soil 
Empirical will analyze the list of VOCs in Worksheets #15-27 and 15-32 using method SW-846 8260B. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment 
Rinsate Blank 

VOCs 

One per day of 
sampling Bias/Contamination 

No analyte detected > QL with the exception 
of common contaminants (acetone, 
methylene chloride, 2-butanone) 

S + A 

Ambient Field 
Blank 

One per week of 
sampling Bias/Contamination 

No analyte detected > QL with the exception 
of common contaminants (acetone, 
methylene chloride, 2-butanone) 

S + A 

Trip Blank One per cooler to the 
laboratory Bias/Contamination 

No analyte detected > QL with the exception 
of common contaminants (acetone, 
methylene chloride, 2-butanone) 

S + A 

Cooler 
Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples 
per matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See Worksheet #28-23a for recovery limits; 
RPD ≤ 30% A 
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SAP Worksheet #12-25—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Surface Soil, Subsurface Soil 

Empirical will analyze the list of SVOCs in Worksheets #15-28 and 15-33 using method SW-846 8270C. Tear gas constituents will be analyzed for Site UXO-14 
only. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

SVOCs 

One per day of 
sampling Bias/Contamination 

No analyte detected > QL with the 
exception of common contaminants 
(Bis-2-ethylhexylphthalate) 

S + A 

Ambient Field Blank One per week of 
sampling Bias/Contamination 

No analyte detected > QL with the 
exception of common contaminants 
(Bis-2-ethylhexylphthalate) 

S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See Worksheet #28-24a for recovery 
limits; RPD ≤ 30% A 
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SAP Worksheet #12-26—Measurement Performance Criteria Table - Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix: Surface Soil, Subsurface Soil 
Empirical will analyze the list of PAHs in Worksheets #15-29 and 15-34 using method SW-846 8270C and the SIM technique. 

QC Sample 
Analytical 

Group Frequency DQIs MPC 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Equipment Rinsate 
Blank 

PAHs  

One per day of sampling Bias/Contamination No analyte detected > QL  S + A 

Ambient Field Blank One per week of sampling Bias/Contamination No analyte detected > QL  S + A 

Cooler Temperature 
Blank 

One per cooler to the 
laboratory 

Accuracy / 
Representativeness 4°C (± 2° C) S 

Field Duplicate One per 10 samples per 
matrix Precision RPD ≤ 30% S + A 

MS/MSD One per 20 set of field 
samples 

Accuracy/Bias and 
Precision 

See Worksheet #28-25a for 
recovery limits; RPD ≤ 30% A 
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SAP Worksheet #12-27—Measurement Performance Criteria Table- Field QC Samples - Site UXO-07, 10, 11, and 14 

Matrix:   Surface Soil, Subsurface Soil, and Sediment 
Analytical Group:  TPH 
Concentration Level/Method:  “Low” (SW8015B) 
Measurement Performance Criteria Table – Field QC Samples 

QC Sample 
Analytical 

Group1 Frequency DQIs 
Measurement Performance 

Criteria 

QC Sample 
Assesses Error for 

Sampling (S), 
Analytical (A) or 

both (S&A) 

Matrix Spike (MS) TPH - GRO One for each group of 20 
samples of a similar matrix 

Accuracy/Bias 50-150% A 

Matrix Spike Duplicate (MSD) TPH - GRO One for each group of 20 
samples of a similar matrix 

Accuracy/Bias and 
Precision 

50-150% 
RPD <30% 

A 

Field Duplicate (FD) TPH - GRO One per 10 samples Precision RPD < 30% S & A 

Equipment Rinsate Blank (EB) TPH - GRO One per day Bias/Contamination No analytes detected > PQL S & A 

Cooler temperature indicator  TPH - GRO One per cooler Accuracy/ 
Representativeness 

4°C (± 2°C) S 

Matrix Spike (MS) TPH - DRO One for each group of 20 
samples of a similar matrix 

Accuracy/Bias 50-150% A 

Matrix Spike Duplicate (MSD) TPH - DRO One for each group of 20 
samples of a similar matrix 

Accuracy/Bias and 
Precision 

50-150% 
RPD <30% 

A 

Field Duplicate (FD) TPH - DRO One per 10 samples Precision RPD < 30% S & A 

Equipment Rinsate Blank (EB) TPH - DRO One per day Bias/Contamination No analytes detected > PQL S & A 

Cooler temperature indicator  TPH - DRO One per cooler Accuracy/ 
Representativeness 

4°C (± 2°C) S 

1If information varies within an analytical group, separate by individual analyte. 
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SAP Worksheet #13—Secondary Data Criteria and Limitations Table 

Secondary 
Data Data Source Data Generator(s) 

How The Data Will 
Be Used 

Limitations on 
Data Use 

2008 
Archival 
Report 

CH2M HILL, Archival 
Records Search Report 
for the Preliminary 
Assessment / Site 
Investigation Sites 
UXO-02, UXO-07, UXO-
10, UXO-11, and UXO-
14 

Marine Corp Library 
at Quantico National 
Archives and Records 
Administration 
Camp Lejeune Base 
Files 
Base Personnel 
Interviews 

Planning and Sample 
Location Selection 

Data and Archival 
Records range in 
age from 5-50 
years old and may 
not be 
representative of 
current conditions 

1996 
Remedial 
Investigation 
Report 

Michael J. Baker Inc., 
Remedial Investigation 
Report, Operable Unit 
No.14 (Site 69) 

Baker. Groundwater, 
soil, sediment data 
1994-1996 

Planning and Sample 
Location Selection at 
Site UXO-02 

Report is 12 years 
old and may not be 
representative of 
current site 
conditions 
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SAP Worksheet #14—Summary of Project Tasks 

Pre-Field Tasks 
• Subcontractor procurement. 
• Schedule field and support staff. 

Site Clearance and Geophysical Tasks 
• Boundary Surveys of all UXO sites part of CTO-014 

• Vegetation Clearance for Site UXO-02 and UXO-14 

− The subcontractor will clear vegetation ≤ 6-inches diameter along 16-foot wide 
transects with each transect line approximately 30-feet apart with the CH2M HILL 
field team determining the orientation of transects using a GPS device. All 
vegetation cleared during transect development will be mulched and left in place. 
No vegetation will be cleared in pre-determined wetland areas. 

• Geophysical Surveys of Sites UXO-02, UXO-07, UXO-10, UXO-11 and UXO-14 

− A geophysical subcontractor will perform Digital Geophysical Mapping (DGM) over 
approximately 10% of Site UXO-02, UXO-07, UXO-10, UXO-11 and the former gas 
chamber site at UXO-14. Surface DGM will be conducted in the cleared and 
surveyed transects at the UXO sites with transect locations clearly marked with 
survey stakes placed during site survey activities. Alternating flag colors will be 
used on adjacent transects so that the adjacent transect paths can be more easily 
discerned. The DGM subcontractors will conduct a geophysical prove out the first 
day of field activities upon arriving at the site to verify that equipment is functioning 
properly. 

• Utility Clearance for all areas with subsurface soil sampling and temporary monitoring 
well installation 

Environmental Site Sampling 
• Surface Soil Sampling using the TR-02-1 Method (Site UXO-02, UXO-07, UXO-10 and 

UXO-14) 

− The composite soil sampling method (TR-02-1) is used to assess shallow soil 
conditions in areas constrained by development or dense vegetation. Each sampling 
location will be defined as an area 1m x 1m in size. The location of each sample will 
be pre-populated in a handheld global positioning system (GPS) prior to the 
sampling event. The field team will make every effort to locate the coordinates; 
however, the sample location may be slightly adjusted to a field-suitable location (i.e. 
poison ivy free area, etc.). The actual coordinates of the sampling locations will then 
be logged into the GPS and will be based on the center of the sampling area. Soil 
samples will be collected by compositing a minimum of 30 sample increments from 
random locations within each 1m x 1m sampling location. The sample increments 
will be approximately equal in the amount of soil, which will be collected from 
depths of 0-2 inches. 
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SAP Worksheet #14—Summary of Project Tasks (continued) 

• Surface Soil Sampling using the Multi-Increment Method (Site UXO-10 and Site UXO-11) 

− The DU multi-increment surface soil sampling method is used in open areas to 
assess shallow soil conditions. A composite soil sample will be collected from each 
Decision Unit. MEC anomaly avoidance will be practiced as described in Section 2.3 
of the Health and Safety Plan (HSP) (Attachment 1). The Decision Unit dimensions 
will depend upon site boundaries and site constraints. Each DU is located in an open 
area that will provide a representative sample based on the former range operation. 
The soil samples will be collected using the systematic random MI sampling in the 
CH2M HILL SOP Attachment 2 of this UFP-SAP. The samples will be collected from 
0 to 2 inches below ground surface (bgs). A minimum of 3 kilograms (kg) of soil will 
be collected from each Decision Unit.  

• Subsurface Soil Sampling using Direct Push Technology at all UXO sites 

− A DPT rig will be used to collect subsurface soil samples just above the water table, 
following the Direct-Push Soil Sample Collection SOP located in Worksheet #21 of 
the UFP-SAP. The sample locations will be determined in a similar manner as 
described above for TR-02-1 sampling. Actual sample location coordinates will be 
determined using a handheld GPS. All coordinates will be recorded in the field 
logbook. 

− MEC anomaly avoidance will be practiced during DPT subsurface soil sampling as 
described in Section 2.3 of the HSP. At the start of each borehole, a UXO technician 
will hand auger to a depth of 5 feet, checking the borehole with a down-hole 
magnetometer at 1-foot increments. A separate borehole will be advanced adjacent 
to the borehole cleared by the UXO technician in order to collect the subsurface 
sample. 

− Each location will be sampled continuously for lithological characterization and 
allowing for the discrete depth selection for a soil sample to be collected for 
laboratory analysis. Continuous cores will be advanced using an open core barrel 
and piston DPT sampling device along with 4- or 5-foot disposable acetate liner to a 
depth just above the water table. The soil sample should be collected from the 
deepest interval above the saturated zone. Soil samples should not be collected from 
the saturated zone. A new liner will be used in collecting each continuous sample 
from the ground surface down to the bottom of the borehole and the down-hole 
sampling equipment will be decontaminated between each sample location. 

• Temporary Well Installation and Groundwater sample collection at all UXO sites 

− Temporary groundwater monitoring wells will be constructed at each site to allow 
collection of groundwater samples. Each well will consist of 1-inch inner diameter 
(ID) polyvinyl chloride (PVC) well screen and casing, with a pre-packed filter screen. 
The wells will be installed by a DPT rig in accordance with the Temporary Well 
Installation SOP located in Worksheet #21. Well screens will be installed as to 
bracket the surficial aquifer at each site. 
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SAP Worksheet #14—Summary of Project Tasks (continued) 

− The temporary monitoring wells will be developed by the drilling contractor. The 
primary purpose of well development is to reduce turbidity. 

− Static groundwater elevations will be measured in all monitoring wells using a water 
level indicator or oil/water interface probe, as appropriate. The depth from the top 
of casing to fluid level will be recorded to the nearest 0.01 foot. The indicator will be 
decontaminated after use in each well.  

− Groundwater samples will be collected using a peristaltic or bladder pump 
following low-flow sampling protocol, and analyzed for parameters as detailed on 
Worksheet #20 and the Groundwater Sampling SOP located in Worksheet #21. All 
groundwater samples will be collected by placing the sample tubing or pump intake 
in the middle of the well screen interval. Water quality parameters (WQPs) [specific 
conductance, pH, turbidity, temperature, dissolved oxygen (DO), and oxidation 
reduction potential (ORP)] will be measured and recorded (approximately every 5 
minutes) prior to sampling using an multi parameter water quality meter, calibrated 
on a daily basis and as subsequently warranted. Sampling will begin when WQPs 
have stabilized to within 10 percent for three consecutive readings. Depth to water, 
WQPs, and total well depth measurements will be recorded in the field logbook. 

• Surface Water and Sediment sample collection at Site UXO-02, UXO-07 and UXO-11 

− Field parameters (e.g., DO, temperature, specific conductance, and pH) will be 
measured prior to sample collection. Surface water samples will then be collected by 
submersing the sampling container directly into the surface water body or by using a 
“thief” type sampler and then transferring the sample to the sample container. The 
body of the immersed sampling container will face downstream so that any 
sediment disturbed during the immersion of the container does not enter the 
sampling vessel. If the volume of surface water encountered is insufficient to allow 
the direct submersion of the sampling containers, a glass interim vessel will be used 
to transfer the surface water sample to the sample containers. The glass interim 
vessel will be laboratory cleaned to the same specifications as the sample containers. 

− Sediment samples will be collected in the same location as surface water samples. 
Sediment and surface water sampling will follow the SOP protocols located in 
Worksheet #21. Surface water samples will always be collected first at each location 
to minimize increased turbidity and agitation caused by sediment collection. 
Sediment will be collected using a pre-washed trowel and bowl, drained of excess 
water and placed into the appropriate sample containers. 

− Actual surface water and sediment sample location coordinates will be determined 
using a handheld GPS in the field. All coordinates will be recorded in the field 
logbook. 
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SAP Worksheet #14—Summary of Project Tasks (continued) 

Decontamination and IDW Handling 
• All non-disposable sampling equipment will be decontaminated before use and 

immediately after each use in accordance with applicable SOPs referenced in 
Worksheet #21. The water level indicator will be cleaned with deionized water between 
each measurement. 

• Wastes generated during the investigation of potentially contaminated sites are 
classified as IDW and will be managed to protect human health and the environment, as 
well as to meet legal requirements. IDW will be managed in accordance with the Waste 
Management Plan. The FTL will be responsible for the documentation, containerization, 
and transportation to the appropriate on-base disposal facility. The containers will be 
labeled in accordance with the Waste Management Plan either with a visible marker or 
preprinted label. Non-IDW waste will be wrapped in opaque, black garbage bags and 
placed into on-base trash receptacles. 

Analyses and Testing Tasks  
• The analytical laboratories will process and prepare samples for analyses and will 

analyze all samples for various groups of parameters in accordance with Worksheet #20. 

Quality Control Tasks  
• Implement SOPs for field and laboratory activities being performed. 

• QC samples are described on Worksheet #20. 

Secondary Data  
• Secondary data (Worksheet #13) provided by Baker and CH2M HILL will be 

incorporated into subsequent reports, as needed.  

Data Validation, Review, and Management Tasks  
• Procedures for recording data, including guidelines for recording and correcting data: 

− See the Navy CLEAN Data Management Plan in the Data Management Guidelines 
Attachment 3 of this UFP-SAP.  

• Computerized and manual procedures of data from generation to final use and storage 
and QC checks for error detection to ensure data integrity: 

− See the Navy CLEAN Data Management Plan in Data Management Guidelines 
Attachment 3 of this UFP-SAP.  

• Guidance on data management steps such as data recording, data transformation, data 
reduction, data transfer and transmittal, data analysis, and data review 

− See the Navy CLEAN Data Management Plan in Data Management Guidelines 
Attachment 3 of this UFP-SAP.  
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SAP Worksheet #14—Summary of Project Tasks (continued) 

• Procedures for data tracking, storage, archiving, retrieval and security for both electronic 
and hardcopy data: 

− See the Navy CLEAN Data Management Plan for more information (Data 
Management Guidelines Attachment 3) 

− The Project EIS, Genevieve Moore, is responsible for data tracking and storage 

− CH2M HILL will coordinate archiving and retrieval of data 

• Perform data validation via 3rd party subcontractors (EDS and DataQual) as per 
Worksheets #35 and #36. 

Documentation and Reporting  
• Work and data will be documented in the draft PA/SI Report.  

Assessment/Audit Tasks  
• See Worksheets #31 and #32. 
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SAP Worksheet #15-1—Reference Limits and Evaluation Table 

Matrix: Groundwater       
Katahdin, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte CAS Number 

Project 
Action 
Limit 
(µg/L) 

Project Action 
Limit Reference 

Project 
Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 180 Tap Water RSL 0.52 0.52 0.016 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 0.61 Tap Water RSL 0.52 0.52 0.079 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 110 Tap Water RSL 0.26 0.26 0.032 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 3.7 Tap Water RSL 0.26 0.26 0.031 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 150 Tap Water RSL 0.52 0.52 0.078 
Nitrobenzene (NB) 98-95-3 0.34 Tap Water RSL 0.26 0.26 0.076 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 0.22 Tap Water RSL 0.26 0.26 0.07 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 7.3 Tap Water RSL 0.26 0.26 0.068 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 7.3 Tap Water RSL 0.26 0.26 0.065 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 7.3 Tap Water RSL 0.26 0.26 0.048 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 3.7 Tap Water RSL 0.26 0.26 0.038 
2-Nitrotoluene (2-NT) 88-72-2 37 Tap Water RSL 0.52 0.52 0.054 
3-Nitrotoluene (3-NT) 99-08-1 730 Tap Water RSL 0.52 0.52 0.087 
4-Nitrotoluene (4-NT) 99-99-0 4.2 Tap Water RSL 0.52 0.52 0.066 
Perchlorate 14797-73-0 26 Tap Water RSL 0.5 0.5 0.082 
Nitroglycerin 55-63-0 3.7 Tap Water RSL 2 2 0.37 
PETN 78-11-5 NC N/A 4.5 4.5 1.37 
NC= No Criteria; N/A= Not Applicable       
Groundwater results were compared to the following screening levels:      
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water     
"NC2L"= the state of North Carolina's groundwater standards      
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-2—Reference Limits and Evaluation Table 

Matrix: Groundwater       
Katahdin       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)        

Analyte CAS Number 

Project 
Action Limit 

(µg/L) 
Project Action Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Aluminum 7429-90-5 3700 Tap Water RSL 200 200 15 
Antimony 7440-36-0 1.5 Tap Water RSL 10 10 0.78 
Barium 7440-39-3 730 Tap Water RSL 200 200 0.59 
Beryllium 7440-41-7 7.3 Tap Water RSL 5 5 0.13 
Cadmium 7440-43-9 1.75 NC2L 1 1 0.037 
Calcium 7440-70-2 NC N/A 5000 5000 30 
Chromium 7440-47-3 11 Tap Water RSL 10 10 0.41 
Cobalt 7440-48-4 73 Tap Water RSL 50 50 0.24 
Copper 7440-50-8 150 Tap Water RSL 25 25 0.75 
Cyanide 57-12-5 70 NC2L 10 10 0.4 
Iron 7439-89-6 300 NC2L 100 100 9 
Lead 7439-92-1 15 NC2L 3 3 0.97 
Magnesium 7439-95-4 NC N/A 5000 5000 4.3 
Manganese 7439-96-5 50 NC2L 15 15 1.1 
Mercury 7439-97-6 1.05 NC2L 0.2 0.2 0.031 
Nickel 7440-02-0 73 Tap Water RSL 40 40 0.42 
Potassium 7440-09-7 NC N/A 5000 5000 41 
Silver 7440-22-4 17.5 NC2L 10 10 0.29 
Sodium 7440-23-5 NC N/A 5000 5000 15 
Vanadium 7440-62-2 26 Tap Water RSL 50 50 0.38 
Zinc 7440-66-6 1050 NC2L 20 20 2.2 
Arsenic 7440-38-2 0.045 Tap Water RSL 10 10 1.7 
Selenium 7782-49-2 18 Tap Water RSL 5 5 0.96 
NC= No Criteria; N/A= Not Applicable      
Groundwater results were compared to the following screening levels:    
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water    
"NC2L"= the state of North Carolina's groundwater standards     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-3—Reference Limits and Evaluation Table 

Matrix: Groundwater       
Katahdin       
Analytical Group: Metals by ICP-MS        

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action Limit 
Reference 

Project Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Thallium 7440-28-0 0.24 Tap Water RSL 2 2 0.62 
       
NC= No Criteria; N/A= Not Applicable      
Groundwater results were compared to the following screening levels:     
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water    
"NC2L"= the state of North Carolina's groundwater standards     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-4—Reference Limits and Evaluation Table 

Matrix: Surface Water       
Katahdin, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte CAS Number 

Project 
Action 
Limit 
(µg/L) 

Project Action 
Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 NC N/A 0.52 0.52 0.016 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 NC N/A 0.52 0.52 0.079 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 NC N/A 0.26 0.26 0.032 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 NC N/A 0.26 0.26 0.031 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 NC N/A 0.52 0.52 0.078 
Nitrobenzene (NB) 98-95-3 17 AWQC WO 0.26 0.26 0.076 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 NC N/A 0.26 0.26 0.07 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 NC N/A 0.26 0.26 0.068 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 NC N/A 0.26 0.26 0.065 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 0.11 AWQC WO 0.26 0.26 0.048 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 NC N/A 0.26 0.26 0.038 
2-Nitrotoluene (2-NT) 88-72-2 NC N/A 0.52 0.52 0.054 
3-Nitrotoluene (3-NT) 99-08-1 NC N/A 0.52 0.52 0.087 
4-Nitrotoluene (4-NT) 99-99-0 NC N/A 0.52 0.52 0.066 
Perchlorate 14797-73-0 NC N/A 0.5 0.5 0.082 
Nitroglycerin 55-63-0 NC N/A 2 2 0.37 
PETN 78-11-5 NC N/A 4.5 4.5 1.37 
NC= No Criteria; N/A= Not Applicable       
Surface water results were compared to the following screening levels:      
"NC2B HH"= the state of North Carolina's surface water standards for human health     
"NC2B WS"= the state of North Carolina's surface water standards for water supplies.     
"AWQC O"= the American Water Quality Criteria for organisms      
"AWQC WO"= the American Water Quality Criteria for organisms and water     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-5—Reference Limits and Evaluation Table 

Matrix: Surface Water       
Katahdin       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)         

Analyte CAS Number 

Project 
Action Limit 

(µg/L) 
Project Action Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Aluminum 7429-90-5 NC N/A 200 200 15 
Antimony 7440-36-0 5.6 AWQC WO 10 10 0.78 
Barium 7440-39-3 1000 NC2B WS, AWQC WO 200 200 0.59 
Beryllium 7440-41-7 0.0076 AWQC WO 5 5 0.13 
Cadmium 7440-43-9 10 AWQC WO 1 1 0.037 
Calcium 7440-70-2 NC N/A 5000 5000 30 
Chromium 7440-47-3 NC N/A 10 10 0.41 
Cobalt 7440-48-4 NC N/A 50 50 0.24 
Copper 7440-50-8 1300 AWQC WO 25 25 0.75 
Cyanide 57-12-5 140 AWQC O, AWQC WO 10 10 0.4 
Iron 7439-89-6 300 AWQC WO 100 100 9 
Lead 7439-92-1 50 AWQC WO 3 3 0.97 
Magnesium 7439-95-4 NC N/A 5000 5000 4.3 
Manganese 7439-96-5 50 AWQC WO 15 15 1.1 
Mercury 7439-97-6 0.14 AWQC WO 0.2 0.2 0.031 
Nickel 7440-02-0 25 NC2B WS 40 40 0.42 
Potassium 7440-09-7 NC N/A 5000 5000 41 
Silver 7440-22-4 91 AWQC WO 10 10 0.29 
Sodium 7440-23-5 NC N/A 5000 5000 15 
Vanadium 7440-62-2 NC N/A 50 50 0.38 
Zinc 7440-66-6 7400 AWQC WO 20 20 2.2 
Arsenic 7440-38-2 0.018 AWQC WO 10 10 1.7 
Selenium 7782-49-2 170 AWQC WO 5 5 0.96 
NC= No Criteria; N/A= Not Applicable      
Surface water results were compared to the following screening levels:    
"NC2B HH"= the state of North Carolina's surface water standards for human health    
"NC2B WS"= the state of North Carolina's surface water standards for water supplies.    
"AWQC O"= the American Water Quality Criteria for organisms    
"AWQC WO"= the American Water Quality Criteria for organisms and water    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-6—Reference Limits and Evaluation Table 

Matrix: Surface Water       
Katahdin       
Analytical Group: Metals by ICP-MS         

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action Limit 
Reference 

Project Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Thallium 7440-28-0 0.24 AWQC WO 2 2 0.62 
       
NC= No Criteria; N/A= Not Applicable      
Surface water results were compared to the following screening levels:    
"NC2B HH"= the state of North Carolina's surface water standards for human health   
"NC2B WS"= the state of North Carolina's surface water standards for water supplies.   
"AWQC O"= the American Water Quality Criteria for organisms    
"AWQC WO"= the American Water Quality Criteria for organisms and water    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-7—Reference Limits and Evaluation Table 

Matrix: Surface Soil       
Katahdin, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte CAS Number 

Project 
Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project 
Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 310 Industrial Soil RSL 0.5 0.5 0.015 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 4.4 Industrial Soil RSL 0.5 0.5 0.02 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 180 Industrial Soil RSL 0.5 0.5 0.0066 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 0.61 Industrial Soil RSL 0.5 0.5 0.013 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 24 Industrial Soil RSL 0.5 0.5 0.01 
Nitrobenzene (NB) 98-95-3 3.1 Industrial Soil RSL 0.5 0.5 0.015 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 3.1 Industrial Soil RSL 0.5 0.5 0.011 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 12 Industrial Soil RSL 0.5 0.5 0.016 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 12 Industrial Soil RSL 0.5 0.5 0.022 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 12 Industrial Soil RSL 0.5 0.5 0.014 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 6.1 Industrial Soil RSL 0.5 0.5 0.015 
2-Nitrotoluene (2-NT) 88-72-2 78 Industrial Soil RSL 0.5 0.5 0.022 
3-Nitrotoluene (3-NT) 99-08-1 NC N/A 0.5 0.5 0.035 
4-Nitrotoluene (4-NT) 99-99-0 24 Industrial Soil RSL 0.5 0.5 0.04 
Perchlorate 14797-73-0 5.5 Industrial Soil RSL 0.83 0.83 0.002 
Nitroglycerin 55-63-0 6.2 Industrial Soil RSL 0.8 0.8 0.2 
PETN 78-11-5 NC N/A 1.5 1.5 0.394 
NC= No Criteria; N/A= Not Applicable       
Surface soil results were compared to the following screening levels:      
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil     
"NC SSL"= the state of North Carolina's Soil Screening Levels      
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for surface soil     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.       
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SAP Worksheet #15-8—Reference Limits and Evaluation Table 
Matrix: Surface Soil       
Katahdin       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)        

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project 
Quantitation Limit 

Goal 
(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Aluminum 7429-90-5 5487 Camp Lejeune 40 40 2.2 
Antimony 7440-36-0 0.447 Camp Lejeune 5 5 0.056 
Barium 7440-39-3 14.5 Camp Lejeune 40 40 0.031 
Beryllium 7440-41-7 0.103 Camp Lejeune 1 1 0.012 
Cadmium 7440-43-9 0.033 Camp Lejeune 0.7 0.7 0.008 
Calcium 7440-70-2 6360 Camp Lejeune 1000 1000 3 
Chromium 7440-47-3 6.05 Camp Lejeune 2 2 0.046 
Cobalt 7440-48-4 0.294 Camp Lejeune 10 10 0.027 
Copper 7440-50-8 4.83 Camp Lejeune 5 5 0.13 
Cyanide 57-12-5 14.1 Camp Lejeune 2 2 0.22 
Iron 7439-89-6 151 NC SSL 20 20 0.6 
Lead 7439-92-1 12.3 Camp Lejeune 0.6 0.6 0.12 
Magnesium 7439-95-4 238 Camp Lejeune 1000 1000 1.1 
Manganese 7439-96-5 13.7 Camp Lejeune 3 3 0.2 
Mercury 7439-97-6 0.015 NC SSL 0.2 0.2 0.0024 
Nickel 7440-02-0 1.21 Camp Lejeune 8 8 0.013 
Potassium 7440-09-7 116 Camp Lejeune 1000 1000 3.7 
Silver 7440-22-4 0.14 Camp Lejeune 2 2 0.068 
Sodium 7440-23-5 80.9 Camp Lejeune 1000 1000 2.2 
Vanadium 7440-62-2 8.9 Camp Lejeune 10 10 0.032 
Zinc 7440-66-6 10.8 Camp Lejeune 4 4 0.17 
Arsenic 7440-38-2 0.39 Residential RSL 0.5 0.5 0.17 
Selenium 7782-49-2 0.563 Camp Lejeune 1 1 0.06 
NC= No Criteria; N/A= Not Applicable      
Surface soil results were compared to the following screening levels:    
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil   
"NC SSL"= the state of North Carolina's Soil Screening Levels    
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for surface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
Note: PAL and Project QL assumes dry weight basis.     
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-9—Reference Limits and Evaluation Table 

Matrix: Surface Soil       
Katahdin       
Analytical Group: Metals by ICP-MS        

Analyte 
CAS 

Number 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Thallium 7440-28-0 0.36 Camp Lejeune 0.5 0.5 0.013 
       
NC= No Criteria; N/A= Not Applicable      
Surface soil results were compared to the following screening levels:    
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil    
"NC SSL"= the state of North Carolina's Soil Screening Levels     
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for surface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
Note: PAL and Project QL assumes dry weight basis.     
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-10—Reference Limits and Evaluation Table 

Matrix: Subsurface Soil       
Katahdin, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 

Project Action 
Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 310 Residential RSL 0.5 0.5 0.015 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 4.4 Residential RSL 0.5 0.5 0.02 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 180 Residential RSL 0.5 0.5 0.0066 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 0.61 Residential RSL 0.5 0.5 0.013 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 24 Residential RSL 0.5 0.5 0.01 
Nitrobenzene (NB) 98-95-3 3.1 Residential RSL 0.5 0.5 0.015 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 3.1 Residential RSL 0.5 0.5 0.011 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 12 Residential RSL 0.5 0.5 0.016 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 12 Residential RSL 0.5 0.5 0.022 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 12 Residential RSL 0.5 0.5 0.014 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 6.1 Residential RSL 0.5 0.5 0.015 
2-Nitrotoluene (2-NT) 88-72-2 78 Residential RSL 0.5 0.5 0.022 
3-Nitrotoluene (3-NT) 99-08-1 NC N/A 0.5 0.5 0.035 
4-Nitrotoluene (4-NT) 99-99-0 24 Residential RSL 0.5 0.5 0.04 
Perchlorate 14797-73-0 5.5 Residential RSL 0.83 0.83 0.002 
Nitroglycerin 55-63-0 0.61 Residential RSL 0.8 0.8 0.2 
PETN 78-11-5 NC N/A 1.5 1.5 0.394 
       
NC= No Criteria; N/A= Not Applicable       
Subsurface soil results were compared to the following screening levels:     
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil     
"NC SSL"= the state of North Carolina's Soil Screening Levels      
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for subsurface soil     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.       
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-11—Reference Limits and Evaluation Table 
Matrix: Subsurface Soil       
Katahdin       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)        

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 

Project Action 
Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Aluminum 7429-90-5 7700 Residential RSL  40 40 2.2 
Antimony 7440-36-0 0.36 Camp Lejeune 5 5 0.056 
Barium 7440-39-3 16.6 Camp Lejeune 40 40 0.031 
Beryllium 7440-41-7 0.165 Camp Lejeune 1 1 0.012 
Cadmium 7440-43-9 0.023 Camp Lejeune 0.7 0.7 0.008 
Calcium 7440-70-2 441 Camp Lejeune 1000 1000 3 
Chromium 7440-47-3 14.5 Camp Lejeune 2 2 0.046 
Cobalt 7440-48-4 0.822 Camp Lejeune 10 10 0.027 
Copper 7440-50-8 2.56 Camp Lejeune 5 5 0.13 
Cyanide 57-12-5 14.1 NC SSL 2 2 0.22 
Iron 7439-89-6 151 NC SSL 20 20 0.6 
Lead 7439-92-1 8.49 Camp Lejeune 0.6 0.6 0.12 
Magnesium 7439-95-4 363 Camp Lejeune 1000 1000 1.1 
Manganese 7439-96-5 9.25 Camp Lejeune 3 3 0.2 
Mercury 7439-97-6 0.015 NC SSL 0.2 0.2 0.0024 
Nickel 7440-02-0 2.27 Camp Lejeune 8 8 0.013 
Potassium 7440-09-7 361 Camp Lejeune 1000 1000 3.7 
Silver 7440-22-4 0.129 Camp Lejeune 2 2 0.068 
Sodium 7440-23-5 68.3 Camp Lejeune 1000 1000 2.2 
Vanadium 7440-62-2 17.2 Camp Lejeune 10 10 0.032 
Zinc 7440-66-6 6.59 Camp Lejeune 4 4 0.17 
Arsenic 7440-38-2 0.39 Residential RSL 0.5 0.5 0.17 
Selenium 7782-49-2 0.505 Camp Lejeune 1 1 0.06 
NC= No Criteria; N/A= Not Applicable       
Subsurface soil results were compared to the following screening levels:     
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil     
"NC SSL"= the state of North Carolina's Soil Screening Levels      
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for subsurface soil     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.       
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-12—Reference Limits and Evaluation Table 

Matrix: Subsurface Soil       
Katahdin       
Analytical Group: Metals by ICP-MS        

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action Limit 

Reference 

Project Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Thallium 7440-28-0 0.38 Camp Lejeune 0.5 0.5 0.013 
       
NC= No Criteria; N/A= Not Applicable      
Subsurface soil results were compared to the following screening levels:    
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil   
"NC SSL"= the state of North Carolina's Soil Screening Levels    
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for subsurface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
Note: PAL and Project QL assumes dry weight basis.     
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   



SAMPLING AND ANALYSIS PLAN - SITES UXO-02, UXO-07, UXO-10, UXO-11, AND UXO-14 UFP-SAP 
REVISION NUMBER 1 

NOVEMBER 2009 
PAGE 105 OF 242 

 

SAP Worksheet #15-13—Reference Limits and Evaluation Table 

Matrix: Sediment       
Katahdin, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 3100 Residential RSL 0.5 0.5 0.015 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 44 Residential RSL 0.5 0.5 0.02 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 1800 Residential RSL 0.5 0.5 0.0066 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 6.1 Residential RSL 0.5 0.5 0.013 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 240 Residential RSL 0.5 0.5 0.01 
Nitrobenzene (NB) 98-95-3 31 Residential RSL 0.5 0.5 0.015 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 31 Residential RSL 0.5 0.5 0.011 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 120 Residential RSL 0.5 0.5 0.016 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 120 Residential RSL 0.5 0.5 0.022 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 120 Residential RSL 0.5 0.5 0.014 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 61 Residential RSL 0.5 0.5 0.015 
2-Nitrotoluene (2-NT) 88-72-2 780 Residential RSL 0.5 0.5 0.022 
3-Nitrotoluene (3-NT) 99-08-1 NC N/A 0.5 0.5 0.035 
4-Nitrotoluene (4-NT) 99-99-0 240 Residential RSL 0.5 0.5 0.04 
Perchlorate 14797-73-0 55 Residential RSL 0.83 0.83 0.002 
Nitroglycerin 55-63-0 6.1 Residential RSL 0.8 0.8 0.2 
PETN 78-11-5 NC N/A 1.5 1.5 0.394 
       
NC= No Criteria; N/A= Not Applicable       
Sediment results were compared to the following screening levels:      
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil, multiplied by a factor of 10 to adjust for sediment.   
Note: PAL and Project QL assumes dry weight basis.       
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SAP Worksheet #15-14—Reference Limits and Evaluation Table 

Matrix: Sediment       
Katahdin       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)       

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project 
Quantitation Limit 

Goal 
(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Aluminum 7429-90-5 77000 Residential RSL 40 40 2.2 
Antimony 7440-36-0 31 Residential RSL 5 5 0.056 
Barium 7440-39-3 15000 Residential RSL 40 40 0.031 
Beryllium 7440-41-7 160 Residential RSL 1 1 0.012 
Cadmium 7440-43-9 70 Residential RSL 0.7 0.7 0.008 
Calcium 7440-70-2 NC N/A 1000 1000 3 
Chromium 7440-47-3 230 Residential RSL 2 2 0.046 
Cobalt 7440-48-4 1500 Residential RSL 10 10 0.027 
Copper 7440-50-8 3100 Residential RSL 5 5 0.13 
Cyanide 57-12-5 1600 Residential RSL 2 2 0.22 
Iron 7439-89-6 55000 Residential RSL 20 20 0.6 
Lead 7439-92-1 400 Residential RSL 0.6 0.6 0.12 
Magnesium 7439-95-4 NC N/A 1000 1000 1.1 
Manganese 7439-96-5 1800 Residential RSL 3 3 0.2 
Mercury 7439-97-6 23 Residential RSL 0.2 0.2 0.0024 
Nickel 7440-02-0 1600 Residential RSL 8 8 0.013 
Potassium 7440-09-7 NC N/A 1000 1000 3.7 
Silver 7440-22-4 390 Residential RSL 2 2 0.068 
Sodium 7440-23-5 NC N/A 1000 1000 2.2 
Vanadium 7440-62-2 550 Residential RSL 10 10 0.032 
Zinc 7440-66-6 23000 Residential RSL 4 4 0.17 
Arsenic 7440-38-2 3.9 Residential RSL 0.5 0.5 0.17 
Selenium 7782-49-2 390 Residential RSL 1 1 0.06 
       
NC= No Criteria; N/A= Not Applicable      
Sediment results were compared to the following screening levels:     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil, multiplied by a factor of 10 to adjust for sediment. 
Note: PAL and Project QL assumes dry weight basis.     
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SAP Worksheet #15-15—Reference Limits and Evaluation Table 

Matrix: Sediment       
Katahdin       
Analytical Group: Metals by ICP-MS       

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action Limit 

Reference 

Project Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Thallium 7440-28-0 5.1 Residential RSL 0.5 0.5 0.013 
       
NC= No Criteria; N/A= Not Applicable      
Sediment results were compared to the following screening levels:     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil, multiplied by a factor of 10 to adjust for sediment.  
Note: PAL and Project QL assumes dry weight basis.     
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SAP Worksheet #15-16—Reference Limits and Evaluation Table 

Matrix: Groundwater       
Empirical, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action 
Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 180 TAP Water RSL 0.52 0.52 0.05 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 0.61 TAP Water RSL 0.52 0.52 0.05 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 110 TAP Water RSL 0.26 0.26 0.05 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 0.37 TAP Water RSL 0.26 0.26 0.05 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 15 TAP Water RSL 0.52 0.52 0.05 
Nitrobenzene (NB) 98-95-3 0.34 TAP Water RSL 0.26 0.26 0.05 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 1.8 TAP Water RSL 0.26 0.26 0.05 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 7.3 TAP Water RSL 0.26 0.26 0.05 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 7.3 TAP Water RSL 0.26 0.26 0.05 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 7.3 TAP Water RSL 0.26 0.26 0.05 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 3.7 TAP Water RSL 0.26 0.26 0.05 
2-Nitrotoluene (2-NT) 88-72-2 37 TAP Water RSL 0.52 0.52 0.05 
3-Nitrotoluene (3-NT) 99-08-1 NC N/A 0.52 0.52 0.05 
4-Nitrotoluene (4-NT) 99-99-0 4.2 TAP Water RSL 0.52 0.52 0.05 
Perchlorate 14797-73-0 2.6 TAP Water RSL 0.5 0.5 0.05 
Nitroglycerin 55-63-0 0.37 TAP Water RSL 0.5 0.5 0.17 
PETN 78-11-5 NC N/A 0.9 0.9 0.3 
       
NC= No Criteria; N/A= Not Applicable       
Groundwater results were compared to the following screening levels:      
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water     
"NC2L"= the state of North Carolina's groundwater standards      
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-17—Reference Limits and Evaluation Table 
Matrix: Groundwater       
Empirical       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)        

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action 
Limit 

Reference 

Project Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 
QLs  

(µg/L) 
MDLs  
(µg/L) 

Aluminum 7429-90-5 3700 Tap Water RSL 200 200 50 
Antimony 7440-36-0 1.5 Tap Water RSL 15 15 5 
Barium 7440-39-3 730 Tap Water RSL 200 200 10 
Beryllium 7440-41-7 7.3 Tap Water RSL 5 5 1 
Cadmium 7440-43-9 1.75 NC2L 5 5 1 
Calcium 7440-70-2 NC N/A 5000 5000 1000 
Chromium 7440-47-3 11 Tap Water RSL 10 10 2 
Cobalt 7440-48-4 73 Tap Water RSL 50 50 10 
Copper 7440-50-8 150 Tap Water RSL 25 25 5 
Cyanide 57-12-5 70 NC2L 12 12 4 
Iron 7439-89-6 300 NC2L 105 105 35 
Lead 7439-92-1 15 NC2L 3 3 1 
Magnesium 7439-95-4 NC N/A 5000 5000 1000 
Manganese 7439-96-5 50 NC2L 15 15 5 
Mercury 7439-97-6 1.05 NC2L 0.2 0.2 0.08 
Nickel 7440-02-0 73 Tap Water RSL 40 40 5 
Potassium 7440-09-7 NC N/A 5000 5000 1000 
Silver 7440-22-4 17.5 NC2L 10 10 2 
Sodium 7440-23-5 NC N/A 5000 5000 1000 
Vanadium 7440-62-2 26 Tap Water RSL 50 50 10 
Zinc 7440-66-6 1050 NC2L 20 20 5 
Arsenic 7440-38-2 0.045 Tap Water RSL 10 10 3 
Selenium 7782-49-2 18 Tap Water RSL 6 6 2 
NC= No Criteria; N/A= Not Applicable      
Groundwater results were compared to the following screening levels:    
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water    
"NC2L"= the state of North Carolina's groundwater standards     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-18—Reference Limits and Evaluation Table 

Matrix: Groundwater       
CAS       
Analytical Group: Metals by ICP-MS        

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action Limit 
Reference 

Project Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Thallium 7440-28-0 0.24 Tap Water RSL 2 2 0.0748 
       
NC= No Criteria; N/A= Not Applicable      
Groundwater results were compared to the following screening levels:    
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water    
"NC2L"= the state of North Carolina's groundwater standards     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-19—Reference Limits and Evaluation Table 

Matrix: Groundwater       
Empirical       
Analytical Group: VOCs         

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action 
Limit Reference 

Project 
Quantitation Limit 

Goal 
(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

1,1,1-Trichloroethane 71-55-6 200 NC2L  1 1 0.3 
1,1,2,2-Tetrachloroethane 79-34-5 0.067 Tap Water RSL 1 1 0.3 
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 5900 Tap Water RSL 1 1 0.3 
1,1,2-Trichloroethane 79-00-5 0.24 Tap Water RSL 1 1 0.3 
1,1-Dichloroethane 75-34-3 2.4 Tap Water RSL 1 1 0.3 
1,1-Dichloroethene 75-35-4 7 NC2L  1 1 0.3 
1,2,4-Trichlorobenzene 120-82-1 19 Tap Water RSL 1 1 0.3 
1,2-Dibromo-3-chloropropane 96-12-8 0.00032 Tap Water RSL 1 1 0.3 
1,2-Dibromoethane 106-93-4 0.0004 NC2L  1 1 0.3 
1,2-Dichlorobenzene 95-50-1 24 NC2L  1 1 0.3 
1,2-Dichloroethane 107-06-2 0.15 Tap Water RSL 1 1 0.3 
1,2-Dichloropropane 78-87-5 0.39 Tap Water RSL 1 1 0.3 
1,3-Dichlorobenzene 541-73-1 170 NC2L  1 1 0.3 
1,4-Dichlorobenzene 106-46-7 0.43 Tap Water RSL 1 1 0.3 
2-Butanone 78-93-3 710 Tap Water RSL 5 5 1.6 
2-Hexanone 591-78-6 200 Tap Water RSL 5 5 1 
4-Methyl-2-pentanone 108-10-1 200 Tap Water RSL 5 5 1 
Acetone 67-64-1 700 NC2L  5 5 1.7 
Benzene 71-43-2 0.41 Tap Water RSL 1 1 0.3 
Bromodichloromethane 75-27-4 0.56 NC2L  1 1 0.3 
Bromoform 75-25-2 4.43 NC2L  1 1 0.3 
Bromomethane 74-83-9 0.87 Tap Water RSL 1 1 0.3 
Carbon disulfide 75-15-0 100 Tap Water RSL 1 1 0.3 
Carbon tetrachloride 56-23-5 0.2 Tap Water RSL 1 1 0.3 
Chlorobenzene 108-90-7 9.1 Tap Water RSL 1 1 0.3 
Chloroethane 75-00-3 2100 Tap Water RSL 1 1 0.3 
Chloroform 67-66-3 0.19 Tap Water RSL 1 1 0.3 
Chloromethane 74-87-3 1.8 Tap Water RSL 1 1 0.3 
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SAP Worksheet #15-19—Reference Limits and Evaluation Table (continued) 

Matrix: Groundwater       
Empirical       
Analytical Group: VOCs         

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action 
Limit Reference 

Project 
Quantitation Limit 

Goal 
(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Cyclohexane 110-82-7 1300 Tap Water RSL 1 1 0.3 
Dibromochloromethane 124-48-1 0.41 NC2L  1 1 0.3 
Dichlorodifluoromethane (Freon-12) 75-71-8 39 Tap Water RSL 1 1 0.3 
Ethylbenzene 100-41-4 1.5 Tap Water RSL 1 1 0.3 
Methyl acetate 79-20-9 3700 Tap Water RSL 1 1 0.3 
Methyl-tert-butyl ether (MTBE) 1634-04-4 12 Tap Water RSL 1 1 0.3 
Methylcyclohexane 108-87-2 630 Tap Water RSL 1 1 0.3 
Methylene chloride 75-09-2 4.6 NC2L  1 1 0.3 
Styrene 100-42-5 100 NC2L  1 1 0.3 
Tetrachloroethene 127-18-4 0.7 NC2L  1 1 0.3 
Toluene 108-88-3 230 Tap Water RSL 1 1 0.3 
Trichloroethene 79-01-6 1.7 Tap Water RSL 1 1 0.3 
Trichlorofluoromethane(Freon-11) 75-69-4 130 Tap Water RSL 1 1 0.3 
Vinyl chloride 75-01-4 0.015 NC2L  1 1 0.3 
Xylene, total 1330-20-7 20 Tap Water RSL 1 1 0.3 
cis-1,2-Dichloroethene 156-59-2 37 Tap Water RSL 1 1 0.3 
cis-1,3-Dichloropropene 10061-01-5 0.19 NC2L  1 1 0.3 
isopropylbenzene 98-82-8 68 Tap Water RSL 1 1 0.3 
trans-1,2-Dichloroethene 156-60-5 11 Tap Water RSL 1 1 0.3 
trans-1,3-Dichloropropene 10061-02-6 0.19 NC2L  1 1 0.3 
NC= No Criteria; N/A= Not Applicable       
Groundwater results were compared to the following screening levels:     
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water     
"NC2L"= the state of North Carolina's groundwater standards     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-20—Reference Limits and Evaluation Table 

Matrix: Groundwater       
Empirical       
Analytical Group: SVOCs         

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action 
Limit Reference 

Project 
Quantitation Limit 

Goal 
(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Benzaldehyde 100-52-7 370 Tap Water RSL 10 10 1 
Phenol 108-95-2 300 NC2L 10 10 1 
bis-(2-Chloroethyl) ether 111-44-4 0.012 Tap Water RSL 10 10 1 
2-Chlorophenol 95-57-8 0.36 NC2L 10 10 1 
2-Methylphenol 95-48-7 180 Tap Water RSL 10 10 1 
2,2'-oxybis(1-Chloropropane) 108-60-1 0.32 Tap Water RSL 10 10 1 
Acetophenone 98-86-2 370 Tap Water RSL 10 10 1 
4-Methylphenol 106-44-5 3.5 NC2L 10 10 1 
N-Nitroso-di-n propylamine 621-64-7 0.0096 Tap Water RSL 10 10 1 
Hexachloroethane 67-72-1 3.7 Tap Water RSL 10 10 1 
Nitrobenzene 98-95-3 0.34 Tap Water RSL 10 10 1 
Isophorone 78-59-1 36.8 NC2L 10 10 1 
2-Nitrophenol 88-75-5 18 Tap Water RSL 10 10 1 
2,4-Dimethylphenol 105-67-9 73 Tap Water RSL 10 10 1 
bis(2-Chloroethoxy) methane 111-91-1 11 Tap Water RSL 10 10 1 
2,4-Dichlorophenol 120-83-2 11 Tap Water RSL 10 10 1 
4-Chloroaniline 106-47-8 15 Tap Water RSL 10 10 2 
Caprolactam 105-60-2 1800 Tap Water RSL 10 10 1 
4-Chloro-3-methylphenol 59-50-7 18 Tap Water RSL 10 10 1 
2,4,6-Trichlorophenol 88-06-2 3.7 Tap Water RSL 10 10 1 
2,4,5-Trichlorophenol 95-95-4 370 Tap Water RSL 25 25 1 
1,1'-Biphenyl 92-52-4 180 Tap Water RSL 10 10 1 
2-Chloronaphthalene 91-58-7 290 Tap Water RSL 10 10 1 
2-Nitroaniline 88-74-4 NC N/A 25 25 1 
Dimethylphthalate 131-11-3 NC N/A 10 10 1 
2,6-Dinitrotoluene 606-20-2 3.7 Tap Water RSL 10 10 1 
Acenaphthylene 208-96-8 210 NC2L 10 10 1 
3-Nitroaniline 99-09-2 NC N/A 25 25 1 
Acenaphthene 83-32-9 80 NC2L 10 10 1 
2,4-Dinitrophenol 51-28-5 7.3 Tap Water RSL 25 25 1 
4-Nitrophenol 100-02-7 NC N/A 25 25 1 
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SAP Worksheet #15-20—Reference Limits and Evaluation Table (continued) 

Matrix: Groundwater       
Empirical       
Analytical Group: SVOCs         

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action 
Limit Reference 

Project 
Quantitation Limit 

Goal 
(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Dibenzofuran 132-64-9 3.7 Tap Water RSL 10 10 1 
2,4-Dinitrotoluene 121-14-2 7.3 Tap Water RSL 10 10 1 
Diethylphthalate 84-66-2 2900 Tap Water RSL 10 10 1 
4-Chlorophenyl-phenyl ether 7005-72-3 18 Tap Water RSL 10 10 1 
4-Nitroaniline 100-01-6 NC N/A 25 25 1 
4,6-Dinitro-2-methylphenol 534-52-1 NC N/A 25 25 1 
N-Nitroso diphenylamine 86-30-6 14 Tap Water RSL 10 10 1 
4-Bromophenyl-phenylether 101-55-3 NC N/A 10 10 1 
Atrazine 1912-24-9 0.29 Tap Water RSL 10 10 1 
Pentachlorophenol 87-86-5 0.29 NC2L 25 25 1 
Anthracene 120-12-7 1100 Tap Water RSL 10 10 1 
Carbazole 86-74-8 3.4 Tap Water RSL 10 10 1 
Di-n-butylphthalate 84-74-2 370 Tap Water RSL 10 10 1 
Butylbenzylphthalate 85-68-7 100 NC2L 10 10 1 
3,3'-Dichlorobenzidine 91-94-1 0.15 Tap Water RSL 10 10 1 
Chrysene 218-01-9 2.9 Tap Water RSL 10 10 1 
bis(2-Ethylhexyl) phthalate 117-81-7 2.5 NC2L 10 10 1 
Di-n-octylphthalate 117-84-0 140 NC2L 10 10 1 
2-Chloroacetophenone 532-27-4 NC N/A 5 5 0.4 
2-chlorobenzalmalononitrile 2698-41-1 NC N/A 5 5 0.57 
NC= No Criteria; N/A= Not Applicable       
Groundwater results were compared to the following screening levels:     
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water     
"NC2L"= the state of North Carolina's groundwater standards     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-21—Reference Limits and Evaluation Table 

Matrix: Groundwater       
Empirical       
Analytical Group: PAHs         

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action 
Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Naphthalene 91-20-3 0.62 Tap Water RSL 0.25 0.25 0.05 
Hexachlorobutadiene 87-68-3 0.44 NC2L 0.25 0.25 0.08 
2-Methylnaphthalene 91-57-6 14 NC2L 0.25 0.25 0.05 
Hexachlorocyclopentadiene 77-47-4 22 Tap Water RSL 0.25 0.25 0.08 
Fluorene 86-73-7 150 Tap Water RSL 0.25 0.25 0.05 
Phenanthrene 85-01-8 210 NC2L 0.25 0.25 0.05 
Fluoranthene 206-44-0 150 Tap Water RSL 0.25 0.25 0.05 
Pyrene 129-00-0 110 Tap Water RSL 0.25 0.25 0.05 
Benzo(a)anthracene 56-55-3 0.029 Tap Water RSL 0.25 0.25 0.05 
Benzo(b)fluoranthene 205-99-2 0.029 Tap Water RSL 0.25 0.25 0.05 
Benzo(k)fluoranthene 207-08-9 0.29 Tap Water RSL 0.25 0.25 0.05 
Benzo(a)pyrene 50-32-8 0.0029 Tap Water RSL 0.25 0.25 0.05 
Indeno(1,2,3-cd)pyrene 193-39-5 0.029 Tap Water RSL 0.25 0.25 0.05 
Dibenzo(a,h)anthracene 53-70-3 0.0029 Tap Water RSL 0.25 0.25 0.05 
Benzo(g,h,i)perylene 191-24-2 110 Tap Water RSL 0.25 0.25 0.05 
       
NC= No Criteria; N/A= Not Applicable       
Groundwater results were compared to the following screening levels:      
"Tap Water RSL"= the USEPA's Regional Screening Levels for tap water     
"NC2L"= the state of North Carolina's groundwater standards      
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-22—Reference Limits and Evaluation Table 

Matrix: Groundwater/Surface Water 
Analytical Group: TPH GRO/DRO (Method 8015) 

Analyte CAS Number1 

Project 
Quantitation 
Limit Goal 

(mg/L) 

Laboratory-specific 

QLs 
(mg/L) 

MDLs 
(mg/L) 

TPH-GRO TPH-GRO 0.15 0.15 0.05 

TPH-DRO TPH-DRO 0.3 0.3 0.1 
1 Contractor-generated CAS numbers.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated. 
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SAP Worksheet #15-23—Reference Limits and Evaluation Table 

Matrix: Surface Water       
Empirical, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action 
Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 NC N/A 0.52 0.52 0.05 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 NC N/A 0.52 0.52 0.05 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 NC N/A 0.26 0.26 0.05 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 NC N/A 0.26 0.26 0.05 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 NC N/A 0.52 0.52 0.05 
Nitrobenzene (NB) 98-95-3 17 AWQC WO 0.26 0.26 0.05 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 NC N/A 0.26 0.26 0.05 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 NC N/A 0.26 0.26 0.05 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 NC N/A 0.26 0.26 0.05 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 0.11 AWQC WO 0.26 0.26 0.05 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 NC N/A 0.26 0.26 0.05 
2-Nitrotoluene (2-NT) 88-72-2 NC N/A 0.52 0.52 0.05 
3-Nitrotoluene (3-NT) 99-08-1 NC N/A 0.52 0.52 0.05 
4-Nitrotoluene (4-NT) 99-99-0 NC N/A 0.52 0.52 0.05 
Perchlorate 14797-73-0 NC N/A 0.5 0.5 0.05 
Nitroglycerin 55-63-0 NC N/A 0.5 0.5 0.17 
PETN 78-11-5 NC N/A 0.9 0.9 0.3 
NC= No Criteria; N/A= Not Applicable       
Surface water results were compared to the following screening levels:      
"NC2B HH"= the state of North Carolina's surface water standards for human health     
"NC2B WS"= the state of North Carolina's surface water standards for water supplies.     
"AWQC O"= the American Water Quality Criteria for organisms      
"AWQC WO"= the American Water Quality Criteria for organisms and water     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-24—Reference Limits and Evaluation Table 

Matrix: Surface Water       
Empirical       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)         

Analyte CAS Number 

Project 
Action Limit 

(µg/L) 
Project Action Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Aluminum 7429-90-5 NC N/A 200 200 50 
Antimony 7440-36-0 5.6 AWQC WO 15 15 5 
Barium 7440-39-3 1000 NC2B WS, AWQC WO 200 200 10 
Beryllium 7440-41-7 0.0076 AWQC WO 5 5 1 
Cadmium 7440-43-9 10 AWQC WO 5 5 1 
Calcium 7440-70-2 NC N/A 5000 5000 1000 
Chromium 7440-47-3 NC N/A 10 10 2 
Cobalt 7440-48-4 NC N/A 50 50 10 
Copper 7440-50-8 1300 AWQC WO 25 25 5 
Cyanide 57-12-5 140 AWQC O, AWQC WO 12 12 4 
Iron 7439-89-6 300 AWQC WO 105 105 35 
Lead 7439-92-1 50 AWQC WO 3 3 1 
Magnesium 7439-95-4 NC N/A 5000 5000 1000 
Manganese 7439-96-5 50 AWQC WO 15 15 5 
Mercury 7439-97-6 0.14 AWQC WO 0.2 0.2 0.08 
Nickel 7440-02-0 25 NC2B WS 40 40 5 
Potassium 7440-09-7 NC N/A 5000 5000 1000 
Silver 7440-22-4 91 AWQC WO 10 10 2 
Sodium 7440-23-5 NC N/A 5000 5000 1000 
Vanadium 7440-62-2 NC N/A 50 50 10 
Zinc 7440-66-6 7400 AWQC WO 20 20 5 
Arsenic 7440-38-2 0.018 AWQC WO 10 10 3 
Selenium 7782-49-2 170 AWQC WO 6 6 2 
NC= No Criteria; N/A= Not Applicable      
Surface water results were compared to the following screening levels:    
"NC2B HH"= the state of North Carolina's surface water standards for human health    
"NC2B WS"= the state of North Carolina's surface water standards for water supplies.    
"AWQC O"= the American Water Quality Criteria for organisms     
"AWQC WO"= the American Water Quality Criteria for organisms and water    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-25—Reference Limits and Evaluation Table 

Matrix: Surface Water       
CAS       
Analytical Group: Metals by ICP-MS        

Analyte CAS Number 

Project Action 
Limit 
(µg/L) 

Project Action Limit 
Reference 

Project Quantitation 
Limit Goal 

(µg/L) 

Laboratory-specific 

QLs  
(µg/L) 

MDLs  
(µg/L) 

Thallium 7440-28-0 0.24 AWQC WO 2 2 0.0748 
       
       
NC= No Criteria; N/A= Not Applicable      
Surface water results were compared to the following screening levels:    
"NC2B HH"= the state of North Carolina's surface water standards for human health    
"NC2B WS"= the state of North Carolina's surface water standards for water supplies.    
"AWQC O"= the American Water Quality Criteria for organisms     
"AWQC WO"= the American Water Quality Criteria for organisms and water    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-26—Reference Limits and Evaluation Table 

Matrix: Surface Soil       
Empirical, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte CAS Number 

Project 
Action Limit 

(mg/kg) 
Project Action Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 
(HMX) 2691-41-0 3800 Residential Soil RSL 0.5 0.5 0.05 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 5.5 Residentiall Soil RSL 0.5 0.5 0.06 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 2200 Residential Soil RSL 0.5 0.5 0.05 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 6.10.61 Residentiall Soil RSL 0.5 0.5 0.05 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 240 Residential Soil RSL 0.5 0.5 0.06 
Nitrobenzene (NB) 98-95-3 4.4 Residential Soil RSL 0.5 0.5 0.05 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 19 Residential Soil RSL 0.5 0.5 0.05 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 150 Residential Soil RSL 0.5 0.5 0.05 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 150 Residential Soil RSL 0.5 0.5 0.05 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 1.6 Residential Soil RSL 0.5 0.5 0.05 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 61 Residential Soil RSL 0.5 0.5 0.05 
2-Nitrotoluene (2-NT) 88-72-2 2.9 Residential Soil RSL 0.5 0.5 0.05 
3-Nitrotoluene (3-NT) 99-08-1 1200 Residential Soi RSL 0.5 0.5 0.05 
4-Nitrotoluene (4-NT) 99-99-0 30 Residential Soil RSL 0.5 0.5 0.05 
Perchlorate 14797-73-0 55 Residential Soil RSL 0.002 0.002 0.05 
Nitroglycerin 55-63-0 6.1 Residential Soil RSL 0.5 0.5 0.11 
PETN 78-11-5 NC N/A 0.5 0.5 0.12 
NC= No Criteria; N/A= Not Applicable       
Surface soil results were compared to the following screening 
levels:      
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil     
"NC SSL"= the state of North Carolina's Soil Screening Levels      
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for surface soil     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.       
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SAP Worksheet #15-27—Reference Limits and Evaluation Table 
Matrix: Surface Soil       
Empirical       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)        

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 
QLs  

(mg/kg) 
MDLs  

(mg/kg) 
Aluminum 7429-90-5 77000 Residential RSL  40 40 2.5 
Antimony 7440-36-0 0.36 Camp Lejeune 2 2 0.3 
Barium 7440-39-3 16.6 Camp Lejeune 40 40 2.5 
Beryllium 7440-41-7 0.165 Camp Lejeune 1 1 0.05 
Cadmium 7440-43-9 0.023 Camp Lejeune 0.7 0.7 0.05 
Calcium 7440-70-2 441 Camp Lejeune 1000 1000 50 
Chromium 7440-47-3 14.5 Camp Lejeune 2 2 0.1 
Cobalt 7440-48-4 0.822 Camp Lejeune 10 10 0.5 
Copper 7440-50-8 2.56 Camp Lejeune 5 5 0.25 
Cyanide 57-12-5 14.1 NC SSL 2 2 0.25 
Iron 7439-89-6 151 NC SSL 20 20 1.5 
Lead 7439-92-1 8.49 Camp Lejeune 0.6 0.6 0.08 
Magnesium 7439-95-4 363 Camp Lejeune 1000 1000 50 
Manganese 7439-96-5 9.25 Camp Lejeune 3 3 0.25 
Mercury 7439-97-6 0.015 NC SSL 0.2 0.2 0.015 
Nickel 7440-02-0 2.27 Camp Lejeune 8 8 0.25 
Potassium 7440-09-7 361 Camp Lejeune 1000 1000 50 
Silver 7440-22-4 0.129 Camp Lejeune 2 2 0.15 
Sodium 7440-23-5 68.3 Camp Lejeune 1000 1000 100 
Vanadium 7440-62-2 17.2 Camp Lejeune 10 10 0.25 
Zinc 7440-66-6 6.59 Camp Lejeune 4 4 0.25 
Arsenic 7440-38-2 0.39 Residential RSL 0.5 0.5 0.15 
Selenium 7782-49-2 0.505 Camp Lejeune 1 1 0.15 
Thallium 7440-28-0 0.38 Camp Lejeune 0.5 0.5 0.15 
NC= No Criteria; N/A= Not Applicable      
Surface soil results were compared to the following screening levels:    
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil    
"NC SSL"= the state of North Carolina's Soil Screening Levels     
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for surface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
Note: PAL and Project QL assumes dry weight basis.     
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-28—Reference Limits and Evaluation Table 

Matrix: Surface Soil       
Empirical       
Analytical Group: VOCs         

Analyte CAS Number 

Project Action 
Limit 

(µg/kg) 
Project Action Limit 

Reference 

Project Quantitation 
Limit Goal 

(µg/kg) 

Laboratory-specific 
QLs  

(µg/kg) 
MDLs  

(µg/kg) 
1,1,1-Trichloroethane 71-55-6 1670 NC SSL 10 10 3 
1,1,2,2-Tetrachloroethane 79-34-5 0.953 NC SSL 10 10 3 
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 940000 Industrial, Residential RSL 10 10 3 
1,1,2-Trichloroethane 79-00-5 17 NC SSL 10 10 3 
1,1-Dichloroethane 75-34-3 382 NC SSL 10 10 3 
1,1-Dichloroethene 75-35-4 44.5 NC SSL 10 10 3 
1,2,4-Trichlorobenzene 120-82-1 2610 NC SSL 10 10 3 
1,2-Dibromo-3-chloropropane 96-12-8 0.15 NC SSL 5 5 1.5 
1,2-Dibromoethane 106-93-4 0.00197 NC SSL 10 10 3 
1,2-Dichlorobenzene 95-50-1 280 NC SSL 10 10 3 
1,2-Dichloroethane 107-06-2 1.84 NC SSL 10 10 3 
1,2-Dichloropropane 78-87-5 2.6 NC SSL 10 10 3 
1,3-Dichlorobenzene 541-73-1 6500 NC SSL 10 10 3 
1,4-Dichlorobenzene 106-46-7 23 NC SSL 10 10 3 
2-Butanone 78-93-3 17100 NC SSL 10 10 3 
2-Hexanone 591-78-6 1910 NC SSL 10 10 3 
4-Methyl-2-pentanone 108-10-1 8125 NC SSL 10 10 3 
Acetone 67-64-1 2810 NC SSL 10 10 3 
Benzene 71-43-2 5.62 NC SSL 10 10 3 
Bromodichloromethane 75-27-4 2.92 NC SSL 10 10 3 
Bromoform 75-25-2 29 NC SSL 10 10 3 
Bromomethane 74-83-9 790 Residential RSL 10 10 3 
Carbon disulfide 75-15-0 4940 NC SSL 10 10 3 
Carbon tetrachloride 56-23-5 2.4 NC SSL 10 10 3 
Chlorobenzene 108-90-7 438 NC SSL 10 10 3 
Chloroethane 75-00-3 13600 NC SSL 10 10 3 
Chloroform 67-66-3 300 Residential RSL 10 10 3 
Chloromethane 74-87-3 20 NC SSL 10 10 3 
Cyclohexane 110-82-7 120000 Industrial, Residential RSL 10 10 3 
Dibromochloromethane 124-48-1 1.71 NC SSL 10 10 3 
Dichlorodifluoromethane (Freon-12) 75-71-8 19000 Residential RSL 10 10 3 
Ethylbenzene 100-41-4 4570 NC SSL 10 10 3 
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SAP Worksheet #15-28—Reference Limits and Evaluation Table (continued) 

Matrix: Surface Soil       
Empirical       
Analytical Group: VOCs         

Analyte CAS Number 

Project Action 
Limit 

(µg/kg) 
Project Action Limit 

Reference 

Project Quantitation 
Limit Goal 

(µg/kg) 

Laboratory-specific 
QLs  

(µg/kg) 
MDLs  

(µg/kg) 
Methyl acetate 79-20-9 7800000 Residential RSL 10 10 3 
Methyl-tert-butyl ether (MTBE) 1634-04-4 916 NC SSL 10 10 3 
Methylcyclohexane 108-87-2 71000 Industrial, Residential RSL 10 10 3 
Methylene chloride 75-09-2 20.2 NC SSL 10 10 3 
Styrene 100-42-5 2240 NC SSL 10 10 3 
Tetrachloroethene 127-18-4 7.42 NC SSL 10 10 3 
Toluene 108-88-3 7270 NC SSL 10 10 3 
Trichloroethene 79-01-6 18.3 NC SSL 10 10 3 
Trichlorofluoromethane(Freon-11) 75-69-4 31500 NC SSL 10 10 3 
Vinyl chloride 75-01-4 0.0952 NC SSL 10 10 3 
Xylene, total 1330-20-7 4960 NC SSL 10 10 3 
cis-1,2-Dichloroethene 156-59-2 350 NC SSL 10 10 3 
cis-1,3-Dichloropropene 10061-01-5 1700 Residential RSL 10 10 3 
isopropylbenzene 98-82-8 1680 NC SSL 10 10 3 
trans-1,2-Dichloroethene 156-60-5 540 NC SSL 10 10 3 
trans-1,3-Dichloropropene 10061-02-6 1700 Residential RSL 10 10 3 
       
NC= No Criteria; N/A= Not Applicable       
Surface soil results were compared to the following screening levels:     
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil    
"NC SSL"= the state of North Carolina's Soil Screening Levels     
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for surface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.      
  Shading represents laboratory-specific QLs that are greater than project action limits.   
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-29—Reference Limits and Evaluation Table 

Matrix: Surface Soil       
Empirical       
Analytical Group: SVOCs         

Analyte CAS Number 

Project Action 
Limit 

(µg/kg) 
Project Action Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(µg/kg) 

Laboratory-specific 

QLs  
(µg/kg) 

MDLs  
(µg/kg) 

Benzaldehyde 100-52-7 780000 Residential RSL  150 150 50 
Phenol 108-95-2 1750 NC SSL 150 150 50 
bis-(2-Chloroethyl) ether 111-44-4 0.171 NC SSL 150 150 50 
2-Chlorophenol 95-57-8 4.3 NC SSL 150 150 50 
2-Methylphenol 95-48-7 10500 NC SSL 150 150 50 
2,2'-oxybis(1-Chloropropane) 108-60-1 1.29 NC SSL 150 150 50 
Acetophenone 98-86-2 780000 Residential RSL  150 150 50 
4-Methylphenol 106-44-5 17.4 NC SSL 150 150 50 
Hexachloroethane 67-72-1 6100 Residential RSL  150 150 50 
Nitrobenzene 98-95-3 3100 Residential RSL  150 150 50 
Isophorone 78-59-1 182 NC SSL 150 150 50 
2-Nitrophenol 88-75-5 39000 Residential RSL  150 150 50 
2,4-Dimethylphenol 105-67-9 1150 NC SSL 150 150 50 
bis(2-Chloroethoxy) methane 111-91-1 18000 Residential RSL  150 150 50 
2,4-Dichlorophenol 120-83-2 18000 Residential RSL  150 150 50 
4-Chloroaniline 106-47-8 24000 Residential RSL  150 150 50 
Caprolactam 105-60-2 3100000 Residential RSL  250 250 70 
4-Chloro-3-methylphenol 59-50-7 39000 Residential RSL  150 150 50 
2,4,6-Trichlorophenol 88-06-2 6100 Residential RSL  150 150 50 
2,4,5-Trichlorophenol 95-95-4 40500 NC SSL 150 150 50 
1,1'-Biphenyl 92-52-4 8910 NC SSL 150 150 50 
2-Chloronaphthalene 91-58-7 210000 Industrial, Residential RSL 150 150 50 
2-Nitroaniline 88-74-4 NC N/A 150 150 50 
Dimethylphthalate 131-11-3 NC N/A 150 150 50 
2,6-Dinitrotoluene 606-20-2 6100 Residential RSL  150 150 50 
Acenaphthylene 208-96-8 11400 Residential RSL  150 150 50 
3-Nitroaniline 99-09-2 NC N/A 150 150 50 
Acenaphthene 83-32-9 8160 NC SSL 150 150 50 
2,4-Dinitrophenol 51-28-5 12000 NC SSL 500 500 150 
4-Nitrophenol 100-02-7 NC N/A 500 500 100 
Dibenzofuran 132-64-9 4660 NC SSL 150 150 50 
2,4-Dinitrotoluene 121-14-2 12000 NC SSL 150 150 50 
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SAP Worksheet #15-29—Reference Limits and Evaluation Table (continued) 

Matrix: Surface Soil       
Empirical       
Analytical Group: SVOCs         

Analyte CAS Number 

Project Action 
Limit 

(µg/kg) 
Project Action Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(µg/kg) 

Laboratory-specific 

QLs  
(µg/kg) 

MDLs  
(µg/kg) 

Diethylphthalate 84-66-2 28200 NC SSL 150 150 50 
4-Chlorophenyl-phenyl ether 7005-72-3 31000 Residential RSL  150 150 50 
4-Nitroaniline 100-01-6 NC N/A 500 500 100 
4,6-Dinitro-2-methylphenol 534-52-1 NC N/A 150 150 50 
N-Nitroso diphenylamine 86-30-6 99000 NC SSL 150 150 50 
4-Bromophenyl-phenylether 101-55-3 NC N/A 150 150 50 
Atrazine 1912-24-9 4 NC SSL 150 150 50 
Pentachlorophenol 87-86-5 22.3 NC SSL 150 150 50 
Anthracene 120-12-7 995000 NC SSL 150 150 50 
Carbazole 86-74-8 24000 Residential RSL  150 150 50 
Di-n-butylphthalate 84-74-2 24800 NC SSL 150 150 50 
Butylbenzylphthalate 85-68-7 27800 NC SSL 150 150 50 
3,3'-Dichlorobenzidine 91-94-1 1100 Residential RSL  150 150 50 
Chrysene 218-01-9 15000 Residential RSL  150 150 50 
bis(2-Ethylhexyl) phthalate 117-81-7 6670 NC SSL 150 150 50 
Di-n-octylphthalate 117-84-0 10000000 NC SSL 150 150 50 
2-Chloroacetophenone 532-27-4 4300000 Residential RSL  330 330 26.01 
2-chlorobenzalmalononitrile 2698-41-1 NC N/A 330 330 26.81 
       
NC= No Criteria; N/A= Not Applicable      
Surface soil results were compared to the following screening levels:     
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil    
"NC SSL"= the state of North Carolina's Soil Screening Levels      
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for surface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.     
  Shading represents laboratory-specific QLs that are greater than project action limits.   
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-30—Reference Limits and Evaluation Table 

Matrix: Surface Soil       
Empirical       
Analytical Group: PAHs         

Analyte CAS Number 

Project Action 
Limit 

(µg/kg) 
Project Action Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(µg/kg) 

Laboratory-specific 

QLs  
(µg/kg) 

MDLs  
(µg/kg) 

N-Nitroso-di-n propylamine 621-64-7 69 Residential RSL  50 50 15 
Naphthalene 91-20-3 585 NC SSL 10 10 3 
Hexachlorobutadiene 87-68-3 257 NC SSL 10 10 3 
2-Methylnaphthalene 91-57-6 1720 NC SSL 10 10 3 
Hexachlorocyclopentadiene 77-47-4 37000 Residential RSL  10 10 3 
Fluorene 86-73-7 44300 NC SSL 10 10 3 
Hexachlorobenzene 118-74-1 32.1 NC SSL 10 10 3 
Phenanthrene 85-01-8 59600 NC SSL 10 10 3 
Fluoranthene 206-44-0 230000 Residential RSL 10 10 3 
Pyrene 129-00-0 170000 Residential RSL 10 10 3 
Benzo(a)anthracene 56-55-3 150 Residential RSL 10 10 3 
Benzo(b)fluoranthene 205-99-2 150 Residential RSL 10 10 3 
Benzo(k)fluoranthene 207-08-9 1500 Residential RSL 10 10 3 
Benzo(a)pyrene 50-32-8 15 Residential RSL 10 10 3 
Indeno(1,2,3-cd)pyrene 193-39-5 150 Residential RSL 10 10 3 
Dibenzo(a,h)anthracene 53-70-3 15 Residential RSL 10 10 3 
Benzo(g,h,i)perylene 191-24-2 170000 Residential RSL 10 10 3 
       
NC= No Criteria; N/A= Not Applicable       
Surface soil results were compared to the following screening 
levels:      
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential 
soil     
"NC SSL"= the state of North Carolina's Soil Screening Levels      
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for surface soil     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight 
basis.       
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SAP Worksheet #15-31—Reference Limits and Evaluation Table 

Matrix: Subsurface Soil       
Empirical, TAL-W. Sacramento       
Analytical Group: Explosives         

Analyte 
CAS 

Number 

Project Action 
Limit 

(mg/kg) 
Project Action Limit 

Reference 

Project 
Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 
(HMX) 2691-41-0 3800 Residential Soil RSL 0.5 0.5 0.05 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 5.5 Residentiall Soil RSL 0.5 0.5 0.06 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 2200 Residential Soil RSL 0.5 0.5 0.05 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 6.10.61 Residentiall Soil RSL 0.5 0.5 0.05 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 240 Residential Soil RSL 0.5 0.5 0.06 
Nitrobenzene (NB) 98-95-3 4.4 Residential Soil RSL 0.5 0.5 0.05 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 19 Residential Soil RSL 0.5 0.5 0.05 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 150 Residential Soil RSL 0.5 0.5 0.05 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 150 Residential Soil RSL 0.5 0.5 0.05 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 1.6 Residential Soil RSL 0.5 0.5 0.05 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 61 Residential Soil RSL 0.5 0.5 0.05 
2-Nitrotoluene (2-NT) 88-72-2 2.9 Residential Soil RSL 0.5 0.5 0.05 
3-Nitrotoluene (3-NT) 99-08-1 1200 Residential Soi RSL 0.5 0.5 0.05 
4-Nitrotoluene (4-NT) 99-99-0 30 Residential Soil RSL 0.5 0.5 0.05 
Perchlorate 14797-73-0 55 Residential Soil RSL 0.002 0.002 0.05 
Nitroglycerin 55-63-0 6.1 Residential Soil RSL 0.5 0.5 0.11 
PETN 78-11-5 NC N/A 0.5 0.5 0.12 
       
NC= No Criteria; N/A= Not Applicable       
Subsurface soil results were compared to the following screening levels:     
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil     
"NC SSL"= the state of North Carolina's Soil Screening Levels      
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for subsurface soil     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.       
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SAP Worksheet #15-32—Reference Limits and Evaluation Table 
Matrix: Subsurface Soil       
Empirical       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)        

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project 
Quantitation Limit 

Goal 
(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Aluminum 7429-90-5 7700 Residential RSL 40 40 2.5 
Antimony 7440-36-0 0.36 Camp Lejeune 2 2 0.3 
Barium 7440-39-3 16.6 Camp Lejeune 40 40 2.5 
Beryllium 7440-41-7 0.165 Camp Lejeune 1 1 0.05 
Cadmium 7440-43-9 0.023 Camp Lejeune 0.7 0.7 0.05 
Calcium 7440-70-2 441 Camp Lejeune 1000 1000 50 
Chromium 7440-47-3 14.5 Camp Lejeune 2 2 0.1 
Cobalt 7440-48-4 0.822 Camp Lejeune 10 10 0.5 
Copper 7440-50-8 2.56 Camp Lejeune 5 5 0.25 
Cyanide 57-12-5 14.1 Camp Lejeune 2 2 0.25 
Iron 7439-89-6 151 NC SSL 20 20 1.5 
Lead 7439-92-1 8.49 Camp Lejeune 0.6 0.6 0.08 
Magnesium 7439-95-4 363 Camp Lejeune 1000 1000 50 
Manganese 7439-96-5 9.25 Camp Lejeune 3 3 0.25 
Mercury 7439-97-6 0.015 NC SSL 0.2 0.2 0.015 
Nickel 7440-02-0 2.27 Camp Lejeune 8 8 0.25 
Potassium 7440-09-7 361 Camp Lejeune 1000 1000 50 
Silver 7440-22-4 0.129 Camp Lejeune 2 2 0.15 
Sodium 7440-23-5 68.3 Camp Lejeune 1000 1000 100 
Vanadium 7440-62-2 17.2 Camp Lejeune 10 10 0.25 
Zinc 7440-66-6 6.59 Camp Lejeune 4 4 0.25 
Arsenic 7440-38-2 0.39 Residential RSL 0.5 0.5 0.15 
Selenium 7782-49-2 0.505 Camp Lejeune 1 1 0.15 
Thallium 7440-28-0 0.38 Camp Lejeune 0.5 0.5 0.15 
NC= No Criteria; N/A= Not Applicable      
Subsurface soil results were compared to the following screening levels:    
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil    
"NC SSL"= the state of North Carolina's Soil Screening Levels     
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for subsurface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
Note: PAL and Project QL assumes dry weight basis.     
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.   
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SAP Worksheet #15-33—Reference Limits and Evaluation Table 

Matrix: Subsurface Soil       
Empirical       
Analytical Group: VOCs         

Analyte CAS Number 

Project Action 
Limit 

(ug/kg) 
Project Action Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(ug/kg) 

Laboratory-specific 

QLs  
(ug/kg) 

MDLs  
(ug/kg) 

1,1,1-Trichloroethane 71-55-6 1670 NC SSL 10 10 3 
1,1,2,2-Tetrachloroethane 79-34-5 0.953 NC SSL 10 10 3 
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 940000 Industrial, Residential RSL 10 10 3 
1,1,2-Trichloroethane 79-00-5 17 NC SSL 10 10 3 
1,1-Dichloroethane 75-34-3 382 NC SSL 10 10 3 
1,1-Dichloroethene 75-35-4 44.5 NC SSL 10 10 3 
1,2,4-Trichlorobenzene 120-82-1 2610 NC SSL 10 10 3 
1,2-Dibromo-3-chloropropane 96-12-8 0.15 NC SSL 5 5 1.5 
1,2-Dibromoethane 106-93-4 0.00197 NC SSL 10 10 3 
1,2-Dichlorobenzene 95-50-1 280 NC SSL 10 10 3 
1,2-Dichloroethane 107-06-2 1.84 NC SSL 10 10 3 
1,2-Dichloropropane 78-87-5 2.6 NC SSL 10 10 3 
1,3-Dichlorobenzene 541-73-1 6500 NC SSL 10 10 3 
1,4-Dichlorobenzene 106-46-7 23 NC SSL 10 10 3 
2-Butanone 78-93-3 17100 NC SSL 10 10 3 
2-Hexanone 591-78-6 1910 NC SSL 10 10 3 
4-Methyl-2-pentanone 108-10-1 8125 NC SSL 10 10 3 
Acetone 67-64-1 2810 NC SSL 10 10 3 
Benzene 71-43-2 5.62 NC SSL 10 10 3 
Bromodichloromethane 75-27-4 2.92 NC SSL 10 10 3 
Bromoform 75-25-2 29 NC SSL 10 10 3 
Bromomethane 74-83-9 790 Residential RSL 10 10 3 
Carbon disulfide 75-15-0 4940 NC SSL 10 10 3 
Carbon tetrachloride 56-23-5 2.4 NC SSL 10 10 3 
Chlorobenzene 108-90-7 438 NC SSL 10 10 3 
Chloroethane 75-00-3 13600 NC SSL 10 10 3 
Chloroform 67-66-3 300 Residential RSL 10 10 3 
Chloromethane 74-87-3 20 NC SSL 10 10 3 
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SAP Worksheet #15-33—Reference Limits and Evaluation Table (continued) 

Matrix: Subsurface Soil       
Empirical       
Analytical Group: VOCs         

Analyte CAS Number 

Project Action 
Limit 

(ug/kg) 
Project Action Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(ug/kg) 

Laboratory-specific 

QLs  
(ug/kg) 

MDLs  
(ug/kg) 

Cyclohexane 110-82-7 120000 Industrial, Residential RSL 10 10 3 
Dibromochloromethane 124-48-1 1.71 NC SSL 10 10 3 
Dichlorodifluoromethane (Freon-12) 75-71-8 19000 Residential RSL 10 10 3 
Ethylbenzene 100-41-4 4570 NC SSL 10 10 3 
Methyl acetate 79-20-9 7800000 Residential RSL 10 10 3 
Methyl-tert-butyl ether (MTBE) 1634-04-4 916 NC SSL 10 10 3 
Methylcyclohexane 108-87-2 71000 Industrial, Residential RSL 10 10 3 
Methylene chloride 75-09-2 20.2 NC SSL 10 10 3 
Styrene 100-42-5 2240 NC SSL 10 10 3 
Tetrachloroethene 127-18-4 7.42 NC SSL 10 10 3 
Toluene 108-88-3 7270 NC SSL 10 10 3 
Trichloroethene 79-01-6 18.3 NC SSL 10 10 3 
Trichlorofluoromethane (Freon-11) 75-69-4 31500 NC SSL 10 10 3 
Vinyl chloride 75-01-4 0.0952 NC SSL 10 10 3 
Xylene, total 1330-20-7 4960 NC SSL 10 10 3 
cis-1,2-Dichloroethene 156-59-2 350 NC SSL 10 10 3 
cis-1,3-Dichloropropene 10061-01-5 1700 Residential RSL 10 10 3 
isopropylbenzene 98-82-8 1680 NC SSL 10 10 3 
trans-1,2-Dichloroethene 156-60-5 540 NC SSL 10 10 3 
trans-1,3-Dichloropropene 10061-02-6 1700 Residential RSL 10 10 3 
NC= No Criteria; N/A= Not Applicable       
Subsurface soil results were compared to the following screening levels:     
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil    
"NC SSL"= the state of North Carolina's Soil Screening Levels     
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for subsurface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.      
  Shading represents laboratory-specific QLs that are greater than project action limits.   
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-34—Reference Limits and Evaluation Table 

Matrix: Subsurface Soil       
Empirical       
Analytical Group: SVOCs         

Analyte CAS Number 

Project Action 
Limit 

(ug/kg) 
Project Action Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(ug/kg) 

Laboratory-specific 

QLs  
(ug/kg) 

MDLs  
(ug/kg) 

Benzaldehyde 100-52-7 780000 Residential RSL  150 150 50 
Phenol 108-95-2 1750 NC SSL 150 150 50 
bis-(2-Chloroethyl) ether 111-44-4 0.171 NC SSL 150 150 50 
2-Chlorophenol 95-57-8 4.3 NC SSL 150 150 50 
2-Methylphenol 95-48-7 10500 NC SSL 150 150 50 
2,2'-oxybis(1-Chloropropane) 108-60-1 1.29 NC SSL 150 150 50 
Acetophenone 98-86-2 780000 Residential RSL  150 150 50 
4-Methylphenol 106-44-5 17.4 NC SSL 150 150 50 
Hexachloroethane 67-72-1 6100 Residential RSL  150 150 50 
Nitrobenzene 98-95-3 3100 Residential RSL  150 150 50 
Isophorone 78-59-1 182 NC SSL 150 150 50 
2-Nitrophenol 88-75-5 39000 Residential RSL  150 150 50 
2,4-Dimethylphenol 105-67-9 1150 NC SSL 150 150 50 
bis(2-Chloroethoxy) methane 111-91-1 18000 Residential RSL  150 150 50 
2,4-Dichlorophenol 120-83-2 18000 Residential RSL  150 150 50 
4-Chloroaniline 106-47-8 24000 Residential RSL  150 150 50 
Caprolactam 105-60-2 3100000 Residential RSL  250 250 70 
4-Chloro-3-methylphenol 59-50-7 39000 Residential RSL  150 150 50 
2,4,6-Trichlorophenol 88-06-2 6100 Residential RSL  150 150 50 
2,4,5-Trichlorophenol 95-95-4 40500 NC SSL 150 150 50 
1,1'-Biphenyl 92-52-4 8910 NC SSL 150 150 50 
2-Chloronaphthalene 91-58-7 210000 Industrial, Residential RSL 150 150 50 
2-Nitroaniline 88-74-4 NC N/A 150 150 50 
Dimethylphthalate 131-11-3 NC N/A 150 150 50 
2,6-Dinitrotoluene 606-20-2 6100 Residential RSL  150 150 50 
Acenaphthylene 208-96-8 11400 Residential RSL  150 150 50 
3-Nitroaniline 99-09-2 NC N/A 150 150 50 
Acenaphthene 83-32-9 8160 NC SSL 150 150 50 
2,4-Dinitrophenol 51-28-5 12000 NC SSL 500 500 150 
4-Nitrophenol 100-02-7 NC N/A 500 500 100 
Dibenzofuran 132-64-9 4660 NC SSL 150 150 50 
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SAP Worksheet #15-34—Reference Limits and Evaluation Table (continued) 

Matrix: Subsurface Soil       
Empirical       
Analytical Group: SVOCs         

Analyte CAS Number 

Project Action 
Limit 

(ug/kg) 
Project Action Limit 

Reference 

Project 
Quantitation Limit 

Goal 
(ug/kg) 

Laboratory-specific 

QLs  
(ug/kg) 

MDLs  
(ug/kg) 

2,4-Dinitrotoluene 121-14-2 12000 NC SSL 150 150 50 
Diethylphthalate 84-66-2 28200 NC SSL 150 150 50 
4-Chlorophenyl-phenyl ether 7005-72-3 31000 Residential RSL  150 150 50 
4-Nitroaniline 100-01-6 NC N/A 500 500 100 
4,6-Dinitro-2-methylphenol 534-52-1 NC N/A 150 150 50 
N-Nitroso diphenylamine 86-30-6 99000 NC SSL 150 150 50 
4-Bromophenyl-phenylether 101-55-3 NC N/A 150 150 50 
Atrazine 1912-24-9 4 NC SSL 150 150 50 
Pentachlorophenol 87-86-5 22.3 NC SSL 150 150 50 
Anthracene 120-12-7 995000 NC SSL 150 150 50 
Carbazole 86-74-8 24000 Residential RSL  150 150 50 
Di-n-butylphthalate 84-74-2 24800 NC SSL 150 150 50 
Butylbenzylphthalate 85-68-7 27800 NC SSL 150 150 50 
3,3'-Dichlorobenzidine 91-94-1 1100 Residential RSL  150 150 50 
Chrysene 218-01-9 15000 Residential RSL  150 150 50 
bis(2-Ethylhexyl) phthalate 117-81-7 6670 NC SSL 150 150 50 
Di-n-octylphthalate 117-84-0 10000000 NC SSL 150 150 50 
2-Chloroacetophenone 532-27-4 4300000 Residential RSL  330 330 26.01 
2-chlorobenzalmalononitrile 2698-41-1 NC N/A 330 330 26.81 
       
NC= No Criteria; N/A= Not Applicable       
Subsurface soil results were compared to the following screening levels:     
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil    
"NC SSL"= the state of North Carolina's Soil Screening Levels     
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for subsurface soil    
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.   
Note: PAL and Project QL assumes dry weight basis.     
  Shading represents laboratory-specific QLs that are greater than project action limits.  
Analyte concentrations between the Laboratory QL and MDL will be "J" qualified as estimated.    
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SAP Worksheet #15-35—Reference Limits and Evaluation Table 

Matrix: Subsurface Soil       
Empirical       
Analytical Group: PAHs         

Analyte CAS Number 

Project 
Action Limit 

(ug/kg) 
Project Action 

Limit Reference 

Project 
Quantitation 
Limit Goal 

(ug/kg) 

Laboratory-specific 

QLs  
(ug/kg) 

MDLs  
(ug/kg) 

N-Nitroso-di-n propylamine 621-64-7 69 Residential RSL  50 50 15 
Naphthalene 91-20-3 585 NC SSL 10 10 3 
Hexachlorobutadiene 87-68-3 257 NC SSL 10 10 3 
2-Methylnaphthalene 91-57-6 1720 NC SSL 10 10 3 
Hexachlorocyclopentadiene 77-47-4 37000 Residential RSL  10 10 3 
Fluorene 86-73-7 44300 NC SSL 10 10 3 
Hexachlorobenzene 118-74-1 32.1 NC SSL 10 10 3 
Phenanthrene 85-01-8 59600 NC SSL 10 10 3 
Fluoranthene 206-44-0 230000 Residential RSL 10 10 3 
Pyrene 129-00-0 170000 Residential RSL 10 10 3 
Benzo(a)anthracene 56-55-3 150 Residential RSL 10 10 3 
Chrysene 218-01-9 15000 Residential RSL 10 10 3 
Benzo(b)fluoranthene 205-99-2 150 Residential RSL 10 10 3 
Benzo(k)fluoranthene 207-08-9 1500 Residential RSL 10 10 3 
Benzo(a)pyrene 50-32-8 15 Residential RSL 10 10 3 
Indeno(1,2,3-cd)pyrene 193-39-5 150 Residential RSL 10 10 3 
Dibenzo(a,h)anthracene 53-70-3 15 Residential RSL 10 10 3 
Benzo(g,h,i)perylene 191-24-2 170000 Residential RSL 10 10 3 
       
NC= No Criteria; N/A= Not Applicable       
Subsurface soil results were compared to the following screening levels:     
"Industrial Soil RSL"= the USEPA's Regional Screening Levels for industrial soil     
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil     
"NC SSL"= the state of North Carolina's Soil Screening Levels      
"Camp Lejeune"= the Camp Lejeune Background mean x 2 for subsurface soil     
The lowest PAL was chosen in order to make a conservative comparison to the laboratory's QLs.    
Note: PAL and Project QL assumes dry weight basis.       
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SAP Worksheet #15-36—Reference Limits and Evaluation Table 

Matrix: Sediment       
Empirical, TAL-W.Sacramento       
Analytical Group: Explosives        

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 3100 Residential RSL 0.5 0.5 0.05 
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 44 Residential RSL 0.5 0.5 0.06 
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4 1800 Residential RSL 0.5 0.5 0.05 
1,3-Dinitrobenzene (1,3-DNB) 99-65-0 6.1 Residential RSL 0.5 0.5 0.05 
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 240 Residential RSL 0.5 0.5 0.06 
Nitrobenzene (NB) 98-95-3 31 Residential RSL 0.5 0.5 0.05 
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 31 Residential RSL 0.5 0.5 0.05 
4-Amino-2,6-dinitrotoluene (4-Am-DNT) 19406-51-0 120 Residential RSL 0.5 0.5 0.05 
2-Amino-4,6-dinitrotoluene (2-Am-DNT) 35572-78-2 120 Residential RSL 0.5 0.5 0.05 
2,4-Dinitrotoluene (2,4-DNT) 121-14-2 120 Residential RSL 0.5 0.5 0.05 
2,6-Dinitrotoluene (2,6-DNT) 606-20-2 61 Residential RSL 0.5 0.5 0.05 
2-Nitrotoluene (2-NT) 88-72-2 780 Residential RSL 0.5 0.5 0.05 
3-Nitrotoluene (3-NT) 99-08-1 NC N/A 0.5 0.5 0.05 
4-Nitrotoluene (4-NT) 99-99-0 240 Residential RSL 0.5 0.5 0.05 
Perchlorate 14797-73-0 55 Residential RSL 0.002 0.002 0.05 
Nitroglycerin 55-63-0 6.1 Residential RSL 0.5 0.5 0.11 
PETN 78-11-5 NC N/A 0.5 0.5 0.12 
       
NC= No Criteria; N/A= Not Applicable       
Sediment results were compared to the following screening levels:      
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil, multiplied by a factor of 10 to adjust for sediment.   
Note: PAL and Project QL assumes dry weight basis.       
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SAP Worksheet #15-37—Reference Limits and Evaluation Table 

Matrix: Sediment       
Empirical       
Analytical Group: Metals by ICP-AES (plus Cyanide and Mercury)       

Analyte CAS Number 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project 
Quantitation Limit 

Goal 
(mg/kg) 

Laboratory-specific 

QLs  
(mg/kg) 

MDLs  
(mg/kg) 

Aluminum 7429-90-5 77000 Residential RSL 40 40 2.5 
Antimony 7440-36-0 31 Residential RSL 2 2 0.3 
Barium 7440-39-3 15000 Residential RSL 40 40 2.5 
Beryllium 7440-41-7 160 Residential RSL 1 1 0.05 
Cadmium 7440-43-9 70 Residential RSL 0.7 0.7 0.05 
Calcium 7440-70-2 NC N/A 1000 1000 50 
Chromium 7440-47-3 230 Residential RSL 2 2 0.1 
Cobalt 7440-48-4 1500 Residential RSL 10 10 0.5 
Copper 7440-50-8 3100 Residential RSL 5 5 0.25 
Cyanide 57-12-5 1600 Residential RSL 2 2 0.25 
Iron 7439-89-6 55000 Residential RSL 20 20 1.5 
Lead 7439-92-1 400 Residential RSL 0.6 0.6 0.08 
Magnesium 7439-95-4 NC N/A 1000 1000 50 
Manganese 7439-96-5 1800 Residential RSL 3 3 0.25 
Mercury 7439-97-6 23 Residential RSL 0.2 0.2 0.015 
Nickel 7440-02-0 1600 Residential RSL 8 8 0.25 
Potassium 7440-09-7 NC N/A 1000 1000 50 
Silver 7440-22-4 390 Residential RSL 2 2 0.15 
Sodium 7440-23-5 NC N/A 1000 1000 100 
Vanadium 7440-62-2 550 Residential RSL 10 10 0.25 
Zinc 7440-66-6 23000 Residential RSL 4 4 0.25 
Arsenic 7440-38-2 3.9 Residential RSL 0.5 0.5 0.15 
Selenium 7782-49-2 390 Residential RSL 1 1 0.15 
Thallium 7440-28-0 5.1 Residential RSL 0.5 0.5 0.15 
       
NC= No Criteria; N/A= Not Applicable      
Sediment results were compared to the following screening levels:    
"Residential Soil RSL"= the USEPA's Regional Screening Levels for residential soil, multiplied by a factor of 10 to adjust for sediment. 
Note: PAL and Project QL assumes dry weight basis.     
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SAP Worksheet #15-38—Reference Limits and Evaluation Table 

Matrix: Soil 
Analytical Group: TPH GRO/DRO (Method 8015) 

Analyte CAS Number1 

Project Action 
Limit 

(mg/kg) 
Project Action 

Limit Reference 

Project Quantitation 
Limit Goal 

(mg/kg) 

Laboratory-specific 

QLs 
(mg/kg) 

MDLs 
(mg/kg) 

TPH-GRO TPH-GRO 10 NC DENR 7.5 7.5 2.5 

TPH-DRO TPH-DRO 40 NC DENR 20 20 6.7 
1 Contractor-generated CAS Number.      
Soil results were compared to the following screening levels:    
“NCDENR” NCDENR UST Section Guidelines for the Investigation and Remediation of Contamination from non-UST Petroleum Releases, July 2007. 
Note: PAL and Project QL assumes dry weight basis.     
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SAP Worksheet #16—Project Schedule / Timeline Table 

Activities Organization 

Dates (MM/DD/YY) 

Deliverable 
Deliverable 
Due Date 

Anticipated Date(s) of 
Initiation 

Anticipated Date of 
Completion 

Work Plan preparation CH2M HILL  01/2/09 06/30/09 Draft UFP SAP 7/15/09 

Work Plan reviewed by Navy Navy 7/15/09 8/10/09 Comments  

Work Plan – address Navy 
comments CH2M HILL  8/10/09 8/15/09 Draft UFP SAP 7/10/09 

Work Plan Review and Approval by 
Regulatory Agencies NC DENR, EPA Region IV 8/6/09 8/17/09 Comments  

Comment resolution Navy, CH2M HILL  8/17/09 8/20/09 Draft UFP SAP 8/7/09 

Final acceptance Navy, NC DENR, EPA 
Region IV 8/28/09 12/31/09 Final UFP SAP 12/31/09 

Subcontracting CH2M HILL  5/10/09 11/15/09 Subcontractor 
Contracts 10/15/09 

Surveying and Veg. Clearance Subcontractor w/ CH2M HILL  11/1/09 1/15/10 Clearance and 
surveying  

DGM Subcontractor w/ CH2M HILL 5/25/09 1/31/10 DGM and 
Report 03/15/2010 

Field sampling activities CH2M HILL  11/30/09 02/15/10 Environ. 
Samples  

Laboratory analyses and data 
validation CH2M HILL  12/15/09 03/01/10 Analytical and 

DV Reports 05/31/10 

Data management and report 
preparation CH2M HILL  12/21/09 07/31/10 FS Draft Report 08/01/10 
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SAP Worksheet #17—Sampling Design and Rationale  
General Approach: The general sampling approach was developed to meet Navy, USEPA, and 
NCDENR requirements for the preliminary investigation of environmental media that may have 
been impacted by munitions residuals at five UXO sites covered under CTO-014. The objectives of 
this SI are to evaluate whether releases have occurred and if so, whether the releases warrants 
further action. 
In each case, the site investigations will draw upon historical information to guide the selection of 
areas for geophysical surveying and sample collection. 

Sample Matrices: Sample matrices will include surface and subsurface soil, sediment and surface 
water, and groundwater, which comprise all potentially contaminated environmental media at 
each site.  

Analytical Groups: The target analytical groups will be limited to Explosives Residues, Total 
Metals, Perchlorate, Tear Gas Constituents, TPH-DRO, TPH-GRO, SVOCs and VOCs (variously at 
each site, as defined in Worksheet #10). 
The rationale for limiting the analysis is that the scope of work for examining these UXO sites is 
based upon their former use as ranges and other areas where practice and live munitions usage 
occurred. 
Site Sample Numbers and Locations: For the five UXO sites, sampling approach, rationale for the 
matrices to be sampled, the number of samples per matrix, analytical groups and the relevant 
concentration action levels are discussed in Worksheets #10, #11, #14 and #15. Sample location 
figures are provided in Worksheet #10. Exact sampling locations will be determined in the field 
and during reconnaissance site visits conducted by CH2M HILL staff, and may be re-located to 
avoid site features. Surface water and sediment samples will be collected from Site UXO-02, UXO-
07 and UXO-11 at equal increments along drainages, if present. 
Sampling Frequency and Seasonal Considerations: The field team will collect one round of 
environmental samples from each of the five UXO sites. Sampling is scheduled to occur during the 
summer of 2009. One round (i.e., “snapshot’) is sufficient for making release determinations and 
the need for further assessment. 
Decision Unit Multi-increment Sampling: The size of each DU was established based on past site 
usage and current site layout. The layout of the former ranges is unknown; therefore, sample 
locations could not be biased to specific areas of the former range. No source areas have been 
identified at any of the sites. Site UXO-10 has been developed and the DUs were sized to fit within 
accessible areas of each site.  Site UXO-11 has not been developed and DUs were sized to fit within 
the site. 
Three MI samples will be collected at each DU.  A total of 30 increments will be collected from each 
MI sample. Multi-increment composite surface soil samples will be collected within the Decision 
Unit using a systematic sampling pattern with a random starting point.  Samples will be collected 
by walking from one corner of the grid systematically back and forth across the entire grid area.  
The sample increments will be approximately equal in the amount of soil, which will be collected 
from depths of 0-2 inches below ground surface.  After the entire Decision Unit has been walked, 
the individual increment samples will be composited into a single sample following the 
Homogenization of Soil and Sediment Samples SOP, prior to being transferred to the appropriate 
sample containers. Two replicate samples will be collected from each Decision Unit.  Each replicate 
sample will be collected using the same method as the original sample.  The replicate samples 
should be started from a different corner of the decision unit to avoid sampling the same location 
as the original sample. The analytical results from the three surface soil MI samples collected at 
each DU will have a percent Relative Standard Deviation of no more than 30% to fall within 
acceptable fundamental uncertainty considerations. The DU samples will not be dried, sieved or 
ground prior to laboratory analysis. The MI sampling approach are provided in the Systematic 
Random Multi-increment Sampling SOP.  
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SAP Worksheet #17—Sampling Design and Rationale (continued) 

Site UXO-02 

Matrix 
Depth of 
Samples Analysis Method 

Number of 
Samples Rationale 

Sampling 
Strategy 

Temporary 
and Existing 
Monitoring 

Well Locations 
- Groundwater 

Data 

Middle of well 
screen 

Explosive 
Residues, 

Including PETN 
and Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
32 

Evaluate if 
groundwater quality 

has been impacted by 
potential releases at 

ground surface  

See Figures 10-
6 and 10-7 for 

proposed 
sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 32 

Total Metals SW-846 USEPA 
Method 6010B 32 

Dissolved Metals SW-846 USEPA 
Method 6010B 32 

Composite 
Surface Soil 

Samples – Soil 
Data 

0-2 inches bgs 

Explosive 
Residues, 

Including PETN 
and Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
205 

Evaluate if surface 
soils have been 

impacted by potential 
releases at ground 
surface. TR-01-1 

composite sampling 
method used in areas 

constrained by 
development or 

dense vegetation 

See Figures 10-
4 and 10-5 for 

proposed 
sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 205 

Total Metals SW-846 USEPA 
Method 6010B 205 

Sub surface 
Soil Samples- 

Soil Data 

2 ft above the 
water table at 
each sampling 

location 

Explosive 
Residues, 

Including PETN 
and Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
30 

Evaluate if subsurface 
soils have been 

impacted by potential 
surface releases. 

See Figures 
10-6 and 10-7 
for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 30 

Total Metals SW-846 USEPA 
Method 6010B 30 

Sediment Data 

0 – 2 inches 
into the 

surface water 
soil interface if 
free standing 

water is 
present 

Explosive 
Residues, 

Including PETN 
and Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
10 

Evaluate if sediment 
has been impacted by 
potential releases at 

ground surface. 

See Figure 10-8 
for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 10 

Total Metals SW-846 USEPA 
Method 6010B 10 

Surface Water 
Data 

Samples will 
be collected 
directly from 
the surface 

water at each 
sampling 
location 

Explosive 
Residues, 

Including PETN 
and Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
10 

Evaluate if surface 
water has been 

impacted by runoff 
from potential surface 

release areas. 

See Figure 10-8 
for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 10 

Total Metals SW-846 USEPA 
Method 6010B 10 

Dissolved Metals SW-846 USEPA 
Method 6010B 10 
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SAP Worksheet #17—Sampling Design and Rationale (continued) 

Site UXO-07 

Matrix 
Depth of 
Samples Analysis Method 

Number of 
Samples Rationale 

Sampling 
Strategy 

Temporary 
Monitoring 

Well 
Locations - 

Groundwater 
Data 

Middle of well 
screen 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
6 

Evaluate if 
groundwater 

quality has been 
impacted by 

potential 
releases at 

ground surface 

See Figure 10-
10 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 6 

Total Metals SW-846 USEPA 
Method 6010B 6 

Dissolved Metals SW-846 USEPA 
Method 6010B 6 

Composite 
Surface Soil 
Samples – 
Soil Data 

0-2 inches 
bgs 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
42 

Evaluate if 
surface soils 
have been 

impacted by 
potential 

releases at 
ground surface. 

TR-02-1 
composite 

sampling method 
used in areas 
constrained by 
development or 

dense vegetation 

See Figure 10-9 
for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 42 

Total Metals SW-846 USEPA 
Method 6010B 42 

Sub surface 
Soil 

Samples- 
Soil Data 

2 ft above the 
water table at 

each 
sampling 
location 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
17 Evaluate if 

subsurface soils 
have been 

impacted by 
potential surface 

releases. 

See Figure 10-
10 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 17 

Total Metals SW-846 USEPA 
Method 6010B 17 

Sediment 
Data 

0 – 2 inches 
into the 

surface water 
soil interface 

if free 
standing 
water is 
present 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
2 Evaluate if 

sediment has 
been impacted 

by potential 
releases at 

ground surface. 

See Figure 10-
10 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 2 

Total Metals SW-846 USEPA 
Method 6010B 2 

Surface 
Water Data 

Samples will 
be collected 
directly from 
the surface 

water at each 
sampling 
location 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
2 

Evaluate if 
surface water 

has been 
impacted by 
runoff from 

potential surface 
release areas. 

See Figure 10-
10 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 2 

Total Metals SW-846 USEPA 
Method 6010B 2 

Dissolved Metals SW-846 USEPA 
Method 6010B 2 

 



SAMPLING AND ANALYSIS PLAN - SITES UXO-02, UXO-07, UXO-10, UXO-11, AND UXO-14 UFP-SAP 
REVISION NUMBER 0 
NOVEMBER 2009 
PAGE 142 OF 242 

 

SAP Worksheet #17—Sampling Design and Rationale (continued) 

Site UXO-10 

Matrix 
Depth of 
Samples Analysis Method 

Number of 
Samples Rationale 

Sampling 
Strategy 

Temporary 
Monitoring 

Well 
Locations - 

Groundwater 
Data 

Middle of 
well screen 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 8330/8332 10 

Evaluate if 
groundwater 

quality has been 
impacted by 

potential releases 
at ground surface 

See Figure 10-
12 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 10 

Total Metals SW-846 USEPA 
Method 6010B 10 

Dissolved Metals SW-846 USEPA 
Method 6010B 10 

Volatile Organic 
Compounds 

SW-846 USEPA 
Method 8260B 10 

Semi-volatile 
Organic 

Compounds, PAHs 

SW-846 USEPA 
Method 8270C 10 

Total Petroleum 
Hydrocarbons- 

Gasoline Range 
Organics USEPA Method 

8015 
 

10 

Total Petroleum 
Hydrocarbons- 
Diesel Range 

Organics 

10 

Composite 
Surface Soil 
Samples – 
Soil Data 

0-2 inches 
bgs 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 8330/8332 9 

Evaluate if 
surface soils have 
been impacted by 
potential releases 
at ground surface. 

TR-02-1 
composite 

sampling method 
used in areas 
constrained by 
development or 

dense vegetation 

See Figure 10-
11 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 9 

Total Metals SW-846 USEPA 
Method 6010B 9 

Discrete 
Surface Soil 
Samples – 
Soil Data 

0 – 6 inches 
bgs 

Volatile Organic 
Compounds 

SW-846 USEPA 
Method 8260B 9 Evaluate if 

surface soils have 
been impacted by 
potential releases 
at ground surface. 
Discrete method 

used for detecting 
volatile/semi-

volatile organic 
compounds and 
total petroleum 
hydrocarbons. 

See Figure 10-
11 for proposed 

sampling 
locations. 

Semi-volatile 
Organic 

Compounds, PAHs 

SW-846 USEPA 
Method 8270C 9 

Total Petroleum 
Hydrocarbons- 

Gasoline Range 
Organics USEPA Method 

8015 
 

9 

Total Petroleum 
Hydrocarbons- 
Diesel Range 

Organics 

9 
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SAP Worksheet #17—Sampling Design and Rationale (continued) 

Site UXO-10 (cont.) 

Decision 
Units: Multi-
Increment 

Surface Soil 
Samples – 
Soil Data 

0 – 2 inches 
bgs 

Explosive 
Residues, 

Including PETN 
and Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
3 

Evaluate if surface soils 
have been impacted by 

potential releases at ground 
surface. DU Multi-increment 
sampling used in to assess 
surface soils in large open 

areas. The DUs are sized to 
assess previous range use 
and fit in with current and 

previous development 
restrictions. 

DU dimensions: 164 ft X 
118 ft; 223 ft X177 ft; and 

216 ft X 174 ft  

See Figure 
10-11 for 
proposed 
sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 3 

Total Metals SW-846 USEPA 
Method 6010B 3 

Sub surface 
Soil 

Samples- 
Soil Data 

2 ft above the 
water table at 

each 
sampling 
location 

Explosive 
Residues, 

Including PETN 
and Nitroglycerin 

SW-846 USEPA 
Method 

8330/8332 
36 

Evaluate if subsurface soils 
have been impacted by 

potential surface releases. 

See Figure 
10-12 for 
proposed 
sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 36 

Total Metals SW-846 USEPA 
Method 6010B 36 

Volatile Organic 
Compounds 

SW-846 USEPA 
Method 8260B 36 

Semi-volatile 
Organic 

Compounds, 
PAHs 

SW-846 USEPA 
Method 8270C 36 

Total Petroleum 
Hydrocarbons- 

Gasoline Range 
Organics USEPA Method 

8015 
 

36 

Total Petroleum 
Hydrocarbons- 
Diesel Range 

Organics 

36 
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SAP Worksheet #17—Sampling Design and Rationale (continued) 

Site UXO-11 

Matrix 
Depth of 
Samples Analysis Method 

Number of 
Samples Rationale 

Sampling 
Strategy 

Temporary 
Monitoring 

Well 
Locations - 

Groundwater 
Data 

Middle of 
well screen 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 8330/8332 5 

Evaluate if 
groundwater quality 
has been impacted 

by potential 
releases at ground 

surface 

See Figure 10-1 
for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 5 

Total Metals SW-846 USEPA 
Method 6010B 5 

Dissolved Metals SW-846 USEPA 
Method 6010B 5 

Decision 
Units: Multi-
Increment 

Surface Soil 
– Soil Data 

0-2 inches 
bgs 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 8330/8332 4 

Evaluate if surface 
soils have been 

impacted by 
potential releases 
at ground surface. 
DU Multi-increment 
sampling used in to 

assess surface 
soils in large open 

areas. The DUs are 
sized to assess 

previous range use 
and fit in with 
current and 

previous 
development 
restrictions. 

DU dimensions: 
140 ft X 100 ft each 

See 
Figure 10-13 for 

proposed 
sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 4 

Total Metals SW-846 USEPA 
Method 6010B 4 

Sub surface 
Soil 

Samples- 
Soil Data 

2 ft above 
the water 
table at 
each 

sampling 
location 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 8330/8332 5 Evaluate if 

subsurface soils 
have been 

impacted by 
potential surface 

releases. 

See Figure 10-
14 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 5 

Total Metals SW-846 USEPA 
Method 6010B 5 

Sediment 
Data 

0 – 2 inches 
into the 

surface water 
soil interface if 
free standing 

water is 
present 

Explosive 
Residues, 

Including PETN 
and Nitroglycerin 

SW-846 USEPA 
Method 8330/8332 2 

Evaluate if 
sediment has been 

impacted by 
potential releases 
at ground surface. 

See Figure 10-
15 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 2 

Total Metals SW-846 USEPA 
Method 6010B 2 

Surface 
Water Data 

Samples 
will be 

collected 
directly 
from the 
surface 
water at 

each 
sampling 
location 

Explosive Residues, 
Including PETN and 

Nitroglycerin 

SW-846 USEPA 
Method 8330/8332 2 

Evaluate if surface 
water has been 

impacted by runoff 
from potential 

surface release 
areas. 

See Figure 10-
15 for proposed 

sampling 
locations. 

Perchlorate SW-846 USEPA 
Method 6850 2 

Total Metals SW-846 USEPA 
Method 6010B 2 

Dissolved Metals SW-846 USEPA 
Method 6010B 2 
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SAP Worksheet #17—Sampling Design and Rationale (continued) 

Site UXO-14 

Matrix 
Depth of 
Samples Analysis Method 

Number 
of 

Samples Rationale 
Sampling 
Strategy 

Temporary 
Monitoring 

Well 
Locations - 
Groundwate

r Data 

Middle of 
well screen 

Total Metals SW-846 USEPA 
Method 6010B 3 

Evaluate if 
groundwater quality 

has been impacted by 
potential releases at 

ground surface 

See 
Figure 10-17 for 

proposed 
sampling 
locations. 

Dissolved Metals SW-846 USEPA 
Method 6010B 3 

Tear Gas 
Constituents 

Chloroacetopheno
ne and 0-

chlorobenzylidene
maloonitrile 

SW-846 USEPA 
Method 8270C 1 

Composite 
Surface Soil 
Samples – 
Soil Data 

0-2 inches 
bgs 

Total Metals SW-846 USEPA 
Method 6010B 12 

Evaluate if surface 
soils have been 

impacted by potential 
releases at ground 
surface. TR-02-1 

composite sampling 
method used in areas 

constrained by 
development or dense 

vegetation 

See Figure 
10-16 for 
proposed 
sampling 
locations. 

Tear Gas 
Constituents 

Chloroacetopheno
ne and 0-

chlorobenzylidene
maloonitrile 

SW-846 USEPA 
Method 8270C 8 

Sub surface 
Soil 

Samples- 
Soil Data 

2 ft above 
the water 
table at 
each 

sampling 
location 

Total Metals SW-846 USEPA 
Method 6010B 3 

Evaluate if subsurface 
soils have been 

impacted by potential 
surface releases. 

See Figure 
10-17 for 
proposed 
sampling 
locations. 

Tear Gas 
Constituents 

Chloroacetopheno
ne and 0-

chlorobenzylidene
maloonitrile 

SW-846 USEPA 
Method 8270C 1 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table 

Sample ID & Location1 Matrix Analytical Group 
Number of 
Samples 

Sampling SOP 
Reference 

Site UXO-02  

See Worksheet #21 

MR02-SS01-09A through MR02-SS184-09A Surface Soil Explosives, Perchlorate and Metals 184 
MR02-IR69-SS01A through MR02-IR69-SS21-09A Surface Soil Explosives, Perchlorate and Metals 21 
MR02-IS01-09A through MR02-IS27-09A Subsurface Soil Explosives, Perchlorate and Metals 27 
MR02-IR69-IS01-09A through MR02-IR69-IS03-09A Subsurface Soil Explosives, Perchlorate and Metals 3 
MR02-TW01-09A through MR02-TW32-09A Groundwater Explosives, Perchlorate and Metals 32 
MR02-GW05-09A Groundwater Explosives, Perchlorate and Metals 1 
MR02-GW09-09A Groundwater Explosives, Perchlorate and Metals 1 
MR02-GW11-09A Groundwater Explosives, Perchlorate and Metals 1 
MR02-GW12-09A Groundwater Explosives, Perchlorate and Metals 1 
MR02-GW13-09A Groundwater Explosives, Perchlorate and Metals 1 
MR02-GW14-09A Groundwater Explosives, Perchlorate and Metals 1 
MR02-GW15-09A Groundwater Explosives, Perchlorate and Metals 1 
MR02-SD01-09A through MR02-SD10-09A Sediment Explosives, Perchlorate and Metals 10 
MR02-SW01-09A through MR02-SW10-09A Surface Water Explosives, Perchlorate and Metals 10 
Site UXO-07  
MR07-SS01-09A through MR07-SS42-09A Surface Soil Explosives, Perchlorate and Metals 42 
MR07-IS01-09A through MR07-IS017-09A Subsurface Soil Explosives, Perchlorate and Metals 17 
MR07-TW01-09A through MR07-TW06-09A Groundwater Explosives, Perchlorate and Metals 6 
MR07-SD01-09A through MR07-SD2-09A Sediment Explosives, Perchlorate and Metals 2 
MR07-SW01-09A through MR07-SW2-09A Surface Water Explosives, Perchlorate and Metals 2 
Site UXO-10  

MR10-SS01-09A through MR10-SS9-09A Surface Soil Explosives, Perchlorate and Metals, VOCs, 
TPH DRO/GRO PAHs and SVOCs 9 

MR10-DU01-SS(01,02,03)-09A through MR10-DU03-
SS(01,02,03)-09A Surface Soil Explosives, Perchlorate and Metals 9 

MR10-IS01-09A through MR10-IS036-09A Subsurface Soil Explosives, Perchlorate and Metals, VOCs, 
TPH GRO/DRO, PAHs, and SVOCs 36 

MR10-TW01-09A through MR10-TW10-09A Groundwater Explosives, Perchlorate and Metals, VOCs, 
TPH GRO/DRO, PAHs and SVOCs 10 

1Refer to Worksheet #10 for sample locations. 
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SAP Worksheet #18—Sampling Locations and Methods/SOP Requirements Table (continued) 

Sample ID & Location1 Matrix Analytical Group 
Number of 
Samples 

Sampling SOP 
Reference 

Site UXO-11 

See Worksheet 
#21 

MR11-SS01-09A through MR11-SS12-09A Surface Soil Explosives, Perchlorate and Metals 12 

MR11-DU01-SS(01,02,03)-09A through MR11-DU04-
SS(01,02,03)-09A Surface Soil Explosives, Perchlorate and Metals 12 

MR11-IS01-09A through MR11-IS05-09A Subsurface Soil Explosives, Perchlorate and Metals 5 

MR11-TW01-09A through MR11-TW05-09A Groundwater Explosives, Perchlorate and Metals 5 

MR11-SD01-09A through MR11-SD02-09A Sediment Explosives, Perchlorate and Metals 2 

MR11-SW01-09A through MR11-SW02-09A Surface Water Explosives, Perchlorate and Metals 2 

Site UXO-14  

MR14-SS01-09A through MR14-SS12-09A Surface Soil Metals 12 

MR14-SS13-09A 09A through MR14-SS20-09A Surface Soil  SVOCs and Tear Gas 8 

MR14-IS01-09A through MR14-IS03-09A Subsurface Soil Metals  3 

MR14-IS04-09A Subsurface Soil SVOCs and Tear Gas 1 

MR14-TW01-09A through MR14-TW03-09A Groundwater Metals, and  3 

MR14-TW04-09A Groundwater SVOCs, and Tear Gas 1 
1Refer to Worksheet #10 for sample locations. 
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SAP Worksheet #19—Analytical SOP Requirements Table 

Matrix 
Analytical 

Group 
Analytical and Preparation 
Method / SOP Reference Containers 

Sample 
volume 

Preservation 
Requirements 

Maximum 
Holding Time 
(preparation / 

analysis) 
Site UXO-02 (Katahdin Analytical Services) 

Groundwater 
Surface Water 

Explosives SW-846 8330A/ CA402 
(2) 1000 milliliters 
(mL) Glass 
Ambers 

1000 mL (4 ± 2) ° C 
7 Days/  
40 Days 

Groundwater 
Surface Water 

Metals by 
ICP and ICP-
MS 

SW-846 6010B, 6020, 7470A, 3010 
/ CA608, CA627, CA604, CA615 

(1) 500 mL 
Plastic 

50 mL/  
30 mL (Hg) 

HNO3, pH <2,  
(4 ± 2) ° C 

6 Months/  
28 Days (Hg) 

Groundwater 
Surface Water 

Cyanide SW-846 9012/ CA773 (1) 250 mL 
Plastic 50 mL 

NAOH, pH > 12, 
(4 ± 2) ° C 

14 days 

Surface Soil 
Subsurface Soil 
Sediment 

Explosives SW-846 8330A/ CA402 (1) 4 ounce (oz.) 
Soil jar 2 grams (g) (4 ± 2) ° C 

14 Days/ 
40 Days 

Surface Soil 
Subsurface Soil 
Sediment 

Metals by 
ICP and ICP-
MS 

SW-846 6010B, 6020, 3050, 
7471A/ CA608, CA627, CA605, 
CAA611 

(1) 4 oz. Soil jar 
1-2 g/  
0.3 g (Hg) 

(4 ± 2) ° C 
6 Months/ 
28 Days (Hg) 

Surface Soil 
Subsurface Soil 
SEDIMENT 

Cyanide SW-846 9012B/ CA773 (1) 4 oz soil jar 1 g (4 ± 2) ° C 14 days  

All other UXOs (Empirical Laboratories) 

Groundwater Volatiles 
SW-846 5030/ 8260B, 
SOP-202 

(3) 40 mL glass 
volatile vials 5 mL HCl to a pH<2; no 

headspace; (4 ± 2) ° C 
14 days to 
analysis 

Surface Soil 
Subsurface Soil 

Volatiles 
SW-846 5035/ 8260B, 
SOP-202, 225 

(3) Encore 
samplers  5 g 

(4 ± 2) ° C during 
shipment and preserve 
with Sodium bisulfate or 
water and freeze to 
-10 ° C upon arrival. 

48 hrs /  
14 days  

Groundwater Semivolatiles 
SW-846 3510C/ 8270C, 
SOP-300, 201 

(2) 1000 mL 
Glass Ambers 1000 mL (4 ± 2) ° C 

7 days / 
40 days 
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SAP Worksheet #19—Analytical SOP Requirements Table (continued) 

Matrix 
Analytical 

Group 
Analytical and Preparation 
Method / SOP Reference Containers 

Sample 
volume 

Preservation 
Requirements 

Maximum 
Holding Time 
(preparation / 

analysis) 
Surface Soil 
Subsurface Soil 

Semivolatiles 
SW-846 3541/ 8270C, 
SOP-329, 201 

(1) 4 oz. Soil jar 15 g (4 ± 2) ° C 
14 days / 
40 days 

Groundwater SIM PAHs 
SW-846 3510C/ 8270C, 
SOP-300, 201 

(2) 1000 mL 
Glass Ambers 1000 mL (4 ± 2) ° C 

7 days / 
40 days  

Surface Soil 
Subsurface Soil 

SIM PAHs 
SW-846 3541/ 8270C, 
SOP-329, 201 

(1) 4 oz. Soil jar  15 g (4 ± 2) ° C 
14 days / 
40 days  

Groundwater 
Surface Water 

Explosives 
SW-846 8330A, 
SOP-327 

(2) 1000 mL 
Glass Ambers  1000 mL (4 ± 2) ° C 

7 days / 
40 days  

Surface Soil 
Subsurface Soil 
Sediment 

Explosives 
SW-846 8330A, 
SOP-327 

(1) 4 oz. Soil jar 2 grams (4 ± 2) ° C 14 days /40 days  

Groundwater 
Surface Water 

Metals SW-846 3005A/ 6010B/ 7470A, 
SOP-100/ 103/ 105 

(1) 500 mL 
Plastic 

50 mL/  
30 mL (Hg) 

HNO3 to a pH<2;  
(4 ± 2) ° C 

6 Months/  
28 Days (Hg) 

Surface Soil 
Subsurface Soil 
Sediment 

Metals SW-846 3050B/ 6010B/ 7471A, 
SOP-100/ 104/ 105 (1) 4 oz. Soil jar 

1-2 g/  
0.3 g (Hg) 

(4 ± 2) ° C 
6 Months/  
28 Days (Hg) 

Groundwater 
Surface Water 

Cyanide SW846 9012B/ SOP-231 (1) 250 mL 
Plastic 50 mL 

NAOH, pH > 12, 
(4 ± 2) ° C 

14 days 

Surface Soil 
Subsurface Soil 
Sediment 

Cyanide SW846 9012B/ SOP-231 (1) 4 oz soil jar 1 g (4 ± 2) ° C 14 days  

SS & SB TPH-GRO SW8015B/219 3- 40 ml 
terracores 5 grams 

Sodium bisulfate or 
water and freeze 
-10  degrees C 

48 hrs from 
sampling to 
prep,14 days to 
analysis 

SS & SB TPH-DRO SW8015B/219 4 oz. glass jar 25 grams Cool to 4o Centigrade 
14 days until 
extraction/40 
days to analysis 
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SAP Worksheet #19—Analytical SOP Requirements Table (continued) 

Matrix 
Analytical 

Group 
Analytical and Preparation 
Method / SOP Reference Containers 

Sample 
volume 

Preservation 
Requirements 

Maximum 
Holding Time 
(preparation / 

analysis) 
All UXOs (Test America Laboratories- West Sacramento) 

GW & SW TPH-GRO SW8015B/219 3- 40 mL glass 
volatile vials 5 milliliters 

HCl to a pH<2;Cool to 4 
degrees C; no 
headspace 

14 days to 
analysis 

GW & SW TPH-DRO SW8015B/219 Two 1-liter glass 
amber bottles 1000 milliliters Cool to 4o Centigrade 

7 days until 
extraction/40 
days to analysis 

Groundwater 
Surface Water 

Perchlorate  SW-846 6850/ SAC-LC-0012  (1) 250 mL 
Plastic 170 mL 

Field filtered with ⅓ 
volume headspace to 
remove and/or 
minimize microbial and 
anaerobic bacteria  
(4 ± 2) ° C 

28 days 

Surface Soil 
Subsurface Soil 
Sediment 

Perchlorate SW-846 6850/ SAC-LC-0012  (1) 4 oz. Soil jar 10 g (4 ± 2) ° C 28 days 

All Other UXOs (Columbia Analytical Services- Rochester) 

Groundwater 
Surface Water 

Thallium SW-846 6020/ MET-6020 and 
MET-CLP-DIG 

(1) 500 mL 
Plastic 50 mL  

1:1 Nitric to pH < 2, 
room temp or 
refrigeration acceptable 

6 months 
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SAP Worksheet #20—Field Quality Control Sample Summary Table 

Matrix Analytical Group 

No. of 
Sampling 
Locations 

No. of Field 
Duplicates 

No. of 
MS/MSDs1 

No. of Field 
Blanks 

No. of 
Equip. 
Blanks 

No. of 
VOA Trip 
Blanks 

Total No. 
of 

Samples 
to Lab 

Site UXO-02 

Groundwater 

Perchlorate 32 4 3/3 2 7 0 51 
Explosives Residue (including 
PETN and Nitroglycerin) 32 4 3/3 2 7 0 51 

Cyanide 32 4 3/3 2 7 0 51 
Total Metals 32 4 3/3 2 7 0 51 

Surface 
Water 

Perchlorate 10 1 1/1 1 2 0 16 
Explosives Residue (including 
PETN and Nitroglycerin) 10 1 1/1 1 2 0 16 

Cyanide 10 1 1/1 1 2 0 16 
Total Metals 10 1 1/1 1 2 0 16 

Surface Soil 

Perchlorate 205 21 13/13 4 21 0 277 
Explosives Residue (including 
PETN and Nitroglycerin) 

205 21 13/13 4 21 0 277 

Cyanide 205 21 13/13 4 21 0 277 
Total Metals 205 21 13/13 4 21 0 277 

Subsurface 
Soil 

Perchlorate 30 3 2/2 1 3 0 41 
Explosives Residue (including 
PETN and Nitroglycerin) 30 3 2/2 1 3 0 41 

Cyanide 30 3 2/2 1 3 0 41 
Total Metals 30 3 2/2 1 3 0 41 

Sediment 

Perchlorate 10 1 1/1 1 1 0 16 
Explosives Residue (including 
PETN and Nitroglycerin) 10 1 1/1 1 1 0 16 

Cyanide 10 1 1/1 1 1 0 16 
Total Metals 10 1 1/1 1 1 0 16 
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SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group 

No. of 
Sampling 
Locations 

No. of Field 
Duplicates 

No. of 
MS/MSDs1 

No. of Field 
Blanks 

No. of 
Equip. 
Blanks 

No. of 
VOA Trip 
Blanks 

Total No. 
of 

Samples 
to Lab 

Site UXO-07 

Groundwater 

Perchlorate 6 1 1/1 1 1 0 11 
Explosives Residue (including 
PETN and Nitroglycerin) 6 1 1/1 1 1 0 11 

Cyanide 6 1 1/1 1 1 0 11 
Total Metals 6 1 1/1 1 1 0 11 

Surface 
Water 

Perchlorate 2 1 1/1 1 1 0 7 
Explosives Residue (including 
PETN and Nitroglycerin) 2 1 1/1 1 1 0 7 

Cyanide 2 1 1/1 1 1 0 7 
Total Metals 2 1 1/1 1 1 0 7 

Surface Soil 

Perchlorate 42 5 3/3 1 4 0 58 
Explosives Residue (including 
PETN and Nitroglycerin) 42 5 3/3 1 4 0 58 

Cyanide 42 2 3/3 1 4 0 58 
Total Metals 42 5 3/3 1 4 0 58 

Subsurface 
Soil 

Perchlorate 17 2 1/1 1 2 0 24 

Explosives Residue (including 
PETN and Nitroglycerin) 17 2 1/1 1 2 

0 
24 

Cyanide 17 2 1/1 1 2 0 24 
Total Metals 17 2 1/1 1 2 0 24 

Sediment 

Perchlorate 2 1 1/1 1 1 0 7 
Explosives Residue (including 
PETN and Nitroglycerin) 2 1 1/1 1 1 0 7 

Cyanide 2 1 1/1 1 1 0 7 
Total Metals 2 1 1/1 1 1 0 7 



SAMPLING AND ANALYSIS PLAN - SITES UXO-02, UXO-07, UXO-10, UXO-11, AND UXO-14 UFP-SAP 
REVISION NUMBER 1 

NOVEMBER 2009 
PAGE 155 OF 242 

 

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

Matrix Analytical Group 

No. of 
Sampling 
Locations 

No. of Field 
Duplicates 

No. of 
MS/MSDs1 

No. of Field 
Blanks 

No. of 
Equip. 
Blanks 

No. of 
VOA Trip 
Blanks 

Total No. 
of 

Samples 
to Lab 

Site UXO-10 

Groundwater 

Perchlorate 10 1 1/1 1 1 0 15 
Explosives Residue (including 
PETN and Nitroglycerin) 10 1 1/1 1 1 0 15 

Cyanide 10 1 1/1 1 1 0 15 
Total Metals 10 1 1/1 1 1 0 15 
VOCs 10 1 1/1 1 1 1 16 
SVOCs 10 1 1/1 1 1 0 15 
TPH-GRO 10 1 1/1 1 1 1 16 
TPH-DRO 10 1 1/1 1 1 0 15 
PAHs 10 1 1/1 1 1 0 15 

Surface Soil 

Perchlorate 18 2 1/1 1 2 0 25 
Explosives Residue (including 
PETN and Nitroglycerin) 18 2 1/1 1 2 0 25 

Cyanide 18 2 1/1 1 2 0 25 
Total Metals 18 2 1/1 1 2 0 25 
VOCs 9 1 1/1 1 1 1 15 
TPH-GRO 9 1 1/1 1 1 1 15 
TPH-DRO 9 1 1/1 1 1 0 14 
SVOCs 9 1 1/1 1 1 0 14 
PAHs 9 1 1/1 1 1 0 14 
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SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group 

No. of 
Sampling 
Locations 

No. of Field 
Duplicates 

No. of 
MS/MSDs1 

No. of Field 
Blanks 

No. of 
Equip. 
Blanks 

No. of 
VOA Trip 
Blanks 

Total No. 
of 

Samples 
to Lab 

Subsurface 
Soil 

Perchlorate 36 4 2/2 1 4 0 49 
Explosives Residue (including 
PETN and Nitroglycerin) 36 4 2/2 1 4 0 49 

Cyanide 36 4 2/2 1 4 0 49 
Total Metals 36 4 2/2 1 4 0 49 
VOCs 36 4 2/2 1 4 1 50 
TPH-GRO 36 4 2/2 1 4 1 50 
TPH-DRO 36 4 2/2 1 4 0 49 
SVOCs 36 1 1/1 1 1 0 8 
PAHs 36 1 1/1 1 1 0 8 

Site UXO-11 

Groundwater 

Perchlorate 5 1 1/1 1 1 0 10 
Explosives Residue (including 
PETN and Nitroglycerin) 5 1 1/1 1 1 0 10 

Cyanide 5 1 1/1 1 1 0 10 
Total Metals 5 1 1/1 1 1 0 10 

Surface 
Water 

Perchlorate 2 1 1/1 1 1 0 7 
Explosives Residue (including 
PETN and Nitroglycerin) 2 1 1/1 1 1 0 7 

Cyanide 2 1 1/1 1 1 0 7 
Total Metals 2 1 1/1 1 1 0 7 
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SAP Worksheet #20—Field Quality Control Sample Summary Table (continued) 

Matrix Analytical Group 

No. of 
Sampling 
Locations 

No. of Field 
Duplicates 

No. of 
MS/MSDs1 

No. of Field 
Blanks 

No. of 
Equip. 
Blanks 

No. of 
VOA Trip 
Blanks 

Total No. 
of 

Samples 
to Lab 

Surface Soil 

Perchlorate 12 2 1/1 1 2 0 19 
Explosives Residue (including 
PETN and Nitroglycerin) 12 2 1/1 1 2 0 19 

Cyanide 12 2 1/1 1 2 0 19 
Total Metals 12 2 1/1 1 2 0 19 

Subsurface 
Soil 

Perchlorate 5 1 1/1 1 1 0 10 
Explosives Residue (including 
PETN and Nitroglycerin) 5 1 1/1 1 1 0 10 

Cyanide 5 1 1/1 1 1 0 10 
Total Metals 5 1 1/1 1 1 0 10 

Sediment 

Perchlorate 2 1 1/1 1 1 0 7 
Explosives Residue (including 
PETN and Nitroglycerin) 2 1 1/1 1 1 0 7 

Cyanide 2 1 1/1 1 1 0 7 
Total Metals 2 1 1/1 1 1 0 7 

1 Triple volume will be collected at MS/MSD locations. 

1 Triple volume will be collected at MS/MSD locations. 
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SAP Worksheet #21—Project Sampling SOP References Table 

Reference 
Number Title, Revision Number and / or Date 

Originating 
Organization  Equipment Type 

Modified 
for Project 

Work? Comments 
SOP-001 Completing Log Books, rev. 1/2008 

CH2M HILL  

Log Book Indelible Pen 

No 

  
SOP-002 Electromagnetic Induction, rev. 1/2008 EM 61 Electromagnetic System   
SOP-003 Locating and Clearing Underground Utilities, rev. 1/2008 Electromagnetic Inductance   
SOP-004 Shallow (surface) Soil Sampling, rev. 1/2008 Stainless Steel Trowel and Bowls  Multi-Increment and TR02-1 
SOP-005 Surface Water Sampling, rev. 3/2008 Sample Containers, tripline   
SOP-006 Sediment Sampling, rev. 3/2008 Stainless Steel Spoon and Bowls   
SOP-007 Direct-Push Soil Sample Collection, rev. 1/2008 DPT rig   
SOP-008 VOC Soil Sampling Using EnCore, rev. 1/2008 EnCore Sampler, T-Handle Site UXO-10 Only  
SOP-009 Soil Boring and Abandonment, rev. 1/2008 DPT rig   

SOP-010 Installation of Shallow Monitoring Wells, rev. 2/2008 DPT rig Yes Temporary Well Installation 
through direct-push casing 

SOP-011 Multi RAE Photo-ionization Detector, rev. 1/2008 Multi-RAE No   

SOP-012 

Field Measurement of pH, Specific Conductance, 
Turbidity, Dissolved Oxygen, ORP, and Temperature 
Using a multi parameter water quality meter with Flow 
through Cell, rev. 01/2008 

Water quality meter with flow-
though cell 

Yes 
 

SOP-013 Low-Flow Groundwater Sampling from Monitoring Wells, 
rev. 01/2008 

Peristaltic Pump or Bladder 
pump, Plastic Tubing 

Include purging a minimum of 
one well volume per NCDENR 

SOP-014 Decontamination of Personnel and Equipment, rev. 
1/2008 reusable sampling equip. 

No 

  

SOP-015 Decontamination of Drilling Rigs and Equipment, rev. 
1/2008 steam cleaner and decon pad   

SOP-016 Disposal of Waste Solids and Fluids, rev. 1/2008 5-gallon buckets with on-base 
disposal   

SOP-017 Equipment Blank and Field Blank Preparation, rev. 
1/2008 

Lab provided blank liquid and 
sample bottles   

SOP-018 VOC Sampling - Water, rev. 1/2008 Lab Provided sample bottles Site UXO-10 Only  

SOP-019 Packaging and Shipping Procedures for Low-
Concentration Samples, rev. 01/2008 Lab supplied coolers   

SOP-020 Chain-of-Custody, rev. 01/2008 Chain-of-Custody Form   
SOP-021 UXO Contacts Staff Form   
SOP-022 Systematic Random Multi-Increment (MI)  Stainless Steel Trowel and Bowls  Sites UXO-10 and 11 Only 
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SAP Worksheet #22—Field Equipment Calibration, Maintenance, Testing, and Inspection Table 

Field Equipment Activity1 Frequency 
Acceptance 

Criteria 
Corrective 

Action 
Responsible 

Person 
SOP 

Reference2 Comments 

EM61 
Electromagnetic 
System 

Geophysical  
Prove-out Before Project 

Repeatability ±, 
Positional Accuracy 
± 20cm 

Subcontractor in-
house support, 
replacement unit 
order 

Geophysical 
Subcontractor SOP-002  

Peristaltic Pump/ 
ProActive Mini-
Monsoon 
Submersible Pump/ 
Bladder pump 

Maintenance As Needed, 
Regularly 

Specific per 
model/instruction 
manual 

Rental and/or 
manufacturer 
support for pump 
malfunctions 

Field Team 
Leader SOP-013  

Water quality meter Calibrate probes  Daily, As 
Needed 

Parameter specific 
per 
model/instruction 
manual 

Manufacturer 
technical support 
for calibration 
errors 

Field Team 
Leader SOP-012  

PID 

Calibrate using 
ambient air, 
isobutylene 100 
ppm calibration 
gas and 4-gas 
calibration 

Daily and As 
Needed 

Parameter specific 
per 
model/instruction 
manual 

Manufacturer 
technical support 
for calibration 
errors 

Field Team 
Leader SOP-011  

1 Activities may include calibration, verification, testing, and maintenance. 
2 See Worksheet #21. 
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SAP Worksheet #23—Analytical SOP References Table 

All SOPs from the laboratories are reviewed yearly. If no revisions are needed to the SOP, the revision date is not updated. 

Lab SOP 
Number Title, Revision Date, and / or Number1 

Definitive or 
Screening 

Data 

Matrix and 
Analytical 

Group Instrument 

Organization 
Performing 

Analysis 

Modified for 
Project 
Work? 

CA-101 Equipment Maintenance, 07/08, Revision 7 

Definitive 

Various Various 

Katahdin 
Analytical 
Services 

N 

CA-402 Determination Of Nitroaromatics and Nitramines By HPLC Method 8330, 
07/08, Revision 3. 

Aqueous, Solid 
Explosives 

High 
Performance 
Liquid 
Chromato-
graph (HPLC) 

CA-604 Acid Digestion of Aqueous Samples By EPA Method 3010 for ICP Analysis of 
Total or Dissolved Metals, 01/08, Revision 3. 

Aqueous 
Metals Prep Block Digester 

CA-605 Acid Digestion Of Solid Samples By USEPA Method 3050 For Metals Analysis 
By ICP-AES And GFAA, 03/08, Revision 3 

Solid Metals 
Prep Block Digester 

CA-608 Trace Metals Analysis By ICP-AES Using EPA Method 6010, 09/07, Revision 
6. 

Aqueous, Solid 
Metals ICP-AES 

CA-611 Digestion And Analysis Of Solid Samples For Mercury By USEPA Method 
7471, 03/08, Revision 4. 

Solid Metals 
(Hg) 

Mercury 
Analyzer 

CA-615 Digestion And Analysis Of Aqueous Samples For Mercury By USEPA Method 
7470, 04/08, Revision 2. 

Aqueous 
Metals (Hg) 

Mercury 
Analyzer 

CA-627 Trace Metals Analysis by ICP-MS Using USEPA Method 6020, 04/08, Revision 
4 

Aqueous, Solid 
Metals ICP-MS 

CA-773 Colorimetric Analysis of Total and Amenable Cyanide using the Automated 
Konelab Multi-wavelength Photometric Analyzer, 06/08, Revision 1. 

Aqueous, Solid 
Cyanide Konelab 

SD-902 Sample Receipt and Internal Control, 02/08, Revision 7, Sample 
Receiving N/A 

SD-903 Sample Disposal, 02/08, Revision 3. Sample 
Disposal N/A 

Empirical 
SOP-100 

Metals Digestion/Preparation Methods 3005A, 3010A, 3020A, 3030, 3040A, 
3050B, USEPA CLP ILMO 4.1 Aqueous & Soil/Sediment, USEPA Method 
200.7 (Standard Methods) 3030C. Rev. 19 

Aqueous, Solid 
Metals Prep Block Digester 

Empirical 
Laboratories 

Empirical 
SOP-105 

Metals Analysis by ICP Technique Methods 200.7, SW846 6010B, SM 19th 
Edition 2340B, USEPA ILMO 4.1, Rev. 14 

Aqueous, Solid 
Metals ICP-AES 

Empirical 
SOP-103 

Mercury Analysis in Water by Manual Cold Vapor Technique Methods SW846 
7470A & 245.1, CLP-M 4.1, Rev. 14 

Aqueous 
Metals (Hg) 

Flow injection 
mercury system 
(FIMS) 
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SAP Worksheet #23—Analytical SOP References Table (continued) 

Lab SOP 
Number Title, Revision Date, and / or Number1 

Definitive or 
Screening 

Data 
Matrix and 

Analytical Group Instrument 

Organization 
Performing 

Analysis 

Modified 
for 

Project 
Work? 

Empirical 
SOP-104 

Mercury Analysis in Soil/Sediment by Manual Cold Vapor Technique Methods 
SW846 7471A & 245.5, CLP-ILM 4.1, Rev. 16 

Definitive 

Solid Metals (Hg) FIMS 

Empirical 
Laboratories N 

Empirical 
SOP-164 

Distillation of Aqueous/ Solid Samples for Total and Non-Amenable Cyanide 
Analysis, 9/08, Rev. 13 

Aqueous, Solid 
Cyanide Prep 

Block 
Digester 

Empirical 
SOP-175 

Post-Distillation Analysis for Cyanide by the Lachat Method 335.4; SW-845 
9012A; USEPA CLP 4.1, 7/06, Rev. 9 

Aqueous, Solid 
Cyanide Lachat 

Empirical 
SOP-201 GC/MS Semivolatiles by Method 625 and SW846 Method 8270C, Rev. 18 Aqueous, Solid 

SVOCs 

Agilent/ HP 
Gas 
Chromato-
graph/ Mass 
Spectro-meter 
(GC/MS) 

Empirical 
SOP-202 GC/MS Volatiles by Method 624 and SW846 Method 8260B, Rev. 21 Aqueous, Solid 

VOCs 

Empirical 
SOP-219 

GC/FID Nonhalogenated Volatile Organics and TPH by Method 
8015B/8015C/TN EPH/GRO, Rev. 11 Organic/GC 

Empirical 
SOP-225 

GC/MS Volatile Non-Aqueous Matrix Extraction Using SW-846 Method 5035 
for 8260B Analysis, Rev. 8 

Solid VOCs 
Extract 

Empirical 
SOP-231 

GC/MS Low Level PAHs by EPA Method 625 and SW-846 Method 8270C, 
Rev. 0 

Aqueous, Solid 
PAHs 

Empirical 
SOP-300 

GC/MS- Semivolatile BNA-Aqueous Matrix Extraction Using SW-846 Method 
3510C for 8270C/625 Analysis, Rev. 17 

Aqueous SVOCs 
Extract N/A 

Empirical 
SOP-327 

Nitroaromatics and Nitramines by High Performance Liquid Chromatography 
(HPLC) Method 8330A and 8332, Rev. 14 

Aqueous, Solid 
Explosives 

HPLC 

Empirical 
SOP-329 Soxhlet Extraction- BNA and Pest/PCB Using SW-846 Method 3541, Rev. 16 Aqueous, Solid 

PAHs Extract 

N/A 

Empirical 
SOP-404 

Laboratory Sample Receiving Log-in and Storage Standard Operating 
Procedures, Rev. 11 Sample Receipt 

Empirical 
SOP-405 Analytical Laboratory Waste Disposal, Rev. 4 Sample Disposal 

Empirical 
SOP-410 

Standard Operating Procedures for Laboratory Sample Storage, Secure 
Areas, and Sample Custody, Rev. 6 

Sample Storage/ 
Custody 
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SAP Worksheet #23—Analytical SOP References Table (continued) 

Lab SOP 
Number Title, Revision Date, and / or Number1 

Definitive or 
Screening 

Data 
Matrix and 

Analytical Group Instrument 

Organization 
Performing 

Analysis 

Modified 
for 

Project 
Work? 

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, Solid 
Perchlorate LC/ MS/ MS Test America 

Laboratories 

N MET-
6020 

Determination of Metals and Trace Elements by Inductively Coupled Plasma – 
Mass Spectrometry (ICP-MS); EPA Method 6020. Revision 3, 7/24/06 

Aqueous 
Metals (Tl) 

ICP-MS Columbia 
Analytical 
Services  MET-

CLP-DIG CLP Digestion Techniques for Waters and Soils. Revision 1; 1/20/06 
Aqueous 
Metals (Tl)Prep 

Hot Block 
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SAP Worksheet #24—Analytical Instrument Calibration Table  

Instrument 
Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible 

for CA 
SOP 

Reference 
 
Site UXO-02 (Katahdin Analytical Services) 

HPLC 
Explosives 

Initial 
Calibration 
(ICAL)  

IC- instrument receipt, 
major instrument 
change, when 
Continuing Calibration 
Verification (CCV) 
does not meet criteria 

5 pt. calibration coefficient of 
determination ≥ 0.990 

Repeat ICAL and/or perform necessary 
equipment maintenance. Check calibration 
standards. Reanalyze affected data. 

Analyst, 
Supervisor 

CA-402 

Continuing 
Calibration 
Verification 
(CCV) 

After every 10 
samples; If calibration 
curve previously 
analyzed, analyze daily 
before samples. 

15% Difference (%D) 

Evaluate the samples:  
• If the % D > +15% and sample results are < QL, 

narrate.  
• If % D > ± 15% only on one channel, narrate.  
• If % D > ± 15% and is likely a result of matrix 

interference, narrate.  
• Otherwise, reanalyze all samples back to last 

acceptable CCV. 

ICP-AES 
6010B Metals 
  

ICAL 
At the beginning of 
each day or if QC is 
out of criteria. 

Two pt. calibration per 
manufacturer's guidelines; 
analytes run at their calibration 
levels must fall within 95-105% 
of True Values 

Recalibrate and/or perform necessary equipment 
maintenance. Check calibration standards 

CA-608 
  

CCV 

At the beginning and 
end of each run 
sequence and every 10 
samples 

90-110% of True Values Check problem, recalibrate and reanalyze any 
samples not bracketed by passing CCVs. 

ICP-MS 
6020 Metals 

Tune Daily prior to 
calibration 

Mass calibration within 0.1 
atomic mass units (amu) of 
true value, Resolution < 0.9 
amu at 10% peak height 

Perform necessary equipment maintenance 

CA-627 ICAL Daily prior to sample 
analysis. 

4 pt. calibration plus blank – 
correlation coefficient ≥ 0.995. 

Recalibrate and/or perform necessary equipment 
maintenance. Check calibration standards 

CCV 

At the beginning and 
end of each run 
sequence and every 10 
samples 

90-110% of True Values Check problem, recalibrate and reanalyze any 
samples not bracketed by passing CCVs. 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument 
Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible for 

CA 
SOP 

Reference 

Konelab 
Cyanide 

ICAL 
(including six 
standards 
plus blank) 

Daily, prior to sample 
analysis 

Linear Regression Correlation 
Coefficient ≥ 0.995 

Recalibrate and/or perform necessary equipment 
maintenance. Check calibration standards 

Analyst, Supervisor 

CA-773 

CCV 

CCV (un-distilled)-at 
beginning and end of 
each run sequence 
and every 10 samples 

85-115% Recovery 
If the CCV fails high, report samples that are < 
QL. Recalibrate and/or reanalyze samples back 
to last acceptable CCV recovery 

Mercury 
analyzer 

ICAL 

IC -instrument receipt, 
major instrument 
change, at the start of 
each day 

6 pt. calibration; Correlation 
coefficient ≥ 0.995. 

Recalibrate and/or perform necessary equipment 
maintenance. Check calibration standards 

CA-615, CA-
611 

CCV 

CCV-at beginning and 
end of each run 
sequence and every 
10 samples 

80-120% of True Value Check problem, recalibrate and reanalyze any 
samples not bracketed by passing CCVs. 

All other UXOs (Empirical Laboratories) 

GC/MS 
VOCs 

ICAL 

Calibrate the 
instrument when it is 
received and after a 
major change or if the 
daily calibration fails. 
A minimum 5 pt. 
calibration is required. 

The percent relative standard 
deviation (RSD) for each 
Calibration Check Compound 
(CCC) must be < 30%. The 
minimum mean response 
factor (RF) for each System 
Performance Check 
Compound (SPCC) must meet 
that stated in 8260B. If the 
RSD for an analyte is > 15% 
use a linear curve ( > 0.995 
correlation) or quadratic curve 
( >0.99 correlation, minimum 6 
points) for quantitation 

Recalibrate and/or perform the necessary 
equipment maintenance. Check the calibration 
standards. Reanalyze the affected data. 

Analyst, Supervisor Empirical 
SOP-202 

CCV 

Analyze a standard at 
the beginning of each 
12-hour shift after a 
BFB tune. 

The minimum RF for SPCCs 
must meet that stated in 
method. The CCCs must be < 
20 %D. 

Recalibrate and/or perform the necessary 
equipment maintenance. Check the calibration 
standards. Reanalyze the affected data. 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument 
Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) 

Person Responsible for 
CA 

SOP 
Reference 

GC/FID 
(SW8015B; 
TPH-GRO) 

Initial 
Calibration 

Upon instrument 
receipt, for major 
instrument changes, 
or when CCV does 
not meet criteria 

Min 5 pt initial calibration 
Gasoline standard; 
quantitate C6 – C10 
%RSD < 20%; 
Linear regression ≥ 0.995 

Repeat calibration if criteria is not met 

Analyst, Supervisor 

Empirical 
SOP-219 

Continuing 
Calibration 

Daily, and after every 
10 samples (not to 
exceed 12 hours), 
and at end of run 

%D < 20% 
If %D > +20% and sample result is ND, narrate. 
If %D < -20%, reanalyze all samples since last 
successful CCV 

GC/FID 
(SW8015B; 
TPH-DRO) 

Initial 
Calibration 

Upon instrument 
receipt, for major 
instrument changes, 
or when CCV does 
not meet criteria 

Min 5 pt initial calibration 
Diesel standard; quantitate 
C10 – C28 
%RSD < 20%; 
Linear regression ≥ 0.995 

Repeat calibration if criteria is not met 

Continuing 
Calibration 

Daily, and after every 
10 samples (not to 
exceed 12 hours), 
and at end of run 

%D < 20% 
If %D > +20% and sample result is ND, narrate. 
If %D < -20%, reanalyze all samples since last 
successful CCV 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument 
Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible 

for CA 
SOP 

Reference 

GC/MS 
SVOCs 

ICAL 

Calibrate the 
instrument when it is 
received and after a 
major change or if the 
daily calibration fails. A 
minimum 5 pt. 
calibration is required. 

The percent RSD for each 
CCC must be < 30%. The 
minimum mean RF for each 
SPCC must meet that stated in 
8270C. If the RSD for an 
analyte is > 15% use a linear 
curve ( > 0.995 correlation) or 
quadratic curve ( >0.99 
correlation, minimum 6 points) 
for quantitation 

Recalibrate and/or perform the necessary 
equipment maintenance. Check the calibration 
standards. Reanalyze the affected data. 

Analyst, 
Supervisor 

Empirical 
SOP-201 

CCV 

Analyze a standard at 
the beginning of each 
12-hour shift after a 
DFTPP tune. 

The minimum RF for SPCCs 
must meet that stated in 
method. The CCCs must be < 
20 %D. 

Recalibrate and/or perform the necessary 
equipment maintenance. Check the calibration 
standards. Reanalyze the affected data. 

HPLC/ UV 
Explosives 

ICAL 

Calibrate the 
instrument when it is 
received and after a 
major change or if the 
daily calibration fails. A 
minimum 5 pt. 
calibration is required. 

Min. 5 pt cal., 20% RSD, 
Linear correlation >0.995, 
Quadratic correlation >0.99 
min. 6 pts for all except 
toxaphene and chlordane. One 
pt for toxaphene and chlordane 

Recalibrate and/or perform necessary equipment 
maintenance. Check calibration standards. 
Reanalyze affected data. 

Empirical 
SOP- 327  

CCV 

Analyze standard at 
the beginning and end 
of sequence and every 
10 samples. 

< 15% difference 

If % D >+ 15% and samples are < QL, narrate, If 
%D > + 15% only on one column, narrate,  
If % D > + 15% for closing CCV, and is likely due 
to matrix interference, narrate  
Otherwise, reanalyze all samples back to the last 
acceptable CCV. 

ICP-AES 
6010B Metals 

ICAL 

The instrument is 
calibrated at the 
beginning of each day 
or if the QC is out of 
criteria. 

The instrument is calibrated by 
a 1 pt. calibration per 
manufacturer's guidelines. 
Analytes ran at their calibration 
levels must fall within 90-110% 
of the true values. 

Recalibrate and/or perform the necessary 
equipment maintenance. Check the calibration 
standards. Reanalyze the affected data. 

Empirical 
SOP-105  

CCV 

Analyze a standard at 
the beginning and end 
of the sequence and 
after every 10 samples 

The acceptance criteria for the 
continuing calibration standard 
is 90-110% of true value 

Recalibrate and/or perform the necessary 
equipment maintenance. Check the calibration 
standards. Reanalyze the affected data. 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument 
Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible 

for CA 
SOP 

Reference 

FIMS 

ICAL 

The instrument is 
calibrated at the 
beginning of each day 
or if the QC is out of 
criteria. 

The calibration correlation 
coefficient is >0.995 

Recalibrate and/or perform the necessary 
equipment maintenance. Check the calibration 
standards. Reanalyze the affected data. 

 

 
Empirical 
SOP-103/ 
104 
 CCV 

The CCV is analyzed 
at the beginning and 
end of the sequence 
and after every 10 
samples. 

The acceptance criteria is 80-
120% of the true value 

Recalibrate and/or perform the necessary 
equipment maintenance. Check the calibration 
standards. Reanalyze the affected data. 

Lachat 

ICAL 
(including six 
standards plus 
blank) 

Daily, prior to sample 
analysis 

Linear Regression Correlation 
Coefficient ≥ 0.995 

Recalibrate and/or perform necessary equipment 
maintenance. Check calibration standards 

Empirical 
SOP-175 

CCV 

CCV (un-distilled)-at 
beginning and end of 
each run sequence 
and every 10 samples 

85-115% Recovery 
If the CCV fails high, report samples that are < 
QL. Recalibrate and/or reanalyze samples back to 
last acceptable CCV recovery 

All UXOs (Test America Laboratories) 

LC/ MS/ MS 
Perchlorate 

Minimum 6 pt. 
ICAL for target 
analytes, 
lowest 
standard at or 
near the QL  

ICAL prior to sample 
analysis 

Linear: r2 > 0.990 (r > 0.995), b 
< MDL 
Quadratic: r2 > 0.995 

Correct problem, then repeat ICAL  

Analyst, 
Supervisor 

SAC-LC-
0012 

Second-
source 
calibration 
verification  

Once per 5 pt. initial 
calibration 

Less than 15% D for target 
analytes  

Correct problem, then repeat. If still fails, repeat 
ICAL 

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. 

Low-range standard: 
Perchlorate within ±50% of the 
true value 
Mid-range standard: 
Perchlorate within ±15% of the 
true value 

Correct problem, then repeat. If still fails, repeat 
ICAL 
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SAP Worksheet #24—Analytical Instrument Calibration Table (continued) 

Instrument 
Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible 

for CA 
SOP 

Reference 

LC/ MS/ MS 
Perchlorate 
(cont.) 

Initial 
Calibration 
Blank and 
Continuing 
Calibration 
Blank 
(ICB/CCB) 

Following ICV/ CCVs 
No target analyte 
concentrations above ½ the 
QL.  

Rerun ICB. Isolate and correct problem. 
Reanalyze associated samples. 
 

  
Ion Chromato-
graphy 
Calibration 
Standard 
(ICCS)/ 
Interference 
check standard 

Before sample 
analysis. 70% - 130% Rerun ICCS If problem still exists, recalibrate. 

LC/ MS/ MS 
Perchlorate 

Maximum 
Conductivity 
Threshold 
Standard 
(MCT)/ High 
TDS standard 

Before sample 
analysis. 

80% -120% 
 

Rerun MCT. If problem still exists, recalibrate. 

Analyst, 
Supervisor 

SAC-LC-
0012 

Internal 
Standard (IS) 

Every calibration 
standard 
 

ICAL: IS for each standard 
must be within ± 50% of the 
average area of the ICAL. 
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. 
 

All other UXOs (Columbia Analytical Services) 

ICP-MS 
Thallium 

ICAL – 3 
Standards 
and a Blank 

Daily Correlation Coefficient of at 
least 0.995 Recalibrate 

Analyst, 
Supervisor MET-6020 ICV Immediately after ICAL.  90-110% Recovery Recalibrate 

CCV One for every 10 client 
samples and closing run 90-110% Recovery Reanalyze CCV, if fails, recalibrate. Reanalyze 

affected samples. 
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SAP Worksheet #25—Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table  

Instrument / 
Equipment Maintenance Activity 

Testing 
Activity 

Inspection 
Activity Frequency 

Acceptance 
Criteria Corrective Action 

Responsible 
Person 

SOP 
Reference 

Site UXO-02 (Katahdin Analytical Services) 

HPLC 
Explosives 

Check and sonicate pump valves as 
needed. Back-flush column as needed. 
Replace analytical column or guard 
column as needed. Sonicate and 
replace solvent with every use. Replace 
the UV lamp as needed. Check and 
replace seal-pack as needed 

QC 
standards 

Column flow, 
pressure 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
calibration or CV 

Correct the problem 
and repeat 
calibration or CV 

Analyst, 
Supervisor 

CA-402 

ICP-AES 
6010B 
Metals 

Clean torch assembly and spray 
chamber when it is discolored or when 
degradation in data quality is 
observed. Clean nebulizer, check 
argon, and replace the peristaltic 
pump tubing as needed. Other 
maintenance specified in lab 
Equipment Maintenance SOP CA-101. 

QC 
standards 

Torch, 
nebulizer 
chamber, 
pump, pump 
tubing 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
calibration or 
CCV 

Correct the problem 
and repeat 
calibration or CCV 

CA-608 

ICP-MS 
6020 Metals 

Clean torch assembly and spray 
chamber when it is discolored or when 
degradation in data quality is 
observed. Clean nebulizer, check 
argon, and replace peristaltic pump 
tubing as needed.  Other maintenance 
specified in lab Equipment 
Maintenance SOP CA-101. 

QC 
standards 

Torch, 
nebulizer, 
spray 
chamber, 
pump tubing 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
calibration or 
CCV 

Correct the problem 
and repeat 
calibration or CCV 

CA-627 

Konelab 
Cyanide 

Check and clean segments weekly, 
clean reagent tubes monthly. Change 
lamp, change diluent and wash tubes, 
change mixing paddles and syringes, 
change dispensing needle, all as 
needed. 

QC 
standards 

Reagent 
tubes, lamp, 
wash tubes, 
paddles, 
syringes, 
dispensing 
needles. 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
calibration or 
CCV 

Correct the problem 
and repeat 
calibration or CCV 

CA-773 

Mercury 
Analyzer 

Replace peristaltic pump tubing, 
replace mercury lamp, replace drying 
tube, clean optical cell and/or clean 
liquid/gas separator as needed. Other 
maintenance specified in lab 
Equipment Maintenance SOP CA-101. 

QC 
standards 

Tubing, 
sample 
probe, 
optical cell 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
calibration or 
CCV 

Correct the problem 
and repeat 
calibration or CCV 

CA-611,  
CA-615 
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SAP Worksheet #25—Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table (continued) 

Instrument / 
Equipment Maintenance Activity 

Testing 
Activity 

Inspection 
Activity Frequency 

Acceptance 
Criteria Corrective Action 

Responsible 
Person 

SOP 
Reference 

All Other UXOs (Empirical Laboratories) 

GC/MS  
VOCs, 
SVOCs 

Clean the source and replace the 
filaments. Replace the seal, liner and 
septum. Change the column. 

QC 
standards 

Check the 
gas supply. 
Check the 
seal, liner, 
and septum. 

Source 
cleaning is 
performed 
when the 
instrument 
response 
deteriorates. 
Other 
instrument 
maintenance 
is done as 
needed to 
keep the 
instrument 
performing at 
peak 
performance. 

The minimum 
RF for SPCCs 
must meet that 
stated in 
method. The 
CCCs must be < 
20 %D. 

Recalibrate and/or 
perform the 
necessary 
equipment 
maintenance. 
Check the 
calibration 
standards. 
Reanalyze the 
affected data. 

Analyst, 
Supervisor 

Empirical 
SOP-201/ 
202 

HPLC/UV 
Explosives 

Check pressure and gas supply daily 
– change when < 200 psi, change 
analytical column as needed, change 
mobile phase when insufficient for 
run or contamination, change inlet 
filters as needed for contamination 

QC 
standards 

Check pump 
pressure, 
check for 
leaks, check 
for adequate 
mobile phase 

Prior to ICAL 
or as 
necessary 

< 15% D 

If % D > +15% and 
samples are < QL, 
narrate, If %D > + 
15% only on one 
column, narrate, If 
% D > + 15% for 
closing CCV, and is 
likely due to matrix 
interference, 
narrate Otherwise 
reanalyze all 
samples back to the 
last acceptable 
CCV. 

Empirical 
SOP-327  

ICP 
6010B 
Metals 

Clean the torch assembly and the 
spray chamber when they become 
discolored or when degradation in 
data quality is observed. Clean the 
nebulizer, and check the argon 
supply. Replace the peristaltic pump 
tubing as needed 

QC 
standards 

Inspect the 
torch, 
nebulizer 
chamber, 
pump, and 
tubing  
 

Maintenance 
is performed 
prior to ICAL 
or as 
necessary. 

The acceptance 
criteria for the 
continuing 
calibration 
standard is 90-
110% of true 
value 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance. Check 
the calibration 
standards. Reanalyze 
the affected data. 

Empirical 
SOP-105 
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SAP Worksheet #25—Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table (continued) 

Instrument / 
Equipment Maintenance Activity 

Testing 
Activity 

Inspection 
Activity Frequency 

Acceptance 
Criteria Corrective Action 

Responsible 
Person 

SOP 
Reference 

FIMS 
Mercury 

Change the tubing, filter, clean 
windows, and check gas flow. Check 
the reagents and standards. 

QC 
standards 

Inspect the 
tubing, filter, 
and the 
optical cell 

Maintenance 
is performed 
prior to ICAL 
or as 
necessary. 

The 
acceptance 
criteria is 80-
120% of the 
true value 

Recalibrate and/or 
perform the 
necessary 
equipment 
maintenance. 
Check the 
calibration 
standards. 
Reanalyze the 
affected data. 

Analyst, 
Supervisor 

Empirical 
SOP-103/ 
104 

Lachat 
Cyanide 

Check and clean segments weekly, 
clean reagent tubes monthly. 
Change lamp, change diluent and 
wash tubes, change mixing paddles 
and syringes, change dispensing 
needle, all as needed. 

QC 
standards 

Reagent 
tubes, lamp, 
wash tubes, 
paddles, 
syringes, 
dispensing 
needles. 

Prior to ICAL 
and/or as 
necessary. 

Acceptable 
calibration or 
CCV 

Correct the problem 
and repeat 
calibration or CCV Empirical 

SOP-175 

GC/FID 

Check pressure and gas supply 
daily. Bake out column, change 
septa, liner, seal as needed, cut 
column as needed. 

TPH 
GRO/DRO 

Liner, seal, 
septum, 
column 

Prior to initial 
calibration or 
as 
necessary 

Percent 
difference < 
20% 

Recalibrate 
and/or perform 
the necessary 
equipment 
maintenance. 
Check the 
calibration 
standards. 
Reanalyze the 
affected data 

Analyst/ 
Supervisor 

Empirical 
SOP-219 

All UXOs (Test America Laboratories) 

LC/MS/MS 
Perchlorate 

Replace columns as needed, check 
eluent reservoirs 

Sensitivity 
check 

Instrument 
performance 
and 
sensitivity 

Daily or as 
needed 

CCV pass 
criteria Recalibrate Analyst, 

Supervisor 
SAC-LC-
0012 

All Other UXOs (Columbia Analytical Services) 

ICP-MS 
Tl by 6020 

Cone removal and cleaning; removal 
and cleaning of ICP glassware and 
fittings; checking air filters and 
cleaning if necessary; checking the 
rotary pump oil and adding or 
changing if needed; removal and 
cleaning of extraction lens; removal 
and cleaning of ion lens stack 

QC 
standards ICAL/ CCV 

Instrument 
receipt, 
instrument 
change (new 
parts) When 
calibration 
criteria not 
met. 

Same as ICAL/ 
CCV 

Same as ICAL/ 
CCV 

Analyst, 
Supervisor MET-6020 
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SAP Worksheet #26—Sample Handling System 

Sample Handling System 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization): Erin Must, David Seed, Jeremy Diner / CH2M HILL  

Sample Packaging (Personnel/Organization): Erin Must/ CH2M HILL  

Coordination of Shipment (Personnel/Organization): Erin Must/ CH2M HILL  

Type of Shipment/Carrier: Overnight Carrier/ FedEx 

SAMPLE RECEIPT AND ANALYSIS 
Sample Receipt (Personnel/Organization):  
Katahdin Analytical Services: Donna Doyan 
Empirical Laboratories: EJ Overby, William Schwab 
TAL W. Sacramento: Raymond Lucero 
CAS: Kelly Cook, Rachel Jones, Greg Esmarian, Holly Pundt, Amy Hentschke 
Sample Custody and Storage (Personnel/Organization):  
Katahdin Analytical Services: Donna Doyan 
Empirical Laboratories: EJ Overby, William Schwab 
TAL W. Sacramento: Raymond Lucero 
CAS: Kelly Cook, Rachel Jones, Greg Esmarian, Holly Pundt, Amy Hentschke 
Sample Preparation (Personnel/Organization):  
Katahdin Analytical Services: Ed Morgan (Metals), Amy Broadbent (Cyanide), Keith Tanguay (Explosives) 
Empirical Laboratories: Amanda Fei, Tanisha Custer 
TAL W. Sacramento: Kevin Sanchez 
CAS: Veronica Kane 
Sample Determinative Analysis (Personnel/Organization):  
Katahdin Analytical Services: George Brewer (Inorganic Department Manager), Peter Lemay (Organic Department Manager), Ed Morgan (Metals), Amy Broadbent 
(Cyanide), Keith Tanguay (Explosives) 
Empirical Laboratories: Roger Burr, Karu Huka (Metals); John Hughes, Dustin Lynch (VOCs); Antonio Monteiro (SVOCs); Barbara Dawson (Explosives)  
TAL W. Sacramento: David Allameh 
CAS: Dave Bond, Steve Devito, Christine Kutzer 
SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection): 90 days 

Sample Extract/Digestate Storage (No. of days from extraction/digestion): 1 year 
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SAP Worksheet #26—Sample Handling System (continued) 

Biological Sample Storage (No. of days from sample collection): n/a 

SAMPLE DISPOSAL 
Personnel/Organization:  
Katahdin Analytical Services: Gale Nickerson 
Empirical Laboratories: EJ Overby, William Schwab 
TAL W. Sacramento: David Herbert 
CAS: Keith James, Kelly Cook, Rachel Jones, Greg Esmarian, Holly Pundt, Amy Hentschke 
Number of Days from Analysis: 90 days from sample receipt 
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SAP Worksheet #27—Sample Custody Requirements Table  

Sample Labeling Procedures 
Sample labels will include, at a minimum, client name, site, sample ID, date/time collected, 
preservative, analysis group or method, and sampler’s initials. A standardized numbering 
system will be used to identify all samples collected. The numbering system will provide a 
tracking procedure to ensure accurate data retrieval of all samples collected. Each sample 
will be designated by an alphanumeric code that will identify the facility, site, station ID, 
matrix sampled, and/or date and depth sampled. QA/QC samples will have a unique 
sample designation. The field logbook will identify the sample ID with the location, depth, 
date/ time collected, and the parameters requested. 

Field Sample Custody Procedures (Sample Collection, Packaging, Shipment, and Delivery to 
Laboratory) 
Field samples will be collected by the field team members under the supervision of the field 
team leader. As samples are collected, they will immediately be placed in the appropriate 
containers and labeled, as outlined above. The labels will be filled out in the field by the 
field crew at the time of sample collection and QC’d before being placed into the cooler, at 
which time the sample will be logged in on the CoC form and field logbook. The integrity of 
the sample labels will be maintained through the practice of placing sample containers in 
Ziploc bags.  

Samples will be cushioned with packaging material and placed into coolers containing 
enough ice to keep the samples below 4 degrees Celsius (°C) until they are received by the 
laboratory. The CoC will also be placed into the cooler. Coolers will be shipped to the 
laboratory via FedEx, with the airbill number indicated on the CoC (to relinquish custody). 
The FTL is responsible for the care and custody of samples until they are shipped or 
otherwise delivered to the laboratory custodian as described in Section 3.6.1 of the Master 
Project Plans (MPP). Upon delivery, the laboratory will log in each cooler and report the 
status of the samples as discussed below. 

Chain-of-custody Procedures 
Chains of custody will include, at a minimum, laboratory contact information, client contact 
information, sample information, and relinquished by/received by information. Sample 
information will include sample ID, date/time collected, number and type of containers, 
preservative information, analysis method, and comments. The CoC will also have the 
sampler’s name and signature. The CoC will link location of the sample from the field 
logbook to the laboratory receipt of the sample. The laboratory will use the sample 
information to populate the laboratory information management system (LIMS) database 
for each sample.  

Laboratory Sample Custody Procedures (Receipt of Samples, Archiving, Disposal) 
The laboratory receiving samples will comply with all sample custody requirements 
outlined in the laboratory SOPs referenced in Worksheet #23. The SOPs for documenting 
sample custody are provided in the Laboratory SOP Attachment 4 of this UFP-SAP. 
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SAP Worksheet #27—Sample Custody Requirements Table (continued) 

All samples from Site UXO-02 will be shipped to Katahdin Analytical Services. Katahdin 
will then ship perchlorate samples to TAL- W. Sacramento. 

All samples from Site UXO-07, 10, 11, and 14 will be shipped to Empirical Laboratories. 
Empirical will then ship perchlorate samples to TAL- W. Sacramento and thallium samples 
to CAS. 

Sample Integrity 
A sample tracking system will be followed to ensure sample authenticity and data 
defensibility. A field team member or an EIS will notify the laboratory of upcoming field 
sampling activities and the subsequent transfer of samples to the laboratory. The EIS will 
ensure samples arrive to the lab in the appropriate timeframe and the condition of samples 
upon receipt is satisfactory. If samples are not delivered to the lab in the acceptable 
timeframe or condition, the PM will be notified and the decision will be made whether to 
recollect samples.  

The EIS is responsible for checking the CoC forms against the field logbook and field project 
instructions to verify the sample ID, times, analyses, and methods are correct on the CoC 
form. Any discrepancies will be resolved with the field team and relayed to the lab. These 
actions will be documented by both the lab and the EIS. The lab is responsible for providing 
the EIS with sample login sheets the day of sample receipt in order for the EIS to verify the 
lab has accounted for all samples shipped and has correctly logged the samples into its 
software system. 
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SAP Worksheet #28-1—Laboratory QC Samples Table – Site UXO-02 

Matrix Groundwater  
Surface Water 

     

Analytical Group Explosives      

Analytical Method 
/ SOP Reference 

SW-846 8330A/ CA-
402 

          

QC Sample Frequency/ Number 
Method/ SOP QC 

Acceptance Limits Corrective Action (CA) 
Person(s) 

Responsible for CA 
Data Quality 

Indicator (DQI) 

Measurement 
Performance Criteria 

(MPC) 

Surrogates All samples 1,2-Dinitrobenzene: 30-
150% Recovery 

(1) If surrogate is outside high and 
sample is < QL no CA taken. 

(2) If surrogate is outside low the 
affected samples are re-extracted 
and reanalyzed 

Analyst, Supervisor, 
QAO 

Accuracy/ Bias 1,2-Dinitrobenzene: 
30-150% Recovery 

Method Blank 

One per prep batch of 
twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ 
QL 

(1) Investigate source of 
contamination 

(2) Evaluate the samples and 
associated QC: i.e. The blank 
results are above the QL, report 
sample results which are < QL or > 
10X the blank concentration. 
Otherwise, re-prep a blank and the 
remaining samples. 

Accuracy/ Bias/ 
Contamination 

No analyte detected ≥ 
½ QL 

Laboratory Control 
Sample (LCS) 

See recovery limits in 
Worksheet #28-1a 

(1) If an MS/ MSD was performed and 
acceptable, narrate.  

(2) If an LCS/ LCSD was performed 
and only one of the set was 
unacceptable, narrate.  

(3) If the LCS recovery is high but the 
sample results are < QL, narrate. 
Otherwise, re-prep a blank and the 
remaining samples. 

Accuracy/ Bias See recovery limits in 
Worksheet #28-1a 
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SAP Worksheet #28-1a—Aqueous MS/MSD and LCS Recoveries - Site UXO-02 

Explosives by 8330A Percent Recovery for LCS and MS/MSD 
Compound Lower Upper 

HMX 80 115 
RDX 50 160 
1,3,5-Trinitrobenzene 65 140 
1,3-Dinitrobenzene 45 160 
PETN 30 120 
Nitroglycerin 30 120 
Nitrobenzene 50 140 
2,4,6-Trinitrotoluene 50 145 
4-Amino-2,6-dinitrotoluene 55 155 
2-Amino-4,6-dinitrotoluene 50 155 
2,4-Dinitrotoluene 60 135 
2,6-Dinitrotoluene 60 135 
2-Nitrotoluene 45 135 
3-Nitrotoluene 50 130 
4-Nitrotoluene 50 130 
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SAP Worksheet #28-2—Laboratory QC Samples Table - Site UXO-02 

Matrix Groundwater 
Surface Water 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group Perchlorate 

 
 

 
 

 
 

 
 

 
 

Analytical 
Method /SOP 
Reference 

SW-846 6850/ SAC-
LC-0012 

 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 

QC Sample Frequency/ Number 
Method/ SOP QC 

Acceptance Limits 
 

CA 

Person(s) 
Responsible 

for CA 
 

DQI 
 

MPC 

Method blank/ 
Instrument 
Blank 

One per prep batch of 
twenty or fewer 
samples of similar 
matrix/ 
Prior to and 
immediately after 
ICAL 

No analyte detected ≥ ½ QL  
Correct problem, then re-extract and reanalyze 
method blank and all samples processed with the 
contaminated blank  

Lab Manager / 
Analyst/ QAO 

Accuracy/ Bias/ 
Contamination 

No analyte detected ≥ ½ 
QL 

Internal 
standards (IS) 

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. 

Inspect LCMS for malfunctions; mandatory reanalysis 
of samples analyzed while system was 
malfunctioning  

Precision/ 
Accuracy/ Bias 

Areas within -50% to 
+100% of the midpoint of 
the last ICAL for each 
sample and QC. 

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 

(1) Reanalyze the sample, 
(2) Perform additional cleanups, 
(3) Re-extract the sample, and/or 
(4) Use alternative techniques such as post-spiking 

to confirm the presence of perchlorate. 
(5) Qualify and narrate 

Qualitative 
Identification 

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 

LCS  One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

QC acceptance criteria: 
80% to 120% 
recovery,15% RPD 

Correct problem, then re-extract and reanalyze the 
LCS and all associated batch samples  

Precisions and 
Accuracy/Bias 

QC acceptance 
criteria: 80% to 120% 
recovery, 15% RPD 

MDL study Once per 12-month 
period 

MDLs established will be 
at least 3X below the QLs 

Correct problem, then repeat the MDL study in 
accordance with DoD QSM requirements 

Sensitivity MDLs established will 
be at least 3X below 
the QLs 
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SAP Worksheet #28-3—Laboratory QC Samples Table - Site UXO-02 
 
Matrix Groundwater 

Surface Water 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Metals by ICP-
AES/Mercury by Cold 
Vapor 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW846 6010B/7470A 
CA-608, CA-615 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency / Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) 

Responsible for 
CA 

 
DQI 

 
MPC 

Preparation 
Blank/ 
Method Blank  

One per prep batch of 
twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ 
QL 

(1) Investigate source of contamination. 
(2) If blank value > QL report sample results if < 

QL or > 10 x the blank value 
(3) Otherwise, re-digest.  

Analyst, 
Supervisor, QAO 

Accuracy/ Bias No analyte detected ≥ ½ 
QL 

Calibration Blank 

Following each initial 
and continuing 
calibration; every 2 
hours or every 10 
analytical samples, 
whichever is more 
frequent 

No target analytes > 2X 
MDL  Stop analysis; correct problem; recalibrate Contamination/ 

Bias 
No target analytes > 2X 
MDL 

Low Range 
Standard  

At the beginning of 
the sample analysis 
sequence  

Percent recovery must 
be within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and 
analyze along with associated samples Accuracy Percent recovery must 

be within 90-110%  

Post Digestion 
Spike 

Analyze if MS 
recovery criteria is not 
met 

Recovery limits are 85-
115% Report data and narrate Accuracy Recovery limits are 85-

115% 

LCS 
One per prep batch of 
twenty or fewer 
samples of similar 
matrix 

Recovery 80-120% 

(1) If the LCS recoveries are > 120 % but the 
sample results are < QL narrate  

(2) Re-digest and reanalyze all associated 
samples for affected analyte. 

Accuracy/ Bias Recovery 80-120% 

Serial Dilution  

If original sample result 
is at least 50x IDL, 5-fold 
dilution must agree 
within ± 10% of the 
original result. 

Qualify results for affected analytes for all 
associated samples with “E”. 

Accuracy/ Bias/ 
Precision 

If original sample result 
is at least 50x IDL, 5-fold 
dilution must agree 
within ± 10% of the 
original result. 
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SAP Worksheet #28-4—Laboratory QC Samples Table - Site UXO-02 

Matrix Groundwater 
Surface Water 

 
 

 
 

 
 

 
 

 
 

Analytical Group Thallium by ICP-MS 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ SOP 
Reference 

SW-846 6020/ CA-627 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample Frequency/ Number 
Method/ SOP QC 

Acceptance Limits CA 

Person(s) 
Responsible for 

CA DQI MPC 

Method Blank/ 
Preparation Blank  One per prep batch of 

twenty or fewer samples 
of similar matrix 

No analyte detected ≥ ½ QL 

(1) Investigate source of contamination. 
(2) If blank value > QL report sample 

results if < QL or > 10 x the blank value 
(3) Otherwise, re-digest. 

Analyst, 
Supervisor, QAO 

Accuracy/ Bias No analyte detected ≥ ½ 
QL 

LCS  80-120 % recovery 

(1) If the LCS recoveries are > 120 % but 
the sample results are < QL narrate  

(2) Re-digest and reanalyze all associated 
samples for affected analyte. 

Accuracy/ Bias 80-120 % recovery 

Calibration Blank 

Following each initial 
and continuing 
calibration; every 2 
hours or every 10 
analytical samples, 
whichever is more 
frequent 

No target analytes > 2X MDL  Stop analysis; correct problem; recalibrate Contamination/ 
Bias 

No target analytes > 2X 
MDL 

Low Range 
Standard  

At the beginning of the 
sample analysis 
sequence  

Percent recovery must be 
within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and 
analyze along with associated samples Accuracy Percent recovery must 

be within 90-110%  

Post Digestion 
Spike 

Analyze if MS recovery 
criteria is not met Recovery limits are 75-125% Report data and narrate Accuracy Recovery limits are 75-

125% 

Serial Dilution  
One per prep batch of 
twenty or fewer samples 
of similar matrix 

If original sample result is at 
least 50x IDL, 5-fold dilution 
must agree within ± 10% of 
the original result. 

Qualify results for affected analytes for all 
associated samples with “E”. 

Accuracy/Bias, 
Precision 

If original sample result 
is at least 50x IDL, 5-fold 
dilution must agree 
within ± 10% of the 
original result. 

IS 

Appropriate IS required 
for all analytes in all 
samples.  
Mass of IS must be <50 
amu different from that 
of analyte 

For each sample, IS intensity 
within 30%-120% of that of 
ICAL standard. 
For ICV, ICB, CCV, and 
CCB, IS intensity within 80%-
120% of that in ICAL 
standard. 

Reanalyze affected samples 
Analyst, 
Supervisor, QA 
Manager 

Accuracy 

For each sample, IS 
intensity within 30%-
120% of that of ICAL 
standard. 
For ICV, ICB, CCV, and 
CCB, IS intensity within 
80%-120% of that in 
ICAL standard. 
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SAP Worksheet #28-5—Laboratory QC Samples Table - Site UXO-02 
 
Matrix Groundwater 

Surface Water 

 
 

 
 

 
 

 
 

 
 

 
Analytical Group Cyanide 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 9012/ CA-
733 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

Person(s) 
Responsible for 

CA 
 

DQI 
 

MPC 

Method Blank  One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ 
QL 

(1) Investigate source of contamination. 
(2) If blank value > QL report sample results if < 

QL or > 10 x the blank value 
(3) Otherwise, re-digest.  

Analyst, 
Supervisor, QAO 

Accuracy/ Bias No analyte detected ≥ ½ 
QL 

Lab duplicate RPD ≤ 20% for samples 
greater than 3x the QL  

(1) Investigate problem and reanalyze sample in 
duplicate 

(2) If RPD still > 20%, report the original result and 
narrate 

Accuracy/ 
Precision 

RPD ≤ 20% for samples 
greater than 3x the QL 

Low and High 
Range Standard  

At the beginning of 
the sample analysis 
sequence  

Percent recovery must 
be within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and 
analyze along with associated samples Accuracy Percent recovery must 

be within 90-110%  

LCS 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

Recovery 75-125% 

(1) If the LCS recoveries are > 120 % but the 
sample results are < QL narrate  

(2) Re-digest and reanalyze all associated 
samples for affected analyte. 

Accuracy/ Bias Recovery 75-125% 
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SAP Worksheet #28-6—Laboratory QC Samples Table - Site UXO-02 
 
Matrix Surface Soil 

Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group Explosives 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 8330A/ 
CA-402 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP  QC 
Acceptance Limits 

 
CA 

 
Person(s) 

Responsible for 
CA 

 
DQI 

 
MPC 

 
Method Blank 
 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte 
detected ≥ ½ QL 

(1) Investigate source of contamination 
(2) Evaluate the samples and associated QC: i.e. The 

blank results are above the QL, report sample results 
which are < QL or > 10X the blank concentration. 
Otherwise, re-prep a blank and the remaining samples. 

Analyst, 
Supervisor, QAO 

Accuracy/ Bias/ 
Contamination 

No analyte detected ≥ 
½ QL 

 
LCS 
 

See Worksheet 
#28-6a for recovery 
limits 

(1) Evaluate the samples and associated QC: i.e. If an 
MS/MSD was performed and acceptable, narrate. 

(2) If an LCS/LCSD was performed and only one of the set 
was unacceptable, narrate.  

(3) If the LCS recovery is high but the sample results are < 
QL, narrate. Otherwise, re-prep a blank and the 
remaining samples. 

Accuracy/bias See Worksheet #28-6a 
for recovery limits 

Surrogates All samples 

1,2-
Dinitrobenzene: 
30-150% 
Recovery 

(1) If surrogate is outside high and sample is <QL no CA 
taken. 

(2) If surrogate is outside low the affected samples are re-
extracted and reanalyzed 

Accuracy/bias 1,2-Dinitrobenzene: 
30-150% Recovery 
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SAP Worksheet #28-6a—Solid MS/MSD and LCS Recoveries - Site UXO-02 

Explosives by 8330A Percent Recovery for LCS and MS/MSD 
Compound Lower Upper 

HMX 75 125 
RDX 70 135 
1,3,5-Trinitrobenzene 75 125 
1,3-Dinitrobenzene 80 125 
Nitroglycerin 30 120 
PETN 30 120 
Nitrobenzene 75 125 
2,4,6-Trinitrotoluene 55 140 
4-Amino-2,6-dinitrotoluene 80 125 
2-Amino-4,6-dinitrotoluene 80 125 
2,4-Dinitrotoluene 80 125 
2,6-Dinitrotoluene 80 120 
2-Nitrotoluene 80 125 
3-Nitrotoluene 75 120 
4-Nitrotoluene 75 125 
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SAP Worksheet #28-7—Laboratory QC Samples Table - Site UXO-02 

 
Matrix 

Surface Soil 
Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Perchlorate 
 

 
 

 
 

 
 

 
 

 

 
Analytical 
Method/ SOP 
Reference 

SW-846 6850/ SAC-
LC-0012 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ Number 

 
Method/ SOP QC Acceptance 

Limits 
 

CA 

 
Person(s) 

Responsible for CA 
 

DQI 
 

MPC 

Method blank/ 
Instrument Blank 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix/ 
Prior to and 
immediately after 
ICAL 

No analyte detected ≥ ½ QL  

Correct problem, then re-extract and 
reanalyze method blank and all 
samples processed with the 
contaminated blank  

Lab Manager / Analyst/ 
QAO 

Accuracy/ Bias/ 
Contamination No analyte detected ≥ ½ QL 

IS 

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. 

Inspect LCMS for malfunctions; 
mandatory reanalysis of samples 
analyzed while system was 
malfunctioning  

Precision/ 
Accuracy/ Bias 

Areas within -50% to +100% 
of the midpoint of the last 
ICAL for each sample and 
QC. 

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 

(1) Reanalyze the sample, 
(2) Perform additional cleanups, 
(3) Re-extract the sample, and/or 
(4) Use alternative techniques such 

as post-spiking to confirm the 
presence of perchlorate. 

(5) Qualify and narrate 

Qualitative 
Identification 

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 

LCS  

One per prep 
batch of twenty or 
fewer samples of 
similar matrix 

QC acceptance criteria: 
80% to 120% recovery; 
15% RPD 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 
batch samples  

Precision/ 
Accuracy/ 
Bias 

QC acceptance criteria: 
80% to 120% recovery; 
15% RPD 

MDL study Once per 12-
month period 

MDLs established will be at 
least 3X below the QLs 

Correct problem, then repeat the 
MDL study in accordance with DoD 
QSM requirements 

Sensitivity MDLs established will be 
at least 3X below the QLs 
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SAP Worksheet #28-8—Laboratory QC Samples Table - Site UXO-02 

 
Matrix 

Surface Soil 
Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Metals by ICP-
AES/Mercury by 
Cold Vapor 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 
6010B/7471A    
CA-608, CA-611 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) Responsible 

for CA 
 

DQI 
 

MPC 
Preparation 
Blank/  
Method Blank 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ 
QL. 

(1) Investigate source of contamination. 
(2) If blank value > PQL report sample results 

if < PQL or > 10 x the blank value 
(3) Otherwise, re-digest. 

Analyst, Supervisor, 
QAO 

Accuracy/ Bias No analyte detected ≥ ½ 
QL.  

Calibration Blank 

Following each 
initial and 
continuing 
calibration; every 2 
hours or every 10 
analytical samples, 
whichever is more 
frequent 

No target analytes > 2X 
MDL  Stop analysis; correct problem; recalibrate Contamination/ 

Bias 
No target analytes > 2X 
MDL 

Low Range 
Standard  

At the beginning of 
the sample 
analysis sequence  

Percent recovery must be 
within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and 
analyze along with associated samples Accuracy Percent recovery must be 

within 90-110%  

Post Digestion 
Spike 

Analyze if MS 
recovery criteria is 
not met 

Recovery limits are 85-
115% Report data and narrate Accuracy Recovery limits are 85-

115% 

LCS 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

80-120% Recovery 

(1) If the LCS recoveries are > the vendor 
upper limit but the sample results are <QL, 
narrate  

(2) Re-digest and reanalyze all associated 
samples for affected analyte (except Ag 
and Sb). 

Accuracy/ Bias 80-120% Recovery 

Serial Dilution 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

If original sample result is 
at least 50x IDL, 5-fold 
dilution must agree within 
± 10% of the original 
result. 

Qualify results for affected analytes for all 
associated samples with “E”. 

Analyst, Supervisor, 
QAO 

Accuracy/ 
Bias/ Precision 

If original sample result is 
at least 50x IDL, 5-fold 
dilution must agree within 
± 10% of the original 
result. 
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SAP Worksheet #28-9—Laboratory QC Samples Table - Site UXO-02 

 
Matrix 

Surface Soil 
Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Thallium by ICP-
MS 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 6020/ CA-
627 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC Acceptance 

Limits 
 

CA 

Person(s) 
Responsible for 

CA 
 

DQI 
 

MPC 

Preparation 
Blank  

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ QL 

(1) Investigate source of contamination. 
(2) If blank value > PQL report sample 

results if < PQL or > 10 x the blank 
value 

(3) Otherwise, re-digest. 

Analyst, Supervisor, 
QAO 

Accuracy/ Bias No analyte detected ≥ ½ QL 

LCS  80-120 % recovery 

(1) If the LCS recoveries are > the 
vendor upper limit but the sample 
results are <QL, narrate  

(2) Re-digest and reanalyze all 
associated samples for affected 
analyte (except Ag and Sb). 

Accuracy/ Bias 80-120 % recovery 

Serial Dilution 

If original sample result is at 
least 50x IDL, 5-fold dilution 
must agree within ± 10% of the 
original result. 

Qualify results for affected analytes for all 
associated samples with “E”. 

Accuracy/ 
Bias/ Precision 

If original sample result is at 
least 50x IDL, 5-fold dilution 
must agree within ± 10% of the 
original result. 

IS 
 

Appropriate IS 
required for all 
analytes in all 
samples. Mass of 
IS must be <50 
amu different from 
that of analyte 

For each sample, IS intensity 
within 30%-120% of that of 
initial calib. standard. 
For ICV, ICB, CCV, and CCB, 
IS intensity within 80%-120% of 
that in initial calib. standard. 

Reanalyze affected samples Accuracy 

For each sample, IS intensity 
within 30%-120% of that of 
initial calib. standard. 
For ICV, ICB, CCV, and CCB, 
IS intensity within 80%-120% 
of that in initial calib. standard. 
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SAP Worksheet #28-10—Laboratory QC Samples Table - Site UXO-02 

 
Matrix 

Surface Soil 
Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Cyanide 
 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 9012B/  
CA-773 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) 

Responsible for 
CA 

 
DQI 

 
MPC 

Method Blank 
One per batch of 
20 samples or 
fewer 

No analyte detected ≥ ½ 
QL 

(1) Investigate source of contamination. 
(2) If blank value > PQL report sample results if < 

PQL or > 10 x the blank value 
(3) Otherwise re-prepare 

Analyst, 
Supervisor, QAO 

Accuracy/ Bias/ 
Contamination 

No analyte detected ≥ ½ 
QL 

Low and High 
Range Standard  

At the beginning of 
the sample 
analysis sequence  

Percent recovery must be 
within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and analyze 
along with associated samples ACCURACY Percent recovery must 

be within 90-110%  

LCS 
One per digestion 
batch of 20 
samples or fewer 

Recovery within ± 20% of 
true value. 

(1) If the LCS fails high, report samples that are < 
PQL. 

(2) Recalibrate and/or reanalyze other samples. 

ACCURACY/ 
BIAS  

Recovery within ± 20% 
of true value. 

Lab Duplicate 
One sample 
duplicate per 20 
samples 

RPD ≤ 20 % for samples > 
3X the QL and <100% for 
samples < 3X the QL. 

(1) Investigate problem and reanalyze sample in 
duplicate 

(2) If RPD still > 20%, report original result with 
notation or narration. 

ACCURACY/ 
BIAS/ 
PRECISION 

RPD ≤ 20 % for samples 
< 3X the QL and <100% 
for samples > 3X the QL. 
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SAP Worksheet #28-11—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 
Matrix 

Groundwater 
Surface Water 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Explosives 
 

 
 

 
 

 
 

 
 

 

 
Analytical 
Method/ SOP 
Reference 

SW-846 8330A/ 
SOP-327 

 
 

 
 

 
 

 
 

 
   

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) 

Responsible for CA 
 

DQI 
 

MPC 

Method Blank One per batch of 
20 or less 

No analyte detected ≥ ½ 
QL 

Re-clean, retest, re-extract, reanalyze, and/or qualify 
data 

Analyst, Supervisor, 
QAO  

Accuracy/ Bias/ 
Contamination 

No analyte 
detected ≥ ½ QL 

Surrogates One per sample 1,2-Dinitrobenzene: 30-
150 % Recovery 

(1) If surrogate is outside high and sample is < QL no 
CA taken. 

(2) If surrogate is outside low the affected samples 
are re-extracted and reanalyzed 

Accuracy/ Bias 

1,2-
Dinitrobenzene: 
30-150% 
Recovery 

LCS  One per batch of 
20 or less 

See recovery limits in 
Worksheet #28-1a 

(1) If an MS/ MSD was performed and acceptable, 
narrate.  

(2) If an LCS/ LCSD was performed and only one of 
the set was unacceptable, narrate.  

(3) If the LCS recovery is high but the sample results 
are < QL, narrate. Otherwise, re-prep a blank and 
the remaining samples. 

Accuracy/ Bias 
See recovery 
limits in 
Worksheet #28-1a 
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SAP Worksheet #28-12—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 
Matrix Groundwater 

Surface Water 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group Perchlorate 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/SOP 
Reference 

SW-846 6850/ SAC-
LC-0012 

 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 

 
QC Sample 

 
Frequency/ Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

Person(s) 
Responsible 

for CA 
 

DQI 
 

MPC 

Method blank/ 
Instrument 
Blank 

One per prep batch of 
twenty or fewer 
samples of similar 
matrix/ 
Prior to and 
immediately after 
ICAL 

No analyte detected ≥ ½ QL  
Correct problem, then re-extract and reanalyze 
method blank and all samples processed with the 
contaminated blank  

Lab Manager / 
Analyst/ QAO 

Accuracy/ Bias/ 
Contamination 

No analyte detected ≥ ½ 
QL 

Internal 
standards (IS) 

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. 

Inspect LCMS for malfunctions; mandatory reanalysis 
of samples analyzed while system was 
malfunctioning  

Precision/ 
Accuracy/ Bias 

Areas within -50% to 
+100% of the midpoint of 
the last ICAL for each 
sample and QC. 

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 

(1) Reanalyze the sample, 
(2) Perform additional cleanups, 
(3) Re-extract the sample, and/or 
(4) Use alternative techniques such as post-spiking 

to confirm the presence of perchlorate. 
(5) Qualify and narrate 

Qualitative 
Identification 

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 

LCS  

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

QC acceptance criteria: 
80% to 120% 
recovery,15% RPD 

Correct problem, then re-extract and reanalyze the 
LCS and all associated batch samples  

Precisions and 
Accuracy/Bias 

QC acceptance 
criteria: 80% to 120% 
recovery, 15% RPD 

MDL study Once per 12-month 
period 

MDLs established will be 
at least 3X below the QLs 

Correct problem, then repeat the MDL study in 
accordance with DoD QSM requirements Sensitivity 

MDLs established will 
be at least 3X below 
the QLs 
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SAP Worksheet #28-13—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 
Matrix Groundwater 

Surface Water 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Metals by ICP-
AES/Mercury by Cold 
Vapor 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 6010B, 
7470A/ SOP-105, 103 

 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 

 
QC Sample 

 
Frequency/ Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) 

Responsible for 
CA 

 
DQI 

 
MPC 

Preparation 
Blank/ 
Method Blank  

One per prep batch of 
twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ 
QL 

(1) Investigate source of contamination. 
(2) If blank value > QL report sample results if < QL 

or > 10 x the blank value 
(3) Otherwise, re-digest.  

Analyst, 
Supervisor, QAO 

Accuracy/ Bias No analyte detected 
≥ ½ QL 

Calibration Blank 

Following each initial 
and continuing 
calibration; every 2 
hours or every 10 
analytical samples, 
whichever is more 
frequent 

No target analytes > 2X 
MDL  Stop analysis; correct problem; recalibrate Contamination/ 

Bias 
No target analytes > 
2X MDL 

Low Range 
Standard  

At the beginning of 
the sample analysis 
sequence  

Percent recovery must 
be within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and analyze 
along with associated samples Accuracy 

Percent recovery 
must be within 90-
110%  

Post Digestion 
Spike 

Analyze if MS 
recovery criteria is not 
met 

Recovery limits are 85-
115% Report data and narrate Accuracy Recovery limits are 

85-115% 

LCS 

One per digestion 
batch of 20 or fewer 
samples. 

Recovery 80-120% 1) Investigate source of problem. 
2) Re-digest and reanalyze all associated samples. 

Accuracy/ Bias Recovery 80-120% 

 
Serial Dilution 

If original sample 
result is at least 50x 
the instrument 
detection limit, 5-fold 
dilution must agree 
within ± 10% of the 
original result. 

 
Qualify results for affected analytes for all 
associated samples with “E”. 

 
Accuracy/ 
Bias/ Precision 

If original sample 
result is at least 
50x the instrument 
detection limit, 5-
fold dilution must 
agree within ± 
10% of the original 
result. 
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SAP Worksheet #28-14—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 
Matrix Groundwater 

Surface Water 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group Thallium by ICP-MS  

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 6020/ MET-
6020 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

 
QC Sample 

 
Frequency/ Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) 

Responsible for CA 
 

DQI 
 

MPC 
 
Method Blank/ 
Preparation 
Blank  

One per prep batch of 
twenty or fewer 
samples of similar 
matrix 

No thallium detected ≥ ½ 
QL Reanalyze affected samples 

Analyst, Supervisor, 
QAO 

Bias/ 
Contamination 

No thallium detected ≥ ½ 
QL  

 
LCS 
 

80-120 % recovery Reanalyze affected samples Accuracy/ Bias 80-120 % recovery 

Serial Dilution Value of 1/5 dilution 
must agree within 10% 
of original when 
concentrations >50x 
IDL 

Qualify results for affected analytes for all 
associated samples with “E”. 

Accuracy/Bias, 
Precision 

Value of 1/5 dilution 
must agree within 10% 
of original when 
concentrations >50x IDL 

Calibration 
Blank 

Following each 
initial and continuing 
calibration; every 2 
hours or every 10 
analytical samples, 
whichever is more 
frequent 

No target analytes > 2X 
MDL  

Stop analysis; correct problem; recalibrate Contamination
/ Bias 

No target analytes > 2X 
MDL 

Low Range 
Standard  

At the beginning of 
the sample analysis 
sequence  

Percent recovery must 
be within 90-110%  

Reanalyze; if reanalysis fails, recalibrate 
and analyze along with associated samples 

Accuracy Percent recovery must 
be within 90-110%  

Post Digestion 
Spike 

Analyze if MS 
recovery criteria is 
not met 

75-125% recovery Dilute Sample and reanalyze Accuracy/Bias/
Matrix 
Interference 

75-125% recovery 

IS 
 

Appropriate IS 
required for all 
analytes in all 
samples.  
Mass of IS must be 
<50 amu different from 
that of analyte 

For each sample, IS 
intensity within 30%-120% 
of that of ICAL standard. 
For ICV, ICB, CCV, and 
CCB, IS intensity within 
80%-120% of that in ICAL 
standard. 

Reanalyze affected samples Accuracy 

For each sample, IS 
intensity within 30%-120% 
of that of ICAL standard. 
For ICV, ICB, CCV, and 
CCB, IS intensity within 
80%-120% of that ICAL 
standard. 
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SAP Worksheet #28-15—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 
 
Matrix Groundwater 

Surface Water 

 
 

 
 

 
 

 
 

 
 

 
Analytical Group Cyanide 

 
 

 
 

 
 

 
 

 
 

 
Analytical Method 
/ SOP Reference 

SW-846 9012B/ 
SOP-175 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) 

Responsible for 
CA 

 
DQI 

 
MPC 

Method Blank  One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ 
QL 

(1) Investigate source of contamination. 
(2) If blank value > QL report sample results if < 

QL or > 10 x the blank value 
(3) Otherwise, re-digest.  

Analyst, 
Supervisor, QAO 

Accuracy/ Bias No analyte detected ≥ ½ 
QL 

Lab duplicate RPD ≤ 20% for samples 
greater than 3x the QL  

(1) Investigate problem and reanalyze sample in 
duplicate 

(2) If RPD still > 20%, report the original result and 
narrate 

Accuracy/ 
Precision 

RPD ≤ 20% for samples 
greater than 3x the QL 

Low and High 
Range Standard  

At the beginning of 
the sample analysis 
sequence  

Percent recovery must 
be within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and 
analyze along with associated samples Accuracy Percent recovery must 

be within 90-110%  

LCS 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

Recovery 75-125% 

(1) If the LCS recoveries are > 120 % but the 
sample results are < QL narrate  

(2) Re-digest and reanalyze all associated 
samples for affected analyte. 

Accuracy/ Bias Recovery 75-125% 
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SAP Worksheet #28-16—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 
 
Matrix Groundwater 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group VOCs 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 8260B/ 
SOP-202     

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC Acceptance 

Limits 
 

CA 

Person(s) 
Responsible for 

CA 
 

DQI 
 

MPC 

Method Blank 

One per prep 
batch of twenty 
or fewer samples 
of similar matrix 

No analyte detected ≥ ½ QL with 
the exception of common 
contaminants (acetone, 
methylene chloride, 2-butanone) 

Re-clean, retest, re-extract, reanalyze, 
and/or qualify the data. 

Analyst, Supervisor, 
QAO 

Bias/ 
Contamination 

No analyte detected ≥ ½ QL with 
the exception of common 
contaminants (acetone, 
methylene chloride, 2-butanone) 

Surrogates All samples 

1,2-Dichloroethane-d4 70-120% 
4-Bromofluorobenzene 75-120% 
Dibromofluoromethane 85-115% 
Toluene-d8 85-120% 

Reprepare and reanalyze for 
confirmation of matrix interference when 
appropriate. 

Accuracy/ 
Bias 

1,2-Dichloroethane-d4 70-120% 
4-Bromofluorobenzene 75-120% 
Dibromofluoromethane 85-115% 
Toluene-d8 85-120% 

LCS  

One per prep 
batch of twenty 
or fewer samples 
of similar matrix 

See Worksheet #28-16a for 
recovery limits 

(1) Evaluate and reanalyze if possible   
(2) If an MS/MSD was performed in the 
same 12-hour clock and acceptable, 
narrate.  
(3) If the LCS recoveries are high but the 
sample results are <reporting limit, 
narrate otherwise re-prepare and 
reanalyze the batch. 

Precision/ 
Accuracy/ 
Bias 

See Worksheet #28-16a for 
recovery limits 

IS 3 per sample 

Retention times for internal 
standards must be + 30 seconds 
and the responses within -50% to 
+100% of last calibration 
verification (12 hours) for each 
internal standard. 

Inspect mass spectrometer or Gas 
chromatograph for malfunctions; 
mandatory reanalysis of samples 
analyzed while system was 
malfunctioning 

Precision/ 
Accuracy/ 
Bias 

Retention times for internal 
standards must be + 30 seconds 
and the responses within -50% to 
+100% of last calibration 
verification (12 hours) for each 
internal standard. 



SAMPLING AND ANALYSIS PLAN - SITES UXO-02, UXO-07, UXO-10, UXO-11, AND UXO-14 UFP-SAP 
REVISION NUMBER 1 

NOVEMBER 2009 
PAGE 199 OF 242 

 

SAP Worksheet #28-16a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 

VOC Compound by 8260B 
Recovery Limit for LCS 

and MS/MSD (%) 
1,1,1,2-Tetrachloroethane 80-130 
1,1,1,-Trichloroethane 65-130 
1,1,2,2-Tetrachloroethane 75-125 
1,1,2-Trichloroethane  75-125 
1,1-Dichloroethane   70-135 
1,1-Dichloroethene   70-130 
1,2,4-Trichlorobenzene 65-135 
1,2-Dibromo-3-Chloropropane 50-130 
1,2-Dibromoethane    80-120 
1,2-Dichlorobenzene   70-120 
1,2-Dichloroethane   70-130 
1,2-Dichloropropane   75-125 
1,3-Dichlorobenzene   75-125 
1,4-Dichlorobenzene   75-125 
2-Butanone       30-150 
2-Hexanone       55-130 
4-Methyl-2-pentanone  60-135 
Acetone         40-140 
Benzene 80-120 
Bromodichloromethane 75-120 
Bromoform 40-130 
Bromomethane 30-145 
Carbon Disulfide 35-160 
Carbon Tetrachloride 65-140 
Chlorobenzene 80-120 
Chloroethane 60-135 
Chloroform 65-135 
Chloromethane 40-125 
Cis-1,2-Dichloroethane 70-125 
Cis-1,3-Dichloropropene 70-130 
Dibromochloromethane 60-135 
Dibromomethane 75-125 
Dichlorodifluoromethane 30-155 
Ethylbenzene 75-125 
Hexachlorobutadiene 50-140 
Isopropylbenzene 75-125 
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SAP Worksheet #28-16a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 (continued) 

VOC Compound by 8260B 
Recovery Limit for LCS 

and MS/MSD (%) 
Methylene Chloride 55-140 
Methyl-tert-butyl ether 65-125 
Styrene 65-135 
Tetrachloroethene 45-150 
Toluene 75-120 
trans-1,2-Dichloroethene 60-140 
trans-1,3-Dichloropropene 55-140 
Trichloroethene 70-125 
Trichlorofluoromethane 60-145 
Vinyl Chloride 50-145 
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SAP Worksheet #28-17—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 
 
Matrix Groundwater 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group SVOCs 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 8270C/ 
SOP-201     

 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC Acceptance 

Limits 
 

CA 

 
Person(s) 

Responsible for 
CA 

 
DQI 

 
MPC 

Method Blank 

One per prep 
batch of twenty or 
fewer samples of 
similar matrix 

No analyte detected ≥ ½ QL 
with the exception of common 
contaminants (Bis-2-
ethylhexylphthalate) 

Re-clean, retest, re-extract, reanalyze, 
and/or qualify the data. 

Analyst, 
Supervisor, QAO 

Bias/ 
Contamination 

No analyte detected ≥ ½ QL 
with the exception of 
common contaminants (Bis-
2-ethylhexylphthalate) 

Surrogates All samples 

2-Fluorobiphenyl 50-110% 
Terphenyl-d14 50-135% 
2,4,6-Tribromophenol 40-125% 
2-Fluorophenol 35-105% 
Phenol-d5/d6 40-100% 
Nitrobenzene-d5 35-100% 

Re-prepare and reanalyze for 
confirmation of matrix interference when 
appropriate. 

Accuracy/ Bias 

2-Fluorobiphenyl 50-110% 
Terphenyl-d14 50-135% 
2,4,6-Tribromophenol 40-
125% 
2-Fluorophenol 35-105% 
Phenol-d5/d6 40-100% 
Nitrobenzene-d5 35-100% 

LCS  

One per prep 
batch of twenty or 
fewer samples of 
similar matrix 

See Worksheet #28-17a for 
recovery limits 

(1) Evaluate and reanalyze if possible   
(2) If an MS/MSD was performed in the 
same 12-hour clock and acceptable, 
narrate.  
(3) If the LCS recoveries are high but 
the sample results are < QL, narrate 
otherwise re-prepare and reanalyze the 
batch. 

Precision/ 
Accuracy/ Bias 

See Worksheet #28-17a for 
recovery limits 

IS 6 per sample 

Retention times for internal 
standards must be + 30 
seconds and the responses 
within -50% to +100% of last 
calibration verification (12 
hours) for each internal 
standard. 

Inspect MS or GC for malfunctions; 
mandatory reanalysis of samples 
analyzed while system was 
malfunctioning 

Precision/ 
Accuracy/ Bias 

Retention times for internal 
standards must be + 30 
seconds and the 
responses within -50% to 
+100% of last calibration 
verification (12 hours) for 
each internal standard. 
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SAP Worksheet #28-17a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 

SVOC Compound by 8270C 
LCS and MS/MSD 

Recovery Limits (%) 
2-Chloroacetophenone 50-125 
2-Chlorobenzalmalononitrile 50-125 
Benzaldehyde 20-100 
n-Nitrosodiphenylamine 50-110 
Phenol 40-100 
Bis(2-chloroethyl)ether 35-110 
2-Chlorophenol 35-105 
2-Methylphenol 40-110 
2, 2'-oxybis(1-chloropropane) 20-115 
3/4-Methylphenol 30-110 
n-Nitroso-di-n-propylamine 35-130 
Hexachloroethane 35-95 
Nitrobenzene 40-110 
Isophorone 50-110 
2-Nitrophenol 40-115 
2, 4-Dimethylphenol 30-110 
Bis(2-chloroethoxy)methane 45-105 
2, 4-Dichlorophenol 50-105 
4-Chloroaniline 50-110 
4-Chloro-3-methylphenol 45-110 
2,4,6-Trichlorophenol 50-115 
2,4,5-Trichlorophenol 50-110 
2-Chloronaphthalene 50-105 
2-Nitroaniline 50-115 
Dimethylphthalate 25-125 
2, 6-Dinitrotoluene 50-115 
Acenaphthylene 50-105 
3-Nitroaniline 20-125 
Acenaphthene 45-110 
2, 4-Dinitrophenol 15-140 
4-Nitrophenol 15-140 
2, 4-Dintrotoluene 50-120 
Dibenzofuran 55-105 
Diethylphthalate 40-120 
4-Chlorophenyl-phenylether 50-110 
4-Nitroaniline 35-120 
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SAP Worksheet #28-17a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 (continued) 

SVOC Compound by 8270C 
LCS and MS/MSD 

Recovery Limits (%) 
4,6-Dinitro-2-methylphenol 40-130 
4-Bromophenyl-phenylether 50-115 
Hexachlorobenzene 50-110 
Pentachlorophenol 40-115 
Carbazole 50-115 
Anthracene 55-110 
Di-n-butylphthalate 55-115 
Butylbenzylphthalate 45-115 
3, 3'-Dichlorobenzidine 20-110 
Bis (2-ethylhexyl)phthalate 40-125 
Di-n-octylphthalate 35-135 
Acetophenone 35-105 
Caprolactam 45-120 
1,1'-Biphenyl 45-115 
Atrazine 25-100 
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SAP Worksheet #28-18—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 
 
Matrix Groundwater 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group PAHs 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 8270C 
SIM/ SOP-231     

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) Responsible 

for CA 
 

DQI 
 

MPC 

Method Blank 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ QL Re-clean, retest, re-extract, reanalyze, 
and/or qualify the data. 

Analyst, Supervisor, 
QAO  

Bias/ 
Contamination No analyte detected ≥ ½ QL 

Surrogates All samples 
Nitrobenzene-d5 40-110% 
2-Fluorobiphenyl 50-110% 
Terphenyl-d14 50-135% 

Re-prepare and reanalyze for confirmation of 
matrix interference when appropriate. Accuracy/ Bias 

Nitrobenzene-d5 40-110% 
2-Fluorobiphenyl 50-110% 
Terphenyl-d14 50-135% 

LCS  

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

See Worksheet #28-18a for 
recovery limits 

(1) Evaluate and reanalyze if possible   
(2) If an MS/MSD was performed in the 
same 12-hour clock and acceptable, narrate.  
(3) If the LCS recoveries are high but the 
sample results are < QL, narrate otherwise 
re-prepare and reanalyze the batch. 

Precision/ 
Accuracy/ Bias 

See Worksheet #28-18a for 
recovery limits 

IS 6 per sample 

Retention times for 
internal standards must 
be + 30 seconds and the 
responses within -50% to 
+100% of last calibration 
verification (12 hours) for 
each internal standard. 

Inspect MS or GC for malfunctions; 
mandatory reanalysis of samples analyzed 
while system was malfunctioning 

Precision/ 
Accuracy/ 
Bias 

Retention times for 
internal standards must be 
+ 30 seconds and the 
responses within -50% to 
+100% of last calibration 
verification (12 hours) for 
each internal standard. 
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SAP Worksheet #28-18a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 

PAH Compound by 8270C SIM LCS and MS/MSD Recovery Limits (%) 
Hexachlorobutadiene 25-105 
Hexachlorocyclopentadiene 20-135 
Benzo(a)anthracene 58-141 
Benzo(b)fluoranthene 42-156 
Benzo(k)fluoranthene 49-165 
Benzo(g,h,i)perylene 12-171 
Benzo(a)pyrene 31-142 
Chrysene 51-155 
Dibenz(a,h)anthracene 28-153 
Fluoranthene 47-158 
Fluorene 40-140 
Indeno(1,2,3-cd)pyrene 20-167 
Naphthalene 39-125 
Phenanthrene 46-144 
Pyrene 39-158 
2-Methylnaphthalene 36-121 
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SAP Worksheet #28-19—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 
Matrix Surface Soil 

Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Explosives 
 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method / SOP 
Reference 

SW-846 8330A/ 
SOP-327 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP  QC 

Acceptance Limits 
 

CA 

 
Person(s) 

Responsible for 
CA 

 
DQI 

 
MPC 

 
Method Blank 
 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte 
detected ≥ ½ QL 

(1) Investigate source of contamination 
(2) Evaluate the samples and associated QC: i.e. The 

blank results are above the QL, report sample 
results which are < QL or > 10X the blank 
concentration. Otherwise, re-prep a blank and the 
remaining samples. 

Analyst, 
Supervisor, QAO 

Accuracy/ Bias/ 
Contamination No analyte detected ≥ ½ QL 

 
LCS 
 

See Worksheet 
#28-6a for recovery 
limits 

(1) Evaluate the samples and associated QC: i.e. If 
an MS/MSD was performed and acceptable, 
narrate. 

(2) If an LCS/LCSD was performed and only one of 
the set was unacceptable, narrate.  

(3) If the LCS recovery is high but the sample results 
are < QL, narrate. Otherwise, re-prep a blank and 
the remaining samples. 

Accuracy/bias See Worksheet #28-6a for 
recovery limits 

Surrogates One per sample 

1,2-
Dinitrobenzene: 
30-150% 
Recovery 

(1) If surrogate is outside high and sample is <QL no 
CA taken. 

(2) If surrogate is outside low the affected samples 
are re-extracted and reanalyzed 

Accuracy/bias 1,2-Dinitrobenzene: 30-
150% Recovery 
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SAP Worksheet #28-20—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 
Matrix 

Surface Soil 
Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Perchlorate 
 

 
 

 
 

 
 

 
 

 

 
Analytical 
Method / SOP 
Reference 

SW-846 6850/ SAC-
LC-0012 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) 

Responsible for CA 
 

DQI 
 

MPC 

Method blank/ 
Instrument Blank 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix/ 
Prior to and 
immediately after 
ICAL 

No analyte detected ≥ ½ QL  
Correct problem, then re-extract and 
reanalyze method blank and all samples 
processed with the contaminated blank  

Lab Manager / Analyst/ 
QAO 

Accuracy/ Bias/ 
Contamination No analyte detected ≥ ½ QL 

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. 

Inspect LCMS for malfunctions; mandatory 
reanalysis of samples analyzed while 
system was malfunctioning  

Precision/ 
Accuracy/ Bias 

Areas within -50% to +100% 
of the midpoint of the last 
ICAL for each sample and 
QC. 

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 

(1) Reanalyze the sample, 
(2) Perform additional cleanups, 
(3) Re-extract the sample, and/or 
(4) Use alternative techniques such as 

post-spiking to confirm the presence 
of perchlorate. 

(5) Qualify and narrate 

Qualitative 
Identification 

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 

LCS  

One per prep 
batch of twenty or 
fewer samples of 
similar matrix 

QC acceptance criteria: 
80% to 120% recovery; 
15% RPD 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 
batch samples  

Precision/ 
Accuracy/ 
Bias 

QC acceptance criteria: 
80% to 120% recovery; 
15% RPD 

MDL study Once per 12-
month period 

MDLs established will be at 
least 3X below the QLs 

Correct problem, then repeat the MDL 
study in accordance with DoD QSM 
requirements 

Sensitivity MDLs established will be 
at least 3X below the QLs 
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SAP Worksheet #28-21—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

Matrix 
Surface Soil 
Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Metals by ICP-
AES/Mercury by 
Cold Vapor 

 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ SOP 
Reference 

SW-846 6010B, 
7471A/ SOP-105, 
104 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency/ Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) Responsible 

for CA 
 

DQI 
 

MPC 
Preparation 
Blank/  
Method Blank 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ 
½ QL. 

(1) Investigate source of contamination. 
(2) If blank value > PQL report sample results 

if < PQL or > 10 x the blank value 
(3) Otherwise, re-digest. 

Analyst, Supervisor, 
QAO 

Accuracy/ Bias No analyte detected ≥ ½ 
QL.  

Calibration Blank 

Following each initial 
and continuing 
calibration; every 2 
hours or every 10 
analytical samples, 
whichever is more 
frequent 

No target analytes > 2X 
MDL  Stop analysis; correct problem; recalibrate Contamination/ 

Bias 
No target analytes > 2X 
MDL 

Low Range 
Standard  

At the beginning of 
the sample analysis 
sequence  

Percent recovery must 
be within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and 
analyze along with associated samples Accuracy Percent recovery must be 

within 90-110%  

Post Digestion 
Spike 

Analyze if MS 
recovery criteria is 
not met 

Recovery limits are 85-
115% Report data and narrate Accuracy Recovery limits are 85-

115% 

LCS 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

80-120% Recovery 

(1) If the LCS recoveries are > the vendor 
upper limit but the sample results are 
<QL, narrate  

(2) Re-digest and reanalyze all associated 
samples for affected analyte (except Ag 
and Sb). 

Accuracy/ Bias 80-120% Recovery 

Serial Dilution 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

If original sample result 
is at least 50x IDL, 5-
fold dilution must agree 
within ± 10% of the 
original result. 

Qualify results for affected analytes for all 
associated samples with “E”. 

Analyst, Supervisor, 
QAO 

Accuracy/ 
Bias/ Precision 

If original sample result is 
at least 50x IDL, 5-fold 
dilution must agree within 
± 10% of the original 
result. 
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SAP Worksheet #28-22—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

Matrix 
Surface Soil 
Subsurface Soil 
Sediment 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

Cyanide 
 
 

 
 

 
 

 
 

 
 

 
Analytical 
Method/ SOP 
Reference 

SW-846 9012B/  
SOP-175 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

QC Sample 
Frequency/ 

Number 
Method/ SOP QC 

Acceptance Limits CA 

Person(s) 
Responsible for 

CA DQI MPC 

Method Blank 
One per batch of 
20 samples or 
fewer 

No analyte detected ≥ ½ 
QL 

(1) Investigate source of contamination. 
(2) If blank value > PQL report sample results if < 

PQL or > 10 x the blank value 
(3) Otherwise re-prepare 

Analyst, 
Supervisor, QAO 

Accuracy/ Bias/ 
Contamination 

No analyte detected ≥ ½ 
QL 

Low and High 
Range Standard  

At the beginning of 
the sample 
analysis sequence  

Percent recovery must be 
within 90-110%  

Reanalyze; if reanalysis fails, recalibrate and analyze 
along with associated samples ACCURACY Percent recovery must 

be within 90-110%  

LCS 
One per digestion 
batch of 20 
samples or fewer 

Recovery within ± 20% of 
true value. 

(1) If the LCS fails high, report samples that are < 
PQL. 

(2) Recalibrate and/or reanalyze other samples. 

ACCURACY/ 
BIAS  

Recovery within ± 20% 
of true value. 

Lab Duplicate 
One sample 
duplicate per 20 
samples 

RPD ≤ 20 % for samples > 
3X the QL and <100% for 
samples < 3X the QL. 

(1) Investigate problem and reanalyze sample in 
duplicate 

(2) If RPD still > 20%, report original result with 
notation or narration. 

ACCURACY/ 
BIAS/ 
PRECISION 

RPD ≤ 20 % for samples 
< 3X the QL and <100% 
for samples > 3X the QL. 
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SAP Worksheet #28-23—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

Matrix Surface Soil 
Subsurface Soil 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

VOCs 
 

 
 

 
 

 
 

 
 

 

 
Analytical 
Method/ SOP 
Reference 

SW-846 8260B/ 
SOP-202  

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

 
QC Sample 

Frequency/ 
Number 

Method/ SOP QC Acceptance 
Limits CA 

Person(s) 
Responsible for 

CA 
 

DQI 
 

MPC 

Method Blank 

One per prep 
batch of twenty 
or fewer samples 
of similar matrix 

No analyte detected ≥ ½ QL with 
the exception of common 
contaminants (acetone, 
methylene chloride, 2-butanone) 

Re-clean, retest, re-extract, reanalyze, 
and/or qualify the data. 

Analyst, Supervisor, 
QAO 

Bias/ 
Contamination 

No analyte detected ≥ ½ QL with 
the exception of common 
contaminants (acetone, 
methylene chloride, 2-butanone) 

Surrogates All samples 
4-Bromofluorobenzene 85-120% 
Toluene-d8 85-115% 

Reprepare and reanalyze for 
confirmation of matrix interference when 
appropriate. 

Accuracy/ 
Bias 

4-Bromofluorobenzene 85-120% 
Toluene-d8 85-115% 

LCS  

One per prep 
batch of twenty 
or fewer samples 
of similar matrix 

See Worksheet #28-23a for 
recovery limits 

(1) Evaluate and reanalyze if possible   
(2) If an MS/MSD was performed in the 
same 12-hour clock and acceptable, 
narrate.  
(3) If the LCS recoveries are high but the 
sample results are <reporting limit, 
narrate otherwise re-prepare and 
reanalyze the batch. 

Precision/ 
Accuracy/ 
Bias 

See Worksheet #28-23a for 
recovery limits 

IS 3 per sample 

Retention times for internal 
standards must be + 30 seconds 
and the responses within -50% to 
+100% of last calibration 
verification (12 hours) for each 
internal standard. 

Inspect mass spectrometer or Gas 
chromatograph for malfunctions; 
mandatory reanalysis of samples 
analyzed while system was 
malfunctioning 

Precision/ 
Accuracy/ 
Bias 

Retention times for internal 
standards must be + 30 seconds 
and the responses within -50% to 
+100% of last calibration 
verification (12 hours) for each 
internal standard. 
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SAP Worksheet #28-23a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 

VOC Compound by 8260B 
LCS and MS/MSD Recovery 

Limit (%) 
1,1,1,2-Tetrachloroethane 75-125 
1,1,1,-Trichloroethane 70-135 
1,1,2,2-Tetrachloroethane 55-130 
1,1,2-Trichloroethane  60-125 
1,1-Dichloroethane   75-125 
1,1-Dichloroethene   65-135 
1,2,4-Trichlorobenzene 65-130 
1,2-Dibromo-3-Chloropropane 40-135 
1,2-Dibromoethane    70-125 
1,2-Dichlorobenzene   75-120 
1,2-Dichloroethane   70-135 
1,2-Dichloropropane   70-120 
1,3-Dichlorobenzene   70-125 
1,4-Dichlorobenzene   70-125 
2-Butanone       30-160 
2-Hexanone       45-145 
4-Methyl-2-pentanone  45-145 
Acetone         20-160 
Benzene 75-125 
Bromodichloromethane 70-130 
Bromoform 55-135 
Bromomethane 30-160 
Carbon Disulfide 45-160 
Carbon Tetrachloride 65-135 
Chlorobenzene 75-125 
Chloroethane 40-155 
Chloroform 70-125 
Chloromethane 50-130 
cis-1,2-Dichloroethane 65-125 
cis-1,3-Dichloropropene 70-125 
Dibromochloromethane 65-130 
Dibromomethane 75-130 
Dichlorodifluoromethane 35-135 
Ethylbenzene 75-125 
Hexachlorobutadiene 55-140 
Isopropylbenzene 75-130 
Methylene Chloride 55-140 
Methyl-tert-butyl ether 40-125 
Styrene 75-125 
Tetrachloroethene 65-140 
Toluene 70-125 
Trans-1, 2-Dichloroethene 65-135 
Trans-1,3-Dichloropropene 65-125 
Trichloroethene 75-125 
Trichlorofluoromethane 25-185 
Vinyl Chloride 60-125 
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SAP Worksheet #28-24—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 
Matrix 

Surface Soil 
Subsurface Soil 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

SVOCs 
 

 
 

 
 

 
 

 
 

 

 
Analytical 
Method/ SOP 
Reference 

SW-846 8270C/ 
SOP-201     

 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC Acceptance 

Limits 
 

CA 

 
Person(s) Responsible 

for CA 
 

DQI 
 

MPC 

Method Blank 

One per prep 
batch of twenty or 
fewer samples of 
similar matrix 

No analyte detected ≥ ½ QL 
with the exception of common 
contaminants (Bis-2-
ethylhexylphthalate) 

Re-clean, retest, re-extract, reanalyze, 
and/or qualify the data. 

Analyst, Supervisor, 
QAO 

Bias/ 
Contamination 

No analyte detected ≥ ½ QL 
with the exception of common 
contaminants (Bis-2-
ethylhexylphthalate) 

Surrogates All samples 

2-Fluorobiphenyl 45-105% 
Terphenyl-d14 30-125% 
2,4,6-Tribromophenol 35-125% 
2-Fluorophenol 35-105% 
Phenol-d5/d6 40-100% 
Nitrobenzene-d5 35-100% 

Re-prepare and reanalyze for 
confirmation of matrix interference when 
appropriate. 

Accuracy/ 
Bias 

2-Fluorobiphenyl 45-105% 
Terphenyl-d14 30-125% 
2,4,6-Tribromophenol 35-125% 
2-Fluorophenol 35-105% 
Phenol-d5/d6 40-100% 
Nitrobenzene-d5 35-100% 

LCS  

One per prep 
batch of twenty or 
fewer samples of 
similar matrix 

See Worksheet #28-24a for 
recovery limits 

(1) Evaluate and reanalyze if possible   
(2) If an MS/MSD was performed in the 
same 12-hour clock and acceptable, 
narrate.  
(3) If the LCS recoveries are high but 
the sample results are < QL, narrate 
otherwise re-prepare and reanalyze the 
batch. 

Precision/ 
Accuracy/ 
Bias 

See Worksheet #28-24a for 
recovery limits 

IS 6 per sample 

Retention times for internal 
standards must be + 30 
seconds and the responses 
within -50% to +100% of last 
calibration verification (12 
hours) for each internal 
standard. 

Inspect MS or GC for malfunctions; 
mandatory reanalysis of samples 
analyzed while system was 
malfunctioning 

Precision/ 
Accuracy/ 
Bias 

Retention times for internal 
standards must be + 30 
seconds and the responses 
within -50% to +100% of last 
calibration verification (12 
hours) for each internal 
standard. 
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SAP Worksheet #28-24a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 

SVOC Compound by 8270C 
LCS and MS/MSD 

Recovery Limits (%) 
2-Chloroacetophenone 50-150 
2-Chlorobenzalmalononitrile 50-150 
Benzaldehyde 20-100 
n-Nitrosodiphenylamine 50-115 
Phenol 40-100 
Bis(2-chloroethyl)ether 40-105 
2-Chlorophenol 45-105 
2-Methylphenol 40-105 
2, 2'-oxybis(1-chloropropane) 20-115 
3/4-Methylphenol 40-105 
Hexachloroethane 35-110 
Nitrobenzene 40-115 
Isophorone 45-110 
2-Nitrophenol 40-110 
2, 4-Dimethylphenol 30-105 
Bis(2-chloroethoxy)methane 45-110 
2, 4-Dichlorophenol 45-110 
4-Chloroaniline 50-110 
4-Chloro-3-methylphenol 45-115 
2,4,6-Trichlorophenol 45-110 
2,4,5-Trichlorophenol 50-110 
2-Chloronaphthalene 45-105 
2-Nitroaniline 45-120 
Dimethylphthalate 50-110 
2, 6-Dinitrotoluene 50-110 
Acenaphthylene 45-105 
3-Nitroaniline 25-110 
Acenaphthene 45-110 



SAMPLING AND ANALYSIS PLAN - SITES UXO-02, UXO-07, UXO-10, UXO-11, AND UXO-14 UFP-SAP 
REVISION NUMBER 0 
NOVEMBER 2009 
PAGE 214 OF 242 

 

SAP Worksheet #28-24a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 (continued) 

SVOC Compound by 8270C 
LCS and MS/MSD 

Recovery Limits (%) 
2, 4-Dinitrophenol 15-130 
4-Nitrophenol 15-140 
2, 4-Dintrotoluene 50-115 
Dibenzofuran 50-105 
Diethylphthalate 50-115 
4-Chlorophenyl-phenylether 45-110 
4-Nitroaniline 35-115 
4,6-Dinitro-2-methylphenol 30-135 
4-Bromophenyl-phenylether 45-115 
Pentachlorophenol 25-120 
Carbazole 45-115 
Anthracene 55-105 
Di-n-butylphthalate 55-110 
Butylbenzylphthalate 50-125 
3, 3'-Dichlorobenzidine 20-110 
Bis (2-ethylhexyl)phthalate 45-125 
Di-n-octylphthalate 40-130 
Acetophenone 35-105 
Caprolactam 45-120 
1,1'-Biphenyl 45-115 
Atrazine 25-100 
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SAP Worksheet #28-25—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 
Matrix 

Surface Soil 
Subsurface Soil 

 
 

 
 

 
 

 
 

 
 

 
Analytical 
Group 

PAHs 
 

 
 

 
 

 
 

 
 

 

 
Analytical 
Method/ SOP 
Reference 

SW-846 8270C 
SIM/ SOP-231     

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

 

 
QC Sample 

 
Frequency/ 

Number 

 
Method/ SOP QC 

Acceptance Limits 
 

CA 

 
Person(s) Responsible 

for CA 
 

DQI 
 

MPC 

Method Blank 

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

No analyte detected ≥ ½ QL Re-clean, retest, re-extract, reanalyze, 
and/or qualify the data. 

Analyst, Supervisor, 
QAO 

Bias/ 
Contamination No analyte detected ≥ ½ QL 

Surrogates All samples 
Nitrobenzene-d5 35-100% 
2-Fluorobiphenyl 45-105% 
Terphenyl-d14 30-125% 

Re-prepare and reanalyze for confirmation of 
matrix interference when appropriate. Accuracy/ Bias 

Nitrobenzene-d5 35-100% 
2-Fluorobiphenyl 45-105% 
Terphenyl-d14 30-125% 

LCS  

One per prep batch 
of twenty or fewer 
samples of similar 
matrix 

See Worksheet #28-25a for 
recovery limits 

(1) Evaluate and reanalyze if possible   
(2) If an MS/MSD was performed in the 
same 12-hour clock and acceptable, narrate.  
(3) If the LCS recoveries are high but the 
sample results are < QL, narrate otherwise 
re-prepare and reanalyze the batch. 

Precision/ 
Accuracy/ Bias 

See Worksheet #28-25a for 
recovery limits 

Internal 
Standards 6 per sample 

Retention times for 
internal standards must 
be + 30 seconds and the 
responses within -50% to 
+100% of last calibration 
verification (12 hours) for 
each internal standard. 

Inspect MS or GC for malfunctions; 
mandatory reanalysis of samples analyzed 
while system was malfunctioning 

Precision/ 
Accuracy/ 
Bias 

Retention times for 
internal standards must be 
+ 30 seconds and the 
responses within -50% to 
+100% of last calibration 
verification (12 hours) for 
each internal standard. 
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SAP Worksheet #28-25a—Aqueous MS/MSD and LCS Recoveries - Sites UXO-07, 
10, 11, and 14 

PAH Compound by 8270C SIM 
LCS and MS/MSD 

Recovery Limits (%) 
N-Nitroso-di-n-propylamine 40-115 
Hexachlorobutadiene 40-115 
Hexachlorocyclopentadiene 20-135 
Hexachlorobenzene 45-120 
Benzo(a)anthracene 31-146 
Benzo(b)fluoranthene 30-139 
Benzo(k)fluoranthene 42-129 
Benzo(g,h,i)perylene 21-149 
Benzo(a)pyrene 28-128 
Chrysene 39-134 
Dibenz(a,h)anthracene 30-138 
Fluoranthene 30-142 
Fluorene 27-116 
Indeno(1,2,3-cd)pyrene 17-164 
Naphthalene 29-106 
Phenanthrene 32-127 
Pyrene 28-130 
2-Methylnaphthalene 30-111 
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SAP Worksheet #28-26—Laboratory QC Samples Table - Sites UXO-07, 10, 11, and 14 

 Matrix Aqueous      

 Analytical Group TPH-GRO; TPH-DRO      

 Analytical Method /  
 SOP Reference 

SW8015B/219           

QC Sample Frequency / Number 

Method / SOP 
QC Acceptance 

Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action DQI MPC 

Method Blank 

One per prep batch of 
twenty or fewer 
samples of similar 
matrix 

No analyte detected > 
PQL 

Investigate source of contamination. 
Evaluate the samples and 
associated QC: if blank results are 
above PQL, report sample results 
which are < PQL or > 10X the blank 
concentration. Reanalyze blank and 
samples >PQL and < 10X the blank 

Analyst/Supervisor Bias/Contamination 
Same as QC 
Acceptance 
Limits 

LCS 

One per prep batch of 
twenty or fewer 
samples of similar 
matrix TPH-GRO: Spike 
with Gasoline TPH-
DRO: Spike with Diesel 
and Motor Oil 

See Worksheet 
28-26A 

Evaluate and reanalyze if possible. If 
an MS/MSD was extracted in the 
same extraction batch and 
acceptable narrate. If the LCS 
recoveries are high but the sample 
results are <QL narrate. Otherwise 
reprep and reanalyze 

Analyst/Supervisor Accuracy/Bias 
Same as QC 
Acceptance 
Limits 

MS/MSD 

One per prep batch of 
twenty or fewer 
samples of similar 
matrix (spike same as 
LCS) 

See Worksheet 
28-26A 

CA will not be taken for samples 
when recoveries are outside limits 
and surrogate and LCS criteria are 
met. If both the LCS and MS/MSD 
are unacceptable reprep the 
samples and QC. 

Analyst/Supervisor Accuracy/Bias 
Same as QC 
Acceptance 
Limits 

Surrogates Each field and QC 
sample 

See Worksheet 
28-26A 

If surrogate is outside high and 
sample is < PQL, no CA is taken. If 
surrogate is outside low and sample 
volume available, re-analyze 
affected samples 

Analyst/Supervisor Accuracy/Bias 
Same as QC 
Acceptance 
Limits 
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SAP Worksheet #28-26A—LCS, MS/MSD and Surrogate Recovery Limits - Sites UXO-
07, 10, 11, and 14 

Matrix: 
Analytical Group: TPH-GRO; TPH-DRO 
Analytical Method: SW8015B 

Analytical 
Group Analyte 

Accuracy 
Water 
(% R) 

Precision 
Water 

(% RPD) 

Accuracy 
Soil 

(% R) 

Precision 
Soil 

(% RPD) 

TPH-GRO  TPH–Gasoline 50-150 ≤ 30 50-150 ≤ 30 

      

 Surrogate:     

 Bromofluorobenzene 35-140  30-135  

      

TPH-DRO TPH–Diesel 50-150 ≤ 30 50-150 ≤ 30 

 TPH–Motor Oil 50-150 ≤ 30 50-150 ≤ 30 

      

 Surrogates      

 o-Terphenyl 30-140  35-140  
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SAP Worksheet #29—Project Documents and Records Table 

Sample Collection 
Documents and Records 

On-site Analysis Documents 
and Records 

Off-site Analysis Documents 
and Records 

Data Assessment 
Documents and Records Other 

• Field Notebooks 
• Chain-of-Custody Records 
• Air Bills 
• Custody Seals 
• Corrective Action Forms 
• Electronic Data 

Deliverables 
• Identification of QC 

Samples 
• Meteorological Data from 

Field (Logging daily 
weather) 

• Sampling locations and 
sampling plan 

• Sampling notes  

• No onsite analysis will take 
place  

• Sample Receipt, Chain-of-
Custody, and Tracking 
Records 

• Standard Traceability Logs 
• Equipment Calibration Logs 
• Sample Prep Logs 
• Run Logs 
• Equipment Maintenance, 

Testing, and Inspection Logs 
• Corrective Action Forms 
• Reported Field Sample 

Results 
• Reported Result for 

Standards, QC Checks, and 
QC Samples 

• Instrument printouts (raw data) 
for Field Samples, Standards, 
QC Checks, and QC Samples 

• Data Package Completeness 
Checklists 

• Sample disposal records 
• Extraction/Clean-up Records 
• Raw Data (stored on disk) 

• Fixed Laboratory Audit 
Checklists 

• Data Validation Reports 
• Corrective Action Forms 
• Laboratory QA Plan 
• MDL Study Information 

 

All project documents will be in accordance to the EPA UFP-QAPP checklist and can be viewed in Attachment 3 (Data Management Guidelines) of this UFP-SAP. 
Sample collection documents and records will be scanned and saved on the network server. Field parameters will be loaded into the database using the FDE Tool. 
Off-site analysis documents and records will be archived after a period of 6 months. Hardcopy deliverables from the data validator will be sent to Stacy Davenport 
in the WDC office for archival.  
Data assessment documents and records will be archived as described above.  
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SAP Worksheet #30—Analytical Services Table 

Matrix Analytical Group 
Sample Locations/ 

ID Number 
Analytical 

Method 
Data Package 

Turnaround Time Laboratory / Organization1 Backup Laboratory / Organization1 

Groundwater, 
Surface Water, 
Surface Soil, 
Subsurface Soil, 
Sediment for Site 
UXO-02 

Explosives (plus 
PETN and 
Nitroglycerin) 

See Worksheet 
#18 

SW-846 8330 

28 calendar days 

Katahdin Analytical Services 
Andrea Colby 

600 Technology Way 
Scarbourough, ME 04074 

207-874-2400 

TBD 

Metals SW-846 6010B/ 6020/ 
7470A/ 7471A 

Cyanide SW-846 9012B 

Perchlorate SW-846 6850 

TAL- W. Sacramento 
Nelo Ligi 

880 Riverside Parkway 
West Sacramento, CA 95605 

916.373.5600 

Groundwater, 
Surface Water, 
Surface Soil, 
Subsurface Soil, 
Sediment for all 
other UXOs 

Explosives (plus 
PETN and 
Nitroglycerin) 

SW-846 8330 

Empirical Laboratories 
227 French Landing Drive, Suite 

550 
Nashville, TN 37228 

615-345-1115 

Metals SW-846 6010B/ 7470A/ 
7471A 

Cyanide SW-846 9012B 
VOCs  SW-846 8260B 
SVOCs SW-846 8270C 
PAHs SW-846 8270C SIM 
TPH-GRO TPH-GRO by SW8015B 
TPH-DRO TPH-DRO by SW8015B 
TPH-GRO TPH-GRO by SW8015B 
TPH-DRO TPH-DRO by SW8015 
Perchlorate SW-846 6850 TAL- W. Sacramento 

Thallium SW-846 6020 

Columbia Analytical Services 
Deb Patton 

1 Mustard Street, Suite 250 
Rochester, NY 14609 

585-288-5380 
1If circumstances arise that render a lab unable to provide analytical services, a backup laboratory will be chosen at that time.  
All samples from Site UXO-02 will be shipped to Katahdin. All samples from the other UXOs will be shipped to Empirical. These labs will ship the subcontracted 
bottleware to the appropriate laboratory shown above.  
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SAP Worksheet #31—Planned Project Assessments Table 

Assessment 
Type Frequency 

Internal 
or 

External 

Organization 
Performing 

Assessment 

Person(s) 
Responsible for 

Performing 
Assessment 

Person(s) 
Responsible for 
Responding to 

Assessment Findings 

Person(s) 
Responsible for 
Identifying and 
Implementing 

CA 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of CA 

Field 
Performance 
Audit 

One during 
sampling activities Internal CH2M HILL  

Bill Schmithorst 
Project Manager 
CH2M HILL  

Field Team Leader 
CH2M HILL  

Bill Schmithorst 
Project Manager 
CH2M HILL  

Bill Schmithorst 
Project Manager 
CH2M HILL  

Offsite 
Laboratory 
Technical 
Systems 
Audit 

Laboratories will 
be operating under 
a current NFESC 
evaluation letter.  
The laboratory 
must be re-
evaluated by one 
of the DOD ELAP 
accrediting bodies 
prior to expiration 
of period of 
performance 

External U.S. Navy 
(NFESC) 

Project QA Officer- 
Pati Moreno/ 
NFESC, Port 
Hueneme, CA 

Empirical, Katahdin, 
TAL- W. Sacramento, 
and CAS QA Officers 

Empirical, 
Katahdin, TAL- 
W. Sacramento, 
and CAS QA 
Officers 

Anita Dodson, Program 
Chemist, CH2M HILL  

Safe Work 
Observation 

One during 
sampling activities Internal CH2M HILL 

Site Safety 
Coordinator 
CH2M HILL  

Field Team Member 
observed 
CH2M HILL  

Mike Goldman 
H&S Manager 
CH2M HILL  

Site Safety Coordinator 
CH2M HILL 
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SAP Worksheet #32—Assessment Findings and Corrective Action Responses 

Assessment Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) 
Notified of 
Findings 

Timeframe of 
Notification 

Nature of 
Corrective Action 

Response 
Documentation 

Individual(s) 
Receiving Corrective 

Action Response 
Timeframe for 

Response 

Field Performance Audit Checklist and Written 
Audit Report 

Field Team 
Leader 
CH2M HILL  

Within one day 
of audit 

Verbal and 
Memorandum 

Field Team Leader 
CH2M HILL  

Within one day 
of receipt of 
Correction Action 
Form 

Laboratory Performance 
and Systems Audits Written Audit Report 

Empirical, 
Katahdin, TAL- W. 
Sacramento, and 
CAS QA Officers 

Within 2 
months of audit Memorandum 

Currently - NFESC 
Auditor, TBD  
Future evaluations – 
DoD ELAP, TBD 

Within two 
months of receipt 
of initial 
notification.  

Safe Work Observation 
(SWO) 

Safe Work 
Observation Form 

Mike Goldman 
H&S Manager 
CH2M HILL 

Within one 
week of SWO. Memorandum 

Field Team Member 
CH2M HILL 

Immediately 
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Worksheet #32-1—Corrective Action Form 

Person initiating corrective action         Date     

Description of problem and when identified:         

            

            

            
             

Cause of problem, if known or suspected:         

            
            

             

Sequence of Corrective Action (CA):

CA implemented by:          Date:     

 (including date implemented, action planned and 

personnel/data affected)          
            

            

            

            
            

            

             

CA initially approved by:         Date:     
Follow-up date:            
Final CA approved by:          Date:    
Information copies to: 
Navy Chemist QAO 

      
Anita Dodson, CH2M HILL Program Chemist 
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SAP Worksheet #32-2—Field Performance Audit Checklist 

Project Responsibilities 
 
Project No.:                            Date:   
 
Project Location:                        Signature:   
 
Team Members:                         
 
Yes    No    1) Is the approved work plan being followed? 
   Comments   
 
     
 
Yes    No    2) Was a briefing held for project participants? 
   Comments   
 
     
 
 
Yes    No    3) Were additional instructions given to project participants? 
   Comments   
 
     
 
Sample Collection 
 
Yes    No    1) Is there a written list of sampling locations and descriptions? 
   Comments   
 
     
 
Yes    No    2) Are samples collected as stated in the Master SOPs? 
   Comments   
 
     
 
 
Yes    No    3) Are samples collected in the type of containers specified in the work plan? 
   Comments   
 
     
 
 
Yes    No    4) Are samples preserved as specified in the work plan? 
   Comments   
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SAP Worksheet #32-2—Field Performance Audit Checklist (continued) 

Yes    No    5) Are the number, frequency, and type of samples collected as specified in 
    the work plan? 
   Comments   
 
     
 
 
Yes    No    6) Are quality assurance checks performed as specified in the work plan? 
   Comments   
 
     
 
 
Yes    No    7) Are photographs taken and documented? 
   Comments   
 
     
 
Document Control 
 
Yes    No    1) Have any accountable documents been lost? 
   Comments   
 
     
 
Yes    No    2) Have any accountable documents been voided? 
   Comments   
 
     
 
Yes    No    3) Have any accountable documents been disposed of? 
   Comments   
 
Yes    No    4) Are the samples identified with sample tags? 
   Comments   
 
     
 
Yes    No    5) Are blank and duplicate samples properly identified? 
   Comments   
 
     
 
Yes    No    6) Are samples listed on a chain-of-custody record? 
   Comments   
 
     
 
Yes    No    7) Is chain-of-custody documented and maintained? 
   Comments   
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SAP Worksheet #33—QA Management Reports Table 

Type of Report Frequency 
Projected Delivery 

Date(s) 
Person(s) Responsible 
for Report Preparation Report Recipient(s) 

Field Audit Report One during sampling activities Submitted with Final Report 
Bill Schmithorst 
Project Manager 
CH2M HILL  

Included in project files.  
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SAP Worksheet #34—Verification (Step I) Process Table 

Verification (Step I) Process Table 

Verification Input Description 
Internal/ 
External Responsible for Verification  

Chain of Custody and 
shipping forms 

CoC forms and shipping documentation will be reviewed internally upon 
their completion and verified against the packed sample coolers they 
represent. The shipper’s signature on the CoC will be initialed by the 
reviewer, a copy of the CoC retained in the site file, and the original and 
remaining copies taped inside the cooler for shipment. See CoC SOP (on 
CD) for further details. 

Internal 
FTL, Erin Must 
CH2M HILL  

Planning Documents Evidence of approval and completeness of UFP-SAP.  Internal 
Bill Schmithorst  
CH2M HILL 

Field Log Notebooks 

Field notes will be reviewed to ensure completeness of field data 
parameters, shipping information, sample collection times, etc. The 
logbook will also be used to document, explain, and justify all deviations 
from the approved UFP-SAP and Master Plans (Baker, 2005d). 

Internal 
Bill Schmithorst  
CH2M HILL  

QC Summary Report A summary of all QC sample results will be verified for completeness once 
the data is received from the laboratory. External 

Genevieve Moore 
CH2M HILL  

Chain of Custody 
Documentation 

Upon their arrival at the laboratory, the samples will be cross-referenced 
against the COC records. All sample labels will be checked against the 
COC, and any mislabeling will be identified, investigated, and corrected. 
The samples will be logged in at every storage area and work station 
required by the designated analyses. Individual analysts will verify the 
completeness and accuracy of the data recorded on the forms. 

Internal Katahdin, Empirical, TAL, and CAS 
employees 

Field Investigation Interpretive 
Data 

Immediately following receipt of the analytical data from the laboratory and 
prior to submittal to the data validator, a population to population 
comparison will be conducted comparing site results and the results from 
the background sample set. The background population to population 
comparison for will be used to determine the likelihood of a release relative 
to background. The data will also be compared to unadjusted residential 
risk-based concentration (RBC) and Biological Technical Assistance 
Group (BTAG) flora and fauna screening values. 

Internal 
Bill Schmithorst  
CH2M HILL  
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SAP Worksheet #35—Validation (Steps IIa and IIb) Process Table  

Step IIa/ 
IIb 

Validation 
Input Description Responsible for Validation  

IIa SOPs Review field logbooks, laboratory case narratives, data deliverables for 
compliance to methods. 

Anita Dodson 
CH2M HILL  
SiteUXO-02: DataQual Environmental Services 
Sites UXO-07, 10, 11, 14: Environmental Data Services 

IIa QC Results Establish that all QC samples were run and compliant with method-
required limits. 

Site UXO-02: DataQual Environmental Services 
Sites UXO-07, 10, 11, 14: Environmental Data Services 

IIb QC Results Verify that QC samples were run and compliant with limits established 
in the UFP-SAP.  

Anita Dodson 
CH2M HILL  
Site UXO-02: DataQual Environmental Services 
Sites UXO-07, 10, 11, 14: Environmental Data Services 

IIb 
Project 
Quantification 
Limits 

Ensure all sample results met the project quantification and action 
limits specified in the SAP. 

Bill Schmithorst, Anita Dodson 
CH2M HILL  

IIb Raw data 10% review of raw data to confirm laboratory calculations. 
Site UXO-02: DataQual Environmental Services 
Sites UXO-07, 10, 11, 14: Environmental Data Services 
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SAP Worksheet #36—Analytical Data Validation (Steps IIa and IIb) Summary Table 

Step IIa/IIb Matrix Analytical Group Validation Criteria Data Validator  

IIa GW, SW, SS, SB, SD 
Perchlorate, Metals, Cyanide, 
Explosives, VOCs, SVOCs, 
PAHs 

Analytical methods and laboratory SOPs as presented in 
this SAP will be used to evaluate compliance against 
QA/QC criteria. Should adherence to QA/QC criteria yield 
deficiencies, data may be qualified. The data qualifiers 
that may be used are those presented in Region III 
Modification to National Functional Guidelines for 
Organic Data Review, Multi-Media, Multi-Concentration 
(September 1994) and Region III Modifications to 
National Functional Guidelines for Inorganic Data Review 
(April 1993). National Functional Guidelines will not be 
used for data validation; however, the specific qualifiers 
listed therein may be applied to data should non-
conformances against the QA/QC criteria as presented in 
this SAP be identified. 

Site UXO-02: DataQual 
Environmental Services 
Sites UXO-07, 10, 11, 14: 
Environmental Data Services 

IIb GW, SW, SS, SB, SD 
Perchlorate, Metals, Cyanide, 
Explosives, VOCs, SVOCs, 
PAHs 

Action levels in Worksheet #15 
Anita Dodson 
Bill Schmithorst 
CH2M HILL  
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SAP Worksheet #37—Usability Assessment 

Summarize the usability assessment process and all procedures, including interim steps 
and any statistics, equations, and computer algorithms that will be used: 

• Non-detected site contaminants will be evaluated to ensure that project required 
quantitation limits in Worksheet #15 were achieved. If project quantitation limits were 
achieved and the verification and validation steps yielded acceptable data, then the data 
is considered usable. 

• The third-party data validator is the only party that may apply qualifiers to the data. 
Minor QC exceedances will result in “estimated” data, represented by J, NJ, and UJ 
qualifiers. Major QC exceedances will result in “rejected” data, represented by R-
qualifiers. The affect on availability and usability of rejected results will be evaluated. 

• For statistical comparisons non-detect values will be represented by a concentration 
equal to one-half the sample reporting limit. For duplicate sample results, the most 
conservative value will be used for project decisions. 

• Analytical data will be checked to ensure the values and any qualifiers are appropriately 
transferred to the electronic database. These checks include comparison of hardcopy 
data and qualifiers to the electronic data deliverable. Once the data has been uploaded 
into the electronic database, another check will be performed to ensure all results were 
loaded accurately. 

• Field and laboratory precision will be compared as relative percent difference (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. 

• 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. 
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SAP Worksheet #37—Usability Assessment (continued) 

Describe the documentation that will be generated during the usability assessment and 
how usability assessment results will be presented so that they identify trends, 
relationships (correlations), and anomalies: 

• Data tables will be produced to reflect detected and non-detected site COC’s and 
geochemical parameters. Data qualifiers will be reflected in the tables and discussed in 
the data quality evaluation.  

• Figures will be produced to reflect areas of investigation including DGM anomaly 
detection and environmental sampling locations and results. 

• A data quality evaluation will be provided as part of the technical memorandum 
prepared to assess remedy effectiveness.  

• If needed a technical memorandum will be produced that will identify any data 
usability limitations and make recommendations for corrective action. 

Identify the personnel responsible for performing the usability assessment.  

The CH2M HILL Project Manager, Project Chemist and contributions from other team 
members as necessary. 
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FIGURE 10-1 
Hypothetical 3-D Conceptual Site Model for Multiple UXO Sites 
Multi-site UXO PA/SI  
MCB Camp Lejeune, NC 
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Legend
�� Proposed Surface Soil Sampling Locations

�� Site 69 Fenceline
Streams
Wetlands
Site UXO-02 Boundary

1 inch = 350 feet
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Figure 10-5
Site UXO-02 Proposed Surface Soil Sample

Locations – Inside IR Site 69
MRP Site UXO-02

MCB Camp Lejeune
North Carolina
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Legend
�� Proposed Surface Soil Sampling Locations within Site 69 Fenced Area

�� Site 69 Fenceline
Streams
Wetlands
Site UXO-02 Boundary

1 inch = 350 feet
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Figure 10-6
Site UXO-02 Proposed Subsurface Soil Sample Locations – Outside IR Site 69

MRP Site UXO-02
MCB Camp Lejeune

North Carolina
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Legend
�� Proposed Subsurface Soil Sampling Locations
���� Proposed Temporary Well/Subsurface Soil Sampling Locations

�� Site 69 Fenceline
Streams
Wetlands
Site UXO-02 Boundary 1 inch = 500 feet



��
��

��
��

��
��

��
��

��
�� �� �� ��

��

��

��
��

��
��

��

����
����

��
��

��

��

��

��

��

��

��

��

��

��

��

N E W  R I V E R

MR02-IR69-GW05

MR02-IR69-GW15

MR02-IR69-GW12

MR02-IR69-GW11

MR02-IR69-GW13

MR02-IR69-GW09

MR02-IR69-GW14

MR02-IR69-IS02

MR02-IR69-IS01

MR02-IR69-IS03

EVERETT CREEK ROAD

Figure 10-7
Site UXO-02 Proposed Subsurface Soil Sample Locations

within Site 69 & Existing Monitoring Well Locations
MRP Site UXO-02

MCB Camp Lejeune
North Carolina
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Legend
�� Proposed Subsurface Soil Sampling Locations
�� Existing Groundwater Monitoring Well Locations

�� Site 69 Fenceline
Streams
Wetlands
Site UXO-02 Boundary 1 inch = 500 feet
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Figure 10-8
Site UXO-02 Proposed Sediment and Surface Water Sampling Locations

MRP Site UXO-02
MCB Camp Lejeune

North Carolina
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Legend
�� Surface Water Samples
�� Sediment Samples

�� Fenceline
Streams
Site UXO-02 Boundary
Wetlands 1 inch = 500 feet
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Surface Soil Sampling Locations

MRP Site UXO-07
MCB Camp Lejeune
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Legend
!( Surface Soil Sampling Location
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Wetland
Site UXO-07 Boundary

1 inch equals 150 feet

Figure 10-9
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Legend
�� Surface Water/Sediment Sampling locations
�� Subsurface Soil Sampling Locations
���� Temporary Well/Subsurface Soil Sampling Locations

Streams
Wetlands
Site UXO-07 Boundary 1 inch equals 150 feet

Figure 10-10
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Surface Soil Sampling Locations
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Legend
�� Surface Soil Samples

Site UXO-10 Boundary
Decision Unit

MR10-DU01 (164 ft x 118 ft)
MR10-DU02 (223 ft x 177 ft)
MR10-DU03 (216 ft x 174 ft) 1 inch = 200 feet

Figure 10-11
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Subsurface Soil Sampling Locations

MRP Site UXO-10
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Legend
���� Temporary Wells/Subsurface Soil Sampling Locations
�� Subsurface Soil Sampling Locations

Site UXO-10 Boundary

1 inch = 200 feet

Figure 10-12



A
 S

T
R

E
E

T

SEVE
N

TH
 STR

E
ET

SIXTH STREET

C
H

U
R

C
H

 S
T

R
E

E
T

R
O

D
N

E

FIFTH STREET

FOURTH STREET
US ROUTE 17

G615

G702

G708

G709

G544

G524

G522

G542 G541

G521

TC601

TC705

TC704

G543

G523

TC701

SG505

G520

G540

STC367

G525

STC503

STC302

SG555

G700

G511

TC600A

STC510

MR11-DU02MR11-DU01

MR11-DU03 MR11-DU04

Figure 10-11
Proposed Surface Soil Sampling Locations
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MCB Camp Lejeune

North Carolina

�
0 200 400100

Feet

\\aphrodite\Proj\USNavFacEngCom\CampLejeune\MapFiles\UXO_0014\UFP_SAP\Figure_10-11_MRP_Site_UXO_11_Surface_Soil_Samples_11X17.mxd

Legend
Site UXO-11 Boundary
Proposed Decision Unit (120 ft x190 ft)
Wetlands
Streams

1 inch = 200 feet

Figure 10-13



����

����

����

���� ����

A
 S

T
R

E
E

T

SEVE
N

TH
 STR

E
ET

SIXTH STREET

C
H

U
R

C
H

 S
T

R
E

E
T

R
O

D
N

E

FIFTH STREET

FOURTH STREET
US ROUTE 17

G615

G702

G708

G709

G544

G524

G522

G542 G541

G521

TC601

TC705

TC704

G543

G523

TC701

SG505

G520

G540

STC367

G525

STC503

STC302

SG555

G700

G511

TC600A

STC510

MR11-TW04/IS04
MR11-TW05/IS05

MR11-TW01/IS01

MR11-TW03/IS03

MR11-TW02/IS02

Figure 10-12
Proposed Subsurface Soil and Groundwater Sampling Locations

MRP Site UXO-11
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Legend
���� Proposed Temporary Well/Subsurface Soil Sampling Locations
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Site UXO-11 Boundary
Wetlands

1 inch = 200 feet
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Figure 10-13
Proposed Sediment and Surface Water Sampling Locations

MRP Site UXO-11
MCB Camp Lejeune

North Carolina
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Legend
�� Proposed Surface Water Sampling Locations
�� Proposed Sediment Sampling Locations

Site UXO-11 Boundary
Wetlands
Streams

1 inch = 200 feet

Figure 10-15
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Legend
�� Surface Soil Sampling Location

Streams
Site UXO-14 Boundary (Indoor Pistol Range Area)
Site UXO-14 Boundary (Former Gas Chamber Area)

1 inch = 50 feet

Figure 10-16
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DPT Soil and Groundwater Sampling Locations

MRP Site UXO-14
MCB Camp Lejeune
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Legend
���� Temporary Wells/Subsurface Soil Sampling Location

Streams
Site UXO-14 Boundary (Former Indoor Pistol Range Area)
Site UXO-14 Boundary (Former Gas Chamber Area)

1 inch = 50 feet
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Legend
Transect Path

DD Fenceline
Site 69 Expanded RI DGM
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Site UXO-02 Boundary
Wetlands 1 inch = 500 feet
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Legend
Transect Path
Streams
Wetlands
Site UXO-07 Boundary

1 inch = 150 feet
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Site UXO-10 Generalized Transect Layout
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Legend
Site UXO-10 Boundary
Transect Path
Installation Boundary

1 inch = 200 feet
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Site UXO-11 Generalized Transect Layout
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Legend
Transects
Site UXO-11 Boundary
Wetlands

1 inch = 100 feet
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Legend
Transect Path
Streams
Site UXO-14 Boundary (Indoor Pistol Range Area)
Site UXO-14 Boundary (Former Gas Chamber Area)
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Attachment 1 
CH2M HILL HEALTH AND SAFETY PLAN 

This Health and Safety Plan (HASP) 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 Standards of Practice (SOPs) 
in the CH2M HILL Corporate Health and Safety Program, Program and Training Manual, as appropriate.  In 
addition, this plan adopts procedures in the project Work Plan.  The Safety Coordinator- Haz Waste (SC-HW) 
is to be familiar with these SOPs and the contents of this plan.  CH2M HILL’s personnel and subcontractors 
must sign Attachment 1.   

Project Information and Description 

PROJECT NO: 378849

CLIENT:  NAVFAC Atlantic 

PROJECT/SITE NAME:  LANTDIV CLEAN 1000/Contract No. N62470-80-D-1000 / TO 0014, MCB 
Camp Lejeune, MRP Focused Preliminary Assessment/Site Inspection (PA/SI) at the following Unexploded 
Ordnance (UXO) Sites: 

� Site UXO-02- Unnamed Explosive Range 
� Site UXO-07- Practice Hand Grenade Course 
� Site UXO-10- Flame Tank and Flame Thrower Range 
� Site UXO-11- Practice Hand Grenade Course 
� Site UXO-14- Former Site of Indoor Pistol Range and Gas Chamber 

SITE ADDRESS: MCB Camp Lejeune. Jacksonville, North Carolina

CH2M HILL PROJECT MANAGER:  Bill Schmithorst/RDU 

CH2M HILL OFFICE:  Raleigh

DATE HEALTH AND SAFETY PLAN PREPARED:  January 10, 2009 

DATE(S) OF SITE WORK:  January 2009 through December 2009 

SITE ACCESS: Access to the site is restricted. Sites UXO-07 and UXO-10 may be accessed through the MCB 
Camp Lejeune Main Gate on the east side of the New River. Site UXO-11 may be accessed through the MCB 
Camp Lejeune Air Station Main Gate on the west side of the New River. Sites UXO-02 and UXO-14 may be 
accessed through the MCB Camp Lejeune Stone Bay Gate. 

SITE SIZE:  MCB Camp Lejeune is approximately 236 square miles. The individual UXO site sizes are as 
follows: 

� Site UXO-02- 127 acres 
� Site UXO-07- 2 acres 
� Site UXO-10- 3 acres 
� Site UXO-11- 1 acres 
� Site UXO-14- 2 acres

SITE TOPOGRAPHY:  The topography of MCB Camp Lejeune is relatively flat with ground surface 
elevations ranging from mean sea level (msl) to 72 feet above msl.  Most of MCB Camp Lejeune lies between 
20 and 40 feet msl.  The l00-year flood plain elevation for this area of MCB Camp Lejeune is approximately 
10 feet above msl. 
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PREVAILING WEATHER:  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 immediate area surrounding 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.   

BASE HISTORY:  Construction of MCB Camp Lejeune began in 1941 with the objective of developing the 
“World’s Most Complete Amphibious Training Base”.  Construction of the Base started at Hadnot Point where 
the major functions of the Base are centered.  During World War II, MCB Camp Lejeune was used as a training 
area to prepare Marines for combat.  MCB Camp Lejeune was again used for training during the Korean and 
Vietnam conflicts, and the Gulf War.  MCB Camp Lejeune is host to five Marine Corps commands and one 
Navy command.  In addition, MCB Camp Lejeune provides support and training for the following tenet 
commands: Headquarters Nucleus; Second Marine Expeditionary Force; Second Marine Division; Second 
Marine Force Service Support Group; Second Marine Surveillance, Reconnaissance, and Intelligence Group; 
Sixth Marine Expeditionary Brigade; the Naval Hospital; and the Naval Dental Clinic.  All of the real estate and 
infrastructure are owned, operated, and maintained by the host command.  The mission of Camp Lejeune is to 
maintain combat ready units for expeditionary deployment. 

MCB Camp Lejeune is bisected by the New River, which flows in a southeasterly direction and forms a large 
estuary before entering the Atlantic Ocean.  The Atlantic Ocean forms the southeastern boundary of the facility.  
The western and northwestern boundaries are U.S. Route 17 and State Route 24, respectively.  The City of 
Jacksonville, North Carolina is located immediately northwest of MCB Camp Lejeune.  

A majority of the land surrounding the facility is used for agriculture.  Estuaries along the coast support 
commercial fishing and residential resort areas are located adjacent to MCB Camp Lejeune along the Atlantic 
Ocean.

SITE DESCRIPTION:

Site UXO-02 – Unnamed Explosive Range
Site UXO-02 is approximately 127 acres in size and located in the Stones Bay area of Camp Lejeune.  Site 
UXO-02 is found by entering the Stones Bay Gate and taking the Red Trail to Everett Creek Road which leads 
to Site UXO-02. The site is composed of Archives Search Report (ASR) Area 2.201.  The area is primarily 
wooded and bordered on the west side by the New River.  Site UXO-02 encompasses Site 69. 

Installation Restoration (IR) Site 69/Operable Unit (OU) 14, the Rifle Range Chemical Dump, is approximately 
14 acres. From 1950 to 1976, IR Site 69 was used for the trench disposal of chemical wastes, including 
polychlorinated biphenyls (PCBs), solvents, and pesticides.  IR Site 69 also has a suspected history of chemical 
agent (CA) disposal.  Fifty to sixty 55-gallon drums of mustard or nerve agent were allegedly buried in two 
trenches at Site 69.  Chemical Agent Detector Kits, similar to the M18A2, have been observed at the site and 
has led to speculation of the potential for the presence of Chemical Agent Identification Sets (CAIS), e.g. K941 
or K951.  However, no physical evidence to support the presence of CAIS has been discovered.  

Based on a review of publicly available aerial photographs and site reconnaissance, it is assumed that 
approximately 95 percent of Site UXO-02 is covered with heavy undergrowth.   

Site UXO-07 � Practice Hand Grenade Course

Site UXO-07 is approximately 2 acres in size and composed of ASR Area 2.77.  Site UXO-07 includes two 
separate areas located south of Main Service Road off of O Street on the Main Side of Camp Lejeune.  The 
majority of the site is covered by a parking lot and buildings.  Site UXO-07 area is primarily cleared and/or 
developed.  
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Site UXO-10 � Flame Tank and Flame Thrower Range

Site UXO-10 is approximately 3 acres in size and identified in the Range Identification and Preliminary 
Assessment as ASR area 2.136.  The site is bisected by Gonzalez Boulevard and Main Service Road just west 
of Sneads Ferry Road on the Main Side of Camp Lejeune.  The majority of this area is cleared and consists of 
parking lots and paved roads.   

Site UXO-11 � Practice Hand Grenade Course 

Site UXO-11 is approximately 1 acre in size and identified in the Range Identification and Preliminary 
Assessment as ASR area 2.81.  The site is located just north of Sixth Street and east of Seventh Street at the 
New River Air Station.  Site UXO-11 area is primarily free of dense vegetation.  

Site UXO-14 � Former Site of Indoor Pistol Range and Gas Chamber 

Site UXO-14 consists of two sites, ASR 2.199 and 2.200, each approximately 1 acre in size.  Site UXO-14 is 
located in the Stones Bay area of Camp Lejeune just west of Powder Lane.  Approximately half of Site UXO-
14 is wooded while the second half is cleared. 

DESCRIPTION OF SPECIFIC TASKS TO BE PERFORMED:

Sites UXO-02, -07, -10, -11, and -14 have the potential to include munitions and explosives of concern (MEC), 
environmental contamination with munitions constituents (MC), and/or hazardous and toxic waste (HTW).  
Due to historical activities within the project areas, PA/SIs are being conducted to accomplish the following 
objectives: 

1. Identify historical activities at the UXO sites that may have resulted in environmental contamination 
with MC or HTW by researching archival records and interviewing current and previous installation 
personnel.  

2. Evaluate the presence and nature of any MC and HTW contamination that may exist at each UXO site 
by conducting an investigation of groundwater, surface water, sediment, and soil. 

3. Evaluate the presence and nature of MEC that may exist at each UXO site by conducting an 
investigation of subsurface anomalies. 

The field investigation will accomplish the above objective through the following activities, which will be 
conducted in accordance with CH2M HILL Standard Operating Procedures (SOPs), and the MRP Master 
Project Plans (CH2M HILL, 2007): 

� Surface soil sampling 

� Subsurface soil sampling using direct-push technology (DPT) 

� Groundwater sampling from temporary wells installed using DPT 

� Surface water and sediment sampling 

� Digital geophysical mapping (DGM) to identify subsurface anomalies 

� Surveying 

� Utility Location 

� Vegetation Clearing 

� Manual digging and identification of sources of anomalies 

� Demilitarization of all MEC and material potentially presenting an explosive hazard (MPPEH) 
identified during the intrusive activity  

� Removal verification and excavation backfilling 
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1 Tasks to be performed under this Plan 

1.1 Description of Tasks
(Reference Field Project Start-up Form) 

Refer to project documents (i.e., Work Plan) for detailed task information.  A health and safety risk analysis 
(Section 1.2) has been performed for each task and is incorporated into 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).  All work 
will be performed in accordance with the approved Work Plan based on the DDESB ESS. 

1.1.1 Hazwoper-Regulated Tasks 

� Direct-push technology (DPT) soil boring and temporary 
well installation 

� Groundwater sampling 
� Surface and subsurface soil sampling  
� Surface water and sediment sampling 
� MEC Avoidance 

� Vegetation Clearing Oversight 
� MEC Intrusive Investigation and 

following MEC Removal (If MEC is 
discovered) 

1.1.2 Non-HAZWOPER-Regulated Tasks 
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 
Health and Safety Manager (HSM) is required before these tasks are conducted on regulated hazardous 
waste sites.

Potential Hazards DPT Soil 
Boring

Soil/
Sediment  
Sampling

MEC Intrusive 
Investigation/

Removal

Groundwater/Surfac
e Water Sampling 

Vegetation
Clearing 

Flying debris/objects X X
Noise > 85dBA X X

Electrical X X X X
Suspended loads X

Buried utilities, drums, tanks X
Slip, trip, fall X X X X X
Back injury X X X X X

Visible lightning X X X X X
Vehicle traffic X X X X X

Fires X X
MEC X X X X X

Entanglement X X
Drilling X

Heavy equipment X X
IDW Drum Sampling X X X
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2 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 SC-HW for clarification.  

In addition to the controls specified in this section, Project-Activity Self-Assessment Checklists are contained 
in Attachment 6.  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 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 HSM.  The 
self-assessment checklists, including documented corrective actions, should be made part of the permanent 
project records, and be promptly submitted to the HSM. 

Principles
Risk management is, and will continue to be, integrated into the planning, preparation, and execution of work 
on all operational sites during this project. Risk management is a dynamic process that continuously improves 
as personnel become familiar with site operations, the equipment, the environment, and such. Personnel are 
urged to continuously identify hazards and assess accident risks. Once identified, these hazards will be brought 
to the attention of the supervisor and/or the Project Manager (PM). Control measures will be developed and 
coordinated.  All personnel are responsible for continuously assessing variable hazards and implementing risk 
controls.  

Constraints
Risk management does not convey authority to violate the law or deliberately disobey local, state, or national 
laws. Neither does it justify bypassing risk controls required by the law, such as life safety and fire protection 
codes, physical security, and transport and disposal of hazardous material and waste.  

Risk Management Process 
The risk management process will be used by all personnel involved in the operations of the project.  Every 
individual is responsible for the safety of operations and identification of potential hazards.  The SUXOS or 
UXOSO will cover all aspects of the appropriate AHA prior to that activity being conducted and ensure that all 
personnel understand the engineering controls being used and the personal protective equipment (PPE) issued.  
During operations, if any new hazards are identified or it is determined that the engineering controls or PPE are 
not appropriate, operations will cease and the following risk management process will be used to determine the 
appropriate course of action.  The final actions or changes will be coordinated and approved by the MR Safety/ 
Quality Officer, the UXOSO, and the PM.  Prior to the changes being placed into effect, a written and approved 
change document will be in place.  Once changed, all personnel on site will be briefed to this change and 
documentation of this briefing will be made available.  

The AHAs and the pre-task safety plans are key elements to this process.  All personnel are required to read 
and understand each document.  This shall be accomplished in the morning safety briefing and again at the 
daily debriefing to bring out any changes or discrepancies in the process. 

Step 1 - Identify hazards. 

Tasks, terrain and weather, biological hazards, chemical/explosive hazards, physical hazards, health 
hazards, lack of resources, physical and emotional health of personnel, long-term project, and lack of 
planning time. 
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Step 2 - Assess hazards to determine risks. 

Hazard Probability:  The possibility of any hazard that may be present having an effect on personnel 
H&S or the working environment. 

Hazard Severity:  The severity of the impact on personnel if they were exposed to the hazard without 
any engineering controls or PPE.  The severity can range from negligible to severe, which could cause 
loss of life. 

Step 3 - Develop controls and make risk decisions. 

Engineering Controls - Engineering controls are the most effective means to eliminate a hazard.  
Through engineering controls, the unpredictable human element is removed from the equation.  
Engineering controls can include such measures as barriers and guards, substitution, distance, or other 
measures to separate personnel from existing hazards. 

Personal Protective Equipment - Where engineering controls cannot eliminate the hazard, PPE will 
be used in conjunction with engineering controls to prevent the hazardous exposure from impacting 
personnel. 

Administrative Controls - Administrative controls are used to supplement engineering controls and 
PPE to ensure the controls in place are working as planned.  Administrative controls include training 
and education of the workforce, monitoring, standard operating procedures, inspection program, and 
signs to warn individuals that a hazard exists. Oversight personnel responsible for locating specific 
hazards fall into this category. 

Avoidance - Avoidance controls are applied when positive action is required to prevent contact with 
an identified hazard.

Criteria for controls - To be effective, each control developed must meet the following criteria: 

Suitability - It must remove the hazard or mitigate (reduce) the residual risk to an acceptable level. 

Feasibility - Personnel must have the capability to implement the control. 

Acceptability - The benefit gained by implementing the control must justify the cost in resources and 
time.  

Step 4 - Implement controls. 

Controls are converted into clear, simple execution orders understood at all levels.  

Personnel are trained to ensure understanding of controls.  

Step 5 - Supervise and evaluate.

Supervisors ensure controls are followed.  

Project-specific frequency for completing self-assessments: Bi-weekly or at the beginning of each project 
phase.

2.1 General Hazards 
2.1.1 General Practices and Housekeeping  
� Site work should be performed during daylight hours whenever possible.  Work conducted during hours of 

darkness requires enough illumination intensity to read a newspaper without difficulty. 
� 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. 
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� Provide slip-resistant surfaces, ropes, and/or other devices to be used. 
� 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. 

2.1.2 Hazard Communication  
(Reference CH2M HILL SOP HS-107, Hazard Communication)

The SC-HW is to perform the following: 

� Complete an inventory of chemicals brought on site by CH2M HILL using Attachment 2. 
� Confirm the 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.    

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

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

2.1.4 Manual Lifting  
(Reference CH2M HILL SOP HS-112, Manual Lifting)

� Proper lifting techniques must be used when lifting any object.   
� Plan storage and staging to minimize lifting or carrying distances. 
� Split heavy loads into smaller loads. 
� Use mechanical lifting aids whenever possible. 
� Have someone assist with lifting -- especially for heavy or awkward loads. 
� Make sure the path of travel is clear prior to the lift.   

2.1.5 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. 
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� 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. 

2.1.6 Electrical  
(Reference CH2M HILL SOP HS-206 Electrical Safety)

� Only qualified personnel are permitted to work on unprotected energized electrical systems. 

� Only authorized personnel are permitted to enter high-voltage areas. 

� Do not tamper with electrical wiring and equipment unless qualified to do so.  All electrical wiring and 
equipment must be considered energized until lockout/tagout procedures are implemented. 

� Inspect electrical equipment, power tools, and extension cords for damage prior to use. Do not use 
defective electrical equipment, remove from service. 

� All temporary wiring, including extension cords and electrical power tools, must have ground fault circuit 
interrupters (GFCIs) installed. 

� Extension cords must be:  

� equipped with third-wire grounding.   
� covered, elevated, or protected from damage when passing through work areas. 
� protected from pinching if routed through doorways. 
� not fastened with staples, hung from nails, or suspended with wire. 

� Electrical power tools and equipment must be effectively grounded or double-insulated UL approved. 

� Operate and maintain electric power tools and equipment according to manufacturers' instructions. 

� Maintain safe clearance distances between overhead power lines and any electrical conducting material 
unless the power lines have been de-energized and grounded, or where insulating barriers have been 
installed to prevent physical contact.  Maintain at least 10 feet from overhead power lines for voltages of 
50 kV or less, and 10 feet plus ½ inch for every 1 kV over 50 kV.  

� Temporary lights shall not be suspended by their electric cord unless designed for suspension.  Lights shall 
be protected from accidental contact or breakage.

� Protect all electrical equipment, tools, switches, and outlets from environmental elements. 

2.1.7 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 non-alcoholic 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 worker shifts, if possible. 
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� 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.  

� 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 consult the SC-HW/DSC to avoid progression of heat-related illness. 

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. 

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! 

2.1.8 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 of a situation that can cause cold-related illnesses.   
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� 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. 

� Persons who experience initial signs of immersion foot, frostbite, hypothermia should consult the SC-
HW/DSC 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. 

2.1.9 Procedures for Locating Buried Utilities 
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.  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. 
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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 buried utilities are 
not 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 the markings have been destroyed. 

� Conduct a site briefing for employees regarding hazards associated with working near 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). 

2.1.10 Drilling   
(Reference CH2M HILL SOP HSE&Q SOP-204 Drilling)

� Only authorized personnel are permitted to operate drill rigs.  
� Stay clear of areas surrounding drill rigs during every startup. 
� Stay clear of the rotating augers and other rotating components of drill rigs. 
� Stay as clear as possible of all hoisting operations. Loads shall not be hoisted overhead of personnel. 
� Do not wear loose-fitting clothing or other items such as rings or watches that could get caught in moving 

parts. Long hair should have it restrained. 
� If equipment becomes electrically energized, personnel shall be instructed not to touch any part of the 

equipment or attempt to touch any person who may be in contact with the electrical current.  The utility 

 9 



CH2M HILL HEALTH AND SAFETY PLAN 

company or appropriate party shall be contacted to have the line de-energized prior to approaching the 
equipment. 

� Smoking around drilling operations is prohibited. 
� During MEC avoidance, the UXO Technician shall ensure that the drill site selected is free of anomalies.  

2.2 Biological Hazards and Controls  
2.2.1 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. 

2.2.2 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. 

2.2.3 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. 

2.2.4 Bees and Other Stinging Insects 
Bees 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 the SC-HW 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.

2.2.5 Bloodborne Pathogens
(Reference CH2M HILL SOP HS-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.  Exposure controls and personal 
protective equipment (PPE) are required as specified in CH2M HILL SOP HS-202, Bloodborne Pathogens.
Hepatitis B vaccination must be offered before the person participates in a task where exposure is a possibility.
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2.2.6 Mosquito Bites 
Due to the recent detection of the West Nile Virus in the Southeastern United States it is recommended that 
preventative measures be taken to reduce the probability of being bitten by mosquitoes whenever possible.   
Mosquitoes 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. 
� 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. 

If you have any questions or to report any suspicious symptoms, contact the project Health and Safety Manager. 

2.2.7 Fire Ant Bites  
Fire ants are common in the southern U.S. These insects typically build mounds on the land surface that are 
usually easy to identify. Avoid disturbing these mounds. A bite from a fire ant can be painful but rarely is life 
threatening. However, it is possible that the bite could cause an allergic reaction. If bitten, check for symptoms 
of an allergic reaction such as weakness, nausea, vomiting, dizziness, or shortness of breath. If symptoms 
appear, seek medical attention 

2.3 MEC 

2.3.1 Munitions and Explosives of Concern 
No documentation has been identified to indicate that MEC or material potentially presenting an explosive 
hazard (MPPEH) has ever been found at any of the five UXO sites. 

2.3.2 Munitions with the Greatest Fragmentation Distance 
The MGFD used to determine safe working distances at the UXO sites that require MEC intrusive investigation 
activities will be determined and submitted in the site-specific ESS.  

The Explosives Safety Quantity-Distance (ESQD) information for the MGFD is will be provided in Chapter 3 
of the ESS for this project.  During the course of this project, if MEC with a greater fragmentation range is 
encountered, the ESQD requirements will be adjusted. In the unlikely case a MEC item with a greater 
fragmentation range than the contingency MGFD is encountered, the ESQD arcs will be adjusted and the 
Explosives Safety Submission (ESS) will be amended. Work must stop until the amended ESS is approved. 
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2.3.3 Hazard Mitigation
According to Mr. James Gagnon of the Natural Resources Conservation Service (NRCS), Edenton Technical 
Services Office, frost upheaval in the coastal plain region of North Carolina is considered unlikely since the 
climate only allows frost action to occur to a maximum depth of approximately 6 inches. No other natural 
phenomena (e.g., drought, flooding, erosion, tidal changes) exist for this area. Therefore, migration of MEC 
(other than through human transport) is not considered likely.  

2.3.4 Types of Explosives to be used on Site
No explosives are anticipated to be stored or used on the project site.  During the course of this project, if MEC 
is encountered Explosive Ordnance Disposal (EOD) will be contact for disposal and/or explosives storage and 
usage will be reassesed.  

2.3.5 Explosives Storage, Transportation and Management
No explosives are anticipated to be stored or used on the project site.  If MEC is encountered, explosives 
storage, transportation and management will be in compliance with the Explosives Siting Plan (ESP), the 
DDESB-approved ESS and the Explosives Management Plan (EMP) for the project. 

2.3.6 MEC Avoidance Procedures
MEC avoidance operations will be required at UXO sites 02, 07, 11, and 14 during sampling operations.
Avoidance operations will consist of a team composed of one or more UXO Technicians.  Contact with MEC 
is prohibited during avoidance activities.  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 Technician will conduct a reconnaissance of 
the sampling area.  The reconnaissance will include locating the designated sampling or drilling location(s) and 
insuring 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 and Temporary Monitoring Well Locations. The UXO Technicians will clear the surface 
area of the work site for soil sampling and temporary monitoring well installation.  The area will be clearly 
marked, and 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 to DPT sampling, 
an UXO Technician will advance a borehole using a hand auger, and check the borehole with a down hole 
magnetometer a minimum of every 1 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 
previously used on the UXO sites.  The types of ammunition used included 61 millimeter (mm) mortars, 81mm 
mortars, practice hand grenades, and small arms munitions.  Should any MEC item be identified during DPT 
sampling, work will stop and the depth of down hole sampling will be re-evaluated.  
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CH2M HILL HEALTH AND SAFETY PLAN 

3 Project Organization and Personnel 

3.1 CH2M HILL Employee Medical Surveillance and Training 
(Reference CH2M HILL SOPs HS-113, Medical Surveillance, and HS-110, Training)

The employees listed below are enrolled in the CH2M HILL Comprehensive Health and Safety Program and 
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-HW” have completed a 12-hour 
site safety coordinator course, and have documented requisite field experience.  An SC-HW 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 two FA-CPR designated employees 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. 

Employee Name Office Responsibility SC-HW/FA-CPR
Bill Schmithorst RDU PM Level D SC-HW: FA-CPR 

Simon Kline RDU TM Level D SC-HW: FA-CPR 

TBD FTL Level D SC-HW: FA-CPR 

3.2 Field Team Chain of Command and Communication Procedures 

3.2.1 Client 

Client Contact     Base Contact
Bryan Beck     Robert Lowder 
NAVFAC Mid-Atlantic    Camp Lejeune - EMD 
Code: OPCEV     Building 12 
6506 Hampton Blvd    Marine Corps Base Camp Lejeune, NC  28542-0004 
Norfolk, Virginia 23508-1278                                      Direct (910) 451-9607 
Direct: (757) 322-4734                                                 Fax:    (910) 451-5997 

   Fax: (757) 322-4805                                                    robert.a.lowder@usmc.mil
       bryan.k.beck@navy.mil  

3.2.2 CH2M HILL 
Project Manager: Bill Schimthorst/RDU 
Munitions Response Safety/Quality Officer: Dan Young/NVR 
Health and Safety Manager: Michael Goldman/ATL 
Munitions Response Senior Advisor: Tom Roth/ATL   
Field Team Leader:  TBD 
Safety Coordinator- Hazardous Waste (SC-HW): TBD 
UXO Safety Officer (UXOSO): TBD 

The SC-HW is responsible for contacting the Field Team Leader and Project Manager.  In general, the Project 
Manager will contact the client.  The Health and Safety Manager should be contacted as appropriate.
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UXO Subcontractor’s UXO TECHNICIAN III (SUXOS) 

The UXO Technician III for this project will report directly to the Project Manager on issues pertaining to the 
MEC operations at the UXO sites.  The UXO Technician III will have the following safety and health related 
responsibilities:

� Report directly to the CH2M HILL Project Manager; 
� Managing the funding, manpower and equipment necessary to safely conduct site operations; 
� Reviewing and becoming familiar with the site Work Plan (WP) and HASP; 
� Provide copies of the WP and SSHP to site  personnel; 
� Review the scope of work (SOW) and ensure that the required safety and health elements are addressed in 

the SSHP and/or WP; 
� Coordinating the assignment of personnel and ensuring that the personnel and equipment provided meet 

the requirements of the WP and SSHP; 
� Ensuring implementation of project quality, safety and health procedures; 
� Early detection and identification of potential problem areas, including safety & health matters, and 

instituting corrective measures; 
� Directly interfacing with the Project manager and advising him of safety and health matters related to 

conduct of the site operations.  
� Acts as the On-Scene-Incident-Commander (OSIC) in the event of an MEC emergency, notifying and 

coordinating with off site emergency and medical response agencies. 

UXO Subcontractor’s UXO TECHNICIANS 

All UXO Technicians are required to comply with the provisions of this Avoidance Plan, the SSHP, the WP 
and all applicable Federal, State and local regulations.  They will report to the UXO Technician III. 

3.2.3 CH2M HILL Subcontractors 
(Reference CH2M HILL SOP HS-215, Contracts, Subcontracts, and HSE&Q Management Practices)

Subcontractor: To be determined
Subcontractor Contact Name:      
Telephone:      

The subcontractors listed above are covered by this HSP and must be provided a copy of this plan.  However, 
this plan does not address hazards associated with the tasks and equipment the subcontractor has expertise in 
(e.g., drilling, excavation work, electrical).  Subcontractors are responsible for health and safety procedures 
specific to their work, and are required to submit these procedures (SOP & AHA, etc.,) to CH2M HILL for 
review before the start of field work.  Subcontractors must comply with the established health and safety 
plan(s).  The CH2M HILL SC-HW should verify subcontractor employee training, medical clearance, and fit 
test records are current and must monitor and enforce compliance with the established plan(s).  CH2M HILL’s 
oversight does not relieve subcontractors of their responsibility for effective implementation and compliance 
with the established plan(s).   

CH2M HILL should continuously endeavor to observe subcontractors' safety performance.  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.  In addition to this level of observation, the SC-HW is responsible for confirming 
CH2M HILL subcontractor performance against both the subcontractor’s safety plan and applicable self-
assessment checklists.  Self-assessment checklists contained in Attachment 6 are to be used by the SC-HW to 
review subcontractor performance. 

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 the project team on the hazards and precautions related to their work. 

18 
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� 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 Project Manager and HSM as appropriate. 

� Document all oral health and safety related communications in project field logbook, daily reports, or other 
records.

3.2.4 Contractors
(Reference CH2M HILL SOP HS-215, Contracts, Subcontracts, and HSE&Q Management Practices)

Contractor: To be determined
Contractor Contact Name:      
Telephone:      

This plan does not cover contractors that are contracted directly to the client or the owner.  CH2M HILL is not 
responsible for the health and safety or means and methods of the contractor’s work, and we must never assume 
such responsibility through our actions (e.g., advising on H&S issues).   In addition to this plan, CH2M HILL 
staff should review contractor safety plans so that we remain aware of appropriate precautions that apply to us.
Except in unusual situations when conducted by the HSM, CH2M HILL must never comment on or approve 
contractor safety procedures.   Self-assessment checklists contained in Attachment 6 are to be used by the SC-
HW to review the contractor’s performance ONLY as it pertains to evaluating our exposure and safety. 

Health and safety related communications with contractors should be conducted as follows: 

� Request the contractor to brief CH2M HILL employees and subcontractors on the precautions related to 
the contractor’s work. 

� When an apparent contractor non-compliance/unsafe condition or practice poses a risk to CH2M HILL 
employees or subcontractors: 
� Notify the contractor safety representative 
� Request that the contractor determine and implement corrective actions 
� If needed, stop affected CH2M HILL work until contractor corrects the condition or practice.  Notify 

the client, Project Manager, and HSM as appropriate. 
� If apparent contractor non-compliance/unsafe conditions or practices are observed, inform the contractor 

safety representative.  Our obligation is limited strictly to informing the contractor of our observation – the 
contractor is solely responsible for determining and implementing necessary controls and corrective 
actions. 

� If an apparent imminent danger is observed, immediately warn the contractor employee(s) in danger and 
notify the contractor safety representative.  Our obligation is limited strictly to immediately warning the 
affected individual(s) and informing the contractor of our observation – the contractor is solely responsible 
for determining and implementing necessary controls and corrective actions. 

� Document all oral health and safety related communications in project field logbook, daily reports, or other 
records.
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4 Personal Protective Equipment (PPE) 
(Reference CH2M HILL SOP HS-117, Personal Protective Equipment, HS-121, Respiratory Protection)

Note:  UXO Technicians will NOT wear Steel-toed footwear.

PPE Specifications a
 Task   Level  Body   Head Respirator b

General site entry 
Surveying 
Surface soil sampling  
Vegetation clearing

D

Work clothes; steel-toe, leather work 
boots; work glove. 

Hardhat c

Safety glasses 
Ear protection d None required 

Geoprobe boring 

Modified
D

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

Hardhat c

Safety glasses 
Ear protection d

None required 

Groundwater sampling 
Soil boring
Investigation-derived waste 
(drum) sampling and 
disposal

Modified
D

Boots:  Steel-toe, chemical-resistant 
boots OR steel-toe, leather work boots 
with outer rubber boot covers 
Gloves:  Inner surgical-style nitrile & 
outer chemical-resistant nitrile gloves. 

Hardhat c

Safety glasses 
Ear protection d

None required. 

Tasks requiring upgrade 

C

Coveralls: Uncoated Tyvek�
Boots:  Steel-toe, chemical-resistant 
boots OR steel-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 
Ear protection d

Full face air 
purifying 
respirator fitted 
with organic 
vapor cartridges. 

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 SC-HW. 
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 SC-HW qualified at that level is present.
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5 Air Monitoring/Sampling   
(Reference CH2M HILL SOP HS-207 - Exposure Monitoring) 

5.1 Air Monitoring Specifications 

Instrument Tasks 
Action
Levelsa Frequency b Calibration

FID: OVA model 128 or 
equivalent

Soil sampling, 
drilling and other 
intrusive work.

<1  ppm 
1 to 10  ppm 
> 10 ppm 

Level D 
Level C 
Evacuate work area and 
contact HSM 

Initially and 
periodically 
during task 

Daily

PID: OVM with 10.6eV 
lamp or equivalent 

Soil sampling, 
drilling and other 
intrusive work. 

<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 

Soil sampling, 
drilling and other 
intrusive work. 

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 

Soil sampling, 
drilling and other 
intrusive work. 

>25%c O2:

20.9%c O2:
<19.5%c O2:

Explosion hazard; evacuate or 
vent
Normal O2

O2 deficient; vent or use 
SCBA

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 SC-HW; 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

PID: OVM, 10.6 or 11.8 
eV bulb 

100 ppm 
isobutylene 

RF = 1.0 100 ppm 1.5 lpm reg 
T-tubing 

PID: MiniRAE, 10.6 eV 
bulb 

100 ppm 
isobutylene 

CF = 100 100 ppm 1.5 lpm reg 
T-tubing 

PID: TVA 1000 100 ppm 
isobutylene 

CF = 1.0 100 ppm 1.5 lpm reg 
T-tubing 

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 

Dust Monitor: Miniram-
PDM3

Dust-free air Not applicable 0.00 mg/m3 in 
“Measure” mode 

Dust-free area 
OR Z-bag with 
HEPA filter 

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 

None anticipated. 

Personnel and Areas

Results must be sent immediately to the HSM.  Regulations may require reporting to monitored personnel.  
Results reported to all personnel at the project site.  

HSM: Michael Goldman/ATL 
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6 Decontamination  

The SC-HW must establish and monitor the decontamination procedures and their effectiveness.
Decontamination procedures found to be ineffective will be modified by the SC-HW.  The SC-HW 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 or in exclusion and decontamination zones.  
The SC-HW 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-HW to accommodate task-specific requirements. 

7 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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8 Site-Control Plan 

8.1 Site-Control Procedures 
� The SC-HW 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 SC-HW 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.   
� 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-HW in appropriate level of protection. 
� The SC-HW 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 Site Control 
The UXO Technician III coordinates access control and security on site.   Due to the hazardous nature of MEC 
work, only authorized personnel will be allowed within the specified Exclusion Zone (EZ).  Authorized 
personnel are those that have completed the required training, meet medical requirements and are essential to 
the ongoing operation.  During duty hours, personnel will provide security at the site.  All work will stop if any 
unauthorized personnel enter the EZ.  This will ensure the field team’s safety and safety of those approaching 
the work site.  Equipment will be returned to a designated area and secured at the end of each work day.  Future 
site control measures to ensure safety are as follows; 

� Eating, drinking and smoking are prohibited except in designated areas; 
� MEC operations will cease if non-UXO trained or non-essential personnel are present; 
� The UXO Technician III or II will escort all authorized visitors to the site; 
� The UXO Technician III will maintain the site entry control log to ensure accurate accountability of 

personnel; 
� The UXO Technician III will brief the UXO Avoidance Plan to all personnel entering the site to inform 

them of the potential site hazards.  All personnel will acknowledge this briefing by signing the briefing log; 
� In case of an emergency, personnel will exit the site and move to the designated safe area. The UXO 

Technician III will determine the severity of the emergency.  If the emergency warrants evacuation, the 
UXO Technician III will evacuate the area and notify the Project Manager. 

8.3 Hazwoper Compliance Plan  
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 are working in proximity to Hazwoper activities.  Other data (e.g., soil) also must document 
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that there is no potential for exposure.  The HSM must approve the interpretation of these data.  Refer to 
subsections 2.5 and 5.3 for contaminant data and air sampling requirements, respectively. 

� When non-Hazwoper-trained personnel are at risk of exposure, the SC-HW must post the exclusion zone 
and inform non-Hazwoper-trained personnel of the: 

� 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 Emergency Response Plan  
(Reference CH2M HILL, SOP HS-106, Emergency Planning)

9.1 Pre-Emergency Planning 
The SC-HW 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. 
� Brief new workers on the emergency response plan. 

The SC-HW will evaluate emergency response actions and initiate appropriate follow-up actions. 

9.2 Emergency Equipment and Supplies 
The SC-HW should mark the locations of emergency equipment on the site map and post the map. 

Emergency Equipment and Supplies Location
20 LB (or two 10-lb) fire extinguisher (A, B, and C classes) Support Zone/Heavy Equipment 
First aid kit Support Zone/Field Vehicle 
Eye Wash Support & Decon Zone/Field Vehicle 
Potable water Support & Decon Zone/Field Vehicle 
Bloodborne-pathogen kit Support Zone/Field Vehicle 
Additional equipment (specify): 

9.3 Incident Response 
In fires, explosions, or chemical releases, actions to be taken include the following: 

� Shut down CH2M HILL operations and evacuate the immediate work area. 
� Notify appropriate response personnel. 
� Account for personnel at the designated assembly area(s). 
� Assess the need for site evacuation, and evacuate the site as warranted. 

Instead of implementing a work-area evacuation, note that small fires or spills posing minimal safety or health 
hazards may be controlled. 
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9.4 Emergency Medical Treatment 
Work Related injuries will be reported via the 1-800-756-1130 hotline after the individual’s supervisor has 
been notified.  

The procedures listed below may also be applied to non-emergency incidents.  Injuries and illnesses (including 
overexposure to contaminants) must be reported to Human Resources.  If there is doubt about whether medical 
treatment is necessary, or if the injured person is reluctant to accept medical treatment, contact the CH2M HILL 
medical consultant.  During non-emergencies, follow these procedures as appropriate. 

� Notify appropriate emergency response authorities listed in Section 9.8 (e.g., 911). 
� The SC-HW 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. 
� Initiate first aid and CPR where feasible. 
� Get medical attention immediately. 
� Perform decontamination where feasible; lifesaving and first aid or medical treatment take priority. 
� Make certain that the injured person is accompanied to the emergency room. 
� When contacting the medical consultant, state that the situation is a CH2M HILL matter, and give your 

name and telephone number, the name of the injured person, the extent of the injury or exposure, and the 
name and location of the medical facility where the injured person was taken. 

� Report incident as outlined in Section 9.7. 

9.5 Evacuation 
� Evacuation routes and assembly areas (and alternative routes and assembly areas) are specified on the site 

map. 
� Evacuation route(s) and assembly area(s) will be designated by the SC-HW before work begins. 
� Personnel will assemble at the assembly area(s) upon hearing the emergency signal for evacuation. 
� The SC-HW 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 SC-HW will account for all personnel in the onsite assembly area. 
� A designated person will account for personnel at alternate assembly area(s). 
� The SC-HW will write up the incident as soon as possible after it occurs and submit a report to the 

Corporate Director of Health and Safety. 

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. 
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9.7 Incident Notification and Reporting 
(Reference:  Incident Notification, Reporting and Investigation HSE&Q SOP 111) 

� Upon any project incident (fire, spill, injury, near miss, death, etc.), immediately notify the PM and HSM.  
Call emergency beeper number if HSM is unavailable. 

� For CH2M HILL work-related injuries or illnesses, contact and help Human Resources administrator 
complete an Incident Report Form (IRF).  IRF must be completed within 24 hours of incident.   

� For CH2M HILL subcontractor incidents, complete the Subcontractor Accident/Illness Report Form and 
submit to the HSM. 

� Notify and submit reports to client as required in contract. 
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10 Approval 
This site-specific Health and Safety Plan 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. 

10.1 Original Plan 
Written By: David Seed/RDU   Date: October 03, 2008

Approved By: Michael Goldman  Date:  

Approved By: Dan Young   Date:  

10.2 Revisions 
Revisions Made By:    Date:  

Revisions to Plan:  

Revisions Approved By:    Date:  

11 Attachments 
Attachment 1: Employee Signoff Form – Field Safety Instructions 
Attachment 2: Project-Specific Chemical Product Hazard Communication Form 
Attachment 3: Chemical-Specific Training Form  
Attachment 4: Emergency Contacts 
Attachment 5: Project H&S Forms/Permits 
Attachment 6: Project Activity Self-Assessment Checklists  
Attachment 7: Applicable Material Safety Data Sheets 



 

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:  CLEAN 1000 / MCB Camp Lejeune, MRP PA/SI 
Sites UXO-02,07,10,11, and 14 

Project Number:  378849 

EMPLOYEE NAME 
(Please print) EMPLOYEE SIGNATURE COMPANY DATE

 



 

Project-Specific Chemical Product Hazard Communication Form
This form must be completed prior to performing activities that expose personnel to hazardous chemicals products.  Upon completion 
of this form, the SC-HW shall verify that training is provided on the hazards associated with these chemicals and the control measures to 
be used to prevent exposure to CH2M HILL and subcontractor personnel.  Labeling and MSDS systems will also be explained. 

Project Name:  CLEAN 1000 / MCB Camp Lejeune, MRP PA/SI 
Sites UXO-02,07,10,11, and 14 

Project Number:  378849 

MSDSs will be maintained at the 
following location(s): 

3 ring binder containing HASP 

Hazardous Chemical Products Inventory 

Chemical Quantity Location
MSDS

Available 

Container Labels 

Identity Hazard 

Nitric acid < 500 ml Support Zone / sample 
bottles 

Methanol < 1 Gallon Support/Decon Zones 
Hexane < 1 Gallon Support/Decon Zones 
pH buffers < 500 ml Support Zone 
MSA Sanitizer < 1 liter Support/Decon Zones 
Alconox/Liquinox < 1liter Support/Decon Zones 

Refer to SOP HS-05 Hazard Communication for more detailed information. 

 



 

 

CHEMICAL-SPECIFIC TRAINING FORM 

Location:           Project #: 378849 

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.   



 

EMERGENCY CONTACTS

CH2M HILL 24 hour Emergency Phone Number – 800/756-1130 

If an injury occurs, notify the injured person’s personnel office as soon as possible after obtaining medical 
attention for the injured person.  Notification MUST be made within 24 hours of the injury.

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 

CH2M HILL Medical Consultant
800/756-1130 
(After hours calls will be returned within 20 minutes)

Fire/Spill Emergency – 911 or
Base Fire Response #:  (910) 451-9111 

Local Occupational Physician 
Occupational Medicine Specialists 
4815 Oleander Dr. 
Wilmington, NC  28403 
910 452-1111 

Security & Police – 911 or
Base Security #: (910) 451-2555 

Corporate Director Health and Safety
Name: Keith Christopher 
Phone:  703/353-113 

On-Scene Coordinator 
Name: Fire Chief 
Phone: (910) 451-5815 

Environmental Management Division (EMD) 
Names: Bob Lowder 
Phone: (910) 451-9607 

Utilities Emergency
Water:        
Gas: Contact Base EMD       
Electric:   

Health and Safety Manager (HSM)
Name: Michael Goldman/ATL 
Phone: (770) 604-9095 
Cell: 770/331-3127 

Designated Safety Coordinator (DSC)
Name:  
Phone:       

Regional Human Resources Department
Name: Carol Miscoe/SAN 
Phone:   210/377-3085 x291 

Project Manager 
Name: Bill Schmithorst/RDU 
Phone: 919-760-1769 x51769 

Corporate Human Resources Department
Name: Pete Hannon/DEN 
Phone:   720/286-3077 x60337 
Cell:  303/886-1229 

Federal Express Dangerous Goods Shipping
Phone: 800/238-5355 
CH2M HILL  Emergency Number for Shipping 
Dangerous Goods
Phone: 800/255-3924 

Worker’s Compensation and Auto Claims
Zurich Insurance Company 
Phone: 800/382-2150 

Report fatalities AND report vehicular accidents 
involving pedestrians, motorcycles, or more than two 
cars.

Contact the Project Manager.  Generally, the Project Manager will contact relevant government agencies.
Facility Alarms: TBD Evacuation Assembly Area(s): TBD by the SC-HW; will 

probably be the local hotel where the field team is staying 
Facility/Site Evacuation Route(s): follow main roads towards access gates and off the Base 

 



 

Route to Hospital: (Depends on location within base area)  

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 Onslow County Memorial Hospital: 
1. Exit site turning right onto Old Bear Creek Road 
2. Turn right onto Piney Green Road 
3. Take Piney Green Road to base exit turning left onto Freedom Way/NC-24W  
4. Travel approximately 3.9 miles on Freedom Way/NC-24W, and then turn right onto Western Blvd 
5. Travel 1.1 miles on Western Blvd. until Onslow Memorial Hospital is encountered on the left 
6. Turn left into Onslow Memorial Hospital 
7. Follow signs to Emergency Room  
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Project H&S Forms and Permits 

To be completed as needed for task specific operations. 
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Project Activity Self-Assessment Checklists 



 

 

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 MUNITIONS RESPONSE 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 
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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: ___________________________________ 
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Applicable Material Safety Data Sheets 
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STANDARD OPERATING PROCEDURE-001  

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. 



STANDARD OPERATING PROCEDURE 

Electromagnetic Induction 

I. Purpose 
The purpose of this SOP is to provide general reference information for using 
electromagnetic induction (EM) methods. 

II. Scope 
This SOP provides a description of field procedures, equipment, and interpretation 
methods necessary to fully utilize this procedure. 

III. Definitions 
Conductivity - Ability of a material to transmit an electrical current.  Inverse of 
resistivity. 

Horizontal dipole mode - Transmitter and receiver coils oriented vertically. 

Vertical dipole mode - Transmitter and receiver coils oriented horizontally. 

Vertical sounding - Multiple EM measurements centered at a point with varying coil 
spacings. 

Vertical profiling - EM measurements along a traverse with a fixed coil spacing and 
coil orientation. 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that the project-
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed.  The Project Manager is responsible for 
ensuring that the personnel operating and interpreting the geophysical data are 
trained, skilled in that endeavor, so far as to receiving documentation on the training 
and experience of the operating personnel. 

Field Team Leader - The Field Team Leader is responsible for selecting and detailing 
the geophysical technique and equipment to be used.  It is the responsibility of the 
Field Team Leader to ensure that these procedures are implemented in the field and 
to ensure that the field investigation personnel performing the activities have been 
briefed and trained to execute these procedures. 

Field team - It is the responsibility of the field team to follow these procedures, or to 
follow documented, project-specific procedures as directed by the Field Team Leader 
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and the Project Manager.  Field personnel are responsible for the proper acquisition 
of geophysical data. 

V. Procedures 
A. Overview 

Electromagnetic Induction (EM) methods are non-intrusive geophysical techniques 
of measuring the apparent conductivity of the subsurface materials.  Electrical 
conductivity values of subsurface materials are determined by transmitting a high 
frequency electromagnetic (primary) field into the earth and measuring the 
secondary electromagnetic field produced by the eddy current.  The transmitter and 
receiver coils do not require direct ground contact thus permitting continuous 
profiling and rapid data acquisition. 

The strength of the secondary field is a function of the inter coil spacing, operating 
frequency and ground conductivity.  The ratio of the secondary to the primary 
magnetic field is directly proportional to the terrain conductivity which enables 
direct instrument readout of apparent conductivity values (measured conductivity 
values are the bulk average conductivity for the area or volume of earth sampled).  
EM conductivity values are usually expressed in units of milliohms per meter.  
Conductivity values are converted to resistivity values in ohm-meters by use of the 
following relationship: 

resistivity (ohm - meters)    1,000    
EM instrument readout (milliohms per meter) 

The apparent conductivity of the subsurface materials is dependent upon subsurface 
conditions such as: 

� Lithology 
� Porosity 
� Permeability 
� Conductivity of subsurface pore fluids 

Changes in these parameters causing measurable variations in electromagnetic 
conductivity can result from: 

� Conductive contaminant plumes 
� Abandoned trenches and lagoons 
� Lateral changes such as backfill or landfill materials 
� Bedrock fracture zones 
� Lithological variations 
� Buried metallic objects 

The sampling depth or depth of investigation is related to the coil spacing and coil 
mode.  The two coil modes used are the vertical dipole mode (coils horizontal) and 
the horizontal dipole mode (coils vertical).   
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Two common terrain conductivity meter are EM-31 and the EM-34-3.  The EM-31 
has a fixed intercoil spacing of 3.7 meters and an effective depth of penetration of 
approximately 6 meters.  The EM-34-3 has two coils which can be separated by 10, 
20, or 40 meters and can be oriented in either the horizontal or vertical dipole modes, 
Intercoil separations increase the effective depth-of investigation as shown below. 

Intercoil Spacing    Depth of Investigation (meters) 
 (meters) Horizontal Dipoles Vertical Dipoles 
 
 10 7.5 15 
 20 15 30 
 40 30 60 
 

The coil orientation (horizontal or vertical) allows the EM-34-3 to respond to 
materials of different depths. 

Vertical sounding and horizontal profiling are the two EM survey techniques.  
Vertical profiling is accomplished by multiple measurements about a point with 
varying coil spacing.  Horizontal profiling is performed by making measurements 
along traverses with a fixed coil spacing.  General discussions of electromagnetic 
induction methods are presented in texts by Grant and West (1965), Telford and 
others (1976), and Griffiths and King (1981). 

B. Applications and Uses 
The measurement of subsurface conductivity at a hazardous waste site provides a 
valuable contribution to site characterization.  The conductivity (resistivity) of the 
hydrogeologic section is predominantly influenced by the pore fluids.  
Consequently, conductivity measurements provide indirect information on the 
porosity and permeability of subsurface materials, the degree of saturation, and the 
conductivity of the pore fluids.  The conductivity of the pore fluid is influenced by 
the presence of dissolved electrolytes.  Contaminant plumes in the unsaturated and 
saturated zones can be mapped provided there is a sufficient change in the 
conductivity to be detected by the EM instrument.  Generally, contaminant plumes 
of inorganic waste are easily detected because the pore fluids often have 
conductivity values as much as three orders of magnitude above background values.  
EM conductivity measurements can also be used to detect the presence of buried 
waste; filled disposal trenches, and buried metal objects such as drums, tanks or 
metal debris.  Electromagnetic surveys can be used to locate conductive as well as 
and non-conductive bodies.  The many applications include: 

� Contaminant plume mapping 
� Locating abandoned trenches and lagoons 
� Delineating bedrock fracture zones 
� Determining thickness of weathered layers 
� Lithology mapping 
� Locating buried metallic objects 
� Lateral anomalies such as pockets or pits of different materials 
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Examples of EM applications at sites where groundwater is contaminated are 
presented by Duran (1982), Greenhouse (1983), and Greenhouse and Slaine (1983). 

C. Equipment 
The two-coil EM instrument and the VLF (very low frequency) instrument are 
basically the two different types of electromagnetic surveying instruments in use; 
each is capable of sensing to different depths.  There are several models and 
manufacturers of this equipment. 

The two-coil system consists of a transmitter coil and a receiver coil.  The transmitter 
coil induces an electromagnetic field of known strength and the receiver coil 
measures the resulting quadrature, or ratio of primary to secondary fields resulting 
from subsurface features.  Each instrument is read directly in units of milliohms per 
meter (conductivity).  EM readings represent the average bulk conductivity at a 
point halfway between the two coils. 

The VLF instrument is a receiver which relies on specialized, very low frequency 
communication antennas for induction of an electromagnetic field.  Surveying with 
the VLF or equivalent instrumentation is commonly referred to as VLF surveying. 

The VLF Instrumentation is a small, lightweight hand-held instrument which can be 
operated by one person.  Principal components of the instrument are a pair of 
mutually perpendicular coils and a receiving crystal with a frequency specific to a 
transmitting antenna.  The two receiving coils are used to measure local character-
istics of the primary induced field and any secondary fields emanating from bodies 
of variable conductivity.  Typical sources of induced electromagnetic fields for VLF 
surveying are the very low frequency antennas used for submarine communications. 

D. Data Acquisition 
The advantage of the EM survey method is the speed and accuracy with which 
lateral changes of terrain conductivity can be measured.  The EM conductivity data 
can be acquired using sounding and profiling techniques similar to those used in 
electrical resistivity.  EM profiling is accomplished by traversing an area with a fixed 
coil spacing and orientation; EM sounding is accomplished by expanding the inter-
coil spacings in a manner similar to that used by electrical resistivity soundings.  
Some commonly used EM equipment is limited in the number of available inter-coil 
spacings that can be used; however, there are other EM instruments available that 
can operate at many coil spacings and frequency ranges to provide numerous 
sounding data points necessary for accurate computer modeling and profiling. 

The factors determining which instrument is used and what the grid spacing should 
be at particular sites are: 

� Depth to target and size of target 
� Accessibility of the site 
� Effects of manmade structures and utilities, such as electric power lines 
� Conductivity of the earth materials 
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EM induction instruments may have a depth of investigation of up to 200 feet 
depending upon coil spacing and orientations used.  The very low frequency VLF 
device has the greatest depth of investigation and is generally used to evaluate large 
geologic structures. 

In conducting a VLF survey, VLF readings should be acquired with the instrument 
oriented perpendicular to a straight line from the site to the transmitter antennas.  
This orientation is necessary to ensure optimum data quality.  All readings from a 
particular VLF station must be obtained with the instrument oriented in the same 
direction. 

For an EM induction survey, a regular pattern of survey stations will provide 
coverage of the area in question.  Typically, use of a grid spacing which is approx-
imately equal to the size of the target sought by the survey, and coil spacing with a 
maximum response for the depth of interest will produce satisfactory results.  
Specific needs for local detail, however, may require a refined coverage.  The chosen 
spacing should always be site and target specific. 

In conducting an EM survey, the field operator must avoid or note any potential 
sources of anomalous (noise) conductivity values such as power lines, buildings, 
fences, buried pipelines or any other large metal objects.  Noise sources should be 
noted on the profiles or contour maps accounting for anomalies due to these known 
sources. 

Important information that should be known for planning and before conducting an 
EM conductivity survey are: assumed hydrogeologic characteristics of the site, 
potential source locations and migration paths, characteristics of the hazardous 
substance of interest, and depths of interest.  The level of detail necessary (size of 
object of interest and detail of resolution) determines the number of lines and station 
spacings of readings required. 

EM data, if not recorded on a strip chart or digital recording instrument, should be 
recorded on standardized data sheets.  At a minimum all data (strip chart, digital 
disks, or standard forms) should have the following information listed: 

� Project/site location identification 
� Company 
� Date and time 
� Operators name 
� Instrument make, model 
� Coil spacings and configuration 
� Line and station numbers 
� Instrument reading scales 
� Weather conditions/temperature 
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E. Interpretation 
 1. Data Analysis 

In general, electromagnetic survey data require relatively little processing before 
they can be interpreted.  This is especially true for fixed coil spacing surveys because 
the data are recorded in units of conductivity; preliminary interpretations are made 
by comparison of conductivity values.  A contour map can be prepared from the 
data and compared with results of other surveys.  EM instruments also can be used 
for vertical soundings similar to resistivity sounding.  Vertical sounding with EM 
equipment, however, has lower resolution than that performed with the resistivity 
technique.  As a result, EM data are generally more useful for continuous profiling 
surveys. 

VLF instruments do not read directly in units of conductivity.  The in-phase 
measurement (the tilt of primary induced field) is read in terms of the tangent to the 
angle of tilt and is given as a percentage.  Quadrature measurements, which are the 
ratios of voltage required to equalize the primary to secondary signal strengths, are 
also given as percentages.  For field interpretation these two sets of data can be 
plotted in profile form, percentage versus distance.  Greenhouse and Slaine (1983) 
describe a simple mathematical conversion so that VLF data can be presented in 
contour format and compared to other available data such as resistivity and 
magnetics.  Digital data acquisition systems are now available that allow calculation 
of conductivity. 

 2. Presentation of Results 
Results of an EM conductivity survey can be presented in profile and/or contour 
map form.  The orientation of the traverses should be indicated on profiles in lines of 
coverage on contour maps.  Locations of observed surface metal and other cultural 
features such as topography, buildings, fences, power lines etc. should be noted on 
both the profiles and the contour maps. 

 3. Interpretation 
EM conductivity data can be analyzed qualitatively and quantitatively.  Generally, 
profiling data are presented as a contour map or profiles.  Profile lines should be 
stacked and aligned.  A qualitative analysis of the contour map or aligned profiles 
usually can allow an interpreter to identify any conductivity trends that may be 
indicative of buried metal, groundwater flow and contaminant transport.  A 
comparison of available geologic data, cultural ferrous metal and debris maps 
prepared during data acquisitions should be made to evaluate the causes of any 
conductivity trends observed. 

Computer or chart comparisons of EM sounding data with available theoretical 
models can be made.  This type of interpretation is similar to that used in electrical 
resistivity, but in EM sounding it is limited to relatively simple hydrogeologic 
conditions. 
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F. Advantages and Limitations 
Advantages of the electromagnetic induction method include: 

� No ground contact required 
� Rapid data acquisition (faster than resistivity) 
� Lightweight, one or two man operation 
� Wide range of applications 
� High lateral resolution 
� Field interpretation possible 

Limitations of the electromagnetic induction method include: 

� Limited dynamic range l-1,000 milliohm/meter 

� Susceptible to effects of man-made structures, utilities, etc. 

� Less vertical resolution than resistivity 

� Limited penetration 

� Does not distinguish even simple layering without more complex application 
and interpretation 

� Setting and maintaining instrument at zero 

VI. Quality Assurance Records 
Field data will be recorded in log books and/or data recording sheets accompanying 
the monitoring equipment.  Data recorded in a field log book will be entered with 
the following data: date, site location, Contract Task Order number, personnel 
conducting the investigation, time (military time), start time and end time, weather. 
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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: 

Company Name and 
Address 

Contact Name 
and Phone 

Number 

Equipment1 Other Services2

1 2 3 4 5 A B C

US Radar, Inc.* 
PO Box 319 
Matawan, NJ 07747 

Ron LaBarca 

732-566-2035 

� � �� � � � � �

Utilities Search, Inc.* Jim Davis  

703-369-5758 

�� � � � �� �� �� ��

So Deep, Inc.* 
8397 Euclid Avenue 
Manassas Park, VA 20111 

703-361-6005 �� � � � � �� �� ��

Accurate Locating, Inc. 
1327 Ashton Rd., Suite 101 
Hanover, MD 21076 

Ken Shipley  

410-850-0280 

�� �� � � � � � �

NAEVA Geophysics, Inc. 
P.O. Box 7325   
Charlottesville, VA 22906 

Alan
Mazurowski 

434-978-3187 

�� �� �� �� �� �� �� ��

Earth Resources 
Technology. Inc.              
8106 Stayton Rd.           
Jessup, MD 20794 

Peter Li 

240-554-0161 

�� �� �� �� �� �� �� �

Geophex, Ltd                        
605 Mercury Street 
Raleigh, NC 27603 

I. J. Won 

919-839-8515 

�� �� �� �� �� �� �� ��

� � � � � � � �

Utility Location_General.doc 
Revised 1/15/08 12 



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 

Shallow Soil Sampling 

I. Purpose 
To provide general guidelines for the collection and handling of surface soil samples 
during field operations. 

II. Scope 
The method described for surface soil sampling is applicable for loosely packed 
earth and is used to collect disturbed-soil samples. 

III. Equipment and Materials 
� Sample jars. 

� A hand auger or other device that can be used to remove the soil from the 
ground.  Only stainless steel, Teflon, or glass materials should be used.  The only 
exception is split spoons, which are most commonly available in carbon steel;  
these are acceptable for use only if they are not rusty. 

� A stainless steel spatula should be used to remove material from the sampling 
device. 

� Unpainted wooden stakes or pin flags 

� Fiberglass measuring tape (at least 200 feet in length) 

� GPS Unit (if available) 

IV. Procedures and Guidelines 
A. Wear protective gear, as specified in the Health and Safety Plan. 

B. To locate samples, identify the correct location using the pin flags or stakes.  
Proceed to collect a sample from the undisturbed soil adjacent to the marker 
following steps C and D.  If markers are not present, the following 
procedures will be used. 

1. For samples on a grid: 

a. Use measuring tape to locate each sampling point on the first grid line 
as prescribed in the sampling plan.  As each point is located, drive a 
numbered stake in the ground and record its location on the site map 
and in the logbook. 
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b. Proceed to sample the points on the grid line. 

c. Measure to location where next grid line is to start and stake first 
sample.  For subsequent samples on the line take two orthogonal 
measurements: one to the previous grid line, and one to the previous 
sample on the same grid line. 

d. Proceed to sample the points on the grid line as described in Section C 
below. 

e. Repeat 1c and 1d above until all samples are collected from the area. 

f. Or, a GPS unit can be used to identify each location based on map 
coordinated, if available. 

2. For non-grid samples:  

a. Use steel measuring tape to position sampling point at location 
described in the sampling plan by taking two measurements from 
fixed landmarks (e.g., corner of house and fence post). 

b. Note measurements, landmarks, and sampling point on a sketch in 
the field notebook, and on a site location map. 

c. Proceed to sample as described in Section C below. 

d. Repeat 2a through 2c above until all samples are collected from the 
area. 

e. Or, a GPS unit can be used to identify each location based on map 
coordinated, if available. 

C. To the extent possible, differentiate between fill and natural soil.  If both are 
encountered at a boring location, sample both as prescribed in the field 
sampling plan.  Do not locate samples in debris, tree roots, or standing water.  
In residential areas, do not sample in areas where residents’ activities may 
impact the sample (e.g., barbecue areas, beneath eaves of roofs, driveways, 
garbage areas).  If an obstacle prevents sampling at a measured grid point, 
move as close as possible, but up to a distance of one half the grid spacing in 
any direction to locate an appropriate sample.  If an appropriate location 
cannot be found, consult with the Field Team Leader (FTL).  If the FTL 
concurs, the sampling point will be deleted from the program.  The FTL will 
contact the CH2M HILL project manager (PM) immediately.  The PM and 
Navy Technical Representative (NTR) will discuss whether the point should 
be deleted from the program.  If it is deleted, the PM will follow-up with the 
NTR in writing. 

D. To collect samples: 

1. Use a decontaminated stainless steel scoop/trowel to scrape away surficial 
organic material (grass, leaves, etc.) adjacent to the stake.  New disposable 
scoops or trowels may also be used to reduce the need for equipment blanks. 
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2. If sampling: 

a. Surface soil: Obtain soil sample by scooping soil using the augering 
scoop/trowel, starting from the surface and digging down to a depth 
of about 6 inches, or the depth specified in the workplan. 

b. Subsurface soil: Obtain the subsurface soil sample using an auger 
down to the depths prescribed in the field sampling plan. 

3. Take a photoionizaton detector (PID) reading of the sampled soil if organics 
are anticipated to be present and record the response in the field notebook.  
Also record lithologic description and any pertinent observations (such as 
discoloration) in the logbook. 

4. Empty the contents of the scoop/trowel into a decontaminated stainless steel 
pan. 

5. Repeat this procedure until sufficient soil is collected to meet volume 
requirements. 

6. For TCL VOC and field GC aliquots, fill sample jars directly with the trowel/ 
scoop and cap immediately upon filling.  DO NOT HOMOGENIZE. 

7. For TCL pesticides/PCBs and SVOCs, TAL metals, and field XRF aliquots, 
homogenize cuttings in the pan using a decontaminated stainless steel utensil 
in accordance with SOP Decontamination of Drilling Rigs and Equipment. 

8. Transfer sample for analysis into appropriate containers with a decon-
taminated utensil. 

9. Backfill the hole with soil removed from the borehole.  To the extent possible, 
replace topsoil and grass and attempt to return appearance of sampling area 
to its pre-sampled condition.  For samples in non-residential, unmowed 
areas, mark the sample number on the stake and leave stake in place.  In 
mowed areas, remove stake. 

V. Attachments 
None. 

VI. Key Checks and Items 
� Use phthalate-free latex or surgical gloves and other personal protective 

equipment. 
� Transfer volatiles first, avoid mixing. 
� Decontaminate utensils before reuse, or use dedicated, disposable utensils. 
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STANDARD OPERATING PROCEDURE 

Surface Water Sampling 

I. Purpose and Scope 
This procedure presents the techniques used in collecting surface water samples. 
Materials, equipment, and procedures may vary; refer to the Field Sampling Plan 
and operators manuals for specific details. 

II. Materials and Equipment 
Materials and equipment vary depending on type of sampling; the Field Sampling 
Plan should be consulted for project-specific details. Typical equipment required 
includes: 

� Open tube sampler 
� Dip sampler 
� Weighted bottle sampler 
� Hand pump 
� Kemmerer or Van Dorn sampler 
� Depth-integrating sampler 
� Peristaltic pump 
� Sample containers 
� Meters for specific conductance, temperature, pH, and dissolved oxygen 

III. Procedures and Guidelines 
Before surface water samples are taken, all sampler assemblies and sample 
containers are cleaned and decontaminated as described in SOP Decontamination of 
Personnel and Equipment. Surface water samples collected from water bodies tidally 
influenced should be collected at low tide and under low flow conditions to 
minimize the dilution of potential contaminants.  Methods for surface water sample 
collection are described below. 

A. Manual Sampling 

Surface water samples are collected manually by submerging a clean glass, stainless 
steel, or Teflon container into the water body.  Samples may be collected at depth 
with a covered bottle that can be removed with a tripline.  The most common 
sampler types are beakers, sealable bottles and jars, pond samplers, and weighted 
bottle samplers.  Pond samplers have a fixed or telescoping pole attached to the 
sample container.  Weighted bottle samplers are lowered below water surface, where 
the attached bottle is opened, allowed to fill, and pulled out of the water.  When 
retrieved, the bottle is tightly capped and removed from the sampler assembly.  
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Specific types of weighted bottle samplers include dissolved oxygen, Kemmerer, or 
Van Dorn, and are acceptable in most instances. 

A sample is taken with the following specific steps: 

1. The location and desired depth for water sampling are selected. 

2.  The sample site is approached from downstream in a manner that avoids 
disturbance of bottom sediments as much as possible.  The sample bottle is 
gently submerged with the mouth pointed upstream and the bottle tilted 
slightly downstream.  Bubbles and floating materials should be prevented 
from entering the bottle.  If using a Peristaltic pump, lower the tubing into 
the water to the desired depth. 

3. For weighted bottle samplers, the assembly is slowly lowered to the desired 
depth.  The bottle stopper is unseated with a sharp tug and the bottle is 
allowed to fill until bubbles stop rising to the surface. 

4. When the bottle is full, it is gently removed from the water.  If sample 
transfer is required, it should be performed at this time. 

5. Measure dissolved oxygen, specific conductance, temperature, and pH at the 
sampling location. 

IV. Attachments 
 None. 

V. Key Checks and Items 
� Start downstream, work upstream 
� Log exact locations using permanent features 
� Beware of hidden hazards 
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STANDARD OPERATING PROCEDURE 

Sediment Sampling 

I. Purpose 
These general outlines describe the collection and handling of sediment samples 
during field operations. 

II. Scope 
The sediment sampling procedures generally describe the equipment and techniques 
needed to collect representative sediment samples. Operators manual , if available, 
should be consulted for specific details  

III. Equipment and Materials 
� Sample collection device (hand corer, scoop, dredge, grab sampler, or other 

suitable device) 

� Stainless steel spoon or spatula for media transfer 

� Measuring tape 

� Log book 

� Personal protection equipment (rubber or latex gloves, boots, hip waders, etc.) 

� Materials for classifying soils, particularly the percentage of fines 

� Sample jars, including jars for Total Organic Carbon and pH, as appropriate 

IV. Procedures and Guidelines 
1. Field personnel will start downstream and work upstream to prevent 

contamination of unsampled areas. In surface water bodies that are tidally 
influenced, sampling will be performed at low tide and under low flow 
conditions to minimize the dilution of possible contaminants.  Sediment 
sampling activities will not occur immediately after periods of heavy rainfall. 

2. Make a sketch of the sample area that shows important nearby river features 
and permanent structures that can be used to locate the sample points on a 
map.  Whenever possible, include measured distances from such identifying 
features.  Also include depth and width of waterway, rate of flow, type and 
consistency of sediment, and point and depth of sample removal (along 
shore, mid-channel, etc). 
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3. Note in the field book any possible outside sources of contamination.  For 
example, the outlet to a drainage culvert in the water body near your 
sampling location. 

4. Transfer sample into appropriate sample jars with a stainless steel utensil. Be 
especially careful to avoid the loss of the very fine clay/silt particles when 
collecting the sample. The fine particles have a higher adsorption capacity 
than larger particles.  Minimize the amount of water that is collected within 
the sample matrix. Decant the water off of the sample slowly and carefully to 
maximize retention of the very fine particles. The sampler's fingers should 
never touch the sediment since gloves may introduce organic interference 
into the sample. Classify the soil type of the sample using the Unified Soil 
Classification System, noting particularly the percentage of silt and clay. 

5. Samples for volatile organics should immediately be placed in jars.  Rocks 
and other debris should be removed before placement in jars. 

6. For channel sampling, be on the alert for submerged hazards (rocks, tree 
roots, drop-offs, loss silt and muck) which can make wading difficult. 

7. Sample sediment for TOC and pH also, to give context to organic and 
inorganic data during the risk assessment. 

8. Follow the site safety plan designed for the specific nature of the site's 
sampling activities and locations. 

9. Decontaminate all sampling implements and protective clothing according to 
prescribed procedures. 

V. Attachments 
None. 

VI. Key Checks and Items 
� Start downstream, work upstream. 
� Log exact locations using permanent features. 
� Beware of hidden hazards. 

 



 

STANDARD OPERATING PROCEDURE 

Direct-Push Soil Sample Collection 

I. Purpose 
To provide a general guideline for the collection of soil samples using direct-push 
(e.g., Geoprobe�) sampling methods. 

II. Scope 
Standard direct-push (e.g., Geoprobe�) soil sampling methods. 

III. Equipment and Materials 
� Truck-mounted hydraulic percussion hammer. 
� Sampling rods 
� Sampling tubes and acetate liners 
� Pre-cleaned sample containers and stainless-steel sampling implements 
� Clean latex or surgical gloves. 

IV. Procedures and Guidelines 
	
 Decontaminate sampling tubes and other non-dedicated downhole equipment 

in accordance with SOP Decontamination of Personnel and Equipment. 

�
 Drive sampling tube to the desired sampling depth using the truck-mounted 
hydraulic percussion hammer. If soil above the desired depth is not to be 
sampled, first drive the lead rod, without a sampling tube, to the top of the 
desired depth. 

�
 Remove the rods and sampling tube from the borehole and remove the sample 
from the tube. 

�
 Fill all sample containers, beginning with the containers for VOC analysis, using 
a decontaminated or dedicated sampling implement. 


 Decontaminate all non-dedicated downhole equipment (rods, sampling tubes, 
etc.) in accordance with SOP Decontamination of Personnel and Equipment. 

�
 Backfill borehole at each sampling location with grout or bentonite and repair 
the surface with like material (bentonite, asphalt patch, concrete, etc.), as 
required. 
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V.  Key Checks and Items 
	
 Verify that the hydraulic percussion hammer is clean and in proper working 

order. 

�
 Ensure that the direct-push operator thoroughly completes the decontamination 
process between sampling locations. 

�
 Verify that the borehole made during sampling activities has been properly 
backfilled. 
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STANDARD OPERATING PROCEDURE 

Soil Sampling for VOCs Using the EnCore®

Sampler

I. Purpose and Scope 
The purpose of this procedure is to provide guidelines for obtaining samples of surface and 
subsurface soils using the EnCore® Sampler. 

II. Equipment and Materials 
� The EnCore® Sampler 5g or 25g versions 

� Reusable T-handle with a plunger 

� 40 mL VOA vial  

� 2 oz wide mouth jar 

III. Procedures and Guidelines 
The sampling point is located and recorded in the field logbook.  Debris should 
be cleared from the sampling location.  The EnCore® sampler is being used to 
collect, store and deliver soil in a sealed, headspace-free state. 

A. Surface and Shallow Subsurface Sampling 

A shovel, post-hole digger, or other tool can be used to remove soil to a point 
just above the interval to be sampled.  Remove EnCore® sampler from package 
and attach handle.  Quickly collect a 5 or 25 gram sample using the EnCore® 
sampler.  Attach the cap.  Fill out a label and attach to sampler.  

Ship one EnCore® Sampler per sample location.  If low-level analyses are 
needed, two additional EnCore® samplers will be required.  The EnCore® 
sampler has to reach the lab for preservation within 48 hours.  Please refer to 
the SOP Packaging and Shipping Procedures for guidance on shipping. 

The soils removed from the borehole should be visually described in the field 
log book, including approximated depths.  

When sampling is completed, photo-ionization device (PID) readings should be 
taken directly above the hole, and the hole is then backfilled. 
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B. Split-Spoon Sampling 

Using a drilling rig, a hole is advanced to the desired depth.  For split-spoon 
sampling, the samples are then collected following the ASTM D 1586 standard 
(see SOPs for Soil Boring Drilling and Abandonment or Logging of Aoil Borings for 
this ASTM).  The sampler is lowered into the hole and driven to a depth equal to 
the total length of the sampler; typically this is 24 inches.  The sampler is driven 
in 6-inch increments using a 140-pound weight (``hammer'') dropped from a 
height of 30 inches.  The number of hammer blows for each 6-inch interval is 
counted and recorded.  To obtain enough volume of sample for subsequent 
laboratory analysis, use of a 3-inch ID sampler may be required.  Blow counts 
obtained with a 3-inch ID spoon would not conform to ASTM D 1586 and 
would therefore not be used for geotechnical evaluations. 

Once retrieved from the hole, the sampler is carefully split open.  Care should be 
taken not to allow material in the sampler to fall out of the open end of the 
sampler.  To collect the sample, the surface of the sample should be removed 
with an empty EnCore® Sampler.  Samples collected for volatiles analysis 
should be placed directly into the sample containers from the desired depth in 
the split spoon.  

Split-spoon samples also will be collected using a tripod rig.  When using a 
tripod rig the soil samples are collected using an assembly similar to that used 
by the drilling rig. 

IV. Attachments 
None 

V. Key Checks and Preventative Maintenance 
Check that sample collection is swift to avoid loss of volatile organics during sampling.   



STANDARD OPERATING PROCEDURE 

Soil Boring Drilling and Abandonment 

I. Purpose and Scope 
The purpose of this guideline is to describe methods to obtain samples of subsurface soil 
using either hollow-stem auger, rotary or sonic drilling methods, or tripod-mounted rig 
and then backfill boreholes to the surface. The guideline covers both split-spoon 
sampling and thin-walled tube sampling and includes soil borings through surface 
casings installed to prevent potential contamination in shallow water-bearing units 
from migrating downward into deeper units.  

II. Equipment and Materials 
� Truck-mounted drilling rig, skid rig, or tripod rig 
� Hollow-stem augers and associated equipment or either rotary-drilling or sonic-

drilling equipment 
� Steel or Schedule 80 PVC casing, at least 6.25-inch inside diameter (if surface casing 

is required) 
� Split-spoon or thin-walled tube samplers  
� Downhole compacting tool (e.g., a pipe with a flat plate attached to the bottom) 
� Cement 
� Bentonite  

III. Procedures and Guidelines 

A. Drilling 
Continuous-fight hollow-stem augers (HSA) with an inside diameter of at least 3.25 
inches typically are used.  The use of water or other fluid to assist in hollow-stem 
drilling will be avoided. Rotary drilling will be with a similar minimum diameter. 

The bit of the auger or drill is placed on the ground at the location to be drilled and then 
turned with the drilling or soil-coring rig.  The drilling is advanced to a depth just above 
the top of the interval to be sampled.  For sonic drilling, a continuous core is collected 
and the sample interval is selected from the length of core run. 

While advancing the auger or drill to the full borehole depth, the soils removed from 
the boring will be screened using a portable volatile organics detector. 

A tripod drilling rig is generally a tripod equipped to collect continuous samples using a 
hammer-driven sampler.  The soil sample collection will be the same as that outlined for 
hollow-stem and rotary drilling.  Borehole collapse due to soft sediments may occur 
when collecting samples using a tripod drilling rig. 
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Temporary surface casing may be installed where soil borings will penetrate a confining 
layer. The surface casing will be installed to prevent potential contamination in shallow 
water-bearing units from migrating downward into deeper units. Typically, surface 
casing has a 6.25-inch inside diameter (ID).   

If the split-spoon sampling is to be advanced with a 3.25-inch ID and 7.25-inch outside 
diameter (O.D.) HSA, it will be necessary to pull the 3.25-inch augers and ream the hole 
with a minimum 10.25-inch ID HSA.  Alternatively, if the split-spoon sampling is 
advanced with mud-rotary drilling, it would require a 10.25-inch rotary bit to make 
room for the 6.25-inch I.D. surface casing. 

The surface casing will be seated at least 5 feet into an underlying clay or silt layer and 
will be sealed in place using a bentonite slurry or bentonite pellets. This seal will 
prevent movement of groundwater downward from the shallow water-bearing unit but 
will allow the casing to be removed easily when the split-spoon sampling is completed. 
 The split-spoon sampling will then be advanced with 6-inch mud-rotary. 

B. Sampling 
Using a drilling rig, a hole is advanced to the desired depth.  For split-spoon sampling, 
the samples are then collected following the ASTM D 1586 standard (attached).  The 
sampler is lowered into the hole and driven to a depth equal to the total length of the 
sampler; typically this is 24 inches.  The sampler is driven in 6-inch increments using a 
140-pound weight (``hammer'') dropped from a height of 30 inches.  The number of 
hammer blows for each 6-inch interval is counted and recorded.  To obtain enough 
volume of sample for subsequent laboratory analysis, use of a 3-inch ID sampler may be 
required.  Blow counts obtained with a 3-inch ID spoon would not conform to ASTM D 
1586 and would therefore not be used for geotechnical evaluations. Samples will be 
collected from the soil borings at 2-foot to 5-foot intervals. For sonic drilling, a 
continuous core is collected and the sample interval is selected from the length of core 
run. 

Once retrieved from the hole, the sampler is carefully split open.  Care should be taken 
not to allow material in the sampler to fall out of the open end of the sampler. Samples 
may be collected for chemical analysis. These samples are collected in either 
decontaminated stainless-steel split-spoon samplers or new plastic sleeves (or metal 
trough for sonic drilling). Sampling the soil for chemical analysis is described in SOP 
Soil Boring Sampling – Split Spoon.  

Undisturbed samples may be collected for analysis for geotechnical parameters such as 
vertical hydraulic conductivity. These samples will be collected using thin-walled 
sampling tubes (sometimes called Shelby tubes). Tubes will be 24- to 36 inches long and 
3- to 4-inches in diameter, depending upon the quantity of sample required. 
Undisturbed samples will be obtained by smoothly pressing the sampling tube through 
the interval to be sampled using the weight of the drilling rig. Jerking the sample should 
be avoided. Once the sample is brought to the surface, the ends will be sealed with bees 
wax and then sealed with end caps and heavy tape. The sample designation, data and 
time of sampling, and the up direction will be noted on the sampling tube. The tube 
shall be kept upright as much as possible and will be protected from freezing, which 
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could disrupt the undisturbed nature of the sample. Samples for analysis normally are 
not collected from thin-walled tube samples. More details are provided in the ASTM D 
1587 standard (attached).    

C. Abandonment 
The borehole will be grouted from total depth to the surface with bentonite-cement 
grout. The cement-bentonite grout will be installed continuously in one operation from 
the bottom of the space to be grouted to the ground surface.  When installing grout in 
soil borings, the grout will be installed through a tremie pipe that is placed inside the 
augers or to the bottom of the borehole. The grouting will be completed before the 
augers or any temporary casing or drilling mud is removed. 

D. Decontamination and Waste Disposal 
Before sampling begins, equipment will be decontaminated according to the procedures 
identified in SOPs Decontamination of Personnel and Equipment and Decontamination of 
Drilling Rig and Equipment. The location to be sampled is cleared of debris and trash, and 
the location is noted in the logbook. 

The soil cuttings are to be drummed and managed as described in SOP Disposal of Waste 
Fluids and Soils and the investigation-derived waste management plan. 

IV. Attachments 
ASTM D 1586 Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils 

ASTM D 1587 Standard Practice for Thin-Walled Tube Sampling of Soils 

V. Key Checks and Preventative Maintenance 
� Check that the drilling rig or soil-coring rig is in working order.   

� Check that the borehole is grouted to the ground surface at the completion of 
drilling and sampling. 
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STANDARD OPERATING PROCEDURE 

Installation of Shallow Monitoring Wells 

I. Purpose and Scope 
The purpose of this guideline is to describe methods for drilling and installation of 
shallow monitoring wells and piezometers in unconsolidated or poorly consolidated 
materials using hollow stem augers or mud rotary. Installing monitoring wells in 
unconsolidated materials using sonic drilling is discussed in SOP Installation of 
Monitoring Wells Using Sonic Drilling. Methods for drilling and installing bedrock 
monitoring wells and deep, surface-cased wells in unconsolidated materials are 
presented in SOPs Installation of Bedrock Monitoring Wells and Installation of Surface-
Cased Monitoring Wells, respectively. 

II. Equipment and Materials 
Drilling 

� Drilling  rig (hollow stem auger or mud rotary) and associated tools and 
equipment 

 

Well Riser/Screen and Associated Materials 

� Polyvinyl chloride (PVC), Schedule 40, minimum 2-inch ID, flush-threaded 
riser; alternatively, stainless-steel riser  

� PVC, Schedule 40, minimum 2-inch ID, flush-threaded, factory slotted screen; 
alternatively, stainless-steel screen 

� PVC bottom cap, threaded to match the well screen; alternatively, stainless steel 
� PVC or stainless-steel centering guides (if used) 
� Above-grade well completion:  PVC well cap, threaded or push-on type, vented 
� Flush-mount well completion: PVC well cap, locking, leak-proof seal 
� Stainless steel to be used as appropriate 

Sand 

� Clean silica sand, provided in factory-sealed bags, well-rounded, containing no 
organic material, anhydrite, gypsum, mica, or calcareous material; primary 
(coarse) filter pack, and secondary (fine) filter pack.  Grain size determined 
based on sediments observed during drilling.  

 

 

Bentonite 
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� Pure, additive-free bentonite pellets or chips 

� Pure, additive-free powdered bentonite 

� Coated bentonite pellets; coating must biodegrade within 7 days 

� Cement-Bentonite Grout: proportion of 6 to 8 gallons of water per 94-pound bag 
of Portland cement; 3 to 6 pounds of bentonite added per bag of cement to 
reduce shrinkage 

Protective Casing 

� Above-grade well completion:  6-inch minimum ID steel pipe with locking 
cover, diameter at least 2 inches greater than the well casing, painted with epoxy 
paint for rust protection; heavy duty lock; protective posts if appropriate 

� Flush-mount well completion:  Morrison 9-inch or 12-inch 519 manhole cover, or 
equivalent; rubber seal to prevent leakage; locking cover inside of road box 

Well Development 

� Surge block 

� Well-development pump and associated equipment 

� Calibrated meters to ensure pH, temperature, specific conductance, ORP, and 
dissolved oxygen of development water 

� Containers (e.g., DOT-approved 55-gallon drums) for water produced from 
well. 

III. Procedures and Guidelines 
A. Drilling Method 

Typically, continuous-flight hollow-stem augers with a minimum 4.25-inch 
inside diameter (ID) will be used to drill shallow monitoring well boreholes. 
Alternatively, mud rotary may be used.   

The bit of the auger is placed at the ground surface and then turned with the 
drilling rig.  To collect split spoon samples, the auger is advanced to the top 
of the sampling depth, and the split-spoon sample is collected from below the 
auger head.  The split spoon is advanced through repeated blows from a 140- 
or 300-pound hammer dropped from a height of 30 inches. Thin-walled tube 
samplers are advanced by pressing down on the rods with the weight of the 
drilling rig. Split-spoon samples will be collected at selected intervals for 
chemical analysis and/or lithologic classification.  Soil sampling procedures 
are detailed in SOPs Soil Boring Sampling – Split Spoons and Soil Sampling. 

The use of water to assist in hollow-stem auger drilling for monitoring well 
installation will be avoided, unless required for such conditions as running 
sands. 
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Hollow-stem augers, drilling bits, rods, split-spoon samplers, and other 
downhole drilling tools will be properly decontaminated prior to the 
initiation of drilling activities and between each borehole location.  Split-
spoon samplers and other downhole soil sampling equipment will also be 
properly decontaminated before and after each use.  SOP Decontamination of 
Drill Rigs and Equipment details proper decontamination procedures. 

Drill cuttings and decontamination fluids generated during well drilling 
activities will be contained according to the procedures detailed in the SOP 
Disposal of Waste Fluids and Solids and the Investigation Derived Waste 
Management Plan (IDWMP). 

Mud rotary or other rotary drilling may be used instead of hollow-stem 
augers. The use of added mud should be kept to a minimum.  

B. Monitoring-Well Installation 

Shallow monitoring wells will be constructed inside the hollow-stem augers, 
once the borehole has been advanced to the desired depth, or in the mudded 
borehole once the drilling rods have been withdrawn.  If the borehole has 
been drilled to a depth greater than that at which the well is to be set, the 
borehole will be backfilled with bentonite pellets or chips or a bentonite-
cement slurry to a depth approximately 1 foot below the intended well 
depth.  Approximately 1 foot of clean sand will be placed on top of the 
bentonite to return the borehole to the proper depth for well installation. 

The appropriate lengths of well screen, nominally 10 feet (with bottom cap), 
and casing will be joined watertight and lowered inside the augers to the 
bottom of the borehole. Centering guides, if used, will be placed at the 
bottom of the screen and above the interval in which the bentonite seal is 
placed.  

Selection of the filter pack and well screen intervals for the shallow 
monitoring wells shall be made in the field.   

A primary sand pack (nominally Morie #2) consisting of clean silica sand will 
be placed around the well screen.  The sand will be placed into the borehole 
at a uniform rate, in a manner that will allow even placement of the sand 
pack.  The augers will be raised gradually during sand pack installation to 
avoid caving of the borehole wall; at no time will the augers be raised higher 
than the top of the sand pack during installation.  During placement of the 
sand, the position of the top of the sand will be continuously sounded.  The 
primary sand pack will be extended from the bottom of the borehole to a 
minimum height of 2 feet above the top of the well screen.  A secondary, 
finer-grained (e.g., Morie #00), sand pack will be installed for a minimum of 
1 foot above the coarse sand pack.  Heights of the coarse and fine sand packs 
and bentonite seal may be modified in the field to account for a shallow 
water table and a small saturated thickness of the surficial aquifer. 
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A bentonite seal at least 2 feet thick will be placed above the sand pack. The 
seal will be placed into the borehole in a manner that will prevent bridging.  
The position of the top of the bentonite seal will be verified using a weighted 
tape measure.  If all or a portion of the bentonite seal is above the water table, 
clean water will be added to hydrate the bentonite.  A hydration period of at 
least 30 minutes will be required following installation of the bentonite seal. 

Above the bentonite seal, an annular seal of cement-bentonite grout will be 
placed.  The cement-bentonite grout will be installed continuously in one 
operation from the bottom of the space to be grouted to the ground surface 
through a tremie pipe.  The tremie pipe must be plugged at the bottom and 
have small openings along the sides of the bottom 1-foot length of pipe.  This 
will allow the grout to diffuse laterally into the borehole and not disturb the 
bentonite pellet seal. 

C. Well Completion 

For monitoring wells that will be completed above-grade, a locking steel 
protective casing set in a concrete pad will be installed.  The steel protective 
casing will extend at least 3 feet into the ground and 2 feet above ground but 
should not penetrate the bentonite seal.  The concrete pad will be square, 
approximately 3 feet on a side, and poured into wooden forms.  The concrete 
will be sloped away from the protective casing.   

Guard posts may be installed in high-traffic areas for additional protection.  
Four steel guard posts will be installed around the protective casing.  Guard 
posts will be concrete-filled, at least 3 inches in diameter, and will extend at 
least 2 feet into the ground and 3 feet above the ground.  The protective 
casing and guard posts will be painted with an epoxy paint to prevent rust. 

For monitoring wells with flush-mount completions, Morrison 9-inch or 
12-inch 519 manhole cover or equivalent, with a rubber-sealed cover and 
drain will be installed.  The top of the manhole cover will be positioned 
approximately 1 inch above grade.  A square concrete pad, approximately 2 
to 3 feet per side, will be installed as a concrete collar surrounding the road 
box cover, and will slope uniformly downward to the adjacent grade.  The 
road box and installation thereof will be of sufficient strength to withstand 
normal vehicular traffic. 

Concrete pads installed at all wells will be a minimum of 6 inches below 
grade. The concrete pad will be 12 inches thick at the center and taper to 
6-inch thick at the edge. The surface of the pad should slope away from the 
protective casing to prevent water from pooling around the casing. Protective 
casing, guard posts, and flush mounts will be installed into this concrete.   

Each well will be properly labeled on the exterior of the locking cap or 
protective casing with a metal stamp indicating the permanent well number. 
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D. Well Development 

Well development will be accomplished using a combination of surging 
throughout the well screen and pumping, until the physical and chemical 
parameters of the discharge water that are measured in the field have 
stabilized and the turbidity of the discharge water is substantially reduced.  
Fine-grained materials in the surficial aquifer at the site may not allow low 
turbidity results to be achieved. 

The surging apparatus will include a surge block.  Well development will 
begin by surging the well screen, starting at the bottom of the screen and 
proceeding upwards, throughout the screened zone.  Following surging, the 
well will be pumped to remove the fine materials that have been drawn into 
the well.  During pumping, measurements of pH, temperature, and specific 
conductance will be recorded. 

Development will continue by alternately surging and pumping until the 
discharge water is free from sand and silt, the turbidity is substantially 
reduced, and the pH, temperature, and specific conductance have stabilized 
at regional background levels, based on historical data.  Development will 
continue for a minimum of 30 minutes and until the water removed from the 
well is as clear of turbidity as practicable. 

Well development equipment will be decontaminated prior to initial use and 
after the development of each well.  Decontamination procedures are 
detailed in SOP Decontamination of Personnel and Equipment.  Water generated 
during well development will be contained and managed as detailed in the 
SOP Disposal of Waste Fluids and Solids and the Investigation Derived Waste 
Management Plan. 

IV. Attachments 
Schematic diagram of shallow monitoring-well construction 



STANDARD OPERATING PROCEDURE 

Multi RAE Photoionization Detector (PID) 

I. Purpose 
The purpose of this SOP is to provide general reference information for using the 
Multi RAE PID in the field.  Calibration and operation, along with field maintenance, 
will be included in this SOP. 

II. Scope 
This procedure provides information into the field operation and general 
maintenance of the Multi RAE PID.  Review of the information contained herein will 
ensure that this type of field monitoring equipment will be properly utilized.  
Review of the owner’s instruction manuals is a necessity for more detailed 
descriptions. 

III. Definitions 
Carbon Monoxide Sensor (CO) - Expresses the Carbon Monoxide concentration in 
parts per million (ppm). 

Volatile Organic Compound (VOC) – Expresses the VOC concentration in parts per 
million (ppm) 

Lower Explosive Limit (LEL) - Combustible gas is expressed as a percent of the 
lower explosive limit. 

Hydrogen Sulfide Sensor (H2S) - Expresses the Hydrogen Sulfide concentration in 
parts per million (ppm). 

Oxygen Sensor (OXY) - Expresses the Oxygen concentration as a percentage. 

ppm - parts per million: parts of vapor or gas per million parts of air by volume. 

IV. Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project-
specific plans are in accordance with these procedures, where applicable, or that 
other approved procedures are developed.  The Project Manager is responsible for 
selecting qualified individuals for the monitoring activities. 

Health and Safety Coordinator - The Health and Safety Coordinator is responsible 
for developing a site-specific Health and Safety Plan (HASP) which specifies air 
monitoring requirements. 
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Field Team Leader - It is the responsibility of the Field Team Leader to implement 
these procedures in the field, and to ensure that the field team performing air 
monitoring activities have been briefed and trained to execute these procedures 
before the start of site operations. 

Safety Coordinator-Hazard Worker (SC-HW)- The SC-HW is responsible for 
ensuring that the specified air monitoring equipment is on site, calibrated, and used 
correctly by the field personnel.  The SC-HW will coordinate these activities with the 
Field Team Leader if the SC-HW is not the Field Team Leader as well. 

Field team - It is the responsibility of the field team to follow these procedures or to 
follow documented project-specific procedures as directed by the Field Team 
Leader/ Safety Coordinator-Hazard Worker.  The field personnel are responsible for 
documenting all air monitoring results in the field logbook during each field 
investigation. 

V. Procedures 
The Multi RAE utilizes the principle of detecting sensors.  The PID operates on the 
principle that most organic compounds and some inorganic compounds are be 
ionized when they are bombarded by high-energy ultraviolet light. These 
compounds absorb the energy of the light, which excites the molecule and results in 
a loss of electron and the formation of a positively charged ion. The number of ions 
formed and the ion current produced is directly proportional to mass and 
concentration. The amount of energy required to displace an electron is called 
ionization potential (IP). The air sample is drawn into a UV lamp using a pump or a 
fan. The energy of the lamp determines whether a particular chemical will be 
ionized. Each chemical compound has a unique ionizing potential. When the UV 
light energy is greater than the ionization potential of the chemical, ionization will 
occur. When the sample is ionized, the electrical signal is displayed on an analog or 
digital output. Although the output does not distinguish between chemicals, it does 
detect an increase in the ion current. If only one chemical is present in the air, it is 
possible to use PIDs quantitatively. Chemical structure and lamp intensity affects the 
sensitivity of the instrument to a given contaminant. All PID readings are relative to 
the calibration gas, usually isobutylene. It is important to calibrate the PID in the 
same temperature and elevation that the equipment will be used, and to determine 
the background concentrations in the field before taking measurements. For 
environments where background readings are high, factory zero calibration gas 
should be used. 

The following subsections will discuss Multi RAE calibration, operation, and 
maintenance.  These sections, however, do not take the place of the instruction 
manual. 

A. Calibration 
For Multi RAE configured with O2, LEL, H2S, CO, sensors and a 10.6eV PID Lamp. 
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Start up Instrument 

� Press Mode button 

� Observe displays: 

On!…….. 
 

 
Multi RAE 
Version X.XX 

 
Model Number 
SN XXXX 

 
Date Time 
Temp 

 
Checking Sensor  
Ids…. 

 
VOC Installed 
 

 
CO Installed 
 

 
H2S Installed 
 

 
OXY Installed 
 

 
LEL Installed 
 

 
H2S VOC CO 
LEL OXY 

 
Alarm Limits= 
 

 
XX XX.X XX 
XX High XX.X 

 
XX XX.X XX 
XX Low XX.X 

 
XX XX.X XX 
 STEL 

 
XX XX.X XX 
 TWA 
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Battery = X.XV 
Shut off at 4.2V 

 
User Mode= 
 

 
Alarm Mode= 
 

 
Datalog Time Left 
 

 
Datalog Mode 
 

 
Datalog Period 
 

 
Unit ready in….. 
10 Seconds 

� The pump will start, the seconds will count down to zero, and the instrument will be 
ready for use 

Calibration Check and Adjustment 

Allow instrument to warm up for 15 minutes. 

� Depress the [N/-] key first, then while depressing the [N/-], depress the [Mode] key also 
and depress both keys for 5 seconds. 

� Display will read: 
Calibrate 
Monitor? 

� Press the [Y/+] key 

� Display will read: 
Fresh Air  
Calibration? 

� If “Zero Air” is necessary, attach the calibration adapter over the inlet port of the Multi 
RAE Monitor and connect the other end of the tube to the gas regulator (HAZCO loaner 
regulator LREG.5, RAE Systems P/N 008-3011 or suitable .5 LPM regulator) on the Zero 
Air bottle (HAZCO P/N SGZA, RAE P/N 600-0024). If no Zero Air is available, perform 
the Fresh Air Calibration in an area free of any detectable vapor. 

� Press the [Y/+] key 

� Display will read: 
Zero…. 
In progress… 
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CO Zeroed! 
Reading = X 

 
VOC Zeroed! 
Reading = X 

 
LEL Zeroed! 
Reading = X 

 
OXY Zeroed! 
Reading = X 

 
Zero Cal done! 

 H2S Zeroed! 

Reading = X 

In each of the above screens, “X” is equal to the reading of the sensor before it was zeroed. 

� Display will then read: 
Multiple Sensor 

Calibration? 

� Press the [Y/+] key 

� The display shows all of the pre-selected sensors and the “OK?” question: 
CO H2S 

LEL OK? OXY 

� Apply calibration gas – use either HAZCO Services Part Number R-SGRAE4 or Rae 
Systems Part Number 008-3002 – using a .5 LPM regulator and direct tubing. 

� Press the [Y/+] key. Display will read: 
Apply Mixed gas 

 

Calibration  

In progress …  

� The display will count down showing the number of remaining seconds: 
CO cal’ed 

Reading=50 

 

H2S cal’ed 

Reading=25 

 

LEL cal’ed 

Reading=50 

 

OXY cal’ed 

Reading=20.9 
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Calibration done 

Turn off gas! 

� Display will read: 
Single Sensor  

Calibration? 

� Press the [Y/+]. 

� Display will read: 
CO VOC H2S 

LEL pick? OXY 

� Attach 100 ppm Isobutylene (HAZCO P/N r-SGISO or Rae P/N 600-0002) using a 1.0 
LPM regulator (HAZCO P/N LR10HS or Rae P/N 008-3021). Open regulator. 

� Press the [Mode] key once, the V of VOC will be highlighted.  

� Press the [Y/+]. The display will read: 
Apply VOC Gas 

 

Calibration 

In progress… 

� The display will count down showing the number of remaining seconds:, then display: 
VOC cal’d 

Reading=100 

 

Calibration done 

Turn off gas! 

 

Single Sensor 

Calibration? 

� Press [Mode] key twice to return to main screen. 

� CALIBRATION IS COMPLETE! 

B. Operation 
Due to the Multi RAE having many functions in terms of operation, it is recom-
mended that you follow the operational procedures as outlined in the instruction 
manual from pages 9 to 14. 

C. Site Maintenance 
After each use, the meter should be recharged and the outside of the instruments 
should be wiped clean with a soft cloth. 
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D. Scheduled Maintenance 
 Function     Frequency 

 
Check alarm and settings   Monthly/before each use 

Clean screens and gaskets around sensors Monthly 

Replace sensors    Biannually or when calibration is 
       unsuccessful 

VI. Quality Assurance Records 
Quality assurance records will be maintained for each air monitoring event.  The 
following information shall be recorded in the field logbook. 

� Identification - Site name, date, location, CTO number, activity monitored, 
(surface water sampling, soil sampling, etc), serial number, time, resulting 
concentration, comments and identity of air monitoring personnel. 

� Field observations - Appearance of sampled media (if definable). 

� Additional remarks (e.g, Multi RAE had wide range fluctuations during air 
monitoring activities.) 

VII. References 
Multi RAE Plus Multiple Gas Monitor User Manual, RAE Systems, Revision B1, 
November 2003. 
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STANDARD OPERATING PROCEDURE 

Field Measurement of pH, Specific Conductance, 
Turbidity, Dissolved Oxygen, ORP, and 
Temperature Using the Horiba® U-22 with Flow-
through Cell 

I. Purpose and Scope 
The purpose of this procedure is to provide a general guideline for using the Horiba® U-
22 for field measurements of pH, specific conductance, turbidity, dissolved oxygen, 
oxidation-reduction potential (ORP), and temperature of groundwater samples.  The 
operator’s manual should be consulted for detailed operating procedures. 

II. Equipment and Materials 
 � Horiba® U-22 Water Quality Checker with flow-though cell 
 � Distilled water in squirt bottle 
 � Horiba® U-22 Auto-Calibration Standard Solution 

III. Procedures and Guidelines 
 A. Parameters and Specifications:  

Parameter Range of measurement  Accuracy 
pH 0 to 14 pH units +/- 0.1 pH units 
Specific 
conductance

0 to 9.99 S/m +/- 3 % full scale 

Turbidity 0 to 800 NTU +/- 5 % full scale 
Dissolved 
oxygen

0 to 19.99 mg/l +/- 0.2 mg/l 

Temperature 0 to 55 oC +/- 1.0 oC 
ORP -999 to +999 mV +/- 15 mV 
Salinity 0 to 4 %  +/- 0.3 % 

   

 B. Calibration:   
Prior to each day’s use, clean the probe and flow-through cell using deionized water 
and calibrate using Horiba® Standard Solution. Calibration procedure: 
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  1. Fill the calibration beaker to about 2/3 with the pH 4 standard solution. 

  2. Fit the probe into the beaker.  All the parameter sensors will now be 
immersed in the standard solution except the D.O. sensor; the D.O. 
calibration is done using atmospheric air. 

  3. Turn power on. 

4. Press CAL key to put the unit in the calibration mode. 

5. Press the ENT key to start automatic calibration.  Wait a moment, and 
the upper cursor will gradually move across the four auto-calibration 
parameters one by one: pH, COND, TURB, and DO. When the 
calibration is complete, the readout will briefly show END. The 
instrument is now calibrated. 

  6. If the unit is calibrated properly, pH will read 4.0 +/- 3%, conductivity 
will read 4.49 +/- 3%, and turbidity will read 0 +/- 3%  

 C. Sample Measurement:   
As water passes through the flow-through Cell, press MEAS to obtain reading; record in 
the field notebook. 

lV. Key Checks and Preventive Maintenance 
 � Calibrate meter 
 � Clean probe with deionized water when done 
 � Refer to operations manual for recommended maintenance 
 � Check batteries, and have a replacement set on hand 

� Due to the importance of obtaining these parameters, the field team should have 
a spare unit readily available in case of an equipment malfunction. 
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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 0.45�m 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: 

	
 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) 

�
 Sample source and source description 

�
 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 

�
 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 

Decontamination of Personnel and Equipment 

I. Purpose 
To provide general guidelines for the decontamination of personnel, sampling 
equipment, and monitoring equipment used in potentially contaminated 
environments. 

II. Scope 
This is a general description of decontamination procedures. 

III. Equipment and Materials 
� Demonstrated analyte-free, deionized (“DI”) water (specifically, ASTM Type 

II water or lab-grade DI water) 

� Distilled water 

� Potable water; must be from a municipal water supplier, otherwise an 
analysis must be run for appropriate volatile and semivolatile organic 
compounds and inorganic chemicals (e.g., Target Compound List and Target 
Analyte List chemicals) 

� 2.5% (W/W) Liquinox� (or Alconox�)and water solution 

� Concentrated (V/V) pesticide grade methanol (DO NOT USE ACETONE) 

� Large plastic pails or tubs for Liquinox�  and water, scrub brushes, squirt 
bottles for Liquinox� solution, methanol and water, plastic bags and sheets 

� DOT approved 55-gallon drum for disposal of waste 

� Phthalate-free gloves such as Nitrile 

� Decontamination pad and steam cleaner/high pressure cleaner for large 
equipment  

IV. Procedures and Guidelines 
A. PERSONNEL DECONTAMINATION 

 To be performed after completion of tasks whenever potential for 
contamination exists, and upon leaving the exclusion zone. 
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1. Wash boots in Liquinox� solution, then rinse with water.  If 
disposable latex booties are worn over boots in the work area, rinse 
with Liquinox� solution, remove, and discard into DOT-approved 
55-gallon drum. 

2. Wash outer gloves in Liquinox� solution, rinse, remove, and discard 
into DOT-approved 55-gallon drum. 

3. Remove disposable coveralls (“Tyveks”) and discard into DOT-
approved 55-gallon drum. 

4. Remove respirator (if worn). 

5. Remove inner gloves and discard. 

6. At the end of the work day, shower entire body, including hair, either 
at the work site or at home. 

7. Sanitize respirator if worn. 

B. SAMPLING EQUIPMENT DECONTAMINATION—GROUNDWATER 
SAMPLING PUMPS 

Sampling pumps are decontaminated after each use as follows. 

1. Don phthalate-free gloves. 

2. Spread plastic on the ground to keep equipment from touching the 
ground 

3. Turn off pump after sampling. Remove pump from well and remove 
and dispose of tubing.  Place pump in decontamination tube. 

4. Turn pump back on and pump 1 gallon of Liquinox� solution through 
the sampling pump. 

5. Rinse with 1 gallon of 10% methanol solution pumped through the 
pump. (DO NOT USE ACETONE). 

6. Rinse with 1 gallon of tap water. 

7. Rinse with 1 gallon of deionized water. 

8. Keep decontaminated pump in decontamination tube or remove and 
wrap in aluminum foil or clean plastic sheeting. 

9. Collect all rinsate and dispose of in a DOT-approved 55-gallon drum. 

10. Decontamination materials (e.g., plastic sheeting, tubing, etc.) that 
have come in contact with used decontamination fluids or sampling 
equipment will be disposed of in DOT-approved 55-gallon drums. 
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C. SAMPLING EQUIPMENT DECONTAMINATION—OTHER EQUIPMENT 

Reusable sampling equipment is decontaminated after each use as follows. 

1. Don phthalate-free gloves. 

2. Before entering the potentially contaminated zone, wrap soil contact 
points in aluminum foil (shiny side out). 

3. Rinse and scrub with potable water. 

4. Wash all equipment surfaces that contacted the potentially 
contaminated soil/water with Liquinox� solution. 

5. Rinse with potable water. 

6. Rinse with distilled or potable water and methanol solution (DO NOT 
USE ACETONE). 

7. Air dry. 

8. Rinse with deionized water. 

9. Completely air dry and wrap exposed areas with aluminum foil 
(shiny side out) for transport and handling if equipment will not be 
used immediately. 

10. Collect all rinsate and dispose of in a DOT-approved 55-gallon drum. 

11. Decontamination materials (e.g., plastic sheeting, tubing, etc.) that 
have come in contact with used decontamination fluids or sampling 
equipment will be disposed of in DOT-approved 55-gallon drums. 
 

D. HEALTH AND SAFETY MONITORING EQUIPMENT 
DECONTAMINATION 

1. Before use, wrap soil contact points in plastic to reduce need for 
subsequent cleaning. 

2. Wipe all surfaces that had possible contact with contaminated 
materials with a paper towel wet with Liquinox� solution, then a 
towel wet with methanol solution, and finally three times with a 
towel wet with distilled water.  Dispose of all used paper towels in a 
DOT-approved 55-gallon drum. 
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E. SAMPLE CONTAINER DECONTAMINATION 

The outsides of sample bottles or containers filled in the field may need to be 
decontaminated before being packed for shipment or handled by personnel 
without hand protection.  The procedure is: 

1. Wipe container with a paper towel dampened with Liquinox�  
solution or immerse in the solution AFTER THE CONTAINERS 
HAVE BEEN SEALED.  Repeat the above steps using potable water. 

2. Dispose of all used paper towels in a DOT-approved 55-gallon drum. 

 

F. HEAVY EQUIPMENT AND TOOLS 

Heavy equipment such as drilling rigs, drilling rods/tools, and the backhoe 
will be decontaminated upon arrival at the site and between locations as 
follows: 

1. Set up a decontamination pad in area designated by the Facility 

2. Steam clean heavy equipment until no visible signs of dirt are 
observed.  This may require wire or stiff brushes to dislodge dirt from 
some areas. 

V. Attachments 
None. 

VI. Key Checks and Items 
� Clean with solutions of Liquinox�, methanol, and distilled water. 
� Do not use acetone for decontamination. 
� Drum all contaminated rinsate and materials. 
� Decontaminate filled sample bottles before relinquishing them to anyone. 



STANDARD OPERATING PROCEDURE 

Decontamination of Drilling Rigs and Equipment 

I. Purpose and Scope 
The purpose of this guideline is to provide methods for the decontamination of drilling 
rigs, downhole drilling tools, and water-level measurement equipment.  Personnel 
decontamination procedures are not addressed in this SOP; refer to the site safety plan 
and SOP Decontamination of Personnel and Equipment.  Sample bottles will not be field 
decontaminated; instead they will be purchased with certification of laboratory 
sterilization. 

II. Equipment and Materials 
� Portable steam cleaner and related equipment 
� Potable water 
� Phosphate-free detergent such as Liquinox� 
� Buckets 
� Brushes 
� Distilled organic-free water 
� Methanol, pesticide grade 
� ASTM–Type II grade water or Lab Grade DI Water 
� Aluminum foil 

III. Procedures and Guidelines 
A. Drilling Rigs and Monitoring Well Materials 

Before the onset of drilling, after each borehole, before drilling through 
permanent isolation casing, and before leaving the site, heavy equipment and 
machinery will be decontaminated by steam cleaning at a designated area.  The 
steam-cleaning area will be designed to contain decontamination wastes and 
waste waters and can be an HDPE-lined, bermed pad.  A pumping system will 
be used to convey decontaminated water from the pad to drums. 

Surface casings may be steam cleaned in the field if they are exposed to 
contamination at the site prior to use.  

B. Downhole Drilling Tools 

Downhole tools will be steam cleaned before the onset of drilling, prior to 
drilling through permanent isolation casing, and between boreholes, and prior 
to leaving the site.  This will include, but is not limited to, rods, split spoons or 
similar samplers, coring equipment, augers, and casing. 
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Before the use of a sampling device such as a split-spoon sampler for the 
collection of a soil sample for physical characterization, the sampler shall be 
cleaned by scrubbing with a detergent solution followed by a potable water 
rinse. 

Before the use of a sampling device such as a split-spoon sampler for the 
collection of a soil sample for chemical analysis, the sampler shall be 
decontaminated following the procedures outlined in the following subsection.  

C. Field Analytical Equipment 

1. Water Level Indicators 

Water level indicators that consist of a probe that comes into contact 
with the groundwater must be decontaminated using the following 
steps: 

a. Rinse with tap water 
b. Rinse with de-ionized water 
c. Solvent rinse with methanol  
d. Rinse with de-ionized water 

2. Probes 

Probes, for example, pH or specific ion electrodes, geophysical probes, or 
thermometers that would come in direct contact with the sample, will be 
decontaminated using the procedures specified above unless 
manufacturer's instructions indicate otherwise.  For probes that make no 
direct contact, for example, OVM equipment, the probe will be wiped 
with clean paper-towels or cloth wetted with methanol. 

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
� The effectiveness of field cleaning procedures will be monitored by rinsing 

decontaminated equipment with organic-free water and submitting the rinse water 
in standard sample containers for analysis.  Anytime a sampling event occurs, at 
least one such quality control sample shall be collected.   
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STANDARD OPERATING PROCEDURE 

Disposal of Waste Fluids and Solids 

I. Purpose and Scope 
This SOP describes the procedures used to dispose of hazardous fluid and solid 
materials generated as a result of the site operations.  This SOP does not provide 
guidance on the details of Department of Transportation regulations pertaining to the 
transport of hazardous wastes; the appropriate Code of Federal Regulations (49 CFR 
171 through 177) should be referenced. Also, the site investigation-derived waste 
management plan should be consulted for additional information and should take 
precedence over this SOP. 

II. Equipment and Materials 
A. Fluids 

� DOT-approved 55-gallon steel drums or Baker® Tanks 
� Tools for securing drum lids 
� Funnel for transferring liquid into drum 
� Labels 
� Paint Pens 
� Marking pen for appropriate labels 
� Seals for 55-gallon steel drums 

B. Solids 

� DOT-approved 55-gallon steel drums or rolloffs 
� Tools for securing drum lids 
� Paint Pens 
� Plastic sheets 
� Labels 
� Marking pen for appropriate labels 

III. Procedures and Guidelines 
A. Methodology 

Clean, empty drums or rolloffs or Baker® Tanks will be brought to the site by the 
drilling subcontractor for soil and groundwater collection and storage.  The empty 
drums will be located at the field staging area and moved to drilling locations as 
required.  The drums will be filled with the drilling and well installation wastes, 
capped, sealed, and moved to the onsite drum storage area by the drilling 
subcontractor.  The full drums will separate types of wastes by media.  The drums will 
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be labeled as they are filled in the field and labels indicating that the contents are 
potentially hazardous affixed.   

The drum contents will be sampled to determine the disposal requirements of the 
drilling wastes.  The drum sampling will be accomplished through the collection and 
submittal of composite samples, one sample per 10 drums containing the same media. 
Similar compositing will be performed in each rolloff to obtain a representative sample. 
 The compositing of the sample will be accomplished by collecting a specific volume of 
the material in each drum into a large sample container.  When samples from each of 
the drums being sampled in a single compositing are collected, the sample will be 
submitted for TCLP, ignitability, corrosivity, and reactivity analysis.  The analysis will 
be used to determine if drilling wastes are covered by land disposal restrictions. 

If rolloffs are used, compositing and sampling of soil will comply with applicable state 
and federal regulations. 

B. Labels 

Drums and other containers used for storing wastes from drilling operations will be 
labeled when accumulation in the container begins.  Labels will include the following 
minimum information: 

� Container number 

� Container contents 

� Origin (source area including individuals wells, piezometers, and soil borings) 

� Date that accumulation began 

� Date that accumulation ended 

� Generator Contact Information 

� When laboratory results are received, drum labels will be completed or revised to 
indicate the hazardous waste constituents in compliance with Title 40 of the Code of 
Federal Regulations, Part 262, Subpart C. 

C. Fluids 

Drilling fluids generated during soil boring and groundwater discharged during 
development and purging of the monitoring wells will be collected in 55-gallon, closed-
top drums.  When a drum is filled, the bung will be secured tightly. Fluids may also be 
transferred to Baker®  Tanks after being temporarily contained in drums to minimize 
the amount of drums used. 

When development and purging is completed, the water will be tested for appropriate 
hazardous waste constituents.  Compositing and sampling of fluids will comply with 
applicable state and federal regulations.   

 

D. Solids 
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The soil cuttings from well and boring drilling will constitute a large portion of the 
solids to be disposed of. 

The solid waste stream also will include plastic sheeting used for decontamination pads, 
Tyveks, disposable sampling materials, and any other disposable material used during 
the field operations that appears to be contaminated.  These materials will be placed in 
designated drums.  

E. Storage and Disposal  

The wastes generated at the site at individual locations will be transported to the fenced 
drum storage area by the drilling services subcontractor.  Drums should be stored on 
pallets on plastic sheeting to capture small spills.   

Waste solid materials that contain hazardous constituents will be disposed of at an 
offsite location in a manner consistent with applicable solid waste, hazardous waste, 
and water quality regulations.  Transport and disposal will be performed by a 
commercial firm under subcontract. 

The liquid wastes meeting acceptable levels of discharge contamination may be 
disposed of through the sanitary sewer system at the site.  Prior to disposal to the 
sanitary sewer system, contract arrangements will be made with the appropriate 
authorities.  Wastes exceeding acceptable levels for disposal through the sanitary sewer 
system will be disposed of through contract with a commercial transport and disposal 
firm.  

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
� Check that representative samples of the containerized materials are obtained. 
� Be sure that all state and federal regulations are considered when classifying waste 

for disposal. 
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STANDARD OPERATING PROCEDURE 

Equipment Blank and Field Blank Preparation 

I. Purpose 
To prepare blanks to determine whether decontamination procedures are adequate and 
whether any cross-contamination is occurring during sampling due to contaminated air 
and dust. 

II. Scope 
The general protocols for preparing the blanks are outlined.  The actual equipment to be 
rinsed will depend on the requirements of the specific sampling procedure. 

III. Equipment and Materials 
� Blank liquid (use ASTM Type II or lab grade water) 
� Millipore� deionized water 
� Sample bottles as appropriate 
� Gloves 
� Preservatives as appropriate 

IV. Procedures and Guidelines 
A. Decontaminate all sampling equipment that has come in contact with sample 

according to SOP Decontamination of Personnel and Equipment. 

B. To collect an equipment blank for volatile analysis from the surfaces of sampling 
equipment other than pumps, pour blank water over one piece of equipment 
and into two 40-ml vials until there is a positive meniscus, then seal the vials.  
Note the sample number and associated piece of equipment in the field 
notebook as well as the type and lot number of the water used.  

  For non-volatiles analyses, one aliquot is to be used for equipment.  For 
example, if a pan and trowel are used, place trowel in pan and pour blank fluid 
in pan such that pan and trowel surfaces which contacted the sample are 
contacted by the blank fluid.  Pour blank fluid from pan into appropriate sample 
bottles. 

  Do not let the blank fluid come in contact with any equipment that has not been 
decontaminated. 
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 C. When collecting an equipment blank from a pump, run an extra gallon of 
deionized water through the pump while collecting the pump outflow into 
appropriate containers.  Make sure the flow rate is low when sampling VOCs.  If 
a Grundfos Redi-Flo2 pump with disposable tubing is used, remove the 
disposable tubing after sampling but before decon.  When decon is complete, 
put a 3- to 5-foot segment of new tubing onto the pump to collect the equipment 
blank. 

 D. To collect a field blank, slowly pour ASTM Type II or lab grade water directly 
into sample containers. 

 E. Document and ship samples in accordance with the procedures for other 
samples.  

 F. Collect next field sample. 

V. Attachments 
None. 

VI. Key Checks and Items 
� Wear gloves. 
� Do not use any non-decontaminated equipment to prepare blank. 
� Use ASTM-Type II or lab grade water.  
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STANDARD OPERATING PROCEDURE 

VOC Sampling--Water 
 

I. Purpose  
To provide general guidelines for sampling aqueous volatile organic 
compounds. 

 
II. Scope 
 
 Standard techniques for collecting representative samples are summarized.  Site-

specific details are discussed in the Field Sampling Plan. 
 
III. Equipment and Materials 
 

� Sample vials pre-preserved at laboratory with Hydrochloric acid (HCl) 
� Surgical or latex gloves 

 
IV. Procedures and Guidelines 
 
 1. Sample VOCs before sampling other analyte groups. 
 
 2. When sampling for VOCs, especially residential wells, evaluate the area 

around the sampling point for possible sources of air contamination by 
VOCs.  Products that may give off VOCs and possibly contaminate a 
sample include perfumes and cosmetics, skin applied pharmaceuticals, 
automotive products (gasoline, starting fluid, windshield deicers, 
carburetor cleaners, etc.) and household paint products (paint strippers, 
thinners, turpentine, etc.). 

 
 3. Keep the caps off the sample vials for as short a time as possible. 
 
 4. Wear clean latex or surgical gloves. 
 
 5. Fill the sample vial immediately, allowing the water stream to strike the 

inner wall of the vial to minimize formation of air bubbles.  DO NOT 
RINSE THE SAMPLE VIALS BEFORE FILLING. 
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 6. Fill the sample vial with a minimum of turbulence, until the water forms 

a positive meniscus at the brim. 
 
 7. Replace the cap by gently setting it on the water meniscus.  Tighten 

firmly, but DO NOT OVERTIGHTEN. 
 
 8. Invert the vial and tap it lightly.  If you see air bubbles in the sample, do 

not add more sample.  Use another vial to collect another sample.  Repeat 
if necessary until you obtain a proper sample. 

V. Attachments 
 
 None. 
 
VI. Key Checks and Items 
 

� Check for possible sources of contamination. 
� Fill slowly, with as little turbulence as possible. 
� Check for air bubbles. 
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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 
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STANDARD OPERATING PROCEDURE 

Chain-of-Custody

I Purpose 
The purpose of this SOP is to provide information on chain-of-custody procedures to 
be used under the CLEAN Program. 

II Scope 
This procedure describes the steps necessary for transferring samples through the 
use of Chain-of-Custody Records.  A Chain-of-Custody Record is required, without 
exception, for the tracking and recording of samples collected for on-site or off-site 
analysis (chemical or geotechnical) during program activities (except wellhead 
samples taken for measurement of field parameters).  Use of the Chain-of-Custody 
Record Form creates an accurate written record that can be used to trace the 
possession and handling of the sample from the moment of its collection through 
analysis.  This procedure identifies the necessary custody records and describes their 
completion.  This procedure does not take precedence over region specific or site-
specific requirements for chain-of-custody. 

III Definitions 
Chain-of-Custody Record Form - A Chain-of-Custody Record Form is a printed two-
part form that accompanies a sample or group of samples as custody of the 
sample(s) is transferred from one custodian to another custodian.  One copy of the 
form must be retained in the project file. 

Custodian - The person responsible for the custody of samples at a particular time, 
until custody is transferred to another person (and so documented), who then 
becomes custodian.  A sample is under one’s custody if: 

� 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 then he/she locked it up to prevent 
tampering. 

� It is in a designated and identified secure area. 

Sample - A sample is physical evidence collected from a facility or the environment, 
which is representative of conditions at the point and time that it was collected. 
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IV Responsibilities 
Project Manager - The Project Manager is responsible for ensuring that project-
specific plans are in accordance with these procedures, where applicable, or that 
other, approved procedures are developed.  The Project Manager is responsible for 
development of documentation of procedures which deviate from those presented 
herein.  The Project Manager is responsible for ensuring that chain-of-custody 
procedures are implemented.  The Project Manager also is responsible for 
determining that custody procedures have been met by the analytical laboratory. 

Field Team Leader - The Field Team Leader is responsible for determining that 
chain-of-custody procedures are implemented up to and including release to the 
shipper or laboratory.  It is the responsibility of the Field Team Leader to ensure that 
these procedures are implemented in the field and to ensure that personnel 
performing sampling activities have been briefed and trained to execute these 
procedures. 

Sample Personnel - It is the responsibility of the field sampling personnel to initiate 
chain-of-custody procedures, and maintain custody of samples until they are 
relinquished to another custodian, the sample shipper, or to a common carrier. 

V Procedures 
The term “chain-of-custody” refers to procedures which ensure that evidence 
presented in a court of law is valid.  The chain-of-custody procedures track the 
evidence from the time and place it is first obtained to the courtroom, as well as 
providing security for the evidence as it is moved and/or passed from the custody of 
one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important 
part of the management control of samples.  Regulatory agencies must be able to 
provide the chain-of-possession and custody of any samples that are offered for 
evidence, or that form the basis of analytical test results introduced as evidence.  
Written procedures must be available and followed whenever evidence samples are 
collected, transferred, stored, analyzed, or destroyed. 

V.1 Sample Identification 
The method of identification of a sample depends on the type of measurement or 
analysis performed.  When in situ measurements are made, the data are recorded 
directly in bound logbooks or other field data records with identifying information. 

Information which shall be recorded in the field logbook, when in-situ 
measurements or samples for laboratory analysis are collected, includes: 

� Field Sampler(s), 
� Contract Task Order (CTO) Number, 
� Project Sample Number, 
� Sample location or sampling station number, 
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� Date and time of sample collection and/or measurement, 
� Field observations, 
� Equipment used to collect samples and measurements, and 
� Calibration data for equipment used 

Measurements and observations shall be recorded using waterproof ink. 

V.1.1 Sample Label 
Samples, other than for in situ measurements, are removed and transported from the 
sample location to a laboratory or other location for analysis.  Before removal, 
however, a sample is often divided into portions, depending upon the analyses to be 
performed.  Each portion is preserved in accordance with the Sampling and Analysis 
Plan.  Each sample container is identified by a sample label (see Attachment A).  
Sample labels are provided, along with sample containers, by the analytical 
laboratory.  The information recorded on the sample label includes: 

� Project - CTO Number. 

� Station Location - The unique sample number identifying this sample. 

� Date - A six-digit number indicating the day, month, and year of sample 
collection (e.g., 01/21/08). 

� Time - A four-digit number indicating the 24-hour time of collection (for 
example: 0954 is 9:54 a.m., and 1629 is 4:29 p.m.). 

� Medium - Water, soil, sediment, sludge, waste, etc. 

� Sample Type - Grab or composite. 

� Preservation - Type and quantity of preservation added. 

� Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

� Sampled By - Printed name of the sampler. 

� Remarks - Any pertinent additional information. 

Using only the work assignment number of the sample label maintains the 
anonymity of sites.  This may be necessary, even to the extent of preventing the 
laboratory performing the analysis from knowing the identity of the site (e.g., if the 
laboratory is part of an organization that has performed previous work on the site).  
The field team should always follow the sample ID system prepared by the project 
EIS and reviewed by the Project Manager. 

V.2 Chain-of-Custody Procedures 
After collection, separation, identification, and preservation, the sample is 
maintained under chain-of-custody procedures until it is in the custody of the 
analytical laboratory and has been stored or disposed of. 
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V.2.1 Field Custody Procedures 
� Samples are collected as described in the site Sampling and Analysis Plan.  Care 

must be taken to record precisely the sample location and to ensure that the 
sample number on the label matches the Chain-of-Custody Record exactly. 

� The person undertaking the actual sampling in the field is responsible for the 
care and custody of the samples collected until they are properly transferred or 
dispatched. 

� When photographs are taken of the sampling as part of the documentation 
procedure, the name of the photographer, date, time, site location, and site 
description are entered sequentially in the site logbook as photos are taken.  
Once downloaded to the server or developed, the electronic files or photographic 
prints shall be serially numbered, corresponding to the logbook descriptions; 
photographic prints will be stored in the project files.  To identify sample 
locations in photographs, an easily read sign with the appropriate sample/ 
location number should be included. 

� Sample labels shall be completed for each sample, using waterproof ink unless 
prohibited by weather conditions (e.g., a logbook notation would explain that a 
pencil was used to fill out the sample label if the pen would not function in 
freezing weather.) 

V.2.2 Transfer of Custody and Shipment 
Samples are accompanied by a Chain-of-Custody Record Form.  A Chain-of-Custody 
Record Form example is shown in Attachment B.  When transferring the possession 
of samples, the individuals relinquishing and receiving will sign, date, and note the 
time on the Record.  This Record documents sample custody transfer from the 
sampler, often through another person, to the analyst in the laboratory.  The Chain-
of-Custody Record is filled out as given below: 

� Enter header information (CTO number, samplers, and project name). 

� Enter sample specific information (sample number, media, sample analysis 
required and analytical method grab or composite, number and type of sample 
containers, and date/ time sample was collected). 

� Sign, date, and enter the time under “Relinquished by” entry. 

� Have the person receiving the sample sign the “Received by” entry.  If shipping 
samples by a common carrier, print the carrier to be used in this space (i.e., 
Federal Express). 

� If a carrier is used, enter the airbill number under “Remarks,” in the bottom right 
corner; 
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� Place the original (top, signed copy) of the Chain-of-Custody Record Form in a 
plastic zipper-type bag or other appropriate sample-shipping package.  Retain 
the copy with field records. 

� Sign and date the custody seal, a 1-inch by 3-inch white paper label with black 
lettering and an adhesive backing.  Attachment C is an example of a custody 
seal.  The custody seal is part of the chain-of-custody process and is used to 
prevent tampering with samples after they have been collected in the field.  
Custody seals shall be provided by the analytical laboratory. 

� Place the seal across the shipping container opening (front and back) so that it 
would be broken if the container were to be opened. 

� Complete other carrier-required shipping papers. 

The custody record is completed using waterproof ink.  Any corrections are made by 
drawing a line through and initialing and dating the change, then entering the 
correct information.  Erasures are not permitted. 

Common carriers will usually not accept responsibility for handling Chain-of-
Custody Record Forms; this necessitates packing the record in the shipping 
container (enclosed with other documentation in a plastic zipper-type bag).  As long 
as custody forms are sealed inside the shipping container and the custody seals are 
intact, commercial carriers are not required to sign the custody form. 

The laboratory representative who accepts the incoming sample shipment signs and 
dates the Chain-of-Custody Record, completing the sample transfer process.  It is 
then the laboratory’s responsibility to maintain internal logbooks and custody 
records throughout sample preparation and analysis. 

VI Quality Assurance Records 
Once samples have been packaged and shipped, the Chain-of-Custody copy and 
airbill receipt become part of the quality assurance record. 

VII Attachments 
 A. Sample Label 
 B. Chain of Custody Form 
 C. Custody Seal  

VIII References 
USEPA.  User’s Guide to the Contract Laboratory Program.  Office of Emergency and 
Remedial Response, Washington, D.C. (EPA/540/P-91/002), January 1991. 
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ATTACHMENT A 

Systematic Random Multi-Increment Sampling 

I. Purpose 
The Systematic Random Multi-Increment (MI) sampling of surface soil samples is 
performed to minimize any bias of sample representativeness introduced by 
compositional and distribution heterogeneity of constituents within the sample. This 
procedure should only be used when sampling surface soils for explosive residuals 
and metals.  

II. Scope 
Standard techniques for surface soil MI sampling for the analysis of explosives 
residuals and metals, and required equipment are provided in this SOP.  These 
procedures do not apply to aliquots collected for VOCs, SVOCs, 
pesticides/herbicides, PCBs, or field GC screening (samples for these analyses 
should NOT be collected using MI sampling). 

III. Equipment and Materials 
MI sampling will be performed with clean hardened plastic or metal scoops, spoons, 
or coring tools depending on the cohesiveness of the soil. Sample containers will 
consist of two clean 16 ounce wide mouth glass jars for 1 kg samples and two  clean 
32 ounce wide mouth glass jars for 2 kg samples as required by the applicable 
analytical method. Soil will be homogenized in a clean stainless steel pan or bowl.  
Individual laboratory sample bottles will be required for Method 8330 and metals 
analysis, per analytical method requirements.  Method 8330B samples will be 
shipped to the contract laboratory in a mass of not less than 3 kg per Decision Unit in 
sample containers supplied by the laboratory.    

IV. Procedures and Guidelines 
Surface soil composite samples will be collected from Decision Units for analysis for 
explosives residues and total metals. Each Decision Unit will be defined based on 
past range activities discovered during an archival records search.  Decision units 
will have surveyed boundaries that may range in size from 10m x 10m to 100m x 
100m. Each Decision Unit location and a summary of sampling activities will be 
recorded in a field book.   

Multi-increment composite surface soil samples will be collected within the Decision 
Unit using a systematic sampling pattern with a random starting point.  Number of 
increments should be between 30 and 100 depending on the size of the Decision 

1 
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Unit.  Samples will be collected by walking from one corner of the grid 
systematically back and forth across the entire grid area, collecting an increment of 
soil every so many paces, depending on the grid size and number of increments to 
be collected.  The sample increments will be approximately equal in the amount of 
soil, which will be collected from depths of 0-2 inches below ground surface.  After 
the entire Decision Unit has been walked, the individual increment samples will be 
composited into a single sample following the Homogenization of Soil and Sediment 
Samples SOP, prior to being transferred to the appropriate sample containers. Two 
replicate samples should be collected from each Decision Unit.  Each replicate 
sample will be collected using the same method as the original sample.  The replicate 
samples should be started from a different corner of the decision unit to avoid 
sampling the same location as the original sample.  Figure 1 shows an example of 
how to do MI sampling in a Decision Unit that is 50m x 50m.   

A total of 3 composite surface soil samples (1 original sample and two replicate 
samples) will be collected at each Decision Unit. Samples will be stored on ice in 
clean plastic bags or clean large mouth glass bottles and submitted for laboratory 
analysis by one or more of the following analytical methods: EPA SW-846 Method 
8330, Method 8330B, and the appropriate project specific analytical methods for 
metals. Method 8330B uses an air drying and mechanical grinding process.  
Mechanical grinding will not be conducted for samples submitted for metals 
analysis.  A minimum of 1 kg of soil will be collected per MI sample.   

The sampling tools will not need to be cleaned between increments since each 
individual increment will be apart of the same sample, but tools will be cleaned 
between each MI sample. The decontamination process involves first removing all 
adhering soil, then rinsing the sampling head and pan/bowl with deionized water, 
concluding with an acetone rinse. 

V. Attachments
Figure 1- Systematic Random Multi-increment Sampling Pattern 

VI. Key Checks and Items 
� A total of 3 composite surface soil samples (1 original sample and two 

replicate samples) will be collected at each Decision Unit. 

� Replicate samples should be started from a different corner of the decision 
unit to avoid sampling the same location as the original sample. 

� Increment samples should be homogenized in the field in a clean, stainless 
steel pan/bowl. Sampling method is only applicable to explosives residues 
and metals. 

�  Number of increments should be between 30 and 100 depending on the size 
of the Decision Unit. 

� Check that decontamination of equipment is thorough. 
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Preface

This document presents the standardized six-step workflow process for environmental data 
management being performed for the Navy Comprehensive Long-Term Environmental Action - 
Navy (CLEAN) and Joint Venture Programs.  Included in Appendix A is the responsible, 
approve, support, consult, and inform (RASCI) diagram along with the associated roles and 
responsibilities, which is the basis for the Navy CLEAN and Joint Venture Programs Data 
Management Plan (DMP).  Following are the six steps in the workflow process: 

1. Project planning and database setup 
2. Sample collection and management 
3. Laboratory analysis 
4. Data validation and loading 
5. Data management  
6. Data evaluation and reporting 

Figure P-1 presents a simplified presentation of the workflow process specific to the Navy 
CLEAN and Joint Venture Programs.  The various steps in the flow process are numbered 1 to 
26.  Figure P-2 presents, in more detail, the tools used in each step of the process. 

Appendix B contains a data flow diagram that outlines the tools that used to help collect data 
for all program and project activities.  CH2M HILL uses the Sample Tracking Program (STSP) to 
initiate the sample collection, documentation, and tracking processes.  During the laboratory 
analysis and data validation phase, the CH-Analyzer and Validation Data Management System 
(VDMS) software will be used to help evaluate the quality of the data.  At the data management 
step, the CH-ERPTool will be used to format the data and the CH-IMPTool will be used to 
transfer the data into the Navy CLEAN data warehouse.  At the data evaluation stage, the 
XTabReports Tool will be used to query data from the data warehouse, and the Crosstab 
Cleanup Tool and RDE Formatting Tool will produce and format data tables and comparisons 
to project action levels.  The Site Information Management System Visual Interface to the data 
warehouse is an application that is often used to access and query data.  Appropriate section(s) 
of the DMP include additional details on each of the tools used. 

Change Management 
This DMP is a “living” document and content may be revised or amended to accommodate 
changes in the scope of environmental investigations or data management requirements that 
affect the entire Navy CLEAN Program.  In addition, the DMP appendices will be subject to 
modification as new or improved methods of data management are developed and 
implemented.  

Any modifications made to the tools will be communicated to the project team via e-mail.  As 
revisions are finalized, they will be distributed electronically to all users.  After revision, it is the 
user’s responsibility to conform to revised portions of the DMP. 

Amendments will be versioned and released according to the following naming scheme:  
[Document Name_v#.#_yymmdd].  If a significant change is made to any of these files, the 

 I 
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version number will increase by one integer.  The revision history is shown in the following 
table. 

REVISION HISTORY 
Navy CLEAN and Joint Venture Programs Data Management Plan 

Revision  
Date Initiator Purpose
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SECTION 1 

Introduction

This Data Management Plan (DMP) describes the methods CH2M HILL will use to manage and 
present environmental data to support work it is conducting for the Navy CLEAN and Joint 
Venture Programs.  These processes and procedures are part of an overall environmental data 
management system called the Validation Data Management System (VDMS) hosted by 
CH2M HILL. 

Project members and any subcontractors supporting program data needs for site 
characterization and remediation activities can use this DMP.  It is a living document that is 
flexible enough to meet the dynamic needs of the teams and stakeholders.  Data management 
program details and procedures are included in the appendices.  

1.1 Purpose and Objective 
This document outlines how environmental data for the Navy CLEAN and Joint Venture 
Programs will be obtained and managed using an Enterprise Management Solutions (EMS) 
approach.  The systematic approach will facilitate the retrieval of data from project files and the 
data warehouse when they are needed, help ensure that the required data are collected and are 
of the appropriate quality, and help ensure that data records are not lost during transfer to the 
central program database repository.  

The EMS objectives critical to the success of the DMP are as follows: 

� Standardize and facilitate data collection.  Use standard field forms and database 
applications; provide guidance and standard operating procedures (SOPs) for formatting, 
reviewing, and transferring data collected in the field to the Database Management System 
(DBMS). 

� Provide the ability to capture electronic field data directly or indirectly.  Items that will be 
captured through standardized forms or applications include chains-of-custody (COCs), 
field parameter information, groundwater elevation data, and sample tracking records. 

� Minimize the uncertainties associated with the data.  Implement quality assurance (QA) 
and quality control (QC) measures to provide accurate representation of all data collected 
and stored in the DBMS.  QA/QC procedures include restricting data import or entry to 
specific valid value lists that will not allow incorrect data to be included in the DBMS. 

� Provide a structured, yet flexible data set.  The DBMS will store all types of environmental 
data and provides a standard framework for all projects within the Navy CLEAN Program 
to use.  The DBMS is organized and structured, yet flexible enough to allow additional data 
and data types to be added at any time over the life of the program.  

� Provide data that are well documented.  Retain enough descriptive and source information 
for technical defensibility and legal admissibility of the data. 

1-1 
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� Provide end-users with tools to gain access to the data.  Provide reporting and delivery 
support from a single DBMS source and allow relatively simple and rapid access to stored 
data for environmental characterization, report generation, modeling, geographic 
information system (GIS) mapping, statistical analyses, and risk assessments. 

� Provide data visualization capabilities.  Allow accurate representation of data used in 
models, GIS, boring log programs (Environmental Visualization System [EVS), computer-
aided design (CAD), graphics, and other software used for mapping, graphing, charting, 
analyzing, and displaying environmental data.  

� Provide the ability to compare data electronically.  Allow electronic comparison of project 
data to specific reference or screening criteria. 

� Provide the ability to transfer data to different formats.  Provide the ability to reformat, 
convert, and transfer the data to any format as required by specific end-user applications.  

1.2 Scope of the Data Management Plan 
The scope of the data management activities addressed by this plan includes the following:  

� Definition of staff roles and responsibilities (Appendix A). 

� Flow diagrams illustrating how environmental data are collected, reviewed, and entered 
into the DBMS (Appendix B) 

� SOPs (Appendix C). 

� Description and use of data outputs (Appendix D). 

� Electronic data deliverable (EDD) format specifications that analytical laboratories are 
required to use to transfer analytical data electronically to CH2M HILL.  (Provided to 
laboratories via a scope of work.) 

� Management and archive procedures for hard copy and electronic project documentation. 



 

SECTION 2 

Roles and Responsibilities 

The Navy CLEAN and Joint Venture Programs Environmental Data Management (EDM) team 
will work together to properly execute the DMP and ensure that the project objectives and 
scope are realized.  The EDM team is composed of environmental, data, GIS, and EMS 
resources.  The EDM team is responsible for all aspects of planning, execution, and reporting 
environmental data.  Data are derived from sampling events related to investigative and 
remedial activities for Navy CLEAN and Joint Venture projects.  

Responsibilities related to data management and information solutions functions are grouped 
into roles, as listed in Table 1.  Checklist_VDMS-DM-Process_20090615 in Appendix C 
documents the specific responsibilities associated with each of these roles.  
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SECTION 3 

Data Management System Description 

During field investigation, monitoring, and remedial activities, CH2M HILL will collect a 
variety of environmental information to support data analysis, reporting, and decision-making 
activities.  To meet current regulatory QA requirements, a complete audit trail of the 
information flow must be implemented.  The six steps in the workflow process are: 

1. Project planning and database setup 
2. Sample collection and management 
3. Laboratory analysis 
4. Data validation  
5. Data management and loading 
6. Data evaluation and reporting 

Each step in the data management process must be adequately planned, executed, and 
documented.  Figure 1 presents a simplified presentation of the workflow process specific to the 
Navy CLEAN and Joint Venture Programs.  Figure 2 presents, in more detail, the tools used in 
each step of the process. 

3-1 



Navy CLEAN CONFIDENTIAL 
SECTION 3— 2BDATA MANAGEMENT SYSTEM DESCRIPTION DRAFT WORKING DOCUMENT 

  

FIGURE 1 
ENTAL DATA MANAGEMENT WORKFLOW PROCESS ENVIRONM
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SECTION 4 

Phases of Data Management 

4.1 Project Planning and Setup 
Project planning starts when a new project or task is identified in the program.  Evaluation of 
what is required from the data management and visualization occurs to determine the data 
needs.  The Program EMS Team Lead (EMS Lead) works with the project and/or program 
manager to determine what is expected and required from the data management and 
visualization team.  Specific items that should be considered are as follows: 

� Inputs – Determine what data will be collected and stored in the database.  Determine 
frequency and quantity.  Determine what tools will be used to handle data input. 

� Historical Data – This is a unique data input and requires special consideration.  The 
Program Data Management Lead (PDL) must work with the other technical leads to assess 
what effort will be required.  This step is often missed, and the resulting data quality issues 
created from inadequate planning in this area can plague the project for its entire duration.  

� Outputs – Determine what data will need to be presented in reports, figures, and electronic 
deliverables.  Determine frequency and quality requirements.  Determine preliminary data, 
validated data, and what tools will most effectively handle the output requirements.  
Discuss how the outputs needed by the team will be requested and documented. 

� Visualization – Determine necessity for GIS and CAD. 

After the information above is determined, the data management scope, schedule, and budget 
are developed and endorsed by the Project Manager (PM), PDL, and Program Chemistry Lead 
(PCL).  The team can then proceed upon client authorization of the overall project budget.  
Figure 3 shows the process for project planning. 

 

 

FIGURE 3 
PROJECT PLANNING 

4.1.1 Database Setup and Administration
CH2M HILL Database 
The PDL will oversee the administration of the DBMS, including the design, development, and 
maintenance of the program database and data management processes.  Database and data 
management process design and development will focus on providing rapid data entry and 
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data retrieval while promoting data integrity through various automated procedures.  The PDL 
will perform the database maintenance, which consists of the following: 

� Assisting with the allocation of sufficient system storage for the program database 

� Adding, altering, and deleting users, roles, and privileges 

� Periodically defragmenting and compacting the database for more efficient operation 

� Upgrading database software and associated applications as necessary  

� Maintaining an approved list of valid values for data consistency  

� Maintaining redundancy control to ensure that each data record is unique and consistent 
with conventions  

� Performing routine virus checks on incoming and outgoing data 

The DBMS is comprised of VDMS and the Data Warehouse combined, and will support the 
storage, analysis, display, and reporting of the Navy’s environmental, analytical, and 
geotechnical data.  The DBMS will consist of primary data tables that store the environmental 
data, dependent tables that store more details related to the data in the primary tables, and 
look-up tables that store valid values to provide input to the primary tables.  The EIS will 
maintain the table content and the PDL will manage it. 

Valid values are critical to any large relational database.  Tables 2 and 3 provide examples of 
valid values for the Navy CLEAN and Joint Venture Programs’ sites, stations, and samples.  
Inconsistencies in naming conventions, subtle analyte or method spelling differences, and the 
use of non-standard abbreviations can result in lost data and incorrect conclusions.  Most tables 
and forms in the program database will use look-up tables for acceptable valid values and will 
not allow the entry of data that do not conform. 

The primary purpose of managing data in a relational database environment is to ensure that 
each data record is unique and that the information contained within each field is consistent 
with conventions defined in other areas of the database.  To ensure uniqueness, a key field or 
fields will be identified for each data record.  Key fields define the record as unique.  The VDMS 
architecture supports this approach and eliminates the possibility of data redundancy. 

NIRIS Database 
All Navy CLEAN and Joint Venture data must be loaded into the Navy’s own internal database 
system, the Naval Installation Restoration Information Solution (NIRIS).  NIRIS is a web-based 
centralized database that has been implemented across all Naval Facilities Engineering 
Command (NAVFAC) offices and will be used by the Navy and contractors to manage, 
evaluate, and visualize data, documents and records for Navy and the Marine Corps sites. 
NIRIS manages all Environmental Restoration Program (ERP) analytical and spatial data, which 
includes the Munitions Response and Installation Restoration Program (IRP) data, ensuring 
institutional memory is preserved, land use controls are maintained, and remedial actions are 
effective. 

CH2M HILL will use the VDMS system to track, collect, review, and prepare Navy-related 
sample and project data for loading into NIRIS.  Project data stored in VDMS must be consistent 
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and comparable with data that is loaded and stored within NIRIS.  As such, all associations 
between VDMS and NIRIS valid values, output reports, and data tables will be tracked and 
maintained. 

4.1.2 Data Security Procedures 
Some VDMS applications and data are stored in a secure location with login and password 
protection.  Authorized users of the STSP tool and VDMS will have logins and passwords in 
advance.  The PDL will provide security access to these tools.  Access2003 must be installed on 
the computer that the user will be using to run these applications, and proper licenses 
distributed. Files received from any subcontractors will be scanned for common viruses using 
industry standard, current virus protection programs.  The file servers storing the data must be 
running current virus software, with automatic virus signature updates.  

NIRIS data are stored in a secure location with login and password protection.  Users who 
require access to NIRIS and the data contained therein will need to follow procedures outlined 
in the SOP Access to NIRIS to procure security certificates, training, and access rights to 
installation-specific data.  Authorized users of NIRIS will be assigned logins and passwords 
maintained by the Navy. 

4.1.3 Data Backup and Recovery 
All project data management files will reside on CH2M HILL’s terminal server, “Gaia,” and will 
have a tape backup or equivalent created in accordance with CH2M HILL’s network server 
management policy.  

4.2 Sample Collection and Management
Sample control during the sampling phase is required to ensure the integrity of the associated 
data. Sample control must be maintained and documented from the point of collection through 
the point of disposal. Sample control will be managed both in the field and in the laboratory, 
and will be documented through the use of field log books and a Chain of Custody (COC). 
When custody of a sample is transferred from one party to another, the recipient of the sample 
assumes responsibility for maintaining control of the sample and documenting that control on 
the COC.   Figure 4 shows the process for planning and executing field sampling events. 
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FIGURE 4 
FIELD SAMPLING

4.2.1 Sample Tracking Program 
During the planning stage, the PM specifies the data requirements for the sampling event.  The 
work plan or similar document will provide project-specific data requirements for a given 
sampling event.    The PC is responsible for reviewing the Sampling and Analysis Plan and 
ensuring that the FTL is aware of the number of field and laboratory QC samples required for 
the sampling event (trip blanks, equipment blanks, field blanks, field duplicates, matrix spikes, 
and matrix spike duplicates).  All of this information is to be entered into the STSP.  

The STSP tool will be used in advance to develop daily assignments for field crews, identify 
sampling container and preservation requirements, identify analytical laboratories for samples, 
print labels for sample bottles before the sampling event, and prepare and print COC forms 
after sampling is complete.  

4.2.2 Sample Nomenclature Guidelines 
The following guidelines are provided for sample nomenclature, COC clarification, and eData 
expectations.   

Station ID (Location) 
Field station data are information assigned to a physical location in the field at which some sort 
of sample is collected.  For example, a monitoring well that has been installed will require a 
name that will uniquely identify it with respect to other monitoring wells or other types of 
sample locations.  The station name provides a key in a database to which any samples collected 
from that location can be linked to form a relational database structure. 
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Before beginning fieldwork, the FTL will review the proposed level of effort and coordinate a 
list of unique station identification names, or station IDs, with the PDL or EIS.  The FTL will be 
responsible for enforcing the use of the standardized ID system and agreed upon station IDs 
during all field activities. 

Each station will be uniquely identified by an alphanumeric code that will describe the station’s 
attributes.  These attributes are facility, Area of Concern (AOC)/Site/Operable Unit (OU) 
number, station type, sequential station number, and possibly an additional qualifier as needed.  
The naming scheme to be used for the identification of a sampling station is documented in 
Table 2.  

For example, if the first sample location at next month’s event within Yorktown Site 30 is at a 
soil location, then the location ID could possibly YS30-SO391 because that was the next 
available sequence  number for soil locations.  This should also be reflected in the Sample ID.  
QC and IDW station IDs must be established for each site that they are associated with. 

Please consult with the PDL or EIS should any questions arise.  This will avoid complications 
that could occur if a station is mislabelled and ensure there are unique identifiers for every 
sampling location.  Required deviations to this format in response to field conditions will be 
documented in the field logbook. 

Sample ID 
Field sample data are information assigned to a physical piece of material collected in the field 
for which some sort of analysis will be run.  Before collecting samples, the FTL will review the 
proposed level of effort and coordinate a list of unique sample identification names, or sample 
IDs, with the PDL or EIS.  The FTL will be responsible for enforcing the use of the standardized 
ID system and agreed upon sample IDs during all field activities. 

Each sample will be uniquely identified by an alphanumeric code that will describe the 
sample’s attributes.  These attributes are facility, Area of Concern (AOC)/Site/Operable Unit 
(OU) number, sample/station type, sequential station number, modifier (as needed), depth (as 
needed), date, and date modifier (as needed).  The naming scheme to be used for the 
identification of samples is documented in Table 3. 

The standardized ID system will identify all samples collected during sampling activities.  The 
system will provide a tracking procedure to ensure accurate data retrieval of all samples taken.  
For example, a surface soil sample collected from station YS30-SO391 reference above in June of 
2009 will result in a sample ID of YS30-SS391-0609. 

Please consult with the PDL or EIS should any questions arise.  This will avoid complications 
that could occur if a sample is mislabelled and ensure there are unique identifiers for every 
sample.  Required deviations to this format in response to field conditions will be documented 
in the field logbook. 



  

Navy Clean  

First Segment Second Segment 

Facility,  Site Number Station Type Station Number, Modifier 

AA,ANN AA NNNA 

Notes: “A”= alphabetic “N”= numeric 
Facility: 

A  = ABL 
AN  =  Anacostia 
BA  =  Bainbridge 
BW  =  Bloodsworth Island 
BR  =  Bremerton 
CA  =  Cheatham Annex 
CH  =  Cherry Point 
CI  =  Craney Island 
CL  =  Camp Lejeune 
CP  =  Camp Peary 
CR  =  Carderock 
DA  =  Dahlgren 
DN = Dam Neck 
DR  =  Driver 
IH  =  Indian Head 
LS  =  Little Creek 
NA = Naval Academy 
NB = Naval Station Norfolk 
NM = NNMC (Bethesda Naval Hospital) 
NN = Norfolk Naval Shipyard 
NR = Naval Research Laboratory 
NWA  =  Northwest Annex 
OC = Oceana 
PA = Pax River 
PI  =  Pineros Islands 
QU = Quantico 
RO = Rota 
RR  =  Roosevelt Roads 
SI = Sigonella 
SJ = St. Juliens 
SS = Sabana Seca 
VE = Vieques East 
VW = Vieques West 
WN = Washington Navy Yard 
WO  =  White Oak 
Y  =  Yorktown 

Site/AOC/SWMU Number – Sequential Number: 

Site = S01, S02, S03… 
Site Screening Area = SA01, SA02, SA03… 
AOC = A01, A02, A03… 
AOI = AI01, AI02, AI03… 
SWMU = W01, W02… 
Building = B01, B02, B03… 
Range = R01, R02… 
LIA – LI Area, East Vieques 

BSxx = Background locations outside of site (BS25 = 
Background Site 25) 
BKL = Background locations outside of the facility 
BKG = Background locations (inside base)  

 
QC and IDW Stations 
Site ID (First Segment) followed by –QC or -IDW 

Station Type:  
AGT = Above Ground Tank 
AS = Ash 
BH = Borehole 
CO = Concrete 
DP = Direct Push 
DR = Drill Rig 
EW   =   Extraction Well 
FG   =   Frog 
FS   =   Fish 
GB = Geotechnical Boring 
GP = Geoprobe 
GV   =   Gas Vent 
HP = Holding Pond/Lagoon 
IDW = Investigative Derived Waste 
IW    =  Injection Well 
LW   =   Leach Well 
MA   =   Alluvial Monitoring Well 
MB   =   Bedrock Monitoring Well 
MU   =   UST Monitoring Well 
MW = Monitoring Well (GW for Y) 
PC   =   Paint Chip 
PW = Production Well 
QC = Quality Control 
RK = Rock 
RC    =  Recovery Well 
RM   =   Remediation Well 
RW = Residential Well 
SD = Sediment Location 
SG = Soil Gas 
SL   =   Storm Sewer Line Sediment 
SO = Soil Location 
SP   =   Seep  
ST = Storm Water 
SU   =   Sump 
SV   =   Soil Vapor 
SW   =   Surface Water 
SWS   =   Surface Water Body (for SW and SD) 
UST = Underground Storage Tank 
TA   =   Tap Water 
TD   =   Tidal Station 
TI     =   Tissue Sample (general) 
TO   =   Tadpole 
TP   =   Test Pit  
TR    =  Trench Sediment 
TS   =   Treatment System 
TW    =  Temporary Well 
WA = Alluvial Extraction Well 
WB = Bedrock Extraction Well 
WL   =   Water Supply Well 
WN   =  Pore Water 
WP   =  Wipe Sample 
WT   =   Water Table Piezometer 
 
Station Number:  
Sequential Station Number (i.e., 01, 02, 03…) 

Modifier (used selectively): 
D =  Deep monitoring well  
S  =  Shallow monitoring well 

Example Station IDs: 

YS01-DP02 = Direct push soil location #2 at Yorktown Naval Weapons Station Site 1 
CHR05-MW02S = Shallow monitoring well location 2, at the Cheatham Annex facility, Range 5. 
NMBKL-SD02 = Background sediment location #2 located outside of NNMC  
CHBS03-SO05 = Soil location #5, located in reference area outside of Site 3 in Cherry Point 
VEW04-QC = QC Station at East Vieques SWMU-4 
CAA08-IDW = IDW Station at Cheatham Annex AOC-8 

TABLE 2 
STATION ID SCHEME 

 



  

Navy Clean 

First Segment Second Segment 3rd Segment Fourth Segment 

Site ID 
Facility,  AOC Number 

Station/Sample Type, Station Number, 
Modifier 

Depth  
(As Needed) 

Date 
(MMYY) A 

AA,ANN AANNNA  A NNNNA 

Notes: “A”= alphabetic “N”= numeric 
A  = ABL 
AN  =  Anacostia 
BA  =  Bainbridge 
BW  =  Bloodsworth Island 
BR  =  Bremerton 
CA  =  Cheatham Annex 
CH  =  Cherry Point 
CI  =  Craney Island 
CL  =  Camp Lejeune 
CP  =  Camp Peary 
CR  =  Carderock 
DA  =  Dahlgren 
DN = Dam Neck 
DR  =  Driver 
IH  =  Indian Head 
LS  =  Little Creek 
NA = Naval Academy 
NB = Naval Station Norfolk 
NM = NNMC (Bethesda Naval Hospital) 
NN = Norfolk Naval Shipyard 
NR = Naval Research Laboratory 
NWA  =  Northwest Annex 
OC = Oceana 
PA = Pax River 
PI  =  Pineros Islands 
QU = Quantico 
RO = Rota 
RR  =  Roosevelt Roads 
SI = Sigonella 
SJ = St. Juliens 
SS = Sabana Seca 
VE = Vieques East 
VW = Vieques West 
WN = Washington Navy Yard 
WO  =  White Oak 
Y  =  Yorktown 

Site/AOC/SWMU – Sequential Number: 

Site = S01, S02, S03… 
Site Screening Area = SA01, SA02, SA03… 
AOC = A01, A02, A03… 
AOI = AI01, AI02, AI03… 
SWMU = W01, W02… 
Building = B01, B02, B03… 
Range = R01, R02… 
LIA – LI Area, East Vieques  

BSxx = Background locations outside of site 
(BS25 = Background Site 25) 
BKL = Background locations outside of the 
facility 
BKG Background locations (inside base)  

 

Sample Type: 
AGT = Above Ground Tank 
AH = Air - Headspace 
AS = Ash 
BH = Borehole 
CO = Concrete 
DR = Drill Rig 
DS = Direct Push—Soil 
DW = Direct Push—Groundwater 
EW   =   Extraction Well  
FG   =   Frog 
FS   =   Fish 
GB = Geotechnical Boring 
GP = Geoprobe 
GV   =   Gas Vent 
HP = Holding Pond/Lagoon 
IW    =  Injection Well 
LF    =  Free Product 
LW   =   Leach Well 
MA   =   Alluvial Monitoring Well 
MB   =   Bedrock Monitoring Well 
MU   =   UST Monitoring Well 
MW = Monitoring Well (GW for Y) 
PC   =   Paint Chip 
PW = Production Well 
RK = Rock 
SW   =   Surface Water 
RC    =  Recovery Well 
RM   =   Remediation Well 
RW = Residential Well 
SB = Subsurface Soil 
SD = Sediment Location 
SG = Soil Gas 
SL   =   Storm Sewer Line Sediment 
SO = Soil Location (Composite) 
SP   =   Seep  
SS         =     Surface Soil 
SSD      =     Subsurface Sediment 
ST = Storm Water 
SU   =   Sump 
SV   =   Soil Vapor 
SW   =   Surface Water 
UST = Underground Storage Tank 
TA   =   Tap Water 
TD   =   Tidal Station 
TI     =   Tissue Sample (general) 
TO   =   Tadpole 
TP   =   Test Pit  
TR    =  Trench Sediment 
TS   =   Treatment System 
TW    =  Temporary Well 
WA = Alluvial Extraction Well 
WB = Bedrock Extraction Well 
WL   =   Water Supply Well 
WN   =  Pore Water 
WP   =  Wipe Sample 
WT   =   Water Table Piezometer 
 
Station Number:  
Sequential Number (e.g., 001, 002, 003) 

Modifier (used selectively): 
D =  Deep monitoring well  
S  =  Shallow monitoring well  
P  =  Duplicate 

Depth: 

Use only if applicable. A 
sequential letter is used to reflect 
varying depths, as actual depths 
can change in the field after 
sample planning has occurred. E.g. 
A, B, C… 

Sample Number: 

1.  Duplicate Samples -  Use a ‘P’ 
modifier in the second segment of 
the sample ID, directly after the 
location number to indicate a 
duplicate sample.  E.g. AB01-
MW11P-0506 

2. MS/MSD Samples – Append a 
modifier of ‘-MS’ for matrix spike 
or ‘-SD’ for matrix spike duplicate 
to the end of the sample ID. 

3.  QC  & IDW Samples (Blank 
Samples & Waste Char.) - 
Format consists of Facility, AOC 
Number, Qualifier Code, 
Sequential Qualifier Number-Date 
(AAANN-AANN-MMDDYY). E.g. 
LSA05-TB02-061106 

Qualifier Codes: 
TB  =  Trip Blank 
FB  =  Field Blank 
EB  =  Equipment Blank  
WQ = Source Blank 
WS  =  Waste Char. Soil 
WW  =  Waste Char. Water 

4. Drill Rig Samples – Format 
consists of Facility, AOC Number, 
Station Type, Station Number, 
Date.  E.g. YS12-DR02-020507 

5.  Multiple samples - Should 
multiple samples be collected from 
the same location in a given 
day/month (affects only samples 
not differentiated by depth), a 
sequential letter will be added to 
the end of the fourth segment 
(date). E.g.  A, B, C… 

 

 

Example Sample IDs: 

WNA01-MW102S-0105A = The first shallow groundwater sample collected at monitoring well location 102 in January 2005 in 
AOC01 at the Washington Navy Yard facility. 
PIW01-SW023P-0306 = Pineros Island duplicate surface water sample collected at location 23, at SMWU-1 in March 2006. 
SSW06-FB01-061106 = The first field blank collected on June 11, 2006 at SMWU-6 in Sabana Seca.  

TABLE 3 
STATION ID SCHEME 
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4.2.3 Sample Collection 
A photocopy of each field logbook page completed during sampling and of each COC will be 
made by the FTL and forwarded to the EIS at predefined intervals during sampling events. This 
information will serve as notification to the EIS of samples being shipped to an offsite lab and of 
the field crew’s sampling progress. 

Communication with field and laboratory staff will occur daily during the field event.  The EIS 
will resolve issues that arise in the field (bottle ware shortage, equipment failure, etc). The lab 
will be informed of the shipment dates and the number of coolers or samples being sent.  
Laboratory login reports will be reviewed to ensure samples were received in good condition 
(no breakage, within holding time, within designated temperature).  The field crew and PM will 
be notified if there were problems with shipment. 

4.2.4 Chain-of-Custody and eData 
A single COC number per project / laboratory / cooler should be generated each day (there can 
be multiple pages to one COC number).  MSs and MSDs will be requested at a set frequency for 
each project (usually one per 20 samples collected).  MS and MSD samples should not be taken 
from field duplicates (FDs) or field blanks.  FDs will be requested at a set frequency for each 
project (usually one per 10 samples).  FDs should not be taken from MSs, MSDs, or field blanks.  
The MS and MSD samples listed on the COC should be spiked and analyzed by the laboratory.  

A 100% QC will be performed on COCs received from the field crew.  The field crew and/or lab 
will be notified if corrections need to be made the COCs or lab login reports.  Any corrections or 
modifications made will be noted in a Corrections-To-File Letter.   

Once the field data and samples are collected, information on sampling date and time are to be 
entered into the STSP by the EIS, and as necessary field measurements, such as water levels and 
other data collected in the field also should be entered.  Any data entered into the STSP must be 
exported into an excel file to facilitate a manual QC review of the data.  The correction of any 
anomalies should be verified with the PM and PC.  The information entered into the STSP will 
be exported into CH2M HILL’s VDMS where field data and laboratory analytical data are 
linked by location and sample ID.  This allows verification that all sample and method 
combinations have been received and reported by the laboratory. 

4.2.5 Sample and Document Tracking 
A Sample Tracking Sheet (STS) will be generated from the sample information entered and 
QC’d in the STSP.  The STS should be updated and kept current throughout the data 
management process.  All samples collected, resulting deliverables, and deliverable dates will 
be tracked throughout the data management process to ensure that the project schedule is met 
and subcontractor invoices are evaluated correctly. 

All documentation acquired during the data management process, including Statements of 
Work (SOWs), Bids, COCs, Field Notes, Sample Tracking Sheets, Login Reports, Corrections-to-
File Letters, FDETool QC tables, Post Load Reports, Invoices, and Communication Logs shall be 
compiled throughout the process to be stored in the appropriate Activity’s Project Notebook. 
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4.3 Laboratory Analysis 
Figure 5 shows the laboratory analysis process.  Upon receipt of samples from the field, the 
laboratory will check that the COC forms correctly cover all samples submitted.  Each COC 
form must be signed with the date and time of receipt by the laboratory.  Samples will be 
logged in by the laboratory using information from the COC forms and the project instructions.  

 
 

FIGURE 5 
LABORATORY ANALYSIS 

Samples will be analyzed as specified on the accompanying COC forms and in the Laboratory 
SOW.  Generally, questions or noted inconsistencies identified by the laboratory should be 
addressed directly to the EIS. 

The laboratory will attach the signed COCs to their hard copy data deliverables to officially 
relinquish control of the data back to the Environmental Contractor within the specified turn 
around time. 

Hard copy data and EDDs will be reviewed to ensure that they are complete and acceptable as 
outlined in the EIS QC For Unvalidated Data Checklist.  A 10% QC check will be performed on 
the analysis results to ensure that the hard copy data matches the EDD.  All detected errors 
should be resolved with the laboratory. 
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Preliminary raw and detects tables will be generated following data import into VDMS by 
querying data with the VDMS XTab Tool and formatting the output with the Crosstab Cleanup 
and RDE Formatting Tools.  A separate table must be created for each matrix, and provided to 
the PM for review.   

Data archiving forms will be generated and affixed to each laboratory report received per 
Sample Delivery Group (SDG) for cataloguing, tracking, and archiving purposes. 

The tools used to QC the laboratory’s EDD are as follows:  

� CH-Analyzer:  Before the laboratory analytical data is entered into VDMS, the laboratory 
EDD must be processed through CH2M HILL’s CH-Analyzer Microsoft Access database 
application.  The CH-Analyzer application includes several automated diagnostic checks to 
verify format and content compliance with EDD specifications.  The analytical laboratory 
must correct any errors before transmitting the EDD to CH2M HILL.  The laboratory will 
forward the CH-Analyzer report, checked EDD, and hard copy of the data to the EIS who 
will manage the EDD verification process and data entry to VDMS.  

� The EDD will be checked again using CH-Analyzer to verify correct format and content.  If 
errors are found, the file will be returned to the laboratory for correction and re-submittal.  
Even if the formatting of the EDD is completely correct, the data loader may reject the EDD 
if the contents of the file do not comply with the data library standardization requirements. 

� The CH-Analyzer also should be used to compare COCs, hard copy, and EDD content, and 
resolve discrepancies and document data error issues (for example, EDD re-submissions, 
turnaround time problems, hard copy incompleteness).  These checks ensure the consistency 
and the validity of the EDD’s content before the data are electronically transferred to VDMS.  
The objective of using the CH-Analyzer is to ensure that the validation process is performed 
on consistently high-quality data and minimize the chance of finding data errors later in the 
validation process, which would require the laboratory to resend corrected data and start 
the validation process over again. 

� VDMS:  Once the EDD verification is complete, it is electronically transferred into CH2M 
HILL’s VDMS tool for data quality verification and validation according to project 
specifications.  During import, the data are checked against a list of valid values.  Once all 
error messages are resolved, validation can begin. 

4.4 Data Validation 
The data validator will be notified by the PC in advance of when to expect data and of any 
samples or analyses that should not be validated.  (i.e. grain size should not be validated).  For 
internal data validation, the EIS will notify the PC of data availability, and provide the 
hardcopy data and a QC Association Table. 

Upon receipt of data from CH2M HILL, data validation will be performed in accordance with 
the Data Validation SOW, UFP SAP, and any other documents required.  Generally, questions 
or noted inconsistencies identified by the validator should be addressed directly to laboratory, 
with the PC notified of issues and resolutions identified.  
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4.4.1 External Data Validation 
For external data validation, a subset of the analytical data will be loaded into the 3rd Party DV 
Tool, a CH2M HILL Microsoft Access database designed for external data validation.  The tool 
will allow external data validators to configure various with tables with QC information, 
associated validation logic, and qualifiers applied when QC criteria are not achieved.  Qualifier 
criteria will be based on the Quality Assurance Project Plan.     

The hard copy data, 3rd Party DV Tool, and a QC Association Table will be provided to the data 
validator.  The PC will coordinate the return of the data package to CH2M HILL for archiving 
with the data validator.    

Data Validators will provide the following materials to the PC within the required turn around 
time: 

� Hardcopy Data Validation Report 
� Validated Version of 3rd Party DV Tool (external validation) 
� Validated Version of Data in VDMS (internal validation) 

 
Once returned to CH2M HILL, the data in VDMS will be updated with the results in the 3rd 
Party DV Tool. The validated data will be reviewed by the PC to ensure that they are complete 
and acceptable as outlined in the VDMS and Chemist PreLoad Checklist.  A 100% QC check will 
be performed on the validated results to ensure that the hard copy data matches the EDD.  All 
detected errors should be resolved with the data validator.     

Data archiving forms will be generated and affixed to each Data Validation Report per SDG 
received for cataloguing, tracking, and archiving purposes. 

Validated raw and detects tables will be generated by querying data with the VDMS XTab Tool 
and formatting the output with the Crosstab Cleanup and RDE Formatting Tools.  A separate 
table must be created for each matrix, and provided to the PM for review. 

4.4.2 Internal Data Validation 
VDMS will be operated in a semi-automated mode, which will require the chemist to configure 
various with tables with QC information, associated validation logic, and qualifiers applied 
when QC criteria are not achieved.  Qualifier criteria will be based on the Quality Assurance 
Project Plan.  A hardcopy data validation report will be generated.  Data archiving forms will be 
generated and affixed to each Data Validation Report per SDG validated for cataloguing, 
tracking, and archiving purposes 

Validated raw and detects tables will be generated by querying data with the VDMS XTab Tool 
and formatting the output with the Crosstab Cleanup and RDE Formatting Tools.  A separate 
table must be created for each matrix, and provided to the PM for review.  

4.4.3 Unvalidated Data Preload Check 
Occasionally, unvalidated data will need to be loaded into the database.  Although this data 
will not be validated, it will undergo a basic Preload Check by the PC to ensure laboratory 
compliance with project guidelines and determine results to be reported as the best result where 
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multiple runs were conducted for a given sample/analysis.  The PCL will provide input and 
oversight to ensure that data flags are applied correctly by the PC. 

4.4.4 Senior Review 
The PCL will verify that the validated hardcopy data and data contained in VDMS are complete 
and acceptable.  Any identified discrepancies will be resolved with the assistance of the PC, EIS, 
laboratory, or validator as needed. 

4.5 Data Preparation and Loading 
Once the data are validated and approved by the PCL, they are exported from VDMS to the 
project warehouse.  Field and laboratory data are merged into a format that is amenable to the 
warehouse.  The backbone is a SQL-server-based data warehouse.  Data in the warehouse are 
accessible through Site Information Management System (SIMS), a Web-based GIS application 
that allows users to query the data through a graphical interface and the XTabReports Tool. 

4.5.1 Data Preparation 
As part of the normal process of loading data into the warehouse, data standardization tasks 
must be completed.  A Database Specialist (DBS) will load data into the warehouse using the 
following two programs: CH-ERPTool and CH-IMPTool.  The CH-ERPTool runs an extensive 
series of logical QC checks and formats the data to be compatible with the data warehouse 
structure.   

4.5.2 Data Loading 
CH2M HILL Loading 
The CH-IMPTool runs an additional series of QC checks and adds project-specific formatting 
and valid values, and loads the data into the warehouse.  The following tasks need to be 
completed to load the data for project use: 

� Unit Standardization:  Analytical units and the associated results, reporting limits, and 
method detection limits will need to be converted to a consistent set of units as required by 
the project.   

� Resolve Reanalysis and Dilutions:  All samples that had an associated reanalysis or 
dilution run by the laboratory must have all of the excluded or rejected results marked as 
not the best result for reporting. 

� Resolve Analytical Overlap and Split Samples:  Analytical overlap occurs when a sample 
is analyzed by two or more methods that report the same analyte.  To resolve this, the 
following logic is used to select the usable result: 

� If the overlapping results are all non-detections, the lowest non-detection result is 
selected. 

� If the overlapping results are all detected, the highest detected result is selected. 
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� If the overlapping results consist of a mixture of detections and non-detections, the 
highest detected result is selected. 

When data are loaded into the warehouse, an automated script will run to identify the “best” 
result when more than one analytical result exists.  

NIRIS Loading 
All Navy CLEAN and Joint Venture data must be loaded into NIRIS.  Following the successful 
loading of data into the data warehouse, the DBS will use the NEDD Creator Tool to generate 
project NIRIS Electronic Data Deliverables (NEDD) files.   

The DBS will use NIRIS’s Data Checker Loader Tool to QC and submit the project NEDD files 
into NIRIS.  The NIRIS Regional Database Manager (RDM) will load the data into NIRIS, and 
will work with the DBS to resolve any potential issue that may arise during loading.  Following 
notification of successful data loading from the RDM, the DBS will query the data from NIRIS 
for review to ensure data integrity and accuracy. 

4.5.3 Data Warehouse 
The data warehouse is a Microsoft SQL Server 2005 relational database.  This database, and all 
other “CH” tools used, has a data structure designed to achieve compliance with the 
Environmental Restoration Program Information Management System (ERPIMS) standard 
specified by Air Force Center for Engineering and the Environment (AFCEE).  ERPIMS is an 
effective, comprehensive standard for environmental management. 

The warehouse will use valid value tables when applying reference attributes to project data.  
Such reference data include the names of site objects and sampling locations, sampling matrix 
and method categories, analyte names, units.  These reference tables are critical for maintaining 
the completeness and accuracy of data sets and are essential for accurate querying of the data. 

Data are loaded and stored so that relationships among categories of data are enforced.  For 
instance, all sampling records must be associated with a valid site object such as a planned 
sediment sampling location.  The project repository database and collection, analysis, and 
reporting tools used in the DBMS are designed to enforce, for any project data record, entries in 
fields that refer to other types of data as required by the overall data model. 

The data warehouse will automatically update the SIMS application whenever data are added 
or changed.  

4.6 Data Reporting 
Data reporting includes the following tasks: 

� Retrieving data from the data warehouse for project deliverables, data visualization, or 
consumption by third parties 

� Reviewing initial data and producing data queries and draft reports to dissect and 
disassemble the data 

� Producing any requested client and regulatory agency data deliverables 
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Data for project deliverables, data visualization, or consumption by third parties will be 
retrieved from the warehouse, and will be equivalent to the real-time state of the project 
repository database.  PMs and GIS Analysts (GAs) will work with the EIS and PCL for quality 
queries and data for reports. 

4.6.1 Tables, Figures, and Diagrams 
Once the data have been sufficiently analyzed, the list of requested data reports (tables, figures, 
diagrams) can be developed and finalized by the project team and submitted to the PCL and 
PM for review.   

All requests for figures or graphics are to be directed to the GA assigned as the Point of Contact 
(POC) for that particular Navy installation.  All requests for analytical data (crosstab tables, data 
dumps, third party deliverables etc) should be directed to the EIS assigned as the POC for that 
particular Navy installation.  The EIS will generate a data deliverable from the data warehouse 
or NIRIS (as needed) suitable for end use and will provide data support to the end user.  All 
requests for data statistics and calculations should be directed to the Risk Assessor assigned to 
the project.   

4.6.2 GIS
The Navy CLEAN program will utilize ESRI’s suite of GIS software for the majority of GIS-
related tasks.  The GIS data model will consist of one or more geodatabases (GDBs) per 
installation.  Each installation will maintain one common installation GDB, which will store the 
common infrastructure data such as buildings, roads, topography, hyrdography, utilities, etc.  
The common installation GDB should adhere, as much as possible, to the Spatial Data 
Standards for Facilities, Infrastructure, and Environment (SDSFIE) data model.  All project 
specific GDBs shall be developed and named for ease of interpretation by the GA.   

All station location information for each installation will be pulled directly from that 
installation’s data warehouse and stored in the common installation GDB as a data table.  The 
data warehouse must contain valid coordinate information for the locations to be displayed 
correctly.  Valid coordinate information will be maintained in the data warehouse by the EIS, 
and updated as necessary by the DBS.   

ESRI’s ArcMap 9.3 (or the latest version available) will be utilized for spatially displaying the 
environmental data within maps and figures, as well as for spatial analysis.  The GA will need 
to coordinate efforts with the EIS on all requests that require the display of environmental 
sample data on a map to ensure that the appropriate data is queried from the data warehouse 
and linked to the appropriate station location table within the GIS. 

4.6.3 Site Information Management System
This is currently not being used on the Navy CLEAN and Joint Venture Programs. 

SIMS is a tool for publishing data of sufficient quality from the project.  However, the project 
data warehouse will remain the database of record for the project. 

SIMS provides many standard report formats, all of which are used in conjunction with the 
Query Tool feature, to isolate and retrieve information.  Users can generate and save their 
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queries using a graphical point-and-click tool.  Reports in a wide variety of formats also can be 
requested and produced. 

4.6.4 Legacy Data 
Legacy data are those collected from any contractor other than CH2M HILL and data collected 
by CH2M HILL that have not been managed in accordance with Navy CLEAN and Joint 
Venture Program requirements.  Legacy data are commonly compiled from various electronic 
and hard copy sources including spreadsheets, databases, technical reports, and laboratory hard 
copy data reports.  When working with legacy data, usability assessment must be completed for 
the project team to be able to use the data with confidence.  In order to assess the data properly, 
the legacy data needs to be evaluated by skilled professionals that are familiar with the type of 
data being evaluated so that any errors identified in the data can be corrected when possible or 
qualified in a manner to reflect the limitations of the data’s use. 

The PM has overall responsibility for the selection for inclusion of legacy data into the data 
management process.  The PDL and PCL will work with the PM to establish the data review 
and import process, compile a comprehensive data inventory, and identify staff to facilitate data 
review. 

The PDL and PCL will work with the EIS to determine the appropriate intermediary files and 
tools used to collect the data.  The PDL and PCL will oversee the data review and flagging 
process and approve the data for upload into the Data Warehouse.  The EIS is responsible for 
assembling the field and laboratory data in formats that facilitate data review, aid the PDL and 
PCL in overseeing the data review and flagging process, schedule, conversion of the data to the 
proper data warehouse format, and then loading the data into the Data Warehouse after 
approval by the PDL and PCL. 

The GA, PDL, PCL, and PM have the primary responsibility for reviewing the data in their area 
of expertise and providing the PCL with data usability flags to be associated with each record. 



 

SECTION 5 

Project Closeout 

The project completion/closeout phase includes the following: 

� Archive hard copy and electronic documents 
� Conduct project closeout meeting  

5.1 Archive Procedures 
A large variety of technical data will be generated during the field investigations.  The EIS and 
PC will collect all hard copy and electronic data they are responsible for and verify that the 
incoming records are legible and in suitable condition for storage.  Record storage will be 
performed in two stages: 

� Storage during the project 
� Permanent storage following project completion 

During the project, CH2M HILL will store data hardcopy reports in CH2M HILL offices.  
Physical records will be secured in steel file cabinets or shelves, and labelled with the 
appropriate project identification.  Electronic data will be maintained on CH2M HILL’s 
corporate local area network servers.  

Information generated from field activities will be documented on appropriate forms and will 
be maintained in the project file.  These include COC records, field logbooks, well construction 
forms, boring logs, location sketches, and site photographs.  In addition, notes from project 
meetings and telephone conversations will be filed. 

Following project completion, both hard copy and electronic data deliverables will be archived.  
Team staff will provide all hard copies of laboratory and validation reports to the Data Closeout 
Coordinator to be prepped and shipped to Stone Mountain for archiving.  Final laboratory 
EDDs and loading files will be provided to the PDL, to be archived on CH2M HILL’s corporate 
local area network servers. 

Any modifications made to the tools will be communicated to the project team via e-mail.  As 
revisions are finalized, they will be distributed electronically to all users.  After revision, it is the 
user’s responsibility to conform to revised portions of the DMP. 

5.2 Invoice Review and Approval 
The EIS is responsible for tracking all data deliverables throughout the data management 
process to ensure that the project schedule is maintained, subcontractors comply with all 
required turn around times, and data provided are complete and acceptable.  Following project 
completion, EISs are to review and provide comments on all laboratory and data validator 
invoices regarding data quality and schedule compliance prior to approval by the PM. 
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5.3 Project Closeout
At the end of each project, the PM will notify team staff of project closeout.  The PM will 
coordinate and verify that all pertinent data has been archived.  The PM may also review 
lessons learned, suggest process improvements, or revisions to the DMP and other project 
documentation as deemed necessary. 



 

Appendix A  
Workflow Process

 



 

 

 



 

Appendix B 
Life of a Sample 
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Appendix C 
List of Standard Operating Procedures 

 



 

 

Checklist - EIS Project Start-up Questions 

Checklist - EIS QC for Unvalidated Data 

Checklist - Generating RDE Tables 

Checklist - Historic Data Cleanup 

Checklist - VDMS DM Process  

SOP-103 - Sample Tracking Program 

SOP-107 - CH-Analyzer  

SOP-109 - VDMS Validation 

SOP-113 - CHERP Tool  

SOP-114 - CHIMPTool  

SOP-115 - VDMS Importing 

SOP-126 - XTab Reports Tool  

SOP - Access To NIRIS  

SOP - Cherry Point Exceedance Formatting Wizard 

SOP - Corrections To File 

SOP - Data Archiving Procedures 

SOP - Data Shipping 

SOP - NEDD Creator Tool 
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