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INTRODUCTION

Kirtland Air Force Base (K.AFB) in Albuquerque, New Mexico has instituted a base-wide
planning initiative to streamline activities associated with its environmental restoration program. g-- '-~~1. ~,-vi sc )
Several plans have been prepared to affect the streamlining of activities. This section provides a
discussion of the purpose and scope of the plans and gives an overview of the base-wide
planning initiative and how it will be integrated into project-specific planning. The other
sections in this plan address project organization, scheduling, and reporting issues.
r

1.1

PURPOSE AND SCOPE

Kirtland AFB has been implementing its environmental restoration program in accordance with
requirements set forth by the U.S. Environmental Protection Agency (EPA). In October 1990,
EPA issued a Resource Conservation and Recovery Act (RCRA) permit under the Hazardous
and Solid Waste Amendments of 1984 (HSWA). The permit governs activities at the base
because it has historically utilized hazardous substances and generated hazardous wastes. The
focus of the permit is the investigation and restoration of areas believed to be adversely affected
by hazardous substances and wastes.
In an effort to maintain long-term compliance with the conditions of the RCRA permit, Kirtland
AFB is attempting to streamline the approach to environmental restoration activities. A key
component of the activities being targeted is the development of plans that are stipulated within
the RCRA permit. These plans encompass the following:
•
•
•
•
•
•

Project management
Data collection quality assurance
Data management
Health and safety
Waste management and minimization
Community relations

Recognizing that considerable effort is required during the planning phases of an environmental
investigation or rem~dial ~ction, IG_rtland AFB has developed ~ i l a t .....,DSJllS
---~-~ailf.~,efert~ testotation actiwtiesJ The %~wilit~ initiative

. "ll·mi@?!:ltio,~~~-naa,-_..---~f·~
m'lat!tlfmi~Jllld~will
.
.~..
. 11"~~.ilW ...,._.
, ..
.
., . . ~t
•·;~ rQ{erence for aceep•ble proce.dwe.s that can be implemented .t() :respond to recogni7.e'd
~nditions:at the base.··· - ~ 1 ' 1 • will be---·:aud~.pcrioclically and on
atJi...-eded basis to best fulfill the goal of expediting e n ~ t a l rriloration, ·
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OVERVIEW OF BASE-WIDE PLANNING INITIATIVE

The base-wide planning initiative establishes baseline conditions and accepted procedures to
facilitate expedited actions. Baseline conditions represent the current understanding of surface
and subsurface environmental features at a given area of concern, including
the nature
and extent
-----·~-·-.,
....... .. .. .
qf_~g9y~_ . sY.bstances. Accepted procedures are the means by which activities caii- be
accomplished; accepted procedures have been utilized routinely in the past and concur with
regulatory requirements as well as industry standards. Having baseline conditions and accepted
procedures in an approved, centralized, and malleable format allows the project team, including
the regulatory agencies, to respond efficiently and systematically to conditions at areas of
concern as they become apparent.
-·,i;~~

As the environmental restoration program evolves and activities are implemented at areas of
concern, Kirtland AFB will prepare project-specific work plans. These work plans will address
issues of specific interest that could not be included within the broad scope of the base-wide
plans. The project-specific work plans will reference the base-wide plans extensively,
particularly accepted procedures. If a project-specific plan needs a procedure that has not yet
been developed, the procedure will be formally presented within the project-specific work plan
and added to the base-wide plans after approval. To this end, the base-wide plans will be living
documents, governing the implementation of environmental restoration activities and responding
to the changing needs of the project.
Six base-wide plans have been developed to respond to the RCRA permit. The plans, identified
by volume as they appear herein, are:
•
•

Volume I Volume II-

•
•
•
•

Volume III Volume IV Volume V Volume VI-

1.3

Project Management Plan (PMP)
Data Collection Quality Assurance Plan (DCQAP)
Part I - Field Sampling Plan (FSP)
Part II - Quality Assurance Project Plan (QAPP)
Data Management Plan (DMP)
Site Safety and Health Plan (SSHP)
Investigation Derived Waste Management Plan (IDWMP)
Community Relations Plan (CRP)

EXECUTION OF PROJECT-SPECIFIC PLANNING AND WORK PLAN REVISIONS

The six volumes of base-wide plans are contained in a binder with associated appendices and
attachments. Project-specific work plans will be prepared as addenda to the volumes contained
within the binder. The project-specific plans will be structured identically to the base-wide plans
to avoid confusion. Only the sections that are pertinent to planned activities will be utilized
within the project-specific plans. Sections within the base-wide plan that are not appropriate for
planned activities will not be referenced within the site-specific plans. If a section within a
project-specific plan references the base-wide plan and contains a deviation from the base-wide
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plan, the deviation will be identified and proper justification will be provided. The base-wide
plan may be amended to incorporate the deviation if it is determined to be significant and affects
site operations throughout the base.
Base-wide plans will be distributed on a controlled basis. Copyholders will receive periodic or
as-needed revisions with an accompanying control distribution sheet. The control distribution
sheet will specify the old sections to be removed from the binder and the new sections to be
incorporated. After controlled copyholders incorporate the changes, they will be required to sign
and return the control distribution sheet to KAFB.
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2.0

PROJECT ORGANIZATION AND RESPONSIBILITIES

2.1

RESPONSIBILITIES OF KEY PERSONNEL

Figure 2-1 depicts the project organization chart for IRP efforts at Kirtland AFB. The roles and
responsibilities of each team member are as follows:
Mr. Chris DeWitt, R.P.G. is the Chief of the Kirtland AFB Restoration Branch, Environmental
Management Division. In this role, Mr. DeWitt is responsible for implementing the base
environmental restoration program. He is the Air Force point of contact for all regulatory and
technical issues associated with the base environmental restoration program. Mr. DeWitt
coordinates efforts that involve EPA, the New Mexico Environment Department (NMED), the
Remediation Advisory Board (RAB), Air Force Center for Environmental Excellence (AFCEE)
staff and contractors, as well as U.S. Army Corps of Engineers (USACE) staff and contractors.
These efforts focus upon identification of potential areas of contamination and subsequent
activities to investigate and restore known areas of concern.
Both EPA Region 6 and NMED are involved actively in the administration of restoration
activities at KAFB. . Ms. Nancy Morlock_ represent~
~eJli~- Mr. Steve P~llen
1t and associated
represents NMED m matters concernmg the~ase RCRA
investigation/restoration activities. Community concerns and fee back are provided via the
RAB. The Bernalillo County/KAFB Environmental Working group, which is described in detail
in Volume VI, the Community Relations Plan (CRP), plays an active role in decision-making
after KAFB presents proposed plans to the community.

.k~t\i

AFCEE provides site investigation and remedial support services to KAFB. As sites are
identified and targeted for analysis, AFCEE staff and contractors provide necessary technical
assistance in determining the presence or absence of contaminants. Sites that are known to
exhibit contamination are placed in the Installation Restoration Program (IRP), which is
administered by the U.S. Army Corps of Engineers (USACE) Omaha District.
Mr. Larry Janis, P.E. represents the USACE as the Technical Manager responsible for the Total
Environmental Restoration Contract (TERC) for Kirtland AFB. He is the point of contact for the
USACE for all technical and regulatory issues and coordinates project activities on behalf of
Kirtland AFB. Mr. Janis is supported by USACE staff who are experienced in environmental
restoration and waste management issues. Mr. Janis manages efforts of the prime TERC
contractor, Foster Wheeler Environmental Corporation (FWENC).
Mr. Dan Mantooth is the FWENC Project Manager responsible for the implementation of IRP
activities at Kirtland AFB. Mr. Mantooth is a Certified Health Physicist (CHP). As Project
Manager, he is responsible for organizing and directing the technical activities of the project and
for reporting the results of these activities. Mr. Mantooth has daily interaction with technical
staff and client representatives, including both USACE and KAFB representatives.
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Ms. Diane Morrell, C.I.H. is the Project Health and Safety Manager (PHSM). Ms. Morrell has
over 15 years of experience in the area of health and safety, particularly with regard to
Occupation Safety and Health Administration (OSHA) compliance on hazardous waste sites.
Ms. Morrell is certified by the American Board of Industrial Hygienists. She is responsible for
ensuring that SSHPs meet the Program Health and Safety Guidelines, and all corporate health
and safety policies and procedures.
Mr. Paul White serves as the Quality Assurance (QA) Manager for the Southwest TERC project.
He has over 21 years of experience in quality assurance/quality control and currently serves as
QA Manager for FWENC's Denver office. In his role on the project, he is responsible for
developing and executing QA activities for all phases of work.
Ms. Dina Sassone, C.I.H. is the Site Health and Safety Officer (SHSO). Ms. Sassone has over 10
years of experience in health and safety management at a variety of installations, including
RCRA facilities and other hazardous waste sites. Ms. Sassone is certified by the American
Board of Industrial Hygienists and has experience managing health and safety programs at
radiologically contaminated sites. She is a certified safety professional (CSP).
The SHSO is responsible for assisting the Project Manager in implementing the requirements of
the SSHP. The SHSO has "stop-work" authorization if an imminent danger or potentially
dangerous work practice exists. Authorization to proceed with work will be verified by the
PHSM. The SHSO will coordinate with the Kirtland AFB Safety Office, Industrial Hygiene
Office, and Security Office to ensure compliance with all site requirements.

Mr. Steven B. Weber, P.E. is the Project Engineer for IRP activities at Kirtland AFB. Mr. Weber
has over six years of experience in all facets of hazardous waste management and is a Registered
Professional Engineer. As Project Engineer, he provides daily technical direction to project team
members and ensures execution of project activities as defined within the base-wide plans. Mr.
Weber will work directly with the Project Manager to achieve stated project objectives and to
coordinate activities among the various technical staff associated with ongoing projects.
The activities associated with specific projects will require the assembly of separate project
organizations to fulfill project requirements. Different team members with varying technical
backgrounds will be incorporated into project-specific project organizations. Some of the
disciplines that are anticipated for Kirtland AFB IRP activities are depicted in Figure 2-1.
2.2

QUALIFICATIONS OF PERSONNEL

Appendix A contains resumes of project personnel. Resumes are included for key personnel and
other individuals who will have on-going involvement in project activities. In addition to the key
personnel identified in Section 2.1, resumes are provided for the following:
•

Project Chemist - Pam Moss
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REGULATORY COORDINATION

Regulatory coordination is the responsibility of KAFB. Copies of reports, plans, permit
applications, design documents, data summaries, etc. will be provided to both EPA and NMED
through the KAFB Environmental Office. Meetings, site visits, and teleconference calls will also
be coordinated by assigned individuals from KAFB.
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PROJECT MANAGEMENT

Project management issues addressed in this section include scheduling, submittal requirements,
and fulfillment of progress reporting requirements.
3.1

PROJECT SCHEDULE AND SUBMITTALS

Project schedules will be developed on a project-specific basis and incorporated into projectspecific work plans. Schedules will be prepared utilizing critical path method (CPM) techniques.
Major project activities will be identified along with their associated project durations.
Project schedules will reflect the most efficient and expedient means of accomplishing projects.
Activities will be overlapped and performed concurrently to the extent practical. If possible,
project activities will be scheduled to continue during regulatory agency review cycles.
The schedules will be prepared utilizing computer applications including Primavera
scheduling/control software and TIME LINE@ for Windows. The complexity of projects will
dictate which computer application is selected. In general, more complex projects, such as largescale design/construction efforts, will be scheduled and tracked utilizing Primavera software.
TIME LINE@ for Windows will be utilized for preliminary project scoping and scheduling field
activities, preparation of reports, and design efforts.
In general, two submittals will be provided to regulatory agencies for review. The regulatory
agencies include EPA and NMED; however, some local agencies affiliated with Bernalillo
County and the City of Albuquerque may also be included on the submittal distribution list. In
addition, the RAB and other parties listed in the CRP distribution list may receive submittals for
review according to their agreements with Kirtland AFB.
Final documents will be submitted for comments. Revised Final documents will be submitted
after comments are incorporated. Submittals will be shown on project schedules as milestones;
review periods and comment incorporation activity bars will also be included. A standard review
length of 30 working days will be assumed for scheduling. Project-specific requirements may
dictate that a longer or shorter review cycle be utilized. In these instances, regulatory
concurrence will be obtained prior to the preparation of the final schedule.
3.2

QUARTERLY PROGRESS REPORTS

Quarterly progress reports will be submitted to EPA Region 6 and NMED in accordance with
RCRA permit requirements. The progress reports will contain:
•

An estimate of the percentage of investigations completed

•

A summary of work accomplished during the reporting period
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•

A summary of problems encountered during the reporting period and actions taken to resolve
problems

•

Summaries of preliminary or final results obtained during investigation activities, including
post-excavation confirmation samples

•

Summaries of actual or proposed changes to work plan elements

•

Any changes in key project personnel

•

Projected work for the next reporting period
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Daniel S. Mantooth CHP
Principal Health Physicist

EXPERIENCE SUMMARY
Mr. Mantooth has 12 years of progressively responsible professional-level operational health physics
experience, including management and supervision. Facilities supported include the Oak Ridge Gaseous
Diffusion Plant and the N-Reactor at Hanford. Four years of experience performing radiobiological and
radiochemical laboratory analyses.
Mr. Mantooth has provided radiological safety and assessment support to governmental and private
sector clients on projects involving a variety of operations including radioactive waste disposal,
radioactive/mixed waste site remedial investigation, waste characterization, defense material production,
reactor operations, and environmental sampling. Mr. Mantooth also has dealt with nonradiological safety
concerns in the course of completing safety analyses for facilities containing hazardous materials or
sources of nonionizing radiation. He seived as the Health and Safety Manager for Richland Operations
from 1990 to 1993, and as the Environmental Corporate Health Physicist since 1993.

PROFESSIONAL AFFILIATIONS
Health Physics Society
American Society for Testing and Materials
American Nuclear Society
American Board of Health Physics (Comprehensive Practice), 1990
DOE Q Qearance

REGISTRATIONS
Certified Health Physicist

EDUCATION
M.S., Radiation Biology, University of Tennessee - 1978
B.S., Zoology, University of Tennessee -1971

TRAINING
Health and Safety Training for Hazardous Waste Operations, December 1987 (Annual Refreshers)
8-Hour Supetvisor's and Manager's Health and Safety Training for Hazardous Waste Operations - April
1989

REPRESENTATIVE PROJECT EXPERIENCE
Mr. Mantooth has supported environmental programs for the Department of Energy, the Department of
Defense (DOD), National Aeronautics and Space Administration (NASA), and the Environmental
Protection Agency (EPA). Projects for the DOD include:

FOSTER@WHEELER.------FOSTER WHEELER ENVIRONMENTAL CORPORATION

,·..

Daniel S. Mantooth CHP
REPRESENTATIVE PROJECT EXPERIENCE {CONT'D)
Monitoring Well Installation at Dugway Proving Ground - Mr. Mantooth seived as the project Health
Physicist for the installation of groundwater monitoring wells at Dugway Proving Ground in Utah
performed under a contract with the U.S. Army Environmental Center (formerly USATIIMA). Several
of the SWMUs were identified as being potentially contaminated with radioactive materials.
Mr. Mantooth provided radiation safety input to the health and safety plan, conducted radiological safety
training for project personnel, performed radiation protection program oversight assessments during well
installation, and provided health physics consulting seivices to the client.
Environmental BaseUne Studies at Sacramento Army Depot - Mr. Mantooth assisted the project
manager in performing the final technical review on environmental baseline study (EBS1) reports at the
Sacramento Army Depot. The project scope requires EBST reports for over 100 study areas located at
the Depot These reports, completed in support of the Depot's Base Realignment and Oosure (BRAC)
Plan, are required to support a Finding of Suitability to Lease (FOSl) or Finding of Suitability to Transfer
(FOS1) necessary to transfer or release property to the privet sector.
Building 300 Contaminated Drain Removal and Contamination Assessment at Sacramento Army
Depot - Mr. Mantooth completed the worlq>lan, sampling and analysis plan, and health and safety plan
for removing the piping and ancillary equipment to the contaminated septic system from Building 300.at
the Sacramento Army Depot. Toe worlc. is being conducted in support of BRAC and Nuclear Regulatory
Commission (NRC) license termination. The worlc. scope includes removing piping and ancillary
equipment, sampling to assess environmental contamination from radium-226 and metals, and waste
characterization of excavates soils, septic system contents, and other materials to determine appropriate
storage or disposal options.
Site Characterization at Kirtland Air Force Base - Mr. Mantooth is presently seiving as manager for
Delivery Order No. 1 under Total Environmental Restoration Contract with the U.S. Army Corps of
Engineers (Omaha District). The scope of this delivery includes completing and implementing a plan to
characterize 5 Inter-Nuclear Weapons School (INWS) Sites and the Blast Overpressurization Site (BOP)
with regard to radiological contamination (To-232 and Ra-226). The BOP will undergo characterization
for nonradiological contamination as well.
Will complete a characterization report with
recommendations for clean-up actions in these areas.
Mr. Mantooth supported the preparation of the environmental impact statement for the National
Aeronautics and Space Administration's Advanced Solid Rocket Motor Facility. Mr. Mantooth evaluated
potential environmental impacts of proposed radionuclide and x-ray generating machine use at this
facility.
Mr. Mantooth has provided Westinghouse Hanford Company (WHC) support for a wide variety
operations at the Hanford Site. He currently seives as Nuclear Facility and Health Physics manager for
$15 million conceptual design of an initial pretreatment process for Hanford single-shell and double-shell
tank waste. Over the past year, Mr. Mantooth has been heavily involved in WHC's radiochemical data
validation efforts. Specific support has included development of data validation procedures, analytical
laboratory statements of worlc., and validation of radiochemical data. Mr. Mantooth evaluated safety and
compliance issues associated with radon and radon progeny collected along with carbon tetrachloride at
WHC's vapor extraction project He developed the test plan to collect the necessary information to
determine personnel protection requirements, instrumentation parameters, and acceptable release criteria.

FOSTER \f!I WHEELER.------FOSTER WHEELER ENVIRONMENTAL CORPORATION
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Daniel S. Mantooth CHP
REPRESENTATIVE PROJECT EXPERIENCE {CONrD)
Other support to WHC includes: (1) managed a $1+ million task to provide independent leak
assessments for Hanford single-shell tanks based on historical information, (2) developed procedures and
development work to mobilize a field analytical facility used for radiological screening of soil samples,
(3) performed a number of safety assessment tasks, including a Safety Assessment Document for
proposed remedial technologies, (4) performed an annual appraisal of the Waste Encapsulation and
Storage Facility, (5) performed a radiological readiness review for a Materials Open Test Assembly
experiment at the Fast Flux Test Facility, and (6) supported the Plutonium Finishing Plant Safety
Analysis Report. Mr. Mantooth has also supported the efforts of WHC's Environmental Compliance
group. In this role, he has helped identify and propose resolutions to inconsistencies between the Atomic
Energy Act and the Resource Consetvation and Recovery Act requirements for tanks, waste piles, and
container storage areas and completed shielding calculations for a proposed purge water treatment
facility. He has also been involved in writing several WHC manuals such as the Environmental
Compliance Manual, ALARA Manual, Radiological Safety Manual, and Radiation Work Procedures
Manual.
Mr. Mantooth has provided support to Battelle Pacific Northwest Laboratories on their single-shell tank
waste characterization work at the Hanford Site. Specifically, the task involves the assessment of
radiological impacts from sampling and analysis operations. Mr. Mantooth developed algorithms for
calculating radiation dose, evaluated input data sources for the algorithms, completed calculations and
provided the client a report estimating the projected radiation dose from several potential sampling and
analysis scenarios. Other support included an appraisal of Battelle's radiation protection program.
Mr. Mantooth has supported other DOE sites including the Idaho National Engineering Laboratory
(INEL) and the Fernald Environmental Management Project (FEMP). At INEL, Mr. Mantooth
participated in a task for EG&G Idaho in preparing safety analysis reports for several facilities, including
the Radioactive Waste Management Complex and the Test Area North Decontamination Facility. He
also provided onsite radiological safety support for monitoring well installations and decommissioning
activities.
At FEMP, Mr. Mantooth has been involved in various environmental restoration activities, including the
Operable Unit 3 Sampling and Analysis Plan, Safe Shutdown Health and Safety Plan, several Removal
Site Evaluations, radiochemical analysis procedures, and radiochemical data validation.
Mr. Mantooth has completed several studies for nuclear power concerns. He provided the Electric Power
Research Institute (EPRI) with an assessment for the maximally exposed individual from handling below
regulatory concern (BRC) waste. This assessment was used for EPRI's petition to the Nuclear
Regulatory Commission on BRC waste. Mr. Mantooth also completed two studies for Taiwan Power
Company (TPC). He setved as technical lead in the development of a hot particle detection and control
program at the Chinshan and Kuosheng nuclear power stations. The program involved developing
applicable procedures, providing training to station health physics personnel and directing in-plant
exercises on the practical aspects of hot particle detection. On another project for TPC, Mr. Mantooth
setved as task manager for radiation dose evaluation and reduction in uncontrolled areas at Chinshan.
The project consisted of collecting dose rate data, determining radiation sources for those areas exceeding
guidelines, and recommending corrective actions.
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Daniel S. Mantooth CHP
REPRESENTATIVE PROJECT EXPERIENCE {CONTD)
Mr. Mantooth served as the Health and Radiation Safety Officer on the remedial investigation at the
Maxey Flats Disposal Site in Kentucky. In this capacity, he was responsible for monitoring hazardous
and radiological substances, perfonning safety audits, reviewing procedures, and perfonning safety
smveillance of the site.

PRIOR EXPERIENCE

Westinghouse Hanlord Company
Richland, Washington

Manager of Radiological Engineering
Mr. Mantooth worked over two years for Westinghouse Hanford Company. For one and one-half years
he served as manager of Radiological Engineering at N-Reactor. In this capacity he developed and
administered company radiological control policy; directed compliance audits and appraisals; provided
annual radiological safety improvement criteria and directed efforts of staff in the implementation of all
aspects of the radiological safety program. Mr. Mantooth also established and managed the annual
budget, conducted employee performance evaluations, and maintained subsection staffing levels. He
provided periodic radiological statistics and trending reports to upper management and directed
resolution of radiological safety findings.

United Nuclear Corporation
Richland, Washington

Lead Engineer
For one year Mr. Mantooth served as Lead Engineer for the Administrative Health Physics group of
Radiological Engineering at the N-Reactor. He was responsible for tracking action commitments and
distributing work assignments to other professionals within the group. He interfaced with Operations and
Maintenance personnel on radiation safety aspects of specific reactor upgrade projects; oversaw the
maintenance and development of computerized databases containing information on personnel
contaminations, radiation incidents, and radiation occurrences; directed .the documentation of specific
aspects of radiation safety programs in periodic reports; and provided health physics support for refueling
and maintenance outage efforts.

Martin Marietta Energy Systems
Oak Ridge, Tennessee
Applied Health Physicist
Mr. Mantooth has over one and one-half years experience with Martin Marietta Energy Systems at the
Oak Ridge Gaseous Diffusion Plant in Oak Ridge, Tennessee. As an Applied Health Physicist he
supervised five health physics technicians performing radiological surveys on floor areas, equipment, and
personnel in a large uranium enrichment facility. He coordinated and conducted internal health physics
audits of plant maintenance activities; advised Maintenance and Operations personnel on aspects of
radiation safety; consulted with Construction Engineering on health physics concerns during construction
and renovation activities; and reviewed maintenance and operational procedures for good radiation safety
practices. Mr. Mantooth wrote and revised health physics procedures; developed and coordinated
radiation safety training for new employee orientations, departmental safety meetings, and supervisory
personnel.
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Daniel S. Mantooth CHP
PRIOR EXPERIENCE (CONrD)

Oak Ridge Associated Universities
Oak Rulge Tennessee
Senior Health Physics Technician
Mr. Mantooth worked for four years at Oak Ridge Associated Universities (ORAU). As a Senior Health
Physics Technician, he was responsible for maintaining a teaching laboratory associated with courses in
applied health· physics, environmental monitoring, nondestructive assay, and radionuclide uses in
research and medicine. He taught laboratory exercises to corporate, governmental, and military health
physics professionals and paraprofessionals as well as college students of varied backgrounds. Mr.
Mantooth independently developed and documented new laboratory exercises, procedures, and guidelines
and maintained laboratory equipment and supplies. As a Biochemist at ORAU, Mr. Mantooth provided
analytical support for studies of the invivo metabolism of xenobiotic substances, the tissue distribution of
certain transuranics, the transplacental transport of several radionuclides, the uptake and transport of
certain radioisotopes by the gastrointestinal tract, and the biological distribution of radiolabeled
carcinogens and their metabolites; developed and documented analytical techniques; interpreted data and
wrote technical reports; and maintained an analytical biochemistry laboratory.

University of Tennessee, College of Veterinary Medicine
Knoxvllle, Tennessee
Senior Laboratory Technician
At the University of Tennessee College of Veterinary Medicine, Knoxville, Tennessee, Mr. Mantooth
was a Senior Laboratory Technician. He developed and documented analytical techniques and
procedures for the analysis of biological and environmental samples in a toxicology laboratory; helped
develop a protocol for sample handling, billing, and reporting results; and was directly responsible for
completion of analyses, interpretation of analytical data, and issuing final reports.

Westinghouse Hanford Company
Richland, Washington
Manager of Radiological Engineering
Mr. Mantooth worked over two years for Westinghouse Hanford Compariy. For one and one-half years
he seived as manager of Radiological Engineering at N-Reactor. In this capacity he developed and
administered company radiological control policy; directed compliance audits and appraisals; provided
annual radiological safety improvement criteria and directed efforts of staff in the implementation of all
aspects of the radiological safety program. Mr. Mantooth also established and managed the annual
budget, conducted employee performance evaluations, and maintained subsection staffing levels. He
provided periodic radiological statistics and trending reports to upper management and directed
resolution of radiological safety findings.

United Nuclear Corporation
Richland, Washington
Lead Engineer
For one year Mr. Mantooth seived as Lead Engineer for the Administrative Health Physics group of
Radiological Engineering at the N-Reactor. He was responsible for tracking action commitments and
distributing work assignments to other professionals within the group. He interfaced with Operations and
Maintenance personnel on radiation safety aspects of specific reactor upgrade projects; oversaw the
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Daniel S. Mantooth CHP
PRIOR EXPERIENCE (CONTD)
maintenance and development of computerized databases containing infonnation on personnel
contaminations, radiation incidents, and radiation occurrences; directed the documentation of specific
aspects of radiation safety programs in periodic reports; and provided health physics support for refueling
and maintenance outage efforts.

Martin Marietta Energy Systems
Oak Rul.ge, Tennessee
Applied Health Physicist
Mr. Mantooth has over one and one-half years experience with Martin Marietta Energy Systems at the
Oak Ridge Gaseous Diffusion Plant in Oak Ridge, Tennessee. As an Applied Health Physicist he
supervised five health physics technicians perfonning radiological surveys on floor areas, equipment, and
personnel in a large uranium enrichment facility. He coordinated and conducted internal health physics
audits of plant maintenance activities; advised Maintenance and Operations personnel on aspects of
radiation safety; consulted with Construction Engineering on health physics concerns during construction
and renovation activities; and reviewed maintenance and operational procedures for good radiation safety
practices. Mr. Mantooth wrote and revised health physics procedures; developed and coordinated
radiation safety training for new employee orientations, departmental safety meetings, and supervisory
personnel.

Oak Ridge Associated Universities

Oak Rul.ge Tennessee

Senior Health Physics Technician
Mr. Mantooth worked for four years at Oak Ridge Associated Universities (ORAU). As a Senior Health
Physics Technician, he was responsible for maintaining a teaching laboratory associated with courses in
applied health physics, environmental monitoring, nondestructive assay, and radionuclide uses in
research and medicine. He taught laboratory exercises to col])Orate, governmental, and military health
physics professionals and paraprofessionals as well as college students of varied backgrounds. Mr.
Mantooth independently developed and documented new laboratory exercises, procedures, and guidelines
and maintained laboratory equipment and supplies. As a Biochemist at ORAU, Mr. Mantooth provided
analytical support for studies of the invivo metabolism of xenobiotic substances, the tissue distribution of
certain transuranics, the transplacental transport of several radionuclides, the uptake and transport of
certain radioisotopes by the gastrointestinal tract, and the biological distribution of radiolabeled
carcinogens and their metabolites; developed and documented analytical techniques; interpreted data and
wrote technical reports; and maintained an analytical biochemistry laboratory.

University of Tennessee, College qfVeterinary Medicine
Knoxville, Tennessee
Senior Laboratory Technician
At the University of Tennessee College of Veterinary Medicine, Knoxville, Tennessee, Mr. Mantooth
was a Senior Laboratory Technician. He developed and documented analytical techniques and
procedures for the analysis of biological and environmental samples in a toxicology laboratory; helped
develop a protocol for sample handling, billing, and reporting results; and was directly responsible for
completion of analyses, interpretation of analytical data, and issuing final reports.
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DIANE M. MORRELL, CIH
Supervisory Industrial Hygienist
PROFESSIONAL SUMMARY

Ms. Morrell has more than 14 years of industrial hygiene, industrial safety, human health risk
assessment, and project management experience. She has extensive experience in various
aspects of occupational safety and health including the following: air monitoring, selection of
appropriate hazard control methods, selection of appropriate personal protective equipment,
audits of health and safety programs for regulatory compliance, writing reports and procedures,
and health and safety training programs. Her experience includes acting as Compliance Safety
and Health Officer with OSHA, Project Health and Safety Officer, Regional Health and Safety
Manager, Project Manager, and Health and Safety Director. Ms. Morrell has been the Project
Manager on several health and safety work releases at DOE facilities such as Hanford and Idaho
Natio~al Engineering Laboratory (INEL).
EDUCATION

B.S., Environmental Health, Colorado State University, 1980
CERTIFICATIONS AND REGISTRATIONS
Certified Industrial Hygienist, ABIH, 1987
PROFESSIONAL AFFILIATIONS

American Industrial Hygiene Association, Member
American Board of Industrial Hygiene, Diplomat
Occupational Medicine Committee, Chairman AIHA
Advisory Board Member for the Laborers-AGC Hazardous Waste Worker Training Program
Ad-Hoc Committee Member of the National Health Fund Development of Medical Surveillance
Guidelines for Hazardous Waste Workers
DOE Q Clearance
ADDffiONAL TRAINING

OSHA 40-hour Health and Safety Training, 1984
OSHA 8-hour Refresher Course, 1985-93
OSHA 8-hour Supervisory Course, 1987
More than 20 additional short courses and training programs in environmental, safety, and health
areas
FOSTER WHEELER ENVIRONMENTAL EXPERIENCE

Ms. Morrell has been the project manager, technical manager, or team member for numerous
projects related to health and safety including health and safety audits for regulatory compliance
and quality assurance at several DOE facilities, air monitoring programs to assess potential
employee exposures, program development and implementation assistance, and safety analysis
documentation.
Ms. Morrell was the Project Manager for OSHA Inspections Services for various facilities at
INEL for EG&G Idaho, Inc. The project was conducted as a pre-Tiger Team assessment of
occupational health and safety hazards in all EG&G facilities. Regulatory compliance was
evaluated based on OSHA standards, DOE-ID regulation, and National Fire Protection
Association (NFPA) guidelines. The NFPA guidelines included fire protection, National
Electrical Code (NEC), and the Life Safety Code. The report generated included a database that
Morrell. D.-FWg
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allowed sorting of violations by type, severity, building, or any other parameter that could be
analyzed. Because of the volume and complexity of the report, quality assurance and data
management were essential to the project.
Ms. Morrell was the Project Manager for conducting baseline chemical, physical, ergonomic, and
biological hazard assessments for various tank farms at Hanford. The tanks contains mixed
radioactive waste (high and low level). Walkaround inspections were conducted to identify
potential hazards associated with work activities conducted in the tank farms, which were
considered to fall within the OSHA Hazardous Waste Operations and Emergency Response
standard in addition to general occupational health and safety standards. Hazard assessment
forms were generated based upon activity that included identification of potential hazards and
recommendations for evaluating the hazards. Additionally, an industrial hygiene assessment
program plan was developed to identify the ongoing health and safety needs of the tank farms
and schedule for completion of the hazard assessments for the remaining tank farms.
Ms. Morrell was a team member for conducting a Baseline Hazard Assessment and asbestos
inventory for Building 707 at Rocky Flats Plant to support resumption operations. This
assessment consisted of conducting a general area hazards assessment for all areas of the
building and a process hazards assessment for all potential processes that are scheduled to occur
after activities are resumed in the building. The assessment included industrial hygiene and
occupational safety aspects, and were documented on forms that were subsequently entered into
a database. More than 600 processes were evaluated and input into the database including waste
management activities that are essential to the processes in the building. Quality assurance was
essential in ensuring overall consistency and completeness of the large amount of data, and
another important aspect to this assessment was the understanding of document control and
classification issues to avoid delays in the usability of the information gathered to generate the
report by the deadline required to DOE. Another important issue with the asbestos hazard
inventory was the understanding of the radiation protection interface to screen samples for
analysis.
Ms. Morrell was a team member for conducting the Baseline Health and Safety Assessment for
the Fefl)ald Environmental Management Project. This assessment was conducted to comply with
the draft DOE 5483.:XX regulation for environmental, safety, and health requirements, and
performed evaluations on all operable units, waste management activities, and waste treatment
facilities. The evaluations were conducted for industrial hygiene, occupational safety, and fire
protection aspects of the activities. Industrial hygiene and occupational safety/fire protection
forms were used to document the hazard assessments, and potential violations of OSHA
regulations, DOE regulations, or good health and safety practice were documented in a table so
that corrective actions strategies could be developed.
Ms. Morrell was the Project Manager for a comprehensive health and safety program audit that
was conducted as a pre-Tiger Team self assessment for MK-Ferguson of Idaho Company, the
construction management contractor at INEL. The program review was for industrial hygiene
and construction safety programs developed and implemented for construction projects at the
INEL facility, and was conducted for regulatory compliance and root-cause analysis of
programmatic issues.
At INEL, she was the occupational safety lead for a safety analysis report of a waste handling
process design. This project involved analyzing process design drawings and descriptions to
develop accident scenario incidents and to estimate the likelihood of their occurrence. This
required an in-depth analysis of the proposed process to determine all possible accident scenarios
that may occur, including contaminant release from container breech, fire/explosion, and
occupational safety accidents. A detailed report and accident scenario chart was prepared for
each phase of the operation.
Morrell, O.-FWg
MAC. REV. 3123/94

,, I

Page 3 of 4
Ms. Morrell was the Corporate Health and Safety Manager for a $40-million interim remedial
action at the Rocky Mountain Arsenal. She developed and provided oversight for the
implementation of the health and safety plan including a complex hazard assessment for a site
with more than 200 different compounds identified, air sampling strategies (direct reading and
personnel samples), a personal protective equipment program, a medical surveillance program,
and an emergency response and contingency plan. The personnel air sampling program collected
and analyzed more than 2,000 samples. The project included an extensive QA/QC program,
which as a component had independent laboratory confirmation. In addition to the personnel air
sampling program, a comprehensive ambient air quality program was included. The ambient air
monitoring program was used to determine the extent of emissions from the construction
activities and to evaluate the impact of construction activities and control measures to public
health concerns. A final closeout health and safety report was written to summarize the health
and safety aspects of this project and submitted as a deliverable to the client.
In her various positions, Ms. Morrell has performed work at several complex hazardous waste
sites. She functions as the Project Health and Safety Manager for Basic Ordering Agreement
contracts at the Hanford and INEL sites. As the Corporate Health and Safety Manager, she
oversees the development and implementation of health and safety programs and plans for
environmental management projects at the Rocky Flats Plant, the Fernald Environmental
Management Project, Oak Ridge National Laboratory, Pantex, and the Savannah River Plant.
She also has worked on environmental management projects at many DOD facilities that have
involved unexploded ordnance concerns and chemical warfare agents.

For the Rocky Mountain Arsenal project, Ms. Morrell has also functioned as Task Manager for
an acute and subchronic exposure assessment that provided data for risk characterization and
cleanup goals. This assessment involved exposure pathway analysis for 64 different chemical
and five potential populations with differing exposure parameters. A comprehensive report,
supporting calculations, and database output was provided to the client. This program involved
extensive QA/QC measures to ensure accuracy and completeness of the database and matching
data in the report. In addition, Ms. Morrell was the Technical Manager of several interim
response action risk assessments for the Rocky Mountain Arsenal project. These reports
involved calculating potential risks to on-site workers and the public from proposed interim
response cleanup actions, and defined exposure pathways, affected populations, contaminant
intake rates, and calculated risks to the populations. If risks identified were not within acceptable
upper limit bounds, mitigation efforts were identified to reduce the potential risks to within
acceptable ranges.

PRIOR EXPERIENCE
U.S. Department of Labor,
Occupational Safety and Health Administration

Industrial Hygienist (7 years)
Ms. Morrell performed numerous industrial hygiene investigations for a large variety of
industrial settings. Her work duties entailed recognizing potential chemical and/or physical
hazards; monitoring to assess hazards; evaluating monitoring data; and recommending
appropriate engineering and administrative controls, as well as appropriate personal protective
equipment relative to the hazard. Investigations were also performed for fatalities and
catastrophic occurrences. She also provided support and testimony for litigation. Her experience
also included evaluating asbestos abatement operations in the demolition or removal of pipes,
structures, or equipment covered or insulated with asbestos. The evaluation consisted of
recognition of potential asbestos-containing materials in buildings, assessment of potential
exposures from the asbestos-containing materials and the feasible abatement methods,
assessment air monitoring programs and personal protective equipment, and knowledge of
Morrell, D.-FWg
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federal regulations regarding asbestos in buildings. Litigation support and testimony were also
provided for these evaluations.
Ms. Morrell also attended the EPA "Hazardous Materials Incident Response Operations Course"
and was a designated team member for hazardous materials investigation and response for
Region VID.
PUBLICATIONS
Morrell, D.M., Reynolds, J.A, and Sassone, D.M., 1993, Design and Implementation of a Health
and Safety Program for Hazardous Waste Remediation Projects. In the Proceedings of the
1993 American Industrial Hygiene Conference, New Orleans, LA.
Van Seiver, J., Morrell, D.M., Groves, B.D., Sekulic, T., and Bishop, E., 1992, Occupational and
Environmental Air Monitoring at Hazardous Waste Sites, Professional Development Course
No. 54. In the Proceedings of the 1992 American Industrial Hygiene Conference and
Exposition, Boston, MA.
Morrell, D.M., 1990, Design and Implementation Strategies for Health and Safety Programs at
Complex Hazardous Waste Remediation Projects. In the Proceedings of the 1990 American
Industrial Hygiene Conference, Orlando, FL.
Morrell, D.M., 1989, Design and Implementation Strategies for Health and Safety Programs at
Complex Hazardous Waste Remediation Projects. Superfund 1989 Conference Proceedings,
Washington, D.C.
Morrell, D.M., 1986, Seminar for Industrial Hygiene and Safety Issues for Hazardous Waste
Sites, HazMat Conference Proceedings, Denver, CO.
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PAMELA J. MOSS
Manager, Environmental Chemistry
PROFESSIONAL SUMMARY
Ms. Moss has 17 years of experience in analytical and environmental chemistry, environmental
consulting and laboratory management, waste characterization and disposal, quality assurance, and
analytical data validation. Her experience includes 8 years of analytical laboratory supervisory
experience and 3 years of environmental project management experience. She has served as a
project chemist, project quality assurance coordinator, and environmental laboratory coordinator
for remedial investigations, feasibility studies, site investigations, and waste drum characterization
programs. She has extensive knowledge and experience with laboratory instrumentation, project
management, and U.S. Environmental Protection Agency (EPA) contract laboratory program
(CLP), and U.S. Anny Environmental Center (AEC) analytical methodologies.

EDUCATION
B.S., F~od Chemistry-Food Science/Microbiology, Purdue University, 1977

ADDITIONAL TRAINING
40-hour OSHA Hazardous Waste Operation Health and Safety Training
Red Cross First Aid and CPR Training
Laboratory Safety Training, Environmental Science and Engineering
American Chemical Society - Environmental Laboratory Data Quality Assurance

PROFESSIONAL AFFILIATIONS
American Chemical Society
Air and Waste Management Association

FOSTER WHEELER ENVIRONMENTAL EXPERIENCE
Ms. Moss has served as Task Manger/fechnical Chemistry Lead for the Oak Ridge National
Laboratories Low-Level Mixed Waste Drum Characterization Project that consists of characterizing
1,000 low-level radioactive waste containers using available process knowledge and chemical
analysis. This effort also includes coordinating project tasks and personnel; quality assurance of
all drum characterization process knowledge, analytical data, and deliverables; and chemistry
oversight and technical review of all waste materials in accordance with RCRA regulations to
determine ultimate disposal options. Ms. Moss is also involved with revising the current waste
management tracking system, and establishing and implementing a waste generator training
program at Oak Ridge National Laboratories. Prior to field work, Ms. Moss was involved with
developing both the Field Sampling and Analysis Plan and the Quality Assurance Program Plan for
this project.
Ms. Moss is the Project Chemist for two tasks at the Rocky Mountain Arsenal-Continuous Air
Quality Monitoring Program and the Fluoroacetic Acid Volume Refinement Soil Sampling
Program. Ms. Moss is currently providing chemistry and analytical support for field sampling
activities; laboratory coordination, oversight, and auditing; and analytical data review for report
preparation.
She is also the Project Chemist for Foster Wheeler Environmental's contract with the AEC. At
Tooele Army Depot-South and Dugway Proving Ground, Ms. Moss is performing laboratory
coordination for field sampling activities where her responsibilities include technical evaluation and
laboratory procurement; laboratory oversight, performance auditing, and quality assurance of
analytical methods; and data validation, project database management, and report preparation.
Moss, P.•g
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For the U.S. Bureau of Reclamation, Ms. Moss has provided technical chemistry support for
Krejci Dump Site, Bingham Creek, and Warren Air Force Base projects. As Project Chemist and
Laboratory Coordinator, she has provided support in developing work plans, field sampling and
analysis plans, and quality assurance project plans. She has also been responsible for laboratory
coordination, data review and verification, reporting, documentation, and project database
management. In addition, Ms. Moss has performed as the project manager for the Bureau of
Reclamation Wright Patterson data validation task. She was responsible for project coordination,
budgets, labor, schedules, and quality control.
Ms. Moss provided support for data analysis, data verification, and report preparation for the 1990
Surface Water and Sediment Geochemical Characterization Report at the Rocky Flats Plant in
Colorado, a nuclear weapons production facility. This report documents the analytical results of
samples collected during 1990 to monitor releases. She was primarily involved with the
investigation of questionable items for organic, inorganic, and radiochemical data. Upon
completing this review she worked with EG&G Rocky Flats staff to document the needed changes
to the database and to verify data validation for the final report. This final report was submitted to
the EPA and the State of Colorado.

PRIOR EXPERIENCE
In addition to the 3 years of experience in the environmental consulting industry, Ms. Moss has 13
years of experience in organic and inorganic chemical analysis. This experience includes 8 years
of environmental analytical experience with EPA, CLP, and AEC methodologies, and 6 years of
environmental laboratory management experience. As laboratory manager, Ms. Moss was
responsible for budgeting and scheduling of work and manpower; hiring, training, and supervising
personnel; data quality review and report generation; and client interaction and project management.

Hunter Environmental Services/ESE
Gas Chromatography Manager (1 year)
Ms. Moss was responsible for managing all facets of the Gas Chromatography Group. These
responsibilities included scheduling of all gas chromatography work, budgeting manpower hours,
maintaining laboratory equipment, requisitioning supplies, and reviewing the quality of all data
generated by the group. Ms. Moss was also involved with performing special analytical tasks.

Hager Laboratories
Environmental Laboratory Supervisor (1-1/2 years)
Ms. Moss was responsible for establishing and running the environmental organic extraction and
gas chromatography laboratories using EPA protocol. Her responsibilities included hiring,
training, and supervising personnel for both sections; setting up and maintaining instrumentation;
writing standard operating procedures and methodologies; scheduling of work; reviewing all data
generated; preparing written reports for analysis; and interacting with clients.

Truesdail Laboratories
Assistant Manager Environmental Laboratory (4 years)
Ms. Moss was involved with the training and supervision of personnel for the gas chromatography
laboratory. She was responsible for the operation and daily analysis of environmental gas
chromatography work as well as equipment maintenance and problem solving. She was also the
laboratory project manager for two drinking water contracts for the Department of Health Sciences
that involved coordinating sampling, scheduling, analysis, data reporting, and client interaction.
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SGS Control Services
Chief Chemist (1 year)
Ms. Moss performed gas chromatography and mass spectrometry analysis of pesticides,
fumigants, transformer oils, petroleum, and petroleum products using EPA methodology.

SGS Control Services
Mineral Division Laboratory Supervisor (3 years)
Ms. Moss performed and supervised the analysis of coal and petroleum coke. This involved
coordinating the sample preparation group with the laboratory, maintaining and calibrating
laboratory equipment, performing quality control, developing and improving analytical methods,
and reporting results to clients.

Barringer Resources
Laboratory Supervisor (3 years)
Ms. Moss was involved with all phases of inorganic analysis of soil and water, from sample
preparation through analysis to customer contact. She was also responsible for the training and
supervising employees.
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DINA M. SASSONE, cm, CSP
Senior Industrial Hygienist
PROFESSIONAL SUMMARY

Ms. Sassone has more than 12 years of professional experience in the health, safety, and
environmental fields. Her project management experience includes the design and conduct of
numerous industrial hygiene surveys and field investigations for government and commercial
industries. She has extensive technical experience in the evaluation of chemical exposure,
respiratory protection, hazardous waste operations, health and safety, asbestos management,
personal protective equipment evaluation, hearing conservation programs, ventilation system
evaluation, indoor air quality evaluation, confined space programs, ergonomics, hazard
communication, electrical safety, material handling and hazard assessment, health care facility
health and safety, and OSHA compliance. She has made independent decisions regarding health
and safety in the workplace by writing, approving, and implementing health and safety
procedures and programs.
EDUCATION

M.S., Mineral Resource Ecology (Environmental Science), Colorado School of Mines, 1992
B.S., Environmental Health, Colorado State University, 1982
ADDITIONAL TRAINING

Asbestos Worker Supervisor, Environmental Training Center, 1994
OSHA Construction Course, Colorado Safety Association, 1993
OSHA 8-hour Supervisory Course, (29 CFR 1910.120), 1992
Ergonomics, Colorado State University, 1991
Risk Management, American Academy of Industrial Hygiene, 1991
PCB Management Seminar, Environmental Resource Center, 1991
Asbestos School Building Inspector/School Management Planner, 1991
Hazardous Materials: Handling and Disposal, University of Southern California, 1990
Federal Facilities Compliance, United States Environmental Protection Agency, 1989
Statistical Analysis for Industrial Hygiene Sampling and Decision Making, NIOSH, 1989
Effective Health and Safety Audits, AIHA, 1989
Confined Space Entry, AIHA, 1989
Asbestos Control Procedures, National Asbestos Training Center, 1988
Industrial Hygiene Workshop, AEHA, 1988
Hazardous Waste Management Workshop, AEHA, 1988
Advanced Occupational Respiratory Protection, Darell Bevis Associates, 1988
Advanced Industrial Hygiene, AEHA, 1987
Industrial Hygiene Design Review, AEHA, 1987
Comprehensive Industrial Hygiene Review, University of Utah, 1986
Principles of Industrial Ventilation, OSHA, 1985
REGISTRATIONS AND CERTIFICATIONS

Certified Industrial Hygienist (Comprehensive Practice), American Board of Industrial Hygiene,
Certificate Number 4126
Certified Safety Professional (Management Aspects), Serial Number 11917
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PROFESSIONAL AFFILIATIONS
American Industrial Hygiene Association, Rocky Mountain Section
American Academy of Industrial Hygiene
American Conference of Governmental Industrial Hygienists
American Industrial Hygiene Association

FOSTER WHEELER ENVIRONMENTAL EXPERIENCE
Ms. Sassone joined Foster Wheeler Environmental in 1992. She has developed and reviewed
health and safety plans, and provided health and safety guidance for Foster Wheeler
Environmental projects at the DOE Rocky Flats Plant, Los Alamos National Laboratory,
Kirtland and Holland Air Force Bases in New Mexico, Rocky Mountain Arsenal, the Krejci
hazardous waste removal program, U.S. Fish and Wildlife Service, National Aeronautics and
Space Administration, the Bureau of Reclamation, and the U.S. Army Environmental Center.
She is _the Health and Safety Manager for Foster Wheeler Environmental at Rocky Mountain
Arsenal and for the U.S. Army Environmental Center. She is a Task Manager for the
Occupational Safety and Health (OSH) Program Support at Los Alamos National Laboratory.
Her internal responsibilities at Foster Wheeler Environmental include maintenance and posting
of OSHA 200 logs, and health and safety for Foster Wheeler Environmental employees assigned
to the Santa Fe office. She has also helped the Corporate Health and Safety staff in developing
and implementing ergonomics programs. As an Foster Wheeler Environmental employee, Ms.
Sassone has written or approved numerous safety plans and Accident Prevention Program Plans.
She has conducted health and safety inspections of a variety of Foster Wheeler Environmental
field projects, as well as having provided health and safety consulting services to Foster Wheeler
Environmental clients.
She is currently Task Manager of Written Programs for Foster Wheeler Environmental's work at
Los Alamos National Laboratory (LANL). As such, she designed a draft electrical safety
program for LANL. She also co-wrote a Hoisting and Rigging Management Program, and a
facility specific industrial hygiene and safety implementation program and is currently drafting a
chemical safety and construction safety program for LANL. She has also completed a
comprehensive occupational safety and health program to help Los Alamos achieve the goals of
the draft DOE 5483.XX, "Occupational Safety and Health Programs for Contract Employees."
Ms. Sassone is managing the health and safety aspects of a series of field investigations for the
U.S. Army Toxic and Hazardous Materials Agency, and for Program Manager Rocky Mountain
Arsenal. This includes approval of site specific health and safety plans, oversight and audit of
field activities, and health and safety project control. During performance of field activities, she
supervises the site health and safety personnel.
Ms. Sassone co-taught a Hazardous Materials Seminar for National Park Service personnel. She
presented information to project planners and site supervisors on OSHA, asbestos, and PCBs. As
an Foster Wheeler Environmental employee, she is also contributing to risk assessment work
being performed for Warren Air Force Base and Tooele Army Depot.
Ms. Sassone is currently providing support through Battelle Pacific Northwest Laboratories for
Department of Energy (DOE) Headquarters which includes research and analysis of new and
proposed OSHA legislation, and support of EH30 and EH31 personnel on HAZWOPER, OSHA
training and draft DOE orders.
Ms. Sassone is a part of a team that is creating a Range Management Plan and Environmental
Assessment for Hill Air Force Base in Utah. As such, she is drafting sections on air quality,
noise, and health and safety issues.
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PRIOR EXPERIENCE
EG&G Rocky Flats, Inc.
Respiratory Protection Program Administrator/Health and Safety Liaison Officer (2 years)
Ms. Sassone was the Respiratory Protection Program Administrator for the DOE Rocky Flats
Plant, a facility that employs 8,000 people. Her responsibilities included overall technical
authority and responsibility for the selection and use of respiratory protection at the site. Her
work included review and assessment of DOE-supplied air suits, as well as commercially
available respiratory protection. Her work also included review of procedures requiring the use
of respiratory protection, writing and editing the Respiratory Protection Program, directing or
performing program audits, and providing oversight and approval for all respiratory protection
training programs.
Ms. Sassone also functioned as the Health and Safety Liaison Officer for Environmental
Management/Hazardous Waste Operations. Her responsibilities included coordinating health
and safety activities with environmental management personnel, preparing and approving sitespecific health and safety plans, performing periodic health and safety audits, and inspecting
subcontractor health and safety programs.
In addition to the above duties, Ms. Sassone performed evaluation of exposure to several
physical and chemical contaminants, performed audits to determine compliance with DOE
orders, OSHA standards, and Environment Protection Agency (EPA) regulations, and helped
design a building-specific hazard inventory system.
Ms. Sassone supervised a staff of six industrial hygienists who had specific Rocky Flats building
assignments, industrial hygiene program assignments, and hazardous waste site assignments.

Occusafe, Incorporated
Project Consultant (1/3 year)
Ms. Sassone was Team Leader on several industrial hygiene projects. Her work included
conducting comprehensive asbestos surveys at sites throughout the country. Her responsibilities
also included conducting compliance audits at construction sites and chemical manufacturing
plants.

U.S.Anny
Industrial Hygienist (5 years)
Ms. Sassone provided industrial hygiene services to Army and National Guard installations in an
eight-state region and managed an industrial hygiene program for Fitzsimons Army Medical
Center and Rocky Mountain Arsenal. Her responsibilities included guidance and training in
respiratory protection, hazard communication, hazardous materials, hearing conservation, air
sampling and analysis, facility design review, ventilation evaluation, and contract specification
review. She had specific experience in evaluation of exposures to waste anesthetic gases,
ethylene oxide, asbestos, gluteraldehyde, mercury, various chlorinated solvents, wood dusts,
asbestos, lead, styrene, vehicle exhausts, pesticides, polychlorinated biphenyls, and other
chemicals. She wrote programs for confined space, respiratory protection, hazard
communication, and other health hazards.
Ms. Sassone also acted as Project Manager with the U. S. Army Environmental Hygiene Agency
to provide industrial hygiene services to Army and National Guard facilities in the western
United States. Her work included evaluations as stated above, with the addition of isocyanates,
polychlorinated phenols, and chemical agent evaluations. She also coordinated industrial
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hygiene samples for the Wes tern Region with Army industrial hygiene laboratories. She
reviewed and edited Army Occupational Health program documents, technical manuals, and
regulations.
Chematox Laboratory
Industrial Hygienist/Assistant Toxicologist (2 years)

Ms. Sassone provided comprehensive industrial hygiene support to local clients with specific
experience in formaldehyde and respirable dust. She coordinated analysis of industrial hygiene
and toxicology samples and provided expert testimony in the areas of industrial hygiene and
forensic toxicology.
PUBLICATIONS

"Risk Management," AIHA, Rocky Mountain Section, Technical Conference, 1993 .
.-

"Design and Implementation of Health and Safety Programs for Hazardous Waste Remediation
projects," American Industrial Hygiene Conference and Exposition, 1993.
"Environmental Monitoring Using a Real-Time Analytical Platform," 17th Annual Army
Environmental R&D Symposium.
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Environmental Engineer
Experience Summary:
Mr. Weber has more than six years of environmental engineering/consulting experience and
currently involved in site remediation projects in addition to project engineering and project
management support for international, storage tank, infrastructure rehabilitation, urban renewal, and
cogeneration/utility projects. He prepares reports, specifications, bidding documents, plans,
budgets, and schedules in support of these projects. Mr. Weber also assists clients with negotiations
relating to site remediation and oversees implementation of remedial actions with coordination of
craft and subcontractor activities. In addition, has had extensive involvement in Remedial
Investigation/ Feasibility Studies (RI/FS) through development of treatability studies, analysis of
remedial alternatives with associated conceptual design and cost estimation, determination of reuse/
treatment/disposal options, as well as preparation and implementation of work plans for field
activities.
Education:
B.E., Civil/Environmental Engineering, Stevens Institute of Technology, 1988
Registrations and Certifications:
Registered Professional Engineer, New Jersey
40-Hour OSHA Hazardous Waste Safety Training
8-hour OSHA refresher Health and Safety Training
Experience Record:
Senior Engineer, Foster Wheeler Environmental Corporation. Mr. Weber is responsible for
technical research, development, and management support of various phases of waste management
projects in the USA and Southern Europe.

Mr. Weber is Project Engineer and technical coordinator for several delivery orders under the
USACE Total Environmental Restoration Contract (Southwest TERC) at two Air Force bases in
New Mexico. Representative projects include RCRA PA/SI, RFI, and CMS investigations as well
as pilot-scale and full-scale implementation of groundwater and soil treatment systems. Mr. Weber
is currently involved in long-term strategic planning to affect the accelerated cleanup of sites at both
bases by employing presumptive remedies and risk-based clean up standards.
Mr. Weber was Resident Engineer for the Chevron Berkely Heights Remedial Action Project and
was responsible for all technical aspects of remedial construction at a former specialty chemicals
manufacturing plant. Remedial construction activities included concrete demolition, PCB soil
excavation, sheet piling installation, sewer relining, slurry wall installation, extraction/reinjection
trench and well installation, impermeable cap construction, and installation of a groundwater
treatment plant. He prepared an incentive-based contracting plan that awards fees on the basis of
project performance, and generated the engineering/construction schedule to affect delivery and
installation of mechanical systems. He wrote the project work plan and coordinated preparation of
field sampling plans, construction quality assurance plans, health and safety plans, and regulatory
compliance plans. Mr. Weber managed a field engineering and construction budget in excess of
$1.8 million and was responsible for daily inspection team including engineers, geologists,
surveyors, and geotesting personnel while coordinating efforts with a subcontracted analytical
laboratory. He acted as project liaison with the NJDEP Case Manager. He also prepared monthly
project progress reports for the client and submitted change orders in accordance with contract
requirements.
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As Project Engineer for the ltaliana Petroli UST Assessment Program, Mr. Weber was responsible
for applying a proprietary risk analysis model to over six hundred gas stations in northern Italy. He
utilized the client's database management system to identify candidate sites for field auditing,
developed a field audit questionnaire, and trained over 20 of the client's staff in risk assessment,
UST management, and field auditing procedures. Mr. Weber utilized statistical analysis tools to
predict risks in a large population of service stations on the basis of historical information and audit
results gathered from a representative sample of sites. He also prepared reports, tracked budgets
and schedules, and assisted in overall planning for all aspects of the project.
Mr. Weber provided engineering and consulting support to the NYCDOT as part of the multimillion
dollar Manhattan Bridge Lead Abatement Project and reconstruction of the Manhattan Bridge. He
evaluated New York City lead abatement protocols and OSHA regulations to determine contractor
requirements. Mr. Weber developed personnel and environmental monitoring programs to concur
with regulatory requirements and evaluated contractor preferences for controlling releases of lead
on the basis of cost, efficiency, and ability to meet air emissions requirements.
For the Wright-Patterson Air Force Base Landfill Project, Mr. Weber was responsible for the
preparation of Engineering Evaluation/Cost Analysis (EE/CA) reports for capping 13 landfills. He
evaluated technical, administrative, and cost factors associated with using landfill capping as a
presumptive remedy at all of the base landfills. He also applied the Superfund Accelerated Cleanup
Model (SACM) by preparing a base-wide EE/CA for landfill capping, as well as a site-specific
EE/CA for a 23-acre landfill.
Mr. Weber was responsible for coordinating several disciplines in the preparation of a cleanup plan
for a site contaminated with radioactive and chemical wastes at AlliedSignal Aerospace. He
performed cost estimation and scheduling for the remediation program which includes thermal
separation, dual-phase vapor extraction, and groundwater extraction/treatment and provided ongoing consulting services for hazardous waste remediation and disposal at an adjacent site. He
performed oversight for two simultaneous remedial activities where soil contaminated with PCBs
was excavated from an area of the site adjacent to an occupied test facility. He also supervised
removal of five USTs and directed the remediation of contaminated soils and groundwater.
Mr. Weber was the feasibility study technical lead for the EniChem Lagoon Remediation in Gela,
Sicily. This was a focused feasibility study that addressed remediation of a one-acre sludge lagoon.
He was responsible for identifying regulatory concerns, developing remedial alternatives,
evaluating technology transfer issues, cost estimating, treatability study testing, and report
preparation. Mr. Weber evaluated licensing opportunities that would have facilitated treatment of
sludges in an existing on-site coker.
While participating in the Sandoz Pharmaceuticals UST Program, Mr. Weber evaluated the effects
of New Jersey Underground Storage Tank (UST) regulations on all tanks at this research,
development and processing facility. He was responsible for facility compliance with all facets of
the regulations, performance of routine reporting and tracking of pertinent facility upgrades and
modifications, generation of requisite reports for governing agencies, recommendation of
equipment and tank management policies, and closure of USTs in accordance with strict
regulations. He assessed and remediated petroleum contamination that stemmed from five leaking
USTs at the site. Mr. Weber directed subcontractor activities, which included oversight of cleanup
operations, interpreted analytical laboratory data, recommended disposal options and negotiated
clean closure with State regulatory agencies.
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As a Project Engineer on the Schering-Plough project, Mr. Weber was responsible for all facets of
completing a Discharge Investigation Corrective Action Report (DICAR) for a fuel oil release from
an underground storage tank system. He coordinated and oversaw corrective action procedures
including a vapor hazard assessment, UST closure, and remediation of groundwater. He developed
a multi-media sampling program that involved analysis of storm sewer water, surface water, soils,
soil gas, and groundwater and provided technical guidance for data validation and report
preparation. Mr. Weber acted as negotiating liaison for the client during discussions with
regulatory agencies and provided litigation support for a potential lawsuit against the UST
installation contractor.
Mr. Weber continued as a Project Engineer on the Schering-Plough project where he supervised the
installation of an aboveground storage tank to replace an existing UST. He was responsible for
coordinating civil, mechanical, electrical, I&C, and design disciplines to produce specifications and
drawi'hgs that connected the new tank with the existing emergency generator.
For the BASF/Fritzsche, Dodge & Olcott Tank Closure, Mr. Weber was an Assistant Project
Manager for closure of two fuel oil USTs at this fragrances and flavors processing plant. He was
responsible for coordination of subcontractors, reporting to state and local regulatory agencies,
developing specifications, and performing oversight activities during the field program.
Mr. Weber was a Project Engineer for the removal of three USTs at one New Jersey Natural Gas
Company facility and one UST at another facility. He was responsible for all facets of these
turnkey projects including subcontractor coordination, specification development, permitting,
reporting, and oversight. He evaluated disposal, recycling, and reclamation options for several
mercury regulators and pressure caps at three facilities. An industry-wide survey led to the
recommendation for recycling of mercury with disposal of casings at permitted facilities. Mr.
Weber developed specifications and procured subcontractors for the packaging and disposal of the
mercury wastes. He was also a Project Engineer for an at-risk remediation of a former drum storage
pad at a coal gas waste site where he developed specifications, procured a subcontractor, oversaw
remediation, performed post-excavation sampling, and generated the summary report. He also
performed sampling for PCB contamination at regulator stations across the site.
While participating in a project for Sidmak Pharmaceuticals, Inc, Mr. Weber was a Project Engineer
for a facility upgrade that involved retrofitting of existing USTs to provide an alternative means of
disposing of liquid wastes. The installation of either an UST, AST, or a sanitary sewer hookup with
all necessary permitting, reporting, coordination, procurement, and oversight was first evaluated.
He was involved in system design and permitting for a sanitary sewer hookup in light of an
evolving township wastewater pretreatment program. He also provided support for NJPDES permit
program which involves monitoring well installation and sampling with requisite quarterly
reporting to the state.
Mr. Weber was Project Engineer for the Cape May County Bridges-Corrosion Control Pilot Study
to evaluate the effectiveness of encapsulating lead paint coated with a hazardous corrosion inhibitor.
He was responsible for health and safety, materials handling, and waste disposal aspects of the
project. Specific tasks included the study of potential health hazards to workers prior to paint
removal, waste material sampling and classification, specification development, subcontractor
procurement, and regulatory agency interface.
For the Route 1 & 9 Renovation Project, Mr. Weber assessed properties slated for easement or
right-of-way acquisition by the NJDOT which underlie a three-mile viaduct in the Ironbound
district of Newark, New Jersey. Phase I investigations involved field reconnaissance and nearsurface sampling activities coupled with literature searches of historic contamination releases. He
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procured subcontractors for a thorough Phase II subsurface investigation to delineate contaminants
via groundwater wells, soil borings, and test pits. Construction specifications were prepared for
waste handling, disposal, and health and safety. He also negotiated with the State to establish soil
cleanup levels and acceptable remedial actions for demolition and construction activities.
Mr. Weber was involved in various phases of project for the NYSDOT Brooklyn-Queens
Expressway Renovation Project where he performed surface soil sampling along a transportation
corridor in a highly urbanized/industrialized area. He compiled an extensive database of near
surface construction activities potentially generating hazardous waste from which he developed
construction specifications and preliminary cost estimates for the handling, transportation, and
disposal of materials containing hazardous wastes unearthed during all phases of proposed
construction. He analyzed potential effects of RCRA Land Disposal Restrictions for the disposal of
hazardous construction debris and provided ongoing consultation with respect to subcontractor
work plans, sampling/analysis programs, and materials handling requirements.
Mr. Weber prepared cleanup/sampling plans for an at-risk remediation of a former pesticide/
herbicide manufacturing facility owned by the Chevron Chemicals Division. He was also involved
with evaluating closure of several USTs at another facility.
USEPA Superfund Projects (REM Ill/ARCS II)

As Field Operations Leader for the Claremont Polychemical Company RI/FS, Mr. Weber
supervised an extensive underground storage tank sampling program that relied heavily upon the
use of exploratory excavation procedures. He developed specifications and solicited bidders for the
sampling of potentially explosive contents from an unknown number of tanks and evaluated
technical proposals, review of health and safety practices, and detailed engineering cost analysis
precluded performance of field activities. He also prepared the feasibility study for the closure of
the tanks in light of remedial alternatives developed for site soils and groundwater.

Mr. Weber was responsible for preparation and finalization of the Vineland Chemical Company
RI/FS for multi-media contamination. His duties included identification and screening of remedial
technologies as well as preliminary and detailed cost estimation and evaluation of remedial
alternatives. He identified economical solid waste disposal methods to off-set costly RCRA Land
Ban options. Post FS support included the conceptual scheduling and costing of the phased study,
design, and remediation programs for the site groundwater, soils and river/lake systems.
For the Chemical Insecticide Corporation RI/FS, Mr. Weber was responsible for preparation and
finalization of a focused feasibility study to evaluate interim measures to eliminate risks from
surface water run-off. He assisted in the development of specifications for treatability studies of
contaminated soils. He also performed cost analysis, bid review, and contract preparation for
chemical extraction and solidification/fixation studies. Mr. Weber assisted in the development of
the work plan and Field Operations Plan/Field Sampling and Analysis Plan (FOP/FSAP) for an
extensive field investigation and developed specifications for performance of drilling and surveying
services as part of the field program.
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PAUL R. WHITE
Quality Assurance
PROFESSIONAL SUMMARY
Mr. White has more than 21 years of experience in quality assurance/quality control and
remedial and environmental investigations including field and laboratory auditing, development
of quality assurance program and project plans, data validation, field oversight for hazardous
waste site remedial investigation, and hydrologic and geologic investigations.

EDUCATION
B.A., Geological Sciences, State University of New York at Geneseo, 1972
ADDITIONAL TRAINING
Quality Assurance and Environmental/Occupational Health Monitoring, Rocky Mountain Center
for Occupational and Envirqnment~.Health, 1988
Quality Assurance During Hazardous Waste Remediation, Colorado State University, 1987
Geotechilical Aspects of Hazardous Waste Disposal, Colorado School of Mines, 1985
Short Course, Hydrology and Sedimentology of Surface Mines Lands, Oklahoma State
University, 1981
Western Water Rights and Water Engineering, University of Colorado at Denver, 1981
Health and Safety Training 40 hours, 1985; annual updates, 86-94
Health and Safety Supervisory Training, 8 hours, 1989

REGISTRATIONS AND CERTIFICATIONS
Certified Professional Geologist

PROFESSIONAL AFFILIATIONS
American Institute of Professional Geologists
American Society of Quality Control

FOSTER WHEELER ENVIRONMENTAL EXPERIENCE
Mr. White joined Foster Wheeler Environmental in 1980. He is currently the Quality Assurance
Manager for the Denver office. He is responsible for the implementation of quality
assurance/quality control programs for hazardous waste investigations conducted by the Denver
office, and the management and supervision of the quality assurance/quality control group. His
current project assignment includes project quality assurance for the Rocky Mountain Arsenal
(RMA) Technical Support Contract. For this contract Mr. White was responsible for the
preparation of a Quality Assurance Management Plan (QAMP) which met the requirements of
ANSI/ASQC, "Quality Assurance Requirements for Environmental Programs" and in addition
demonstrate compliance to the Program Managers Office at Rocky Mountain Arsenal, Chemical
Quality Assurance Plan.
·
Mr. White is also the Quality Assurance Manager for the Omaha Total Environmental
Restoration Contract (TERC). In this capacity, he was responsible for the development of the
Foster Wheeler Environmental Quality Management Plan. This plan was designed to encompass
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the QA requirements for remediation activities including field investigations, design,
engineering, construction, and analytical activities.
Mr. White was recently responsible for the preparation of the Contractor Quality Control Plan for
Foster Wheeler Environmental's contract with the Navy for Remedial Action at sites
contaminated with acids, metal, and bases. This plan consisted of an overall Quality Assurance
Management Plan and incorporated the requirements from Foster Wheeler Environmental's
Contruction Quality Assurance Plan and Chemical Quality Assurance Plan.
Mr. White was previously the Technical Manager for the Rocky Flats Plant Environmental
Restoration Quality Assurance Program Work Order. Technical support was provided under this
work order to assess the Environmental Restoration Quality Assurance Program; determine
applicable quality assurance and regulatory requirements; prepare a Quality Assurance Program
Implementation Plan; develop a Quality Assurance Project Plan meeting the requirements of
ANSI/ASME NQA-1 (Quality Assurance Program Requirements for Nuclear Facilities) and U.S.
Environmental Protection Agency (EPA) QAMS-005/80 (Interim Guidelines and Specification
for Preparing Quality Assurance Project Plans); and provide quality assurance training for
environmental restoration personnel at the plant.
Mr. White was the Work Order Manager for the preparation of the Rocky Flats 1990 Surface
Water Characterization Report. This report was prepared to fulfill the requirements contained in
the Department of Energy Order 5400.1, General Environmental Projection Program. The
emphasis of the report was on the identification of trends and processes affecting the nature and
extent of contamination at Rocky Flats.
Mr. White served on a data validation committee for the Rocky Flats Plant waste stream
identification and characterization work order. This committee was established to provide
independent oversight and guidance to project management in areas potentially impacting the
validity of data that was gathered and developed during the effort. The objective of the work
order was to generate information to identify residues with hazardous constituents that may be
subject to RCRA regulation.
As Project Quality Assurance Coordinator for the Remedial Investigation Program and the
Comprehensive Monitoring Program at RMA, Mr. White was responsible for implementation of
the requirements of the United States Army Toxic and Hazardous Materials Agency
(USATHAMA) Quality Assurance Program. For this program Mr: White developed quality
assurance project plans meeting USATHAMA and EPA requirements; conducted quarterly
laboratory audits; developed and implemented field audit procedures; and ensured
implementation of chain-of-custody procedures, review of field and laboratory data and
documentation, and implementation of field quality control procedures. Prior to his assignment
as Project Quality Assurance Coordinator, Mr. White served as the Field Quality Assurance
Coordinator for the Remedial Investigation Program and the Comprehensive Monitoring
Program at RMA. In this capacity he was responsible for all field quality assurance/quality
control activities including ensuring implementation of chain-of-custody procedures, reviewing
field data and documentation for completeness and accuracy, sample and document security, the
implementation of drilling and sampling quality control protocols, and training field personnel in
quality assurance/quality control procedures for the RMA projects.
Mr. White has been involved in building and geotechnical sampling and preparation of responses
to interrogatories in support of litigation at RMA. He has been responsible for dust sampling in
the buildings, downrange health and safety during drilling, and sample control, and has provided
technical oversight for surface water monitoring programs at RMA.
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PRIOR EXPERIENCE
PRC Engineering Consultants, Inc.
Hydrologist (1 year)

Mr. White was involved in the preparation and evaluation of the hydraulic/hydrologic portion for
Federal Insurance Administration flood insurance studies including floodflow analysis,
backwater analysis, floodplain delineation, field surveys, and mapping. He was involved in
numerous dam safety projects.
United States Geological Survey, Water Resources Division
Hydrologic Technician (2 years)

Mr. White was involved in the collection and analysis of stream flow data at 20 USGS full-time
recording stations and 25 partial recording stations in northwestern New York state. Included in
routine procedures were discharge measurements at each gaging station on a monthly basis, and
measurements at partial record stations when needed.
Weiler Associates, Surveying and Mapping
Field Assistant (3 years)

Mr. White was involved in topographic, boundary and lot surveys, and mapping. His duties
included various power line and urban renewal projects.
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INTRODUCTION

This base-wide Field Sampling Plan (FSP) has been prepared as part of the Data Collection
Quality Assurance Plan (DCQAP) required to support environmental restoration activities at
Kirtland Air Force Base (KAFB) in Albuquerque, New Mexico. The DCQAP represents
Volume II of the base-wide planning document; the FSP is Part I of the DCQAP.
Environmental restoration activities planned for KAFB include:
•
•
•
•
•

Resource Conservation and Recovery Act (RCRA) Facility Investigations (RFls)
Interim Remedial Actions (IRAs)
Remedial Actions (RAs)
Monitoring of natural systems and treatment operations
Other associated work efforts

This FSP has been prepared in accordance with the requirements and guidelines established by
the U.S. Environmental Protection Agency (EPA), the U.S. Army Corps of Engineers (USACE),
and the U.S. Air Force (USAF) for data collection activities.
1.1

PURPOSE AND SCOPE

The purpose of this base-wide FSP is to provide a comprehensive yet flexible set of strategies for
conducting the field sampling operations that are integral to the successful performance of a
variety of environmental restoration activities. This FSP provides the framework and the criteria
for establishing project specific FSPs, which will be issued as addenda to this document.
The extent to which this base-wide FSP will apply to the project-specific FSPs, either wholly or
in part, will depend upon the nature and scope of the individual projects. The specific project
requirements will be addressed in the project-specific addenda. Detailed Standard Operating
Procedures (SOPs) for all tasks necessary to complete field investigations are provided in
Appendix A. During the course of these projects, new or different procedures may be
incorporated. Any such changes or additions will be described in both the base-wide and project
specific FSPs in the form of revisions or addenda, following approval by the USACE ,KAFB,
and the regulatory agencies.
1.2

ORGANIZATION OF FIELD SAMPLING PLAN

The FSP serves two key functions within the context of the base-wide plans. The presentation
of standard procedures for performing data collection activities at areas of concern is the primary
objective of the FSP. In addition, it contains site background and historical information that
summarizes the present conditions at the base.
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The FSP includes discussions related to site background information, sampling procedures, and
management of field operations. Section 1.0 provides an overview of the FSP. Section 2.0
provides a summary of Kirtland AFB site conditions and history.
Section 3.0 describes field investigation objectives. The design of data collection operations is
addressed in Section 4.0. Section 5.0 describes sampling equipment and associated quality
control (QC) procedures for a wide variety of field activities. Section 6.0 summarizes the
methods to be utilized for making field measurements.
Section 7.0 discusses sample handling and analysis requirements. Section 8.0 provides an
overview of field quality assurance/quality control (QA/QC) procedures.
Section 9.0
summarizes site management and record-keeping requirements.
Section 10.0 contains a list of references used when compiling the FSP.
Appendix A consists of the detailed SOPs that will be utilized for all data collection activities.
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PROJECT DESCRIPTION

This section provides an overview of Kirtland AFB and the events that led to the development of
the base-wide plans. Project background information, including descriptions of the site and local
conditions, are presented.
2.1

PROJECT BACKGROUND

Kirtland AFB is located southeast of Albuquerque, New Mexico, adjacent to and east of the
Albuquerque International Airport. The base is within Bernalillo County and has a total area of
52,287± acres. Figure 2-1 depicts the base and its surrounding areas.
Kirtland AFB is bounded on the east by the Cibola National Forest, on the south by the Isleta
Indian Reservation, and to the north and west by the city of Albuquerque. The Isleta Indian
Reservation land adjacent to the southern boundary of the base is undeveloped. Another
undeveloped parcel of land (approximately 11,500 acres) owned by the State of New Mexico lies
adjacent to the western side of the base (south of the built-up area).
Figure 2-2 presents a site map of Kirtland AFB and its major facilities. The mission of Kirtland
AFB is diverse and encompasses facets of aviation training, academics, technical training, supply
depot, defense-readiness flying, and research and development. To support these missions,
quantities of petroleum, oils, and lubricants (POLs), solvents, and other materials, including
radioisotopes and other radioactive materials, have been used with resultant wastes generated.
The locations of base historical operations are depicted in Figure 2-3. Table 2-1 provides a
summary of historical operations at Kirtland AFB and activities that have used or generated
hazardous substances.
2.1.1

Meteorolo~y

The climate of Kirtland AFB and the surrounding vicinity is classified as "arid continental." The
mean annual precipitation is 8.4 in. and the mean annual snowfall is 1.25 in. The average
monthly precipitation in the Albuquerque area varies from less than 1 in. (November through
March) to over 1.25 in. in July and August. Winters are typically dry with monthly snowfalls
seldom exceeding 3 in. Snow generally melts within 24 hours outside of the mountain areas.
Typically, summer rains in the form of brief but locally heavy thunderstorms account for almost
half of the annual moisture.
Potential evapotranspiration (evaporation occurring when no soil-water deficit exists) for the
Albuquerque area is 30.9 in. Actual evapotranspiration has been determined to be about 95% of
precipitation in the climatic regime, with the remaining five percent divided equally between
runoff and recharge.
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Table 2-1
History of Base Operations at Kirtland AFB

I/ :-<···~

>

·.;-:·

<•

. (>. .·.
()=::r· <. ·•.•:, .·.·.·. ••·r·•:-~·,.~'
....

None

Pre-1928

Rangeland

1928-1930

Construction
Field

1930-1939

Refueling/maintenance
stop, Airfield expansion

Miscellaneous
Aircraft

1939-1941

Aircraft mechanic training

1941

> None

None

A.ctivities .

·•· ..

.:

Map Reference

.

·•···
•·•

NIA

Construction

A

Fuel/oil storage,
Construction/demolition

A

Keystone LB-7
Bombers

Fuel/oil storage

A

Construction of Army Air
Base

LB-7 Bombers

Construction/demolition

A

1941-1944

Training of signal, ordnance, medical, chemical
warfare units; flight training
school; aircraft mechanic
training

Boeing 307 Stratoliners,
Beechcraft
AT-I ls; LB-7, B-17,
B-18, B-24 Bombers

Construction/demolition,
fuel/oil storage, weapons
storage, bombing runs,
landfills

A,E,F

1944-1948

Training activities, support
for B-29 bombers, aircraft
scrapping,
salvage
and
of Sandia
construction
Base, Armed Forces Special
Weapons Project

LB-7,
Boeing
307
Stratoliners, Beechcraft
AT-lls, B-17s, B-18As,
Bombers,
B-29
ordnance, Curtis P-40s,
Bell
P-39s,
P-47
Thunderbolts,
P-51
Mustangs

Fuel/oil storage, weapons
storage, weapons handling,
metal smelting, disposal of
chemical wastes, landfills,
sewage treatment,
construction/ demolition,
explosives and weapons
handling and storage

A,B,E,F,H

1949-1959

Sandia Base operated by
Western Electric for AEC,
Site Able/Manzano Base
operated by Armed Forces
Special Weapons Project

B-45, B-47, Martin
B-57, Convair
F-102, B-52

Engineering and
development of weapons,
explosives testing, weapons
storage, fire training,
equipment maintenance,
landfills, low-level
radioactive waste disposal,
radiation testing, sewage
treatment,
design/development of
weapons and new ordnance
components, explosives
testing, field testing for
component survivability,
pesticide usage

A, B, C, E, F,
G,H,I

1960-1976

Research and Development

Storage, development, and
testing of weapons systems;
support to tenant units
including DOE; pesticide
usage; landfills; low-level
radioactive waste disposal;
radiation
training;
fire
training, sewage treatment;
EOD; explosives testing

A, B,C, E,F,
G,H,I

of

Oxnard

l:lllzardOU$ &:ib$tancc .

Bomber

Refer to Figure 2-3
AEC = Atomic Energy Commission
ATTW = Aircrew Training and Testing Wing
DOE= Department of Energy
EOD = Explosive Ordnance Disposal
NIA= Not applicable
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Table 2-1 (Cont'd)
History of Base Operations at Kirtland AFB

1976-1984

15 50th Aircrew Training
and Testing Wing (ATTW)
of MAC Aerospace Rescue
and
Recovery
Service,
I 606th Air Base Wing,
Research and Development

UH-I, H-3E, CH53, HH53, HC-13H,
HC-130P, TH-IF,
MH-53, H-60, MH-60G,
UH-60A, UH-60L

Fuel/oil storage; equipment
maintenance; fire training;
landfills, low-level
radioactive waste disposal;
radiation training; EOD,
pesticide usage; explosives
testing

A,B,C,D,E,
F,G,H,I

1984-present

1550th
Combat
Crew
Training Wing, 1606th Air
Base Wing, 377th Air Base
Wing, 542nd Crew Training
Wing

UH-I, H-3E, CH53, HH53, HC-13H,
HC-130P, TH-IF, MH53, H-60, MH-60G, UH60A, UH-60L

Fuel/oil storage; equipment
maintenance; fire training;
landfills; radiation training;
EOD;
pesticide
usage;
explosives testing

A,B,C,D,E,
F,G,H,I

• Refer to Figure 2-3
AEC = Atomic Energy Commission
ATTW = Aircrew Training and Testing Wing
DOE= Department of Energy
EOD = Explosive Ordnance Disposal
NIA = Not applicable
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Meteorological data collected at the Albuquerque International Airport show that the prevailing
wind direction from May through October is south or southeast and the mean wind speed is
seven to nine knots. From November through April the prevailing wind direction is north or
northeast and the mean wind speed is six to nine knots.
Flooding is not a common occurrence at Kirtland AFB; however, localized flooding may occur
for brief periods where surface drainage is confined within erosional features such as arroyos.
2.1.2

Geolo~y

The geology of the Kirtland AFB area is complex and varied, as would be expected based on the
regional geology. The eastern portion of the base is mountainous with elevations reaching
7,900 ft. These mountains are partially composed of Precambrian crystalline and Paleozoic
marine carbonate rock. The western portion of the base lies within the Albuquerque-Belen basin.
Geologic features in this area of the basin include travertine and unconsolidated and semiconsolidated pediment deposits; and aeolian, lacustrine, and stream channel deposits. In general,
the surficial geology is characterized by: recent deposits (i.e., mixtures of sandy silt and silty
sand with minor amounts of clay and gravel), Ortiz gravel (i.e., alluvial pediment sand and gravel
deposits), and the Santa Fe Group (i.e., a mixture of sand, silt, clay, gravel, cobbles, and
boulders). A geologic map of Kirtland AFB is depicted in Figure 2-4.
Generally, the northern and western portions of Kirtland AFB are dominated by unconsolidated
geologic units; consolidated units predominate in the eastern half of the base.
Kirtland AFB lies within the eastern portion of the Albuquerque-Belen structural basin that
contains the through-flowing Rio Grande. The basin is approximately 90 miles long and
30 miles wide. The deposits within the Albuquerque-Belen basin consist of interbedded gravel,
sand, silt, and clay. The thickness of basin-fill deposits in most of the basin is greater than
3,000 ft, although the thickness varies considerably because of the large amount of faulting in the
basin.
The geologic materials of primary importance within the basin are the Santa Fe Group and the
piedmont slope deposits. The Santa Fe Group is comprised of beds of unconsolidated to loosely
consolidated sediments and interbedded volcanic rocks. The materials range from boulders to
clay and from well-sorted stream channel deposits to poorly sorted slopewash deposits.
Coalescing alluvial fans of eroded materials from the surrounding mountains were deposited
unconformably over the Santa Fe Group, extending westward from the base of the Sandia and
Manzano mountains to the eastern edge of the Rio Grande floodplain. The fan sediments range
from poorly-sorted mud flow material to well-sorted stream gravel, and the beds consist of
channel fill and interchannel deposits. The fan deposits range in thickness from O to 200 ft and
thicken toward the mountains.
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EXPLANATION
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!OTvl
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~
~

QUATEfiNARY AND HOLOCENE OEPOSITS--lncludes alluvium, landslide deposits,
eolian deposits, caliche, and gravel pediments
QUATERNARY AND TERTIARY VOLCANIC ROCKS
TERTIARY SANTA FE GROUP OF KELLEY, 1977--Ts, undivided: sandstone,
mudstone, claystone, conglomerate, and fanglomerate. Tse, Ceja Member of Kelley
(1977), sandstone. and conglomerate. Tz, Zia Member of Kelley (1977), sandstone,
mudstone, and conglomerate
CRETACEOUS, UNDIVIDED--lncludes Mesaverde Formation, Mancos Shale, and
Dakota Sandstone
JURASSIC, UNDIVIDED--lncludes Morrison Formation, Bluff Sandstone,
Summerville and Todilto Formations, and Entrada Sandstone
TRIASSIC, UNDIVIDED--lncludes Chinle Formation and Santa Rosa Sandstone
PERMIAN ROCKS. UNDIVIDEO--tncludes San Andres Formation, Glorieta
Sanastone, and Yeso and Abo Formations
PENNSYLVANIAN ROCKS, UNDIVIOEO--lncludes Madera and Sandia Formations.
thin Mississippian rocks locally at base
PRECAMBRIAN ROCK$
CONTACT

-r

FAULT--Bar and ball on downthrown side. Dashed where approximately located;
dotted where concealed

Figure 2-4 (Cont'd)
Geologic Map of Albuquerque Area

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

"I

VOLUME II
SECTION2.0

PART I - FIELD SAMPLING PLAN
Page 10 ofl4

REVISION # FINAL
DATE: March 3, 1995

Kirtland AFB is located near the western edge of the Manzano uplift, near a zone of pervasive
faulting at the uplift margin. This fault zone is approximately 35 miles long and two miles wide.
The Hubbell Springs fault exhibits outstanding fault scarps in the area. The Hubbell Springs
fault is significant due to its apparent control over groundwater movement. It has been reported
that east of the fault, depths to groundwater are generally less than 100 ft. Springs have been
observed along the fault alignment. West of the Hubbell Springs fault, depths to groundwater
abruptly increase to 400 ft to 500 ft.
Surface soils consist predominantly of well-drained gravelly sands containing varying amounts
of silts and clays. The following associations and their geologic attributes have been mapped
within Kirtland AFB:
•

DEEP SOILS ON FLOOD PLAINS AND DISSECTED TERRACES
Gila-Vinton-Brazito Association, consisting of well-drained loamy soils
Bluepoint-Kokan Association, which consists of sandy, gravelly soils

•

DEEP SOILS ON ALLUVIAL FANS, MESAS AND PIEDMONTS
Madurez-Wink Association, which consists of well-drained loamy soils
Tijeras-Embudo Association, which consists of well-drained loamy, gravelly soils

•

SHALLOW TO DEEP SOILS ON MOUNTAINS AND FOOT SLOPES
Seis-Orthids Association, consisting ofloamy, stony, cobbly soils
Kolob-Rock Outcrop Association, consisting ofloamy, stony soils and rock

2.1.3

Hydrogeology

Basin-fill deposits comprise the aquifer in the Albuquerque-Belen basin. Hydraulic conductivity
values range from 0.25 ft/day to 50.0 ft/day due to the large variations in the lithology of the
basin-fill deposits. Clay layers have relatively low hydraulic conductivity, whereas gravel and
cobble deposits have relatively high hydraulic conductivity. Deposits of interbedded gravel,
sand, silt, and clay have intermediate hydraulic conductivity.
Groundwater is predominantly unconfined in the upper part of the aquifer. Groundwater in
deeper parts of the aquifer is semiconfined or confined due to the anisotropy of the aquifer
materials.
The depth to groundwater varies widely within the basin. The depth to water is less than 10 ft in
many parts of the Rio Grande Valley. In areas of the east terraces and West Mesa, the depth to
water commonly exceeds 300 ft; in some areas of the West Mesa, the depth to water is almost
900 ft.
Regional groundwater flow is generally from the basin margins toward the basin center.
Groundwater also flows southward toward the Socorro Basin and southeastward near the Jemez
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River. However, pumping in and around Albuquerque has created localized groundwater flow
reversals.
The principal aquifer underlying Kirtland AFB is the basin-fill. This fill consists of
unconsolidated and semi-consolidated sands, gravels, silts, and clays of the Santa Fe Group;
alluvial fan deposits associated with erosion of upland areas; and valley alluvium associated with
stream development. The valley fill varies in thickness from a few feet near the mountains on
the east side of the base to greater than 21,000 ft at a location five miles southwest of the airfield.
Groundwater commonly exists in the valley fill under water table conditions, although locally,
confined conditions may exist. Generally, the "natural" regional hydraulic gradient is shallow,
and groundwater moves diagonally down-valley in a southwestward direction toward the Rio
Grande.
2.2

SUMMARY OF KIRTLAND AFB ENVIRONMENTAL RESTORATION PROGRAM

Table 2-2 presents a summary of the base Installation Restoration Program (IRP) status as of
October 1, 1994. The table reflects 68 IRP sites established at the base. Forty of the active IRP
sites are also solid waste management units (SWMUs) regulated by EPA Region 6 under Kirtland
AFB's RCRA Part B permit. RCRA has become the main driving force behind the cleanup of the
IRP sites; schedules for cleanup of these sites are set forth in the RCRA permit. The RCRA permit
divides the sites into three groups (Appendix I, Appendix II, and Appendix Ill) according to
priority. Compliance schedules for each group are staggered for manageability. Table 2-3
provides a summary of previous investigations and program deliverables performed at Kirtland
AFB under the IRP. In 1994, radioactive sites were transferred out of Appendix II and Appendix
III into Appendix IV. Six SWMUs identified in 1994 have been placed into newly created
Appendix V. SWMUs identified in FY95 (October 1994-September 1995) will be added to the
newly created Appendix VI.
In coordination with IRP activities, Kirtland AFB manages its RCRA compliance program in a
manner to meet environmental restoration goals. Base compliance activities address underground
storage tanks (USTs), hazardous materials management, polychlorinated biphenyls (PCBs),
stormwater discharges, SWMUs not eligible under the IRP, and compliance with the Clean Air Act.
Compliance deadlines concerning non-IRP SWMUs are listed in Kirtland AFB's RCRA Part B
permit. As of January 1, 1994, there were 141 non-IRP SWMUs in the compliance program.
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Table 2-2
Kirtland AFB IRP Status - October 1, 1994
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SITES

RW-03
RW-11
LF-22
FW-24
RW-48
RW-49
RW-50
WP-53
WP-54
WP-55

Radioactive Burial 3
Radioactive Burial 10
Landfill C
Radioactive Burial 1
Mine Shaft 1
Mine Shaft 2
Mine Shaft 3
Dirt Mound 1
Dirt Mound 2
Dirt Mound 3
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SITES

OT-30
OT-31
OT-32
OT-33
WP-34
WP-35
WP-36
WP-37
WP-38
WP-40
WP-41
WP-42
WP-43
FT-39
FT-52
LF-12

UST 01
UST 02
UST03
UST 04
UST05
UST06
UST07
UST08
Entomology Shop
Manzano Sewage Lagoon 1
Manzano Sewage Lagoon 2
Manzano Sewage Lagoon 3
Manzano Sewage Lagoon 4
Fire Pit Drains
Jet Engine Bum Area
Landfill 6
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SITES

WP-26 Golf Course Main Pond and Sewage Lagoons
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Table 2-2 (Cont'd)
Kirtland AFB IRP Status - October 1, 1994

Ntµ11,1'eT9f:Acdy¢ Sit~s .• / · /
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)

/ •·· ... )

.

SITES

LF-01
LF-02
RW-04
RW-05
RW-06
LF-07
LF-08
LF-09
RW-10
FT-13
FT-14
LF-15
WP-16
RW-17
LF-18
RW-19
LF-20
RW-21
RW-23
SD-25
OT-28
OT-29
LF-44
LF-45
OT-46
WP-47
ST-51
LF-56
WP-57
WP-58
ST-59
ST-60
SS-61
SS-62
SS-63
ST-64
SS-65
ST-66
DP-67
RW-68

}

... )

(:

.

· ...

..

/

<<

>•• ·••·•·

.·

·•· AO

Landfill I
Landfill 2
Radioactive Burial 4
Radioactive Burial 5
Radioactive Burial 11
Landfill 3
Landfill 4,5,6
Abandoned Landfill
Radiation Training Sites 1-8
Kirtland AFB Fire Training Area
Manzano Fire Pit
Landfill B
Manzano Sewage Treatment Facility
Radioactive Burial 6
Landfill A
Radioactive Burial 8
Manzano Landfill
Radioactive Burial 7
Radioactive Burial 9
Drainage Ditch Tijeras Arroyo
McCormick Ranch
EODRange
Fill Area SE of Sewage Lagoons
Explosive Test Site Dump
Lake Christian
Silver Recovery Unit
Effluent Line
Landfill D
NMERl Waste Pits
Fonner Laundry Facility
ART Drum
ART Pit
Fuel Shop Battery Storage
Building 909 Waste Accumulation Area
Jet Engine Test Cell
COE Maintenance Yard
Horizontal Dipole Facility
Trestle Facility
Three Mine Shafts
Radium Dump
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Table 2-3
Historical Deliverables for Kirtland AFB IRP
¥ear
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·•· · /
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· Sites &x11111bied > . . . ·.·.
·•·· •··
LF-01, LF-02, RW-03, RW-04, RW-05, RW-06, LF-07,
LF-08, RW-10, RW-11, LF-12, FT-13, FT-14, LF-15,
RW-17, LF-18, RW-19, LF-20, RW-21, LF-22, RW-23,
RW-24, LF-26, WP-38, RW-48, RW-49, RW-50, WP53, WP-54, WP-55

.:·:::·\::::.::::·.: T<

1981

RFA

IRP Phase I Records Search - Hazardous Materials
Disposal Sites

1985

RFA

IRP Phase II - Confirmation/Quantification Stage 1

LF-01, LF-02, RW-06, LF-07, LF-08, LF-12, FT-13

1988

RFA

Preliminary ReviewNisual Site Inspection

LF-01, LF-02, RW-03, RW-04, RW-05, RW-06, LF-07,
LF-08, LF-09, RW-11, LF-12, FT-13, LF-15, WP-16,
RW-17, LF-18, RW-19, LF-20, RW-21, LF-22, RW-23,
RW-24, LF-26, WP-27, OT-29, FT-39, WP-40, WP-41,
WP-42, WP-43, LF-44, RW-48, RW-49, RW-50, ST-51,
FT-52, WP-53, WP-54, WP-55

1990

RFA

Installation Restoration Program - Stage 2 Interim
Technical Information Report

LF-26, WP-27

1991

Closure

Basewide Closure Plan Study

WP-27

1991

Closure

Unit Closure Plan for Sewage Lagoons at Kirtland
AFB

LF-26

1991

Post-Closure

Unit Closure Plan for the Golf Course Pond

WP-26

1991

Closure

Unit Closure Plan for the Golf Course

WP-27

1993

RFI

IRP Stage 2 RFI Report

LF-01, LF-02, LF-08, FT-13, SD-25, LF-26, WP-27,
OT-28, OT-29

1993

RFI

IRP Stage 2A Work Plan

LF-01, LF-02, RW-06, LF-07, LF-08, LF-09, LF-12, FT13, LF-15, WP-16, LF-20, LF-22, SD-25, LF-26, WP27, OT-28, OT-29, LF-44, LF-45, OT-46

1992

RFI

IRP Stage 2B Sampling and Analysis Plan

RW-06, FT-14, WP-47

1992

RFI

IRP Stage 2A Interim Technical Information
Report - Soils Data

LF-01

1992

Closure

No Further Action Document: SD-27

WP-27

1993

RFI

USAF Environmental Restoration Program Stage
2B Work Plan

RW-06, FT-14, WP-47

1993

RFI

Stage 2A RFI Report

LF-01, LF-02, RW-06, LF-07, LF-08, LF-09, LF-12, FT13, LF-15, WP-16, LF-20, LF-22, SD-25, LF-26, WP27, OT-28, OT-29, LF-44, LF-45, OT-46

1993

Closure

Closure Plan for Sewage Lagoons

WP-26

1993

Closure

No Further Action Document

OT-30, OT-31, OT-32, OT-33, WP-34, WP-35, WP-36,
WP-37

1993

Management

Management Action Plan, Kirtland AFB,
Albuquerque, NM

All IRP Sites

1994

Post-Closure

1994

RFI

Post-Closure Plan for Sewage Lagoons

WP-26

IRP STAGE 2C Work Plan

ST-51, ST-52, SS-61, SS-62, SS-63, ST-64, SS-65
RW-04, RW-05, RW-17, RW-19, RW-23

1994

RFI

IRP STAGE 20-2 Work Plan

1994

RFI

IRP STAGE 2B RFI Report

FT-14, WP-47

1994

RFI

IRP STAGE 20-1 RFI Report

RW-06, RW-21

1994

RFI

Radiation Characterization Plan

RW-10, RW-68

IRP = lnstallat1on Restorat10n Program
PA/SI = Preliminary Assessment/Site Investigation
RFA = RCRA Facility Assessment
RFI = RCRA Facility Investigation
RI/FS = Remedial Investigation/Feasibility Study
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FIELD SAMPLING OBJECTIVES

Several field investigations and remedial actions are proposed for the IRP and non-IRP sites at
Kirtland AFB. A detailed sampling program is required to meet project objectives associated
with field investigations and remedial actions.
The objective of sampling programs is to generate analytical and test data that ensure:
~ ' f;,.._\(L.

•
•
•
•
•
•
•
•

Nature and extent of contamination is defined in accordance with fegulatory reguirementW 71l&"~e-,
Remedial activities are performed in a safe manner
Performance criteria of systems and components are met
Remedial technologies, methods, and processes (both proven and innovative) are
implemented in a controlled manner
Material collection, treatment, discharge, transport, storage, and containment activities are in
compliance with all federal, state, and local regulatory agency requirements
Remediation goals are achieved
Process conditions are monitored and evaluated to assess the progress of remedial action
Data collected is of sufficient quality to support evaluation of risk to human health and the
environment

On the basis of project goals, project-specific sampling objectives will be established and
documented within project-specific addenda. The samples collected during remedial activities
may include soil (surface and subsurface), sediment, groundwater, surface water, waste materials,
leachate, soil gas, ambient air, and discharge and effluent materials.
The analytical and test data required to support the above-mentioned sampling objectives will be
determined during project scoping activities.
The following will be considered when
establishing project-specific sampling objectives:
•
•
•
•

Anticipated/intended uses for analytical and test data
Sampling design and rationale
Type, location, and frequency of samples
Regulatory requirements
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4.0

DESIGN OF DATA COLLECTION OPERATIONS

4.1

SAMPLE LOCATION AND FREQUENCY

The location and frequency of samples collected will be representative of the media sampled and
apply to the intended data use. Maps showing intended sampling locations will be included as
figures in the project-specific FSPs. The rationale for selecting these sampling locations will be
documented in the project specific addenda. In general, this rationale will include a review of
existing and historical information about the sites or any activities which have occurred on the
site. This data such as interviews, literature searches, aerial photographs, etc. will help target
suspected areas of contamination.~The suspect areas will be the focus of extrusive investigations
such as, but not exclusively, radiological surveys, soil gas surveys, geophysical surveys, etc. The
extrusive surveys will further narrow the suspect areas and suggest areas to concentrate the
intrusive activities such as soil sampling, groundwater sampling, etc. Down gradient receptors
(exposure pathways) such as arroyos, wells, etc. will be identified.
Information obtained from the extrusive activities and the site's physical environmental setting
will assist with choosing the sample locations and number of samples to be collected. The
number of samples collected may also be supported by statistical calculations, as appropriate.
The location, number, and description of stations sampled will be provided according to the
needs of a specific project. t'The selection of background locations will be based on visual
observation, knowledge of past activities, and results from other studies and projects. Siniilarly,
locations for field monitoring and field screening analysis will be developed.
The selection of locations and frequency of samples that will be collected for an initial, or Phase
I, site investigation can be planned after the following activities have been completed:
•
•

Collect and review existing information such as site history and waste disposal practices
Formulate the site conceptual model

The site history and waste disposal practices of the site will be researched by using available
historical documents, waste management records, previous investigations, and interviews to
establish an accurate picture of the past site activities. Formulating a site conceptual model is a
direct result of this Phase I preliminary data collection and review. If a Phase II program is to be
implemented, information available from the Phase I program must be taken into consideration
before sampling can take place. Table 4-1 presents the activities associated with RCRA facility
investigations. These activities are listed in the order that they must occur to fully characterize a
site based on an initial Phase I investigation and any necessary subsequent investigations.
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Table 4-1
Activities Associated with RCRA Facility Investigations

Activity Elements

Investigation
At·
C IVI'f1es

Collection and review Compile site history
of existing
information
Research environmental setting

Formulate site
conceptual model

Plan initial field
sampling program

~ Identify potential contaminants
Determine current and historical
contaminant releases
Identify media affected by direct
release of contaminants
Evaluate media potentially
affected by current transport of
contaminants
Determine media possibly
affected by future transport
outside of study area

Establish program objectives
Define study and background

Key Points
an dRe fierences

--«'

Research facility historical records (3,6)

Use previous investigations and documents available
through libraries and data repositories (3,6)
Refer to facility waste management records (3,6)
Refer to facility waste management records (3,6)
Locate point ofrelease [typically soil (e.g., surface spill,
leaking UST)] (3,6,9,12)
Determine effect of environmental conditions on deeper
soil, groundwater, surface water, and air within or
downgradient of study area (1,3,6,9, 12)
Determine effect of environmental conditions on deeper
soil, groundwater, surface water, and air within or
downgradient of study area
Use transport models if applicable (6,9,12)
Characterize site contamination through implementation of
a work plan (4,6,7)
Evaluate the site conceptual model (3,4,6,7)

areas

Determine media to be sampled
Plan sampling methods
Establish sampling locations and
frequency

Define the analytical program

Conduct initial field
data collection
program

Establish QA/QC objectives and
procedures
Employ field screening
techniques
Conduct initial sampling
Collect environmental data
Analyze samples for selected
constituents

Kirtland Air Force Base

Evaluate the site conceptual model (3,4,6,7)
Refer to EPA and other regulatory documents for most
effective sampling methods (1,4,11,12)
Refer to EPA and other regulatory guidance for
appropriateness and applicability in using statistical
methods to determine sample size and locations
(3,4,6,7,l l,l2,13)
Establish potential contaminants of concern based on site
activities and release(s) (3,6,7)
Refer to EPA and other regulatory guidance for establishing
DQOs and procedures (3,4,6,7,11,12)
Refer to EPA guidance on soil gas, direct push sampling,
and use ofon-site analyses (11,12)
Institute EPA, regulatory, and client-specific protocol and
procedures (1, 11, 12)
Include hydrogeological, geological, and geotechnical
information, as well as climatological data (3,6,7)
Use EPA or client-specified laboratory and analytical
protocol (2)
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Table 4-1 (Cont'd)
Activities Associated with RCRA Facility Investigations

Activity Elements

Investigation
Activities
Evaluate data and
report results

Compare analytical results to
appropriate background
conditions
Evaluate potential for intermedia
contaminant transport

Characterize site conditions and
assess contaminant distribution

Determine data gaps

1?

Compare results to health and
environmental criteria
Present and summarize results in
a factual manner
Evaluate need to collect additional
samples within study area
Evaluate need to collect additional
samples outside of study area
Add or delete constituents of
concern

Key Points
and References
Determine presence of site contamination with reference to
background (1,5,6,7,10,l l,13)
Determine effects of environmental conditions on deeper
soil, groundwater, surface water, and air within or
downgradient of study area
Use transport models if applicable (1,9,12)
Evaluate site contamination by using statistics, kriging,
creating plume maps, and graphics useful for interpretation.
Appropriateness and applicability of software usage should
be in line with EPA and regulatory guidelines.
(3,5,9,10,11,12,13)
Conduct a baseline risk assessment following EPA and
regulatory guidance (7)
Produce a Phase I RFI report (6)
Characterize additional potential sources within a study area
(3,6)
Characterize the potential for contaminant migration outside
or downgradient of the study area (1,9,12)
Evaluate whether analytes from Phase I should still be
considered contaminants of concern, or should be removed
from the program analyte list. (3,6)
Institute EPA, regulatory, and client-specific protocol and
procedures (1, 11, 12)

Conduct a subsequent Collect additional samples
data collection
program based on data
needs identified in the
initial phase
Use EPA or client-specified laboratory and analytical
Analyze samples for selected
protocol (2)
constituents
Produce a Phase II RFI report ( 6)
Evaluate data and report results
NOTE: References for Table 4-1 are located m Section 10.0 References. The number md1catmg the appropnate
reference is located at the end of the citation.
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A site conceptual model should include the following items which are required to develop a sitespecific sampling strategy:
•
•
•
•

Identification of potential contaminants at the site
Identification of media affected by direct release of contaminants
Evaluation of media potentially affected by current transport of contaminants
Determination of media that could be affected in the future by downgradient or off-site
contaminant migration

If the site conceptual model lacks any information necessary to accurately define site
contamination, statistical procedures will be used to determine sample locations and frequency.
Guidance used to develop statistical sampling plans will come from the following documents:

•
•

Preparation of Soil Sampling Protocols: Sampling Techniques and Strategies (EPA, 1992)
Statistical Methods for Environmental Pollution Monitoring (Gilbert, 1987)

4.1.1

Determination of Sample Frequency

It is important. when evaluating geochemical data using statistics to have a number of
measurements to generate meaningful and defensible results. Thus, the frequency of samples
collected during a field program must support the program DQOs for precision and accuracy.
Methods prescribed by EPA (1992) and Gilbert (1987) can be used to determine an adequate
population size such that an estimated mean of the population achieves a prespecified accuracy
with respect to program DQOs. These methods assume that data are uncorrelated over any
period of time or where the distance between data points is sufficiently large and data are
normally distributed. All of these methods specify at least one statistical variable that is either
estimated based on pre-existing data or data from an area geochemically similar to the study area,
or is estimated based on professional judgment. It is preferable to use pre-existing or similar data
if they are available.
4.1.2

Determination of Sample Locations

Sample locations can be determined for sites where there is a lack of information in the site
conceptual model. If source areas or the extent of contamination within a site are not known,
statistical techniques will be used to determine sample locations. Statistical calculations for
these sample location determination methods are expressed as functions of probability and the
size of the site. These two factors will be taken into account when evaluating and implementing
the appropriate statistically-based sampling approach. These statistical sampling approaches
include:
•

Simple random sampling. This approach is appropriate where there is inadequate
information on the possible nature and extent of contamination to develop a site conceptual
model.
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Stratified random sampling. This approach takes into account environmental factors and
contaminant physical characteristics to increase data precision while controlling sources of
variation. This sampling technique takes into account the lateral and vertical inhomogeneity
of the environmental media of interest.
Systematic sampling This approach attempts to provide a better coverage from samples
collected in a regular pattern, such as a grid. Where geostatistical techniques will be used to
interpret data, systematic sampling is strongly recommended.
Search sampling This approach determines sampling of contaminant point sources ('hot
spots') within a site. The size of the point source and the size of the study area are taken into
account to define a grid spacing that will sample the 'hot spot' based on a specified
probability. This technique can be used in areas where point-source contamination is
probable.

•

•

4.2

SAMPLE DESIGNATION

4.2.1

Kirtland AFB Site Samples

An established numbering system will be used for designating samples collected during

restoration activities. The numbering system will consist of an alpha-numeric code which will
identify the sampling site, media, location, sampling event, and contain a sequential sample
number.
The following is a general guide for sample designation:
AA

AAXX

Sampling
Site Code

Media Type

NN

Specific
Location

xx

NN

Sampling
Event

Sample
Depth or
Other
Identifier

Symbol Definition:
A=
N=
X=

Alphabetic
Numeric
Alphabetic or Numeric

Example Scenario: The following presents example codes that may be used on the project.
Specific codes will be defined in project-specific addenda.
•

Sampling Site Code: This code defines the site within Kirtland AFB.
Landfill No. 1
LFI
RW-04 = Radioactive Burial No. 4
FT-13 = Kirtland AFB Fire Training Area
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WP-16 = Manzano Sewage Treatment Facility
•

Media Type Code: This code identifies the source/media of the sample.
SS =
SB =
GW =
TB =
FB =
AR =

•

Specific Location Code: This code identifies the location of the source/media.
01 =
99 =

•

Location No. 1
Location No. 99

Sampling Event Code: This code identifies the sampling event or round of the sampling
program.
01 =
02 =

•

Surface Soil
Subsurface Soil
Ground Water
Trip Blank
Field Blank
Air Sample

First sampling round/event
Second sampling round/event

Sampling depth or other identifier: This code determines the depth or other parameters
specific to a particular sample.
01 =
02 =

Zero to two feet
Two to four feet

For example, the first sample obtained from subsurface soil Location #3 at 2' - 4' depth from
Landfill No. 1 will be identified as: LFI-SB-03-01-02. If a particular code in the numbering
system is not used or not applicable, then it will be replaced with a zero or a project-specific code
will be defined. For the case of blind duplicates or replicates
Analytical laboratories normally assign another identification number for each of the samples for
their internal tracking and control of the samples. Some software used by the laboratories for
reporting results may allow only a certain number of characters/digits for the sample designation.
Sometimes the laboratory may abbreviate the sample designation when reporting the results. In
such cases, it is recommended that the laboratory be requested to provide a table that lists the
actual sample number cross referencing the sample number used to report the results. This
procedure will insure proper tracking and accurate accounting for all the samples.
4.2.2

Field QC Samples

In addition to the regular site samples, the following field QC samples may be collected during
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sampling events. The distribution of the field QC samples by site, sampling round, etc., will be
specified in the project-specific plans. The frequency of these samples will comply with the
following requirements:
•

•

•

•

•

•

•

•
•

Trip Blank - One trip blank per day will accompany every shipment or cooler of aqueous
samples sent to the laboratory for the analysis of volatile organic compounds (VOCs). This
blank will be analyzed for VOCs only.
Ambient Blank - Ambient blanks may be taken during VOC sampling rounds. An ambient
blank need not be taken at every site. Ambient blanks may be collected at sites when
samples are collected downwind of possible VOC sources, such as active runways and engine
test cells. This blank will be analyzed for VOCs only.
Equipment Blank - One equipment blank will be taken by each sampling team on each day of
sampling. Sampling equipment blanks will be collected immediately after the equipment has
been decontaminated. When possible, the equipment blanks will be collected at the start or
finish of sampling at a given location. This blank will be analyzed for all laboratory analyses
requested for environmental samples collected at the site.
Temperature Blank - One temperature blank will be placed in the middle portion of every
cooler shipped containing samples which are temperature sensitive. The purpose of this
blank is to verify the cooler temperature. A notation will be made on the chain-of-custody
alerting the sample receiving team to the presence of this sample.
Duplicate - Generally ten percent of all water samples will be field duplicates. Samples and
their respective duplicates will be analyzed for the same parameters in the laboratory.
Duplicate samples will be given unique sample numbers that do not provide an indication of
their intended purpose. Note: On large sample size projects, five percent may only be
required. The percentages will be determined in the project-specific addenda.
Replicate - Ten percent of all soil and sediment samples will be field replicates. Samples and
their respective replicates will be analyzed for the same parameters in the laboratory.
Replicate samples will be given unique sample numbers that do not provide an indication of
their intended purpose. Note: On large sample size projects, five percent may only be
required. The percentage will be specified in the project-specific addenda.
Deionized Water Blank - The deionized water (Type II Reagent - Grade) utilized during the
field sampling activities will be obtained from a commercial vendor. A certificate of analysis
for each lot will be provided by the vendor that verifies that the quality of the deionized water
meets the specifications of American Society of Testing and Materials (ASTM) Dl 193-77 or
shows it to be free of analytes and contaminants that may interfere with the required
laboratory analyses. The deionized water will be purchased and stored only in glass, stainless
steel, or Teflon® containers. These containers will have Teflon® caps or cap liners.
It will be specified in the project-specific addenda when the "source water" analysis, water
used for decontamination, will be required.
QA Duplicates - In addition to field QC samples, ten percent of all field samples will be
collected as QA duplicates and submitted to USACE Missouri River Division (MRD)
laboratory for analysis.

4.2.3

MRD Project Identification for QA Samples
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The USACE Missouri River Division (MRD) laboratory will provide on-going analysis of QA
samples. Field QA duplicates will labeled with the same ID number as the original field sample
in order to facilitate easy comparison of the analytical results. Additionally, the MRD Project ID
"MRD LIMS #" will be added to the labels and chain-of-custody (COC) records for all QA
samples shipped to the MRD laboratory. The USACE Project Chemist will set up an account
and LIMS # during project scope development. If the MRD LIMS # is not provided in the
project-specific scope of services, the USACE Project Chemist will be notified. The
"Characterization of Environmental Samples for Disposal" questionnaire concerning the site and
respective contamination of all QA samples will be completed and a copy will be included in the
cooler along with the COC record. A copy of the questionnaire is presented in Figure 4-1.
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In order to properly dispose of samples, Federal and State Hazardous Waste Regulations
require that the generator detennine whether or not the sample is a hazardous waste.
To assist the Government QA Laboratory in making this detennination, you are
requested to answer the following questions concerning the Site and respective
contamination.
Instructions: Do not guess or hypothesize. Only provide answers that you can
reasonably ascertain as accurate. If you do not know the answer, indicate in the blank
that you do not know the answer by answering "Unknown". Please respond to all
questions.
Site Name:
Address of Site:

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

Sampling Date:
Sample Identification Number:

1. Indicate by sample identification number which samples are background samples (if
none, write none): _ _ _ _ _
_____
______ ·

2. Were unopened containers of chemicals found on site?_ _ _ _ _ _ _ _ __
Were unopened chemicals known to have been stored on site?_ _ _ _ _ __
Is the contamination from this storage area?
List unused, unopened chemicals found at the storage site:

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

3. Is the site a manufacturing facility? ________________

Figure 4-1
Characterization of Environmental Samples for Disposal Questionnaire
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If yes, identify the industry: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

(see back of page)

4. Is the contamination at the site from the use of solvents?- - - - - - - If yes, _identify the solvents: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
S. Is a process such as parts degreasing, electroplating, etc., the suspected cause of the
contamination?
[f yes, identify the process:_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

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

6. Do you suspect the sample to have any of the following contaminants? Circle all
that you suspect. .
Asbestos

PCB's

Jet Fuel

POL

7. What other contaminants do you expect to find in this sample?

8. Briefly describe how this site was contaminated: __________

9. Your Name:

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

Telephone: - - - - - - -

Figure 4-1 (Cont'd)
Characterization of Environmental Samples for Disposal Questionnaire
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5.0

SAMPLING EQUIPMENT AND PROCEDURES

5.1

GENERAL

The samples collected during field investigation and restoration activities may include soil
(surface and subsurface), sediment, groundwater, surface water, potable water, waste materials,
leachate, and ambient air and effluents from treatment operations. Different types of sampling
devices may be necessary to accomplish sampling activities. The selection of a device will be
based on applicability, compatibility with analytical considerations, safety, representativeness,
practicability, and economics. All equipment will be decontaminated between sampling
locations according to Section 5.4 and Appendix A, unless the equipment used is dedicated for a
particular sampling location.
Section 5.2 provides an introduction to the Standard Operating Procedures (SOPs) for sampling
various media. Section 5.3 provides guidance for collecting field QC samples. Procedures for
decontamination of field equipment are provided in Section 5.4 and Appendix A. Projectspecific plans may append additional SOPs based on project requirements and site conditions.
The Kirtland AFB SOPs were created from USACE, Air Force Center for Environmental
Excellence (AFCEE), and EPA guidance sources.
5.2

SAMPLING PROCEDURES

The sampling procedures which are outlined in Appendix A include potable water sampling
(SOP Al.I), monitoring well sampling (SOP Al.2), surface water sampling (SOP Al.3),
sediment sampling (SOP Al.4), surface soil sampling (SOP Al.5), subsurface soil sampling
(SOP Al.6), which includes hand auger sampling, split spoon sampling, rock core sampling, thin
wall sampling, and direct push sampling for soil and groundwater. Direct push technology
(DPT) is the preferred method for collecting soil and groundwater samples because of its
efficiency. This technology generates no soil cuttings and provides the ability to retrieve
undisturbed samples from various depths that can be logged and satnpled for chemical analysis.
If DPT cannot be used at a particular site, other sampling techniques, as described in Appendix
A, will be utilized.
The remainder of the SOPs in Appendix A include:
•
•
•
•
•
•
•
•
•

Borehole and sample logging (SOP Al.7)
Monitoring well installation (SOP Al .8)
Monitoring well abandonment (SOP Al .9)
Temporary well-point or hydropunch-type sampling (SOP Al .10)
Test pit sampling (SOP Al.11)
Drum sampling (SOP Al.12)
Tank sampling (SOP Al.13)
Wipe sampling (SOP Al.14)
Concrete sampling (SOP Al.15)
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Air sampling/air monitoring (SOP Al.16)
Field filtration procedure (SOP Al. 17)

5.3
5.3.1

GUIDANCE FOR FIELD QUALITY CONTROL SAMPLES
Trip Blank

A trip blank is a volatile organic analysis (VOA) sample vial filled in the laboratory with Type II
Reagent Grade Water, transported to the site, handled like a sample, and returned to the
laboratory for analysis. Trip blanks will not be opened in the field. The trip blank for soils is
identical to the trip blank for water samples and is handled and analyzed in the same manner.
5.3.2

Temperature Blank

A temperature blank consists of a 40-mL VOA vial filled with Type II Reagent Grade water and
placed in the middle of the cooler or another representative location during packing of the cooler.
The temperature blank is used to measure the actual temperature of the samples in the cooler as
received by the laboratory. The temperature is measured by placing a thermometer directly into
the vial.
5 .3 .3

Ambient Blank

An ambient blank is Type II Reagent Grade Water that is poured into a sample container at a
sampling site. It will be handled like a sample and transported to a laboratory for analysis.

5.3.4

Field Duplicate

Field duplicates are two samples collected independently at a sampling location during a single
act of sampling. Field duplicates will be identified such that laboratory personnel are unable to
distinguish them from normal field samples.
5.3.5

Field Replicate

A field replicate is a single sample divided into two equal parts for analysis. Replicates are often
called splits. Field replicates will be identified such that laboratory personnel are unable to
distinguish them from normal field samples.
5.3.6

EQJ1ipment Blank

An equipment blank is Type II Reagent Grade Water that is poured into or pumped through the

sampling device, transferred to a sample bottle, and transported to a laboratory for analysis.
5.4

EQUIPMENT DECONTAMINATION
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The methods for the proper decontamination of all field sampling equipment are detailed in
Appendix A, SOP A2.1. Procedures differ according to the type and the intended use of the
sampling equipment, as well as guidelines specified by government agencies. All equipment that
may directly or indirectly contact samples will be decontaminated in a designated
decontamination area. This includes casing, drill bits, auger flights, the portions of drill rigs that
stand above boreholes, sampling devices, and instruments, such as slugs and sounders, and
buckets of excavators. Care will be taken to prevent the sample device from coming into contact
with potentially contaminating substances, such as tape, oil, engine exhaust, corroded surfaces,
and dirt.
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FIELD MEASUREMENTS

This section identifies the elements to be considered during field measurements and outlines the
SOPs to be used when collecting specific types of data. Generally, field measurements include,
but are not limited to: temperature, pH, Oxidation Reduction Potential (ORP), conductivity,
turbidity, dissolved oxygen, width, depth, and flow rate of streams; water levels; and well depth.
Field screening techniques such as soil gas, field gas chromatography, and x-ray fluorescence
also fall under this category. The Site Safety and Health Plan (SSHP), Volume IV of this basewide planning document, will be used as guidance when measurements are made for health and
safety monitoring.
The following elements should be considered when developing project-specific addenda:
•
•
•
•
•
•

Parameters to be measured in the field and the type of equipment to be used
Intended use of these measurements
Rationale for selecting a particular equipment or technique
Detection limits and QA/QC requirements for each piece of equipment
Calibration and preventive maintenance requirements
Decontamination procedures for equipment

The SOPs for measurement activities outline the specific steps to be followed when collecting
data using field instrumentation. These guidelines have been developed from manufacturers'
operations manuals and standard industry practices. In some cases, the procedures specified in
this document may not apply precisely to the actual field equipment being used. Deviations from
the SOPs presented herein will be addressed in project-specific addenda.
The SOPs for measurement procedures presented in Appendix A include:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

pH (SOP A3.1)
Specific conductance (SOP A3.2)
Water temperature (SOP A3.3)
Dissolved oxygen (SOP A3.4)
Oxidation-reduction potential (SOP A3.5)
Water levels (SOP A3.6)
Aquifer testing (SOP A3.7)
Surficial geophysical surveys (SOP A3.8.1))
Borehole geophysical surveys (SOP A3.8.2)
Photoionization detectors and organic vapor analyzers (SOP A3.9)
Soil and gas investigation (SOP A3.10)
Methods for using portable gas chromatographs (SOP A3 .11)
Headspace screening (SOP A3.12)
Gross ~lpha/gross beta radioactivity (SOP A3.13)
Meteorological monitoring (SOP A3.14)
Land surveys (SOP A3.15)
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The objective of the sample packaging and shipping requirements is to maintain sample integrity
from the time a sample is collected until it is received at the analytical laboratory. Chain-ofCustody (COC) forms, sample labels, custody seals, and other sample documents will be
completed as specified in Section 6.0 of the Quality Assurance Project Plan (QAPP), Part II of
the DCQAP. Specific procedures for packaging and shipping of environmental samples are
presented below:
•

•
•

•
•

•

•

•
•

A sample label is attached to the sample bottle. Clear tape placed over the completed jar
label ensures that the writing remains legible and the label remains on the jar. It is possible
for the labels to become separated from the jars if water from melted ice comes into contact
with the sample jars.
Each sample bottle is placed in a separate plastic bag, which is then sealed. As much air as
possible is squeezed from the bag before sealing.
A picnic cooler (such as a Coleman or other sturdy cooler) is typically used as a shipping
container. In preparation for shipping samples, the drain plug is taped shut from the inside
and outside, and a large plastic bag is used as a liner for the cooler. Approximately 1 in. of
packing material, such as asbestos-free vermiculite, perlite, or Styrofoam beads, is placed in
the bottom of the liner.
The containers are placed in the lined picnic cooler. Cardboard separators may be placed
between the containers at the discretion of the shipper.
Water samples for low or medium-level organics analysis and low-level inorganics analysis
must be shipped cooled to 4°C with ice (USACE ER-1110-1-263, Oct. 1990). No ice is to be
used in shipping inorganic low-level soil samples or medium/high-level water samples, or
organic high-level water or soil samples. However since it is difficult to ascertain high levels
in the field, all soil samples will require icing prior to shipping. All cyanide samples must be
shipped cooled to 4°C.
The lined cooler is filled with packing material (such as asbestos-free vermiculite, perlite, or
Styrofoam beads), and the large inner (garbage bag) liner is taped shut. Sufficient packing
material should be used to prevent sample containers from making contact during shipment.
A copy of the COC form is placed inside a plastic bag. For volatile samples the headspace
screening results may be placed on the COC form. The laboratory can then be aware of high
volatile organic compound (VOC) samples and avoid down time on their gas
chromatography (GC) equipment. The bag is sealed and taped to the inside of the cooler lid.
The last block on the COC form should indicate the overnight carrier and airbill number.
The airbill must be filled out before the samples are handed over to the carrier. The
laboratory should be notified if the sampler suspects that the sample contains any substance
for which the laboratory personnel should take safety precautions.
The cooler is closed and padlocked or taped shut with strapping tape (filament-type).
At least two signed custody seals are placed on the cooler, one on the front and one on the
back. Additional seals may be used if the sampler or shipper thinks more seals are necessary.
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Place clear tape over the custody seals to help prevent them from being accidentally torn or
ripped off.
For security reasons the cooler should always be in the possession of Foster Wheeler
Environmental Corporation (FWENC) or designated personnel until the cooler is handed
over to the overnight carrier. A standard airbill is necessary for shipping environmental
samples.
SAMPLE ANALYTICAL REQUIREMENTS

Sample containers, preservation techniques, sample volumes, and holding times will be in
accordance with the requirements specified in Table 5-1 of the QAPP. Analytical procedures
will be in accordance with Section 8.0 of the QAPP. Project-specific plans will provide
additional information, if required, based on the requirements of planned activities.
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FIELD QA/QC PROGRAM

The objective of the field QA/QC Program is to ensure that all field operations, sampling, and
measurements produce results that:
•
•

Are of known quality and in compliance with specified data quality objectives
Are traceable, technically accurate, legally defensible, and have definable characteristics

Fundamental mechanisms for achieving established quality goals can be categorized as
prevention, quality assessment, and correction, and include the following:
•
•
•
•

Prevention of errors by planning and careful selection of methods, processes, and resources
Quality assessment through a program of audits and surveillances
Correction of processes to prevent recurrence of conditions adverse to quality;
Incorporation of new processes as they develop to increase quality

The following items are controlled activities to ensure effective implementation of the field
sampling program:
•
•
•
•
•

Written and approved SOPs for all field activities; these procedures are detailed in Appendix
A of this plan.
Collection of field QC samples at the required frequency; these requirements are detailed in
Section 5.3 of this plan.
Equipment calibration in accordance with the approved procedures and manufacturer's
recommendation; equipment calibration is included in the QAPP.
Documentation and record-keeping activities.
Audits, surveillance activities, and a corrective action program.

Project-specific plans will be developed based on the above guidelines and in accordance with
individual project requirements. The project-specific plans will include the following items in
the QA/QC program section:
•
•
•
•

Identify and describe the parameters that will be controlled during field operations
Identify the frequency of control checks and sources of any control materials
Provide the acceptance criteria for each parameter that is controlled
Describe the actions required in the event that controlled parameters exceed acceptance
criteria
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9.0

SITE MANAGEMENT AND RECORD-KEEPING

9.1

SITE MANAGEMENT

This section summarizes the various measures required to implement field sampling activities.
Site access and security, temporary facilities and utilities, waste management, spill and discharge
control measures, and contingency plans are some of the items that must be considered in
developing project-specific plans. This section contains a general discussion of these
considerations and broadly describes the elements associated with them. Each project-specific
plan will address these topics on an individual basis, providing greater detail as required by the
activities conducted at the site.
9.1.1

Site Access and Security

Kirtland AFB maintains responsibility for all base access and security measures required to gain
access to the base. Site security at areas of concern undergoing remedial activities will be
performed in accordance with requirements presented in the SSHP.
9.1.2

Temporary Facilities

Temporary support facilities for remedial operations will be identified in the project-specific
addenda. Facilities may include office trailers, storage trailers, shower facilities, break trailers,
temporary treatment units, connections to utilities, equipment storage yards, and access roads.
9.1.3

Waste Disposal

Waste disposal for the activities to be implemented at Kirtland AFB are addressed in the
Investigation Derived Waste Management Plan (IDWMP), Volume V of this base-wide planning
document.
9.1.4

Contingency Plans

The development of contingency strategies is necessary for the successful and timely completion
of the environmental restoration operations at Kirtland AFB. Prior to initiating field activities,
plans will be developed based upon the individual scope of work projected for each site. In the
event that a problem or interruption occurs during the field activities, the Kirtland IRP Remedial
Project Manager (RPM) and the USACE Technical Manager (TM) or project geologist will be
notified and consulted before implementation of alternate strategies. Other project team
members may be contacted and consulted depending upon the importance of the problem and the
applicability to the team member. The following outlines some of the potential problems and
alternative solutions which may be encountered in the field:
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POTENTIAL PROBLEM
Inclement Weather

Instrument or Equipment Failure or
Breakdown
Sick , Injured or Absent Personnel

Change of Scope Due to
Unanticipated Site Characteristics
or Change in Strategy
or
Accident
Unanticipated
Emergency
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ALTERNATIVES
Alter Procedure to Compensate
Conduct Alternate Activities
Cease Operations
Repair or Replace Equipment
Conduct Alternate Activities
Cease Operations
Replace Personnel
Operate with Reduced Staff
Treat Personnel, Continue Operations
Conduct Alternate Activities
Cease Operations
Alter Procedure to Compensate
Conduct Alternate Activities
Cease Operations
Delay Operations Until Situation is Managed
Conduct Alternate Activities
Cease Operations

RECORD-KEEPING

Field records sufficient to recreate all sampling and measurement activities will be maintained
and will meet all IRP Information Management Systems (IRPIMS) data loading requirements.
The requirements listed in this section apply to all measuring and sampling activities.
Requirements specific to individual activities are included in the section that addresses each
activity. The information will be recorded with indelible ink in a permanently bound notebook
with sequentially numbered pages. These records will be archived in an easily accessible form
and made available to the Air Force upon request.
The following information will be recorded in the logbook for all activities:
•
•
•
•

Location
Date and time
Identity of people performing activity and any visitors
Weather conditions

A summary of all site activities and level of personnel protection will be recorded in the logbook.
No erasures will be permitted. If an incorrect entry is made, the data will be crossed out with a
single strike mark, and initialed and dated. At the completion of all entries for a given task or at
the end of the day, the logbook will be signed and dated.
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The following additional information will be recorded for all field measurements:
•
•

The numerical value and units of each measurement
The identity of and calibration results for each field instrument

The following additional information will be recorded for all sampling activities:
•
•
•
•
•
•

Sample type and sampling method
The identity of each sample and depth(s), where applicable, from which it was collected
The amount of each sample
Sample description (e.g., color, odor, clarity)
Identification of sampling devices
Identification of conditions that might affect the representativeness of a sample (e.g.,
refueling operations, damaged casing)
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APPENDIX A
STANDARD OPERATING PROCEDURES FOR FIELD INVESTIGATIONS

The Standard Operating Procedures for Kirtland AFB field investigation activities are included in
this appendix. It is understood at all times that the site-specific requirements supersede these
generic requirements.
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The following guidelines and procedures will be used for sampling monitoring wells:
1. Monitoring wells will be sampled in order of increasing contamination.
2. Samples will not be collected within two weeks of well development.
3. Samples to be analyzed for volatile and gaseous constituents will not be withdrawn with
pumps that exert a vacuum on the sample (e.g., centrifugal).
4. Place clean or new polyethylene sheeting around well casing to prevent contamination of
sampling equipment in the event equipment is dropped.
5. Wear appropriate PPE as outlined in the SSHP. In addition, samplers will don new sampling
gloves at each individual well prior to sampling.
6. Visually examine the exterior of the monitoring well for signs of damage or tampering and
record in the field logbook.
7. All purging and sampling equipment will be decontaminated as specified in SOP A2.1 and
will be protected from contamination until ready for use. If a centrifugal or submersible
pump is used, discard pump suction line after each well. If the sampling equipment is
dedicated to a specified well, the previous step may be eliminated. Portions of the pumps
which contact the sample must be made of stainless steel and/or Teflon®.
8. Unlock well cap.
9. Take HNu and/or OVA readings and record in field logbook. Monitor the air inside the well
with an explosimeter. If high concentrations are detected, take the appropriate measures as
outlined in the SSHP.
10. Measure the static water level in the well with an electronic water level indicator as described
in SOP A3.6 and record in the field logbook. Measure the total depth of the well to verify
original construction details and determine if any appreciable fines have entered the well
which may cause problems during sampling and potential problems with the analytical data
as well. The water level indicator will be rinsed with deionized water in between individual
wells to prevent cross-contamination.
11. Calculate the volume of water in the well in gallons according to the Well Purge Data Sheet
(Figure Al.2-1). This sheet is a typical well purge data sheet that will be used in the field to
perform well volume calculations. The information required for the calculation includes well
depth (measured from top of casing to bottom of well), well diameter, and static water level
(measured from top of casing).
12. Purge three to five well volumes of water from the well, using one of three methods
described below:
1) Bail with a stainless steel or Teflon® bailer and Teflon®-coated stainless steel wire.
2) Pump with a centrifugal pump with ASTM 2239 polyethylene tubing. Set intake at the
surface level of the groundwater and start pump; continue to lower the intake line through
the well to just above screen depth ensuring that all standing water in the well has been
purged.
3) Pump with a submersible pump equipped with a check valve to avoid backflush and
ASTM 2239 polyethylene tubing. Set intake at the surface level of the groundwater and
start pump; continue to lower the intake line through the well to just above screen depth
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ensuring that all standing water in the well has been purged.
13. Measure and record temperature, pH, specific conductance, and turbidity as each volume of
well water is purged.
14. After purging, allow static water level to recover to approximately 80% of its static level or
16 hours after completion of purging, whichever occurs first.
15. When a well is pumped dry before three to five well volumes have been purged, the sample
will be collected as soon as a sufficient amount of water has reentered the well. Obtain
sample from well with a stainless steel or Teflon® bailer suspended on a Teflon®-coated
stainless steel wire after three to five well volumes of water are purged and the temperature,
pH, and specific conductivity readings have stabilized. Stabilization is defined as follows:
temperature ± 1°C, pH ± 0.1 units, and specific conductivity ± 5%. If these parameters do
not stabilize within 5 well volumes then the USACE will be notified. The well shall then be
considered for additional purging or redevelopment upon written approval from USACE.
16. Samples for volatile or gaseous constituents will be collected first by lowering the bailer
slowly to avoid degassing. The containers will be carefully filled and tapped so that the
entrainment of air is minimized and no head space exists. If bubbles appear, the vial will be
refilled. These samples will not be composited, homogenized, or filtered. (Note: Filtration
for dissolved metals is discussed in SOP A 1.17 - Field Filtration
17. The pH of preserved samples will be checked in the field by pouring a small amount of
sample onto pH paper. The paper will not touch the sample inside the container. The pH of
acidified VOC samples will not be measured.
18. Place analytical samples in cooler and chill to 4°C. Samples will be shipped to the
appropriate laboratory within 24 hours.
19. Re-lock well cap.
20. Fill out field logbook, sample log sheet, labels, custody seals, and Chain-of-Custody forms.
Example copies of these are included in the QAPP, Part II of Volume II.
21. Decontaminate purging and sampling equipment according to the procedures specified in
SOP A2.1.
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Potable water samples may be collected during the remedial activities in order to ascertain
whether contaminants originating from Kirtland AFB are adversely affecting nearby private or
public water supply wells as well as on-site potable water sources. The procedures listed below
will be followed:
1. Samplers will don new gloves at each sampling location prior to taking samples.
2. Inspect the well including pump, storage tanks, and any treatment systems present.
3. Sample access point should be chosen as close to the well head as possible prior to where the
water enters any storage tank or any treatment systems.
4. If the volume of purged water cannot be determined, the well will be evacuated for a
minimum of 15 minutes. If the volume can be calculated, a minimum of three to five well
volumes should be purged unless the well is in continuous use. If the well is used for
industrial production, the pumping rate should be noted, and the tap for sampling purged for
15 minutes. An outside faucet can be used for purging.
5. Measure and record in field notebook temperature, pH, and specific conductance.
6. Samples will be obtained by capturing the water directly from the access point into the
sample container. Bottles for VOCs should contain the preservatives prior to sampling.
(Note: Filtration for dissolved metals is discussed in SOP Al .17 - Field Filtration)
7. The preservation procedures will be:
VOCs - Determine the amount of 1: 1 1 preservative required to adjust the pH of the sample to
less than 2 in an extra 40 mL glass vial. Add this volume to the empty 40 mL vials prior to
sampling. Fill eac:h container with sample to just overflowing so that no air bubbles are
entrapped inside. If effervescence occurs, submit without preservative and note on the
respective Chain-of-Custody form.
Other Parameters - Fill each container and preserve immediately as required in Table 5-1 of
the QAPP, Part II of Volume II.. To test for pH, pour a minimal portion of sample onto
broad range pH paper to verify if the appropriate pH level has been obtained.
8. Place analytical samples in cooler and chill to 4°C. Samples will be shipped to the
appropriate laboratory within 24 hours.
A tap must be free of any aerator, strainer, hose attachment, or water purification devices prior to
sampling. When sampling chlorinated water for organics and bacterial analyses, sodium
thiosulfate will be added to the sample bottles. Guidance is provided in "Manual for the
Certification of Laboratories Analyzing Drinking Water" (EPA 570/9-82-002, October 1982).
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Water Quality Field Data Sheet

Page 1 of_
Well No.
Samplers:

Date
Time Start
Time Finish

Checked by:

Well Information
Depth to Water _ _ ft.
Well Depth
- - ft
Sample Depth
ft

--

Note: All depths measured from

Casing Diameter _ _in.= _ _ft.
Borehole Diameter _ _in.= _ _ft.
Well Volume
gal.

=pi • r2h (7.48) =volume in wall casing
=casing radius in fl
h =Well depth - depth to water in ft.

Calculation: WeU volume

•top of PVC well casing

Where: r

Field Equipment
pHMeter _ _ Serial No.
E.C. Meter _ _Serial No.

Sample Equipment
Pump D
D

Field Chemistry
Calibration:
pH_ _ =

Bailer
Water Level Meter
Turbidity
Temperature Meter

Disposable Teflon Bailer

~CpH _ _ =

Conductance Standard
Calibrated Conductivity

Volume Removed
Time Gals ICsingVols
0
1
2
3

@

~CpH__ =

umhos/cm @ 25°C Reading
umhos/cm @ 25°C

Temp.

°C

pH

Size
Serial No.
Serial No.
Serial No.

in

Pump type
Serial No.

(Check one)

@

Casing Stickup
- - ft
Screened Interval_ _ ft.

Elec. Conductivity
umhos/cm @ °C

ll!Dlm@
mgll@

Tubidity
N.T.U.

@

oc

0

c

Time

Time

-

Physical Characteristics

c0 =5/9 (F°-32); F° =9/5 c• + 32

Figure Al.2-1
Well Purge Data Sheet
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Surface water sampling will be performed by the following procedure:
1. Wear appropriate PPE as outlined in the SSHP. In addition, samplers will don new sampling
gloves at each location prior to sampling.
2. A Teflon®/stainless steel scoop or beaker, or sample bottles may be used to collect the
samples. The project-specific addendum will specify the sampling equipment to be used.
3. Measure and record temperature, pH, specific conductance, and dissolved oxygen (if
required) as described in SOPs A3.l, A3.2, A3.3 and A3.4, respectively.
4. Water samples will be collected prior to sediment samples and collected in ascending order
from the most downstream point first, to the farthest upstream sampling location. Care
should be exercised when pouring the water in the sample bottles to minimize aeration of
those samples collected for volatile organic analysis, and prevent overfilling of those sample
bottles which contain preservatives.
5. Samples to be analyzed for volatile constituents will be collected from the first beaker or
scoop. The vials will be filled and tapped so that the entrainment of air is minimized and no
head space exists. If bubbles appear, refill the vial. These samples will not be composited,
homogenized, or filtered. (Note: Filtration for dissolved metals is discussed in SOP Al.I 7 Field Filtration).
6. The pH of preserved samples will be checked in the field by pouring a small amount of
sample onto pH paper. The paper will not touch the sample inside the container. The pH of
acidified VOC samples will not be checked.
7. Place analytical samples in cooler and chill to 4°C. Samples will be shipped to the
appropriate laboratory within 24 hours.
8. Decontaminate beaker or scoop as specified in SOP A2.1.
9. Fill out field logbook, sample log sheet, labels, custody seals, and Chain-of-Custody forms.
Example copies of these forms are included in the QAPP, Part II of Volume II.
10. Permanently mark the sampling location with a flagged stake in the stream bank.

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

VOLUME II
SOPAl.4

PART I - FIELD SAMPLING PLAN
Page I oft

SOP A.1.4

Sediment Sampling

REVISION# FINAL
DATE: March 3, 1995

Sediment sampling will be performed by the following procedure:
1. Wear appropriate PPE as specified in the SSHP. In addition, samplers will don new
sampling gloves at each location prior to sampling.
2. Use a decontaminated stainless steel scoop to scrape away surficial organic material (grass,
leaves, etc.).
3. If there is any surface water flow sampling will proceed in an upstream direction. After
organic materials have been scraped away, obtain a sediment sample using the scoop by
scooping material from the surface to 6 in. below surface, or the depth specified in the project
specific addendum.
4. Record appropriate air monitoring analyses.
5. Samples for VOC and total organic carbon (TOC) analyses will be obtained as discrete grab
samples. Empty remaining contents of the scoop into a decontaminated stainless steel pan.
6. Homogenization of samples will be conducted by first removing rocks, twigs, leaves and
other debris if they are not considered part of the sample. The soil/sediment should be
removed from the sampling device and placed in a stainless steel pan, then thoroughly mixed
using a stainless steel spoon as described below. If the sediment sample is saturated, decant
off as much water as possible prior to filling sample jars. The soil/sediment in the pan should
be scraped from the sides, comers and bottom of the pan, rolled to the middle of the pan, and
initially mixed. The sample should then be quartered and moved to the four comers of the
pan. Each quarter of the sample should be mixed individually, then rolled to the center of the
container and the entire sample mixed again. Fill jars with sediment using stainless steel
spatulas or spoons. The sample jar quantities and sizes are dependent on the analyses being
run and are detailed in Table 5-1 of Part II (QAPP) of Volume IL
7. Place analytical samples in cooler and chill to 4 °C. Samples will be shipped to the laboratory
within 24 hours.
8. Decontaminate scoop as specified in SOP A2.l.
9. Fill out field logbook, sample logsheet, custody seals, labels, and Chain-of-Custody forms.
Example copies of these forms are included in the QAPP, Part II of Volume II.
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Surface soil sampling will be performed by the following procedure:
1. Wear appropriate PPE as specified in the SSHP.

2.
3.

4.
5.
6.

7.
8.
9.

In addition, samplers will don new
sampling gloves at each location.
Use a decontaminated stainless steel scoop/trowel to scrape away surficial organic material
(grass, leaves, etc.).
Obtain soil sample using a scoop/trowel, after organic materials have been scraped away, by
scooping soil from the surface to 3 in. below surface or the depth specified in the projectspecific addendum.
Record appropriate air monitoring results.
Samples for VOC and TOC analysis will be obtained as discrete grab samples. Empty
remaining contents of the scoop into a decontaminated stainless steel pan.
Homogenization of soil samples will be conducted by first removing rocks, twigs, leaves and
other debris if they are not considered part of the sample. The soil should be removed from
the sampling device and placed in a stainless steel pan, then thoroughly mixed using a
stainless steel spoon. The soil in the pan should be scraped from the sides, comers and
bottom of the pan, rolled to the middle of the pan, and initially mixed. The sample should
then be quartered and moved to the four comers of the pan. Each quarter of the sample
should be mixed individually, then rolled to the center of the container and the entire sample
mixed again. Fill jars with soil using stainless steel spatulas or spoons.
Place analytical samples in cooler and chill to 4°C. Samples will be shipped within 24 hours
to an appropriate laboratory.
Decontaminate scoop/trowel as specified in SOP A2. l.
Fill out field logbook, sample log sheet, custody seals, labels, and Chain-of-Custody forms.
Example copies of these forms are included in the QAPP, Part II of Volume II.
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The following elements regarding soil borings should be considered when developing projectspecific plans:
•
•
•
•

•
•

•

•
•
•

All drilling will conform to state and local regulations. Permits, applications, and other
documents required by state and local authorities will be obtained.
The location of all borings will be approved in writing by the base before drilling
commences.
The drill rig and all equipment that enters a borehole will be decontaminated in accordance
with SOP A2. l.
The drill rig will not leak any fluids that may enter the hole or contaminate equipment that is
placed in the hole. The use of rags or diapers to absorb leaking fluids is unacceptable. All
leaking fluids will be caught in a proper container until the leak is repaired. If sample
integrity could be comprised by leaking drill rig fluids, then sample operation may be shut
down until the leak is repaired.
No fluids will be used to advance soil borings.
A standard penetration test will be performed each time a split spoon sample is taken. The
test will be performed in accordance with ASTM D-1586. Sampling for lithologic logging
should be continuous especially near ground surface in the area of potential contamination
sources. The depth to which continuous lithologic sampling is completed will be determined
on a site-by-site basis after review of site specific stratigraphic data collected during previous
investigations. In most cases, the collection of continuous lithologic samples should begin at
the ground surface and continue until the water table is encountered. The method of
continuous sample collection is dependent on the drilling method used. Common sampling
methods include split-spoon samplers, thin-walled samplers, and core barrels. All of these
sampling devices can be used with minimal disturbance of the sample.
Soils to be analyzed for VOC and TOC will be taken with a California (brass) ring or
equivalent sampler. These samples will not be composited or homogenized. The ends of the
rings will be covered with Teflon® or metal foil. The rings will then be sealed with end caps.
Surface water and extraneous materials will not enter the boring.
Boreholes will be abandoned as specified in project-specific addenda.
All trash and drill cuttings will be disposed as dictated in project-specific addendum to the
IDWMP.

Subsurface soil samples may be collected using a stainless steel hand auger or split-spoon
sampler. Project-specific addenda will specify the method to be used on the basis of field
requirements.
Lithologic logging is necessary to determine the physical characteristics of the subsurface. This
information will be used in conjunction with contaminant chemical and physical data to
determine how the contaminant will move from it's source to potential receptors. This data will
also be used for evaluating the feasibility of various remediation technologies for cleanup of
subsurface contamination. The stratigraphy at KAFB is complex with lateral variation of highly
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heterogeneous alluvial fan and axial ancestral Rio Grande lithofacies. Small lenses of clay or
sand present in these lithofacies can determine how a contaminant is transported from the source
site. These lenses may be missed if lithologic sampling is not continuous.
Before digging begins a digging permit, "Base Civil Engineering Work Clearance Request"
form, needs to be completed and approved by the Chief of Operations or Chief of Engineering
and Environmental Planning at the base. The work clearance request is processed just prior to
the start of work. If delays are encountered and the conditions at the job site change (or may
have to be changed) this work clearance request must be reprocessed. The type of information
that must accompany this permit includes;
•
•
•
•
•
•
•
•

location
work order/job number
contract number
if the area has been staked/clearly marked or not
a sketch of the excavation
type of facility work involved, i.e. pavements, drainage systems, railroad tracks, overhead or
underground utility or communications, aircraft or vehicular traffic flow, security, etc.
date clearance requested and terminated
requesting official, phone number, and organization

Hand Auger Sampling
The following procedure will be used for hand auger sampling:

1. Wear appropriate PPE as specified in the SSHP. In addition, samplers will don new
sampling gloves at each location.
2. Use a decontaminated hand driven 6" stainless steel bucket auger. The diameter of the auger
may be modified to suit site specific conditions and shall be specified in the project-specific
addendum.
3. Begin turning the auger in a clockwise direction and continue until the desired sampling
depth is obtained.
4. Remove the auger and fill jars with soil using stainless steel spatulas or spoons.
5. Empty remaining contents of the auger into a decontaminated stainless steel pan.
Homogenization of soil samples will be conducted by first removing rocks, twigs, leaves and
other debris if they are not considered part of the sample. The soil should be removed from
the sampling device and placed in a stainless steel pan, then thoroughly mixed using a
stainless steel spoon. The soil in the pan should be scraped from the sides, comers and
bottom of the pan, rolled to the middle of the pan, and initially mixed. The sample should
then be quartered and moved to the four comers of the pan. Each quarter of the sample
should be mixed individually, and then rolled to the center of the container and the entire
sample mixed again.
6. If it is determined that the sample volume is insufficient to satisfy the analytical
requirements, another sample must be obtained from a location immediately adjacent to the
first sample.
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7. Decontaminate according to the procedures outlined in SOP A2.1.
8. Place analytical samples into the shipping cooler and chill on ice to 4°C, if required. Prepare
sample(s) for delivery to the laboratory for analysis within 24 hours of collection.
9. Fill out field logbook, sample log sheet, custody seals, labels, and Chain-of-Custody forms.
Example copies of these forms are included in the QAPP, Part II of Volume II.
Split-Spoon Samp/in,g Procedure
The following procedure will be used for split-spoon sampling:

I. Wear appropriate PPE as outlined in the SSHP. In addition, samplers will don new sampling
gloves at each location.
2. Drill borehole to the desired sampling depth. Drive split-spoon into the undisturbed soil
which is to be sampled.
3. A stainless steel 2 in. (or 3 in.) O.D. split-spoon sampler will be driven with blows from a
140-lb (or 300-lb) hammer falling 30 in. until either approximately 2 ft. has been penetrated
or 100 blows within a 6-in. interval have been applied. This process is referred to as the
Standard Penetration Test (ASTM D 1586-74). A decontaminated split-spoon will be used
for each sample collected for chemical analyses.
4. Soil borings designated for engineering parameters such as Atterberg limits, permeability,
sieve analysis, etc., will be obtained using a Shelby tube according to ASTM 1557. Shelby
tubes can be used when cohesive materials are encountered, and when an undisturbed sample
is required for testing.
5. Record the number of blows required for each 6 in. of penetration or fraction thereof. The
first 6 in. is considered to be a seating drive. The sum of the number of blows required for
the second and third 6 in. of penetration is termed the penetration resistance. If the sampler is
driven less than 2 ft., the penetration resistance is still the blows encountered for the 2nd and
3rd 6-inch intervals. If more than 50 blows have been counted for a particular 6-inch
interval, then refusal shall be entered on the log.
6. Bring the sampler to the surface and remove both ends and one-half of the split-spoon so that
the recovered soil rests in the remaining half of the barrel. Place split-spoon on clean
polyethylene sheeting. Describe thoroughly the approximate recovery (length), Unified Soil
Classification System (USCS) classification, composition, color, moisture, etc., of the
recovered soil. A copy of a typical bore log form is depicted in Figure Al .6-1.
7. Fill jars with soil using stainless steel spatulas or spoons
8. Empty remaining contents of the split-spoon into a decontaminated stainless steel pan.
Homogenization of soil samples will be conducted by first removing rocks, twigs, leaves and
other debris not considered part of the sample. The soil should be removed from the
sampling device and placed in a stainless steel pan, then thoroughly mixed using a stainless
steel spoon. The soil in the pan should be scraped from the sides, comers and bottom of the
pan, rolled to the middle of the pan, and initially mixed. The sample should then be
quartered and moved to the four comers of the pan. Each quarter of the sample should be
mixed individually, and then rolled to the center of the container and the entire sample mixed
agam.
9. Decontaminate split-spoon sampler according to the procedures outlined in SOP A2.l.
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10. Place analytical samples in sample cooler and chill to 4°C. Samples will be shipped to the
laboratory within 24 hours.
11. Fill out field notebook, sample log sheet, labels, custody seals, and Chain-of-Custody forms
for analytical samples. Example copies of these forms are included in the QAPP, Part II of
Volume II.

Rock Core Sampling
After rock coring has been completed and the core recovered, the rock core will be carefully
removed from the barrel, placed in a core tray (previously labeled "top" and "bottom" to avoid
confusion), classified, and measured for percentage of recovery as well as the rock quality
designation (RQD). See the Classification of Rocks section in SOP Al.7 for a description of
how to measure the RQD of a core. Each core will be described and classified in the field
notebook or on appropriate forms described in SOP Al.7.
After sampling, rock cores must be placed in the sequence of recovery in well-constructed
wooden boxes or manufactured plastic core boxes provided by the drilling contractor. Rock
cores from two different borings will not be placed in the same core box unless accepted by the
Field Geologist. The core boxes should be constructed to accommodate at least 20 linear feet of
core in rows of approximately 5 ft. each and should be constructed with hinged tops secured with
screws and a latch (usually a hook & eye) to keep the top securely fastened down. Wood
partitions will be placed at the end of each core run and between rows. The depth from the
surface of the boring to the top and bottom of the drill run and run number will be marked on the
wooden partitions with indelible ink. Any core loss areas will be spaced with wooden blocks,
PVC pipe, or other sturdy material so that the entire core run is represented. The order of placing
cores will be the same in all core boxes. The top of each core obtained should be clearly and
permanently marked on each box. The width of each row must be compatible with the core
diameter to prevent lateral movement of the core in the box. Similarly any empty space in a row
will be filled with an appropriate filler material or spacers to prevent longitudinal movement of
the core in the box.
The inside and outside of the core-box lid will be marked by indelible ink to show all pertinent
data on the box's contents. At a minimum, the following information must be included:
•
•
•
•
•
•
•

Project name
Project number
Boring number
Footage (depths)
Run number(s)
Recovery
Box number(x ofx)

It is also useful to draw a large diagram of the core in the box, on the inside of the box top. This
provides more room for elevations, run numbers, recoveries, comments, etc., than could be
entered on the upper edges of partitions or spaces in the core box.
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For easy retrieval when core boxes are stacked, the sides and ends of the box should also be
labeled and include project number, boring number, top and bottom depths of core, and box
number.
A photograph of the recovered core and the labeling on the inside cover will be taken. If
moisture content is not critical, the core should be wetted with potable tap water and wiped clean
for the photograph (This will help to show true colors and bedding features in the cores).
Due to the weight of the core, a filled core box should always be handled by two people. Core
boxes temporarily stored on-site should be protected from the weather. The core boxes should be
removed from the site in a careful manner as soon as possible.

Thin Wall (Shelby Tube) Sampling
When it is desired to take undisturbed samples of soil, thin-walled seamless tube samplers
(Shelby tubes) will be used. These samples are not recommended by EPA for environmental
samples. Tube samplers, whether of carbon steel or stainless steel, should not be used for taking
VOC samples. The following method applies:
1. Clean out the hole to the sampling elevation being careful to minimize the chance for
disturbance or contamination of the material to be sampled. In saturated materials, withdraw
the drill bit slowly to prevent loosening of the soil around the hole and maintain the water
level, if present, in the hole at or above groundwater level.
2. The use of bottom discharge bits or jetting through an open-tube sampler to clean out the
hole will not be allowed. Any side discharge bits are permitted.
3. The sampler must be of a stationary piston-type to limit sample disturbance and aid in
retaining the sample. Either the hydraulically operated or control rod-activated type of
stationary piston sampler may be used. Prior to inserting the tube sampler in the hole, check
to insure that the sampler head contains a check valve. The check valve is necessary to keep
water in the rods from pushing the sample out of the tube sampler during sample withdrawal
and to maintain a suction within the tube to help retain the sample.
4. With the sampling tube resting on the bottom of the hole and any water level in the boring at
the natural groundwater level or above, push the tube into the soil by a continuous and rapid
motion, without impacting or twisting. In no case will the tube be pushed further than the
length provided for the soil sample. Allow a free space in the tube for cuttings and sludge.
Data to be recorded on the sampling tube when sampling with Shelby Tubes include the
maximum pressure exerted for the push, and duration in seconds of the push.
5. After pushing the tube, the sampler should sit five to 15 minutes in the borehole prior to
removal. Immediately before removal, the sample must be sheared by rotating the rods with
a pipe wrench a minimum of two revolutions.
6. Upon removal of the sampler tube from the hole, measure the length of sample in the tube
and also the length penetrated. Remove disturbed material at both ends of the tube and
measure the length of sample again. After removing at least 1 in. of soil from the lower end
and after inserting an impervious disk, seal both ends of the tube with at least 1/2-in. of wax
applied in a way that will prevent the wax from entering the sample. Newspaper or other
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types of filler must be placed in voids at either end of the sampler prior to sealing with wax.
Place plastic caps on the ends of the sampler, tape them into place, and dip the ends in wax to
seal them.
7. Affix labels to the tubes, as required, and record sample number, depth, penetration, and
recovery length on the label. Mark the same information and "'up" direction on the tube with
indelible ink, and mark the end of the sample. Complete Chain-of-Custody and other
required forms. Do not allow tubes to freeze, and store the samples vertically (with the same
orientation they had in the ground, i.e., top of sample is up) in a cool place out of the sun at
all times. Ship samples protected with suitable resilient packing material to reduce shock,
vibration, and disturbance.
8. Using soil removed from the ends of the tube, carefully describe the sample using the
methods presented in SOP Al.7.
9. When thin-wall tube samplers are used to collect soil for certain chemical analyses, it may be
necessary to avoid using wax, newspaper, or other fillers. Project-specific addendum will
address specific materials allowed dependent on analytes being tested.
Thin-walled undisturbed sampling costs; therefore, thin-walled tube samplers are restricted in
their usage by the consistency of the soil to be sampled. Often very loose and/or wet samples
cannot be retrieved by the samplers, and soils with a consistency in excess of very stiff cannot be
penetrated by the sampler. Devices such as Dension or Pitcher cores can be used in conjunction
with the tube samplers to obtain undisturbed samples of stiff soils. Using these devices normally
increases sampling costs and therefore their use should be weighed against the increased cost and
the need for an undisturbed sample. In any case, if a sample cannot be obtained with a tube
sampler, an attempt should be made with a split-spoon sampler at the same depth so that at least
a sample can be obtained for classification purposes.

Direct Push Sampling for Soil and Groundwater
Direct push technology (DPT) will be used to rapidly collect soil and water samples whenever
possible. This technique provides for collection of undisturbed samples and does not generate
soil cuttings. This section discusses the DPT method only.
The contractor will need a copy of the DPT subcontractor work plan, waste containers, and
appropriate health and safety gear. All additional equipment and materials will be provided by
the DPT subcontractor. The DPT subcontractor should be equipped with a rig capable of
pushing 30 ft and collecting soil and groundwater samples from any interval within that depth.
Equipment should include at minimum the following items:
•
•
•
•
•

Hydraulic ram with hammer assembly
I-to 1.5-in. diameter drill rods
Stainless steel piston-type, split-spoon, or equivalent soil sampling device that allows for
lithologic characterization and retrieval of at least 400 mL of sample volume
Geoprobe®, Hydrocone®, bailer, Teflon® tubing and peristaltic pump, or equivalent water
sampling device
Small diameter PVC riser and screen to make temporary wells if recovery is too slow
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Decontamination equipment
Health and safety equipment

If a situation arises in which the groundwater recharge is too slow to allow for efficient sampling,
a temporary PVC well can be installed for sampling at a later time. This well, however, must be
installed according to the following specifications:
• The well will be narrower in diameter than the DPT borehole, leaving annular space
around the casing
• The well will be installed between 2 and 5 ft into the water table
• New PVC casing and screen will be used, decontaminated with a stream cleaner and
rinsed with copious quantities of deionized water
• Installation of well will occur with decontaminated gloves
• The well will be sampled and removed within 48 hours of installation
• If left unattended or overnight, locking well caps should be used, or a seal should be used
that can indicate tampering
• One volume of the sampling device will be purged prior to sampling
General Methodology:
• Verify that the subcontractor has the necessary drilling and sampling equipment, as well as
proper decontamination supplies.
Confirm that sampling locations are staked and that the clearances from all on-Base and offBase utilities have been obtained. Do not begin the sampling until proper digging permits
have been obtained and all of the utilities have been marked.
• Locate the sample location and position the DPT rig. If the sample point is on thick asphalt
or concrete, the DPT subcontractor will use a hammer-drill or equivalent to drill a hole
through the pavement.
• Verify that the sampling tip has been properly decontaminated, as specified in SOP A2. l
before beginning penetration.
Soil Sampling Methodology
• For soil sampling, hydraulically advance the sampler to above the target sample interval,
unlock the piston point, and advance the sampling device through the sampling interval.
1. Pull the rods using the hydraulic apparatus and remove the sample insert or split spoon.
2. Log the soil and collect the required samples as specified in the project specific
addendum.
• Continue sampling at additional depth intervals or abandon the borehole, as appropriate for
the location
Groundwater Sampling Methodology:
• If groundwater sampling is necessary, advance the sampler into the water table and collect a
sample with the sampling device as specified in SOP Al .2.
• Collect and manage all wastes as specified in the site-specific IDWMP.
• Abandon all boreholes and repair pavement before moving to a new site as specified in
SOP Al.9.
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Comments:
• If a buried object impedes the DPT sampler or if an insufficient sample volume is recovered,
reposition the rig in a location to satisfy the intent of the original sample point and try again.
Note this on the borehole logging form.
• If the total recovered sample volume is insufficient for both screening and laboratory
analysis, a second hole will be pushed as close as possible to the original hole and an
additional sample will be taken from the same depth interval. The two samples will be
composited prior to sampling for chemical analysis.
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Figure Al.6-1
Typical Bore Log Form Used to Describe Split Spoon Samples
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Drilling Logs and Documentation
Each boring will be fully described on a boring log similar or equivalent to that shown in
Figure Al.6-1. The rig geologist will log the boring as it is being drilled by recording relevant
data, listed below, on either the appropriate boring log or in a bound field notebook. Boring log
forms may be transcribed from a field notebook, but must be completed at a minimum on a
weekly basis. Data which will be included in the logs, when applicable, are:

•
•
•

•
•

•
•

•
•

•

•

•
•
•
•
•

Identifying number and location of each boring.
Depths in feet and tenths of feet.
Soil classifications in accordance with the USCS. These classifications will be prepared in
the field by the geologist and will be subject to revision based on laboratory tests or
subsequent review.
Rock classifications in accordance with the procedures and guidelines described in the below
section on Rock Classification.
A full description of soil samples. For split-spoon, thin wall, soil core, or otherwise intact
samples, the description will include but not be limited to the USCS two-letter classification,
plus a more complete verbal description of color, consistency, grain size and size distribution.
Depth limits, type and number of each sample taken. All samples will be numbered
consecutively.
The number of blows required for each 6-in. penetration of split-spoon sampler and for each
12-in. penetration of casing; hammer weight and length of fall for split-spoon or driven
samplers; hydraulic pressure used to push thin-wall tubes. If thin-wall tubes are pushed
manually, that will be indicated.
The start and finish times for all rock coring runs including a description and depth of any
drilling anomalies such as voids, loss of fluids or air, odors, etc.
Depth to water as first encountered during drilling, along with the method of determination.
Any distinct water-bearing zones below the first zone also will be noted. Other observations
during drilling will also be noted, such as bit chatter, rod binding, rod drops, flowing or
heaving sands, bit pressure, rod rotations per minute (RPM), and water pressure.
If drilling fluid is used, the fluid losses, interval over which they occur and the quantity
losses, lost will be recorded.
A general description of the drilling equipment used. This description, including such
information as rod size, bit type, pump type, rig manufacturer, and model, may be provided
in a general legend.
Dates and times of start and completion of boring.
Names of Contractor, driller and rig geologist.
Size and length of casing or auger used in each borehole.
Observations of visible contamination for each sample or from cuttings that appear
contaminated.
Field instrument readings.
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As the boring is drilled, the rig geologist will evaluate adjacent samples recovered, together with
observation of the drill cuttings, wash water (if any), drill performance, etc., to determine
appropriate stratigraphic definitions or distinctions within the soil column. Such contacts or
breaks between strata must be determined by the rig geologist and indicated on the boring log. If
such information is not provided, the "log" is nothing more than a listing of individual sample
descriptions. In general, a stratigraphic unit contains only similar soils which can be classified
within the same two-letter uses classification category symbol. In some cases, significant
differences in soil color, grain size distribution, strength, etc., would be sufficient to classify soils
having the same two-letter uses classification category symbol into two or more distinct strata.
After the rig geologist has indicated the appropriate stratigraphic breaks on the log, he/she should
develop and record an appropriate description for each defined stratigraphic unit. Each
description should contain information about the color, grain size distribution, consistency,
moisture, etc., and the appropriate two-letter uses classification category symbol.

Classification o.fSoils
All classification data should be written directly on the boring log (if there is enough space) or in
a field notebook. The method of deriving the classification should be described, or reference to
this guideline or other manuals should be made. Handling of samples during soil classification
should be coordinated with chemical sampling activities, if appropriate.

USCS Classification

Soils are to be classified according to the uses. This method of classification is detailed in
Figure A 1. 7-1. This method of classification identifies soil types on the basis of grain size and
liquid limits, and categorizes them by two-letter symbols.
In the uses system, fine-grained soils, or fines, are classified as those which will pass through a
No. 200 U.S. standard sieve (0.074 mm) and are of two types: silt (M) and clay (e). Some
classification systems define size ranges for these soil particles, but for field classification
purposes, they are identified by their respective behaviors only. Organic material (0) is common
component of soil but has no size range, and is recognized by its composition.
Gravely soils are identified by a (G) as the first letter in the two-letter symbol, whereas sandy
soils are identified with an (S). The term "rock fragments" should be used to indicate granular
materials resulting from the breakup of rock. These materials are normally angular, indicating
little or no transport from their source. When the term "rock fragments" is used it should be
followed by a size designation, such as "1/4" - "1/2" diameter" or "coarse-sand size" either
immediately after the entry or in the remarks column. The uses classification would not be
affected by this variation in terms.
The second letter in the two-letter uses symbol provides information about the grain size
distribution of granular soils, or the plasticity characteristics of fine-grained soils. These secondletter modifiers are (P) well sorted, (W) well graded/poorly sorted, (e) clayey, (M) silty, (L) low
plasticity, or (H) high plasticity. Note that the term "poorly graded" implies a uniform grain size

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

VOLUME II
SOPAl.7

PART I - FIELD SAMPLING PLAN
Page3 ofl0

REVISION# FINAL
DATE: March 3, 199S

distribution and is the same as "well sorted."

Cclm:
Soil colors should be described utilizing a single color descriptor preceded, when necessary, by a
modifier to denote variations in shade or color mixtures. A soil could therefore be referred to as
"gray" or "light gray" or "blue-gray." Since color can be utilized in correlating units between
sampling locations, it is important that color descriptions be kept consistent throughout field
operations.
Colors must be described while the sample is still moist. Soil samples should be broken or split
vertically to describe colors. Soil sampling devices tend to smear the sample surface creating
color differences between the sample interior and exterior. Munsell Color Charts or equivalent
must be used.
Relative Density and Consistency
To classify the relative density and/or consistency of a soil, the geologist must first identify the
soil type. Granular soils contain predominantly sands and gravels and are generally noncohesive
(particles do not adhere well when compressed). Finer grained soils (silts and clays) are cohesive
(particles will adhere together when compressed).
The density of noncohesive, granular soils is classified according to standard penetration
resistances obtained from split-spoon sampling methods detailed in SOP Al .6, Split Spoon
Sampling Procedure section. Those designations are:
Standard Penetration
Resistance
(blows
per foot)
Designation
Oto 4
Very loose
5
to 10
Loose
11 to 30
Medium dense
31 to 50
Dense
Over 50
Very dense
Standard penetration resistance is the number of blows required to drive a split-barrel sampler
with a 2-in. outside diameter 12 in. into the material using a 140-lb. hammer falling freely
through 30 in. The sampler is driven through an 18-in. or 24 in. sample interval and number of
blows is recorded for each 6-in. increment. The density designation of granular soils is obtained
by adding the number of blows required to penetrate the second and third 6 in. of each sample
interval. It is important to note that if gravel or rock fragments are broken by the sampler or if
rock fragments are logged in the tip, the resulting blow count will be erroneously high, reflecting
a higher density than actually exists. This should be noted on the log and referenced to the
sample number.
The consistency of cohesive soils is determined by performing field tests and identifying the
consistency as shown in Figure Al.8-1. The consistency of cohesive soils is determined either

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

I·, I

VOLUME II
SOPAl.7

PART I- FIELD SAMPLING PLAN
Page4 ofl0

REVISION # FINAL
DATE: March 3, 1995

by blow counts or most accurately by a pocket penetrometer or field Torvane device in
accordance with ASTM D2573-72 - Method for Field Vane Sheer Text in Cohesive Soil. The
Standard Penetration Resistance can be applied to cohesive soils as follows:
Designation
Very soft
Soft
Medium soft
Stiff
Hard

SPT (blows/foot)
<2
2-4

4-8
8-15
>30

The pocket penetrometer method is conducted on a selected sample of the soil, preferably the
lowest 0.5 ft of the sample in the split-spoon sampler. The sample should be broken in half and
the penetrometer pushed into the end of the sample to determine the consistency. Do not
determine consistency by attempting to penetrate a rock fragment. If the sample is decomposed
rock, it is classified as a soft, decomposed rock fragment rather than a hard soil. The pocket
penetrometer or Torvane may be used in the conjunction with blow counts to determine cohesive
soil consistency.
Soil Component
In nature, soils are comprised of particles of varying size and shape and are combinations of the
various soil types. Figure Al.7-1 lists grain size classifications to be used in describing soils or
rocks. The following terms are useful in the description of soil components:
The Identifying Proportion
of the Component
trace
little
some

"and"

Defining Range of
Percentages by Weight
0-10%
11 -20%
21 - 35%
36- 50%

Moisture
Moisture content is estimated in the field according to four categories: dry, moist, wet, and
saturated. In dry soil, there appears to be little or no water. Saturated samples obviously have all
the water they can hold. Moist and wet classifications are somewhat subjective and often are
determined by the individual's judgment. A suggested parameter for judging this in a finegrained soil would be calling a soil wet if rolling it in the hand or on a porous surface liberates
water, i.e., dirties or muddies the surface. Whatever method is adopted for describing moisture,
it is important that the method used by an individual remains consistent throughout an entire
drilling job.
Laboratory or field tests for water content should be performed if the natural water content is
important.
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Stratification
Stratification can only be determined after the split-spoon sampler is opened. The stratification
or bedding thickness for soil and rock is dependent on grain size and composition. The
classification to be used for stratification description is described below:
Approximate English
Thickness
(Metric)
fa1,uivalent
Classification
> 3.3 feet
Very thick
>1 meter
Thick Bedded
1.0 ft- 3.3 ft
30 cm - 1 meter
10 cm-• 30 cm
4.0 in - 1.0 ft
Medium Bedded
1.0 in-4 in
3 cm-10 cm
Thin Bedded
1 cm- 3 cm
2/5 in - 1 in
Very Thin Bedded
1/8 in - 2/5 in
3 mm-1 cm
Laminated
lmm-3mm
1/32 in - 1/8 in
Thinly Laminated
<Imm
<1/32 in
Micro Laminated
Classification o_{Rocks
Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic.
Sedimentary rocks are by far the most predominant type exposed at the earth's surface. The
following basic names are applied to the type of rocks found in sedimentary sequences:
•
•
•

•
•
•
•

Sandstone - Made up predominantly of granular materials ranging between 1/16 and 2 in.
diameter.
Siltstone - Made up of granular materials less than 1/16 in. diameter. Fractures irregularly.
Claystone - Very fine grained rock made up of clay and silt-size materials. Fractures
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of
drilled cores.
Shale - A fissile, very fine-grained rock. Fractures along bedding planes.
Limestone - Rock made up predominantly of calcite (CaCO3). Effervesces upon the
application of hydrochloric acid.
Coal - Rock consisting mainly of organic remains.
Others - Numerous other rock types are present in the geologic section. Their overall
abundance is dependent upon the geographical locations.

In classifying a sedimentary rock the following characteristics should be noted:
•
•
•
•
•
•
•
•

Rock Type
Color
Bedding Thickness
Hardness
Fracturing
Weathering
Mineralogy (if discernible)
Other Characteristics
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All classification data should be written directly on the boring log or in a field notebook. The
method of deriving the classification should be described or reference to this guideline or other
manuals used should be included.
Rock Type
As described previously, there are numerous names for sedimentary rocks. In most cases a rock
will be combination of several rock types, therefore a modifier such as sandy siltstone or a silty
sandstone can be used. The modifier indicates that a significant portion of the rock type is
composed of the modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc.
Grain diameters are used for the classification of classic sedimentary rock. The following is the
Udden - Wenworth classification that will be assigned to sedimentary rocks. The individual
boundaries are slightly different than the USCS subdivision for soil classification. For field
determination of grain sizes, a scale can be used for the coarse grained rocks.
Particle Name
Cobbles
Pebbles
Granules
Very Coarse Sand
Coarse Sand
Medium Sand
Fine Sand
Very Fine Sand
Silt
Clay

Grain Size Diameter
>64mm
4-64 mm
2-4mm
1-2mm
0.5 - 1 mm
0.25 - 0.5 mm
0.125 - 02.5 mm
0.0625 - 0.125 mm
0.0039 - 0.0625 mm
<0.0625 mm

CQkrr

The color of a rock can be determined in the same manner as for soil samples. Rock core
samples should be classified while wet, when possible, and air-cored samples should be scraped
clean of cuttings prior to color classifications. Munsell Color Charts or equivalent must be used.
Stratification
The bedding thickness designations applied to soil classification will also be used for rock
classification.

Hardness
The hardness of a rock is a function of the compaction, cementation, and mineralogical
composition of the rock. A relative scale for sedimentary rock hardness is as follows:
•

Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by
fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term is
always used for the hardness of the saprolite (decomposed rock which occupies the zone
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between the lowest soil horizon and firm bedrock).
Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly
edges from single hammer blow.
Medium hard - No core erosion, easily scratched by screwdriver or breaks with sharp edges
from single hammer blow.

Note the difference in usage here of the words "scratch" and "gouge." A scratch should be
considered a slight depression in the rock (do not mistake the scraping off of rock flour from
drilling with a scratch in the rock itself), while a gouge is much deeper.
Fracturini
The degree of fracturing of a rock is described by measuring the fractures of joint spacing. After
eliminating drilling breaks, the average spacing is calculated and the fracturing is described by
the following terms:
Very broken (V . BR.) - Less than 2 in.
Broke (BR.) - 2 in. to 1 ft.
Blocky (BL.) - 1 to 3 ft.
Massive (M.) - 3 to 10 ft.
Artificial breaks can be distinguished from natural partings by several criteria. Drilling breaks
are generally relatively sharp edged and the newly exposed rock surfaces are invariably fresher in
appearance (less weathered) than natural breaks. Core pieces on each side of a drilling break
usually fit perfectly back together, whereas natural breaks may exhibit gaps and clay films or
seams, oxidation stains, or mineralization. Do not confuse drill cuttings or drilling mud on a
fractured surface with a natural clay film or seam.
The structural integrity of the rock can be approximated by calculating the RQD of cores
recovered. The RQD is determined by adding the total lengths of all pieces exceeding 4 in. and
dividing by the total length of the coring run, to obtain a percentage:·
RQD=

(r/1) X 100

where:
r = Total length of all pieces of the lithologic unit being measured, which are greater than
4 inches in length, and have resulted from natural breaks. Natural breaks include
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling),
friable zones, etc .. , and
1 = Total length of the coring run.
Weatherini
The degree of weathering is a significant parameter that is important in determining weathering
profiles and is also useful in engineering designs. The following terms can be applied to
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distinguish the degree of weathering:
•
•

•
•

Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no
staining and rock has a bright appearance.
Slight - Rock has some staining (i.e., discoloration along joints, cracks or exposed surfaces)
which may penetrate several centimeters into the rock. Clay filling of joints may occur.
Feldspar grains may show some alteration.
Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened
due to weathering and can be easily broken with hammer.
Severe - All rock, including quartz grains, is stained. Some of the rock is weathered to the
extent of becoming a soil. The rock is very weak and crumbly.

Other Characteristics
The following items should be included in the rock description:
• Description of contacts between two rock units. These can be sharp or gradational.
• Description of any cavities or bugs, including fillings, if present.
• Description of any joints or fractures.
• Notation of joints or fractures with depth, any unusual staining (not weathering), approximate
angle from horizontal, any mineral filling or coating, degree of weathering and interpretive,
relative degree of groundwater movement through the fracture.
As an attachment to the log, additional information should be provided, including an estimation
of the degree of cementation and type of cement for granular sedimentary rocks; a description of
the texture and fabric of the rock (i.e., the shape and relationship of component particles or
crystals); and the structure of macroscopic features of the rock mass. Generally, rock structure is
best seen in the outcrop rather than the hand specimen, but some indication of structure (e.g.,
horizontal or dipping beds, open joints) can be obtained from core samples.
Numerous classification schemes for igneous and metamorphic rocks are available. Compton,
1962 "Manual of Field Geology", John Wiley & Sons, Inc. New York and "Classification of
Rocks", Quarterly of the Colorado School of Mines, Volume 50, Number 1, January 1955 are
preferred. Igneous and metamorphic rocks that may be encountered at Kirtland AFB will be
classified according to the procedures outlined in "Classification of Rocks."
Igneous rock classification is based on texture and mineralogy. The distinction between intrusive
and extrusive (volcanic) igneous rocks is not specifically addressed by rock classification
schemes but is indicated by texture, which is a function of cooling history, and is determined by
field relationships. Metamorphic rock classification is based primarily on structure and
mineralogy. Directional or nondirectional structure is and important attribute in determining
nomenclatures. Because metamorphic rocks derive from preexisting igneous or sedimentary
rocks which have undergone a chemical or physical change after their original metamorphic
rocks are divided into two groups: (1) those formed by regional metamorphism, and (2) those
formed by contact metamorphism (Hurlbut, 1971, "Dana's Manual of Mineralogy, 18th Edition,
John Wiley & Sons, Inc.).
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Igneous rock will be classified based on granularity or the absence of visible grains, the
relationship between grains, the proportions of essential rock-forming minerals, color, and the
presence and type of visible accessory minerals.
Metamorphic rocks will be classified on the basis of directional or nondirectional structure, the
type of directional structure if any, mineralogy, and color.
In addition to standard classification of igneous and metamorphic rocks, other features will be
described, Physical features of crystalline rocks that may contribute to groundwater or
contaminant migration will be described and characterized. Joints or fractures will be mapped,
widths measure, and their aspect and degree of interconnections described. Fracture-filling
minerals will be described and sampled if necessary to determine potential interactions between
these minerals and potential contaminants.
The predominant local bedrock encountered at Kirtland AFB is the Tertiary Santa Fe Formation.
The Santa Fe Formation consists of light brown to reddish-brown clays and mudstones, and
sands and gravels which are indurated with caliche. The Santa Fe Formation should be noted
and described on the boring log when encountered in core or cuttings.
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Figure Al.7-1
The Unified Soil Classification System (USCS)
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Different methods exist for the installation of monitoring wells. For site-specific purposes, the
plan shall include a narrative addressing the following points and followed with a site-specific
SOP. The monitoring well narrative will consist of the following key elements:
•
•
•
•
•
•
•
•
•
•
•
•

State general design, purpose and number of wells.
Reference a site map detailing well numbers and location.
State aquifers to be monitored.
List specific purposes for each well.
Discuss the method chosen for drilling.
Reference the subsurface soil sampling section if soil boring samples are to be collected.
Discuss the method chosen for well development.
Identify fate of drill cuttings and development water in IDWMP.
State if geophysical logging, packer testing, or any other innovative sampling method is to be
used.
State well construction material.
Include/reference a table of proposed well depths and screen interval.
Include/reference a diagram of a typical groundwater monitoring well construction.

The monitoring well program is designed to provide groundwater sampling points on-site as well
as upgradient and downgradient of the site so that groundwater contamination may be
characterized. Figures Al.8-1, Al.8-2, and Al.8-3 illustrate typical construction details for three
types of monitoring wells, an overburden monitoring well, a double-cased monitoring well, and a
double-cased open hole bedrock monitoring well.
The specific procedures for well installation may be modified to adapt to site requirements;
however, the following requirements must be addressed:
•
•
•
•

Mud rotary drilling requires the collection of a drilling materials blank of the potable water
and drilling mud used.
Packer tests cannot be performed on well screens due to the excessive stresses applied.
Bentonite grout must be tremie grouted or pressure applied to ensure a proper seal.
Air development requires the placement of an oil filter between the compressor pump and the
borehole to reduce downhole contamination and a 10- to 14-day waiting period before
sampling.

General Monitoring Well Installation Procedure
Proposed monitoring wells will be installed in accordance with the following general procedure:
1. Drill borehole to the total depth using air or mud rotary, or hollow-stem auger methods (bit

size of 8 or 10 in.). Temporary surface casing to the water table may be used to stabilize the
upper portion of the drill hole, but casing must be removed as filter pack and bentonitecement grout are installed.
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2. Soil samples will be collected at specified intervals as detailed in the project-specific
addenda. Split-spoon samples may be screened for volatile organic compounds using the
real-time air monitoring equipment. Saturated soil samples may be checked for permeability
in order to establish the best interval for screen placement. One sample from each well in the
screened depth may be collected for geotechnical parameters.
3. Install stainless steel continuous wrap well screen at the specified depth to accommodate
seasonal water level fluctuations to permit monitoring throughout the year. Allow enough
riser pipe to extend approximately 2 ft. above the ground surface. Well screens will be
selected to meet the project data objectives. Screen size will be determined based on
available subsurface data and designed to be compatible with aquifer and gravel pack
material. The stainless steel riser will consist of new-threaded flush joint type 304 corrosion
resistant steel. No adhesives or solvents will be used to join the pipe sections. All well
materials will be steam-cleaned to remove any oils or other foreign substances prior to well
installation. Centralizers, at screened intervals of approximately 40 ft., will be used in
monitoring wells deeper than 50 ft.
4. Backfill the borehole and annular space from a maximum of 1 ft. below the bottom of the
well screen to 2-4 ft. above the well screen with a sand filter pack. The sand filter pack will
be tremied into place to avoid bridging and insure a continuous filter pack throughout the
screened interval of the well. The selection of filter pack type should be based on boreholespecific information and be compatible with the selected screen slot size. In general, the
filter pack will consist of clean-washed, well-rounded silica sand in an appropriate size to
retain most of the formation material. A grain size distribution curve for the sand pack will
be included in the final report and shown on the well construction diagrams.
5. A bentonite seal, minimum 2 ft. thick, will be installed above the filter pack. The seal will be
composed of commercially manufactured sodium bentonite pellets or granules and will be
hydrated (above the water table) with clean potable water in 6-in. lift increments with a
minimum of 30 minutes between lifts.
6. After allowing a minimum of four hours for the bentonite seal to set, a cement grout
consisting of 94 pounds of Portland Cement to seven gallons of approved water (contaminant
free water) and 3% by weight of sodium bentonite powder, will be tremied into the annular
space above the bentonite seal (unless otherwise specified by state or local regulations).
After completion of the well a well alignment test to verify plumbness and integrity of well is
recommended. The recommended method to test well plumbness and alignment is as
follows:
• A 10 foot long section of pipe, one-half inch less in diameter than the inner diameter of
the well riser pipe, shall be run through the entire length of the well to check the
alignment. The result of such test shall be recorded on the Daily Quality Control Reports
and the installation diagram. The pipe section shall be decontaminated with steam prior
to the test. Adequate precautions shall be taken to prevent cross-contamination of wells
with cable or rope used to conduct the test.
• The pipe must pass freely for the entire depth of the well.
7. Install a steel security casing with a locking steel cap at the top of each well. The cap will be
locked between times of well development, sampling, or water level measurement. All locks
will be keyed alike. The well will be tagged with a corrosion-resistant identification stamped
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on the protective casing which identifies the well number, depth, date of installation, and the
adjusted top of casing elevation. The well will also be clearly designated as a monitoring
well. The casing will be coated with protective paint as required by the base.
8. Construct a minimum 3 ft. by 3 ft. cement pad around the security casing mounded in such a
way as to direct surface runoff from the casing. Drill a drain hole in the protective casing
above the concrete surface. In locations subject to freezing, the finished pad must be
designed to resist damage caused by frost heaving.
9. In high traffic areas or as required, install three, 3-in. or larger di~eter steel posts equally
spaced around the well. These posts will be cemented into place around the concrete pad.
10. Some wells may have to be finished flush with the ground or pavement if they are in areas of
heavy traffic. This requirement shall be stipulated in the project specific addenda. Flush
finished wells shall also be equipped with a lock and shall be protected from the entry of
surface fluids into the well. Protective posts shall not be required on flush finished wells.
11. Within one week after each well has been installed but no sooner than 48 hours after grouting
is completed, well development will be performed. Development will consist of mechanical
surging and bailing until little or no sediment enters the well (minimum two hours).
Following initial development, the well will be continuously pumped using an electric
submersible, or pneumatic drive positive displacement or bladder pump. Temperature, pH,
specific conductivity and turbidity will be monitored during pumping, and readings will be
taken after every well volume is purged. Pumping will continue until these parameters have
stabilized (less than 0.2 pH units or a 10% change for the other parameters between four
consecutive readings) and the water is clear and free of fines. If these parameters have not
stabilized after four hours of continuous pumping, further direction will be sought.
12. If the addition of water is necessary to facilitate surging and bailing, only formation water
from that well will be used. At the completion of the well development activities at each
well, a sample from the well will be collected and immediately photographed to document
the results of the procedure. The photograph will be a 35 mm color photo, and submitted as
part of the well installation diagram. The photograph shall be a suitably back-lit close up
which shows the clarity of the water. Fines remaining in the water shall not be allowed to
settle out prior to taking the photograph. the depth of any sediment which collects in the
bottom of the jar after the sample is allowed to settle shall be noted on the Well Construction
Diagram (USACE Geology SOS).
13. The site geologist will monitor and record on the well development record form, depicted in
Figure Al .8-4, and in the field logbook all field parameters such as pumping rates, pH,
temperature, specific conductance and pertinent information.
Well construction diagrams will be submitted to the USACE for approval. These forms will at a
minimum include the following information:
• Project and site names, well number and the total depth of the well
• Depth of any grouting or sealing, the amount of cement and/or bentonite used, and the total
depth of the boring
• Depth and type of well casing
• Static water level upon completion of the well and after well development
• Installation date or dates, and name of the driller and the geologist installing the well. Each
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installation diagram will be signed by the preparer.
All pertinent construction details of the monitoring wells, such as depth to and description of
all backfill materials installed (such as gravel pack, bentonite, and grout); gradation of gravel
pack; length, location, diameter, slot size, material and manufacturer of well screen(s);
position of centralizers; and location of any blank pipe installed in the well.
Description of surface completion, including protective steel casing, protective pipes, and
concrete surface seal.
A description of any difficulties encountered during well installation.
Survey coordinates and the elevation of top of ground and top of well riser.
A brief stratigraphic log will be presented on the well installation diagram showing depths to
and descriptions of major lithologic changes encountered in the boring.

Deep Monitoring Well Installation Procedure
Deep monitoring wells will be installed in accordance with the following general procedure:
1. If an upper water-bearing zone will be penetrated when installing a well to a lower waterbearing zone, the following procedure will be followed to prevent cross-contamination from
the upper to the lower water-bearing zone. Drill borehole several feet into the confining layer
using an appropriate drilling technique. The distance drilled into the confining layer should
be determined by examining core from this layer. If the layer if very fractured or friable, the
borehole should be advanced until cemented, nonfractured rock is encountered. A minimal
distance drilled into the confining layer should be five feet. The diameter of the borehole is
dependent on the number of telescoping casings required to reach the target depth. The
drilling method and borehole diameter will be determined by the contractor and USACE in
consultation with the drilling subcontractor.
2. Set a carbon steel casing in the borehole and seal with bentonite-cement grout. The method
of grout placement will be dependent upon the drilling method. A common technique is
pressure grouting where grout is poured down the center of the casing and force out the
bottom of the well and up along the borehole annulus to the ground surface. The casing
diameter and grouting technique will be determined by the contractor and USACE in
consultation with the drilling subcontractor. The driller should be consulted to determine the
well completion methods.
3. Allow a period of a least 12 hours for the settling of the grout.
4. Advance borehole through the outer casing using water or mud rotary drilling methods. A 4in. carbon steel casing may be temporarily installed to insure that the borehole remains open.
5. Collect split-spoon samples continuously to the top of the lower aquitard. Samples may be
screened for volatile organic compounds using real-time air monitoring equipment.
6. Install screen at the desired depth based on project data objectives, gradational analyses of the
screened materials and/or volatile screening results. Allow enough riser pipe to extend at
least 2 ft. above the ground surface.
7. While the augers are slowly removed from the borehole, backfill the borehole and annular
space from a maximum of 1 ft. below the bottom of the well screen to 2-4 ft. above the well
screen with a sand filter pack. The sand filter pack will be tremied into place to avoid
bridging and insure a continuous filter pack throughout the screened interval of the well. The
selection of filter pack type should be based on borehole-specific information and be
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compatible with the selected screen slot size. In general, the filter pack will consist of cleanwashed, well-rounded silica sand in an appropriate size to retain most of the formation
material. A grain size distribution curve for the sand pack will be included in the final report
and shown on the well construction diagrams.
8. Complete the well installation, development, and documentation as described above under
General Well Installation Procedures.
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Overburden Monitoring Well Construction Diagram

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

PART 1- FIELD SAMPLING PLAN
Page7 of9

VOLUME II
SOPAl.8

REVISION# FINAL
DATE: March 3, 199S

WEl1. NO.

DOUBLE CASED

MONITORING WELL SHEET
PROJECT
PROJECT NO.
El.£VA110N
F1a.D GEOLOGIST

ORIU.£R

ORIWNC

ME1HOO
0£1.\e..DPMENT
M£1HOO

DATE

-

""AllON Of TOP OF CASING:
Slla<-tlP Of CASIHG ABOVE CROUNO

<.)

SURFACE:

CftOUHO

£1.EVATION

,, r-,,d.;

.

/

,..vv /
,..,, ,.Jj
rv
;V

-

- ""AllON Of TOP OF RISER:
SllO<-lJP RISER PIPE:
· n. OF SURFACE CASING:

TYPE OF

SURFACE CASING:
TIPE OF SURFACE SEAL:

/

---

~!

// //J
//
//

~~ v1/i
ii
~/

y

-n rn
.I
.I
/
/

TIPE OF BACKFlU.:
AQUIFER CASING:
TIPE OF UPPER AQUIFER CASING:

LO. Of UPPER

BOREHOLE OIAMETER/l)EPlH:
LO. OF RISER:
TIPE OF RISER:

:EPlH <;ASING IS SET IN
CONFINING LAYER

I,'

~

--

----

.......

........
...
......
...

--·-·
........
.......
......
.......

APPROXIMA1E llita<NESS OF
CONFINING LAYER

El.£VA110N/l)EPlH TOP OF SEAL:
TIPE OF SEAL:
DEPlH TOP OF SANO PACK:
TIPE OF SAND PACK:
BORaiOl.£ DIAMETER:
TYPE OF SCREEN:
SLOT SIZE X LENGlH:
LO. OF SCREEN:
ELEVAllON/OEPlH BOTTOM OF. SCREEN:
ELEVAllON/OEPlH BOTTOM OF SANO PACK:_ _ _
TYPE OF BA~ eaow OBSERVATION
WEll.:
aEVAllON/DEPlH OF HOLE

NOT TO SCALE

Figure Al.8-2
Double Cased Monitoring Well Construction Diagram
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Figure Al.8-3
Double Cased Open Hole Bedrock Monitoring Well Construction Diagram
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Site:

Well ID:

Well Depth:

Date Installed:

Name of Driller:

Well Diameter:

Name of Geologist:

Static Water Level:
Upon Completion:

ft.

ft.; After Development:

Height of water in well:
Well volume:

ft. (well depth - static water level)
~al. [C X Height of water in well X (well radius (in}2]

where, C = 0.163 for 2" well, 0.653 for 4" well.

Well Construction Details:

Well Development Details:

Water Quality:

PH
(Su)

Spec.Cond.
(umhos/cm)

Temp
(" C)

Turbidity
(NTU)

Time
{Hrs.)

Initial
Volume 1
Volume2
Volume3
Volume4
Volume5

Figure Al.8-4
Well Development Record Form
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Monitorin~ Well Abandonment
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All well abandonment procedures will be performed in accordance with all federal, state, and
local regulations.
Well abandonment will be supervised by a qualified geologist or
hydrogeologist and the details recorded on the Well Abandonment Form, depicted in Figure
Al .9-1. Unless otherwise specified, monitoring wells will be abandoned as described below:
1. Prior to abandonment, the well will be probed to determine the total open depth of the well
casing. Water level measurements should also be measured and recorded.
2. If possible, the existing well casing should be completely removed or drilled out to the total
depth of the well.
3. A plugging material consisting of one or a combination of the following materials will be
used: 1) Neat cement with not more than five percent (5%) by weight of bentonite; 2)
Bentonite slurry (which can include polymers designed to retard swelling); 3) Pelletized
medium grade, crushed bentonite.
4. Cement and bentonite slurries will be pumped into place in a continuous operation with a
grout pipe introducing the plugging material at the bottom of the well and moving the pipe
progressively upward as the well is filled. This method will be repeated to within 2 ft. below
the ground surface unless otherwise specified.
5. The well casing will be severed at least 2 ft. below the ground surface, if not required to be
completely removed, and a cement plug larger in diameter than the well bore will be
constructed over the well bore and completed flush with the ground surface.
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Figure Al.9-1
Well Abandonment Form
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Temporary well-point or hydropunch-type sampling is designed to provide a groundwater sample
from a designated depth or depths at a given location. The sample is obtained on the day of
performing the operation leaving an abandoned borehole. The equipment used for extracting the
groundwater samples consists of a drill rig, setup for hollow-stem auger drilling or other method,
and a Hydropunch TM or equivalent sampling device. The hydropunch-type sampling device
consists of a steel point driven by an outer steel casing to the desired depth below the base of the
auger. The casing is pulled back 3 to 3.5 ft. exposing the screen (stainless steel) at the driven
depth through which the groundwater sample is obtained. An appropriately sized bailer of
appropriate composition is used to withdraw the groundwater sample after sufficient recharge
time has elapsed.
The SOP for hydropunch sampling is as follows:
1. Decontaminate the well-point. If the bailer is not composed of Teflon® or stainless steel,
decontamination may consist of alconox wash, potable water rinse and distilled water rinse.
A chemical decontamination could adversely affect the hailers.
2. Begin drilling the borehole, of sufficient diameter for the hydropunch sampler, by advancing
the hollow stem auger to a depth less than 4 ft. above the desired sampling depth. The
Hydropunch ™ sampler is then placed at the bottom of the borehole.
3. Drive the well-point sampler (hydropunch) at least 4 ft. beyond the bottom of the borehole
(base of hollow-stem auger) to the desired groundwater sampling depth.
4. Withdraw the outer steel casing of the hydropunch 3 to 3.5 ft. to allow water to flow into the
screen of the sampler.
5. Allow a minimum of 15 minutes and a maximum of 2 hours for formation groundwater to fill
the inside of the screen. If two hours is insufficient time for enough water to enter the screen
to generate a sample, remove the sampler and abandon the borehole or drill to the next
sample depth.
6. No purging will be performed prior to sampling. Carefully lower the decontaminated bailer
of appropriate composition (i.e. Teflon or stainless steel) to the bottom of the screen.
Carefully withdraw the bailer and fill the sample container. See Table 5-1 of the QAPP, Part
II of Volume II, for sample requirements (i.e. container type, preservation, sample volume
and maximum holding time). Record in logbook sample depth, time of installation and
filling of sample bottles, sample description and field measurements, if applicable.
7. Preserve, cool, and package the sample bottles as required for shipment to the laboratory
within 24 hours.
8. If the last sample depth is completed, withdraw the well-point or hydropunch steel casing and
abandon the borehole according to appropriate requirements. If another sampling depth is
required at the same boring, remove the well-point screen and drill to less than 4 ft. above the
next sample depth. Repeat the above procedures for sample collection.
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The following procedure will be used for test pit excavation and sampling:
1. Wear appropriate health and safety equipment as required in the SSHP.
2. Using a backhoe, remove the upper 2 ft. of soil from an area approximately 5 ft. by 5 ft.
square. Place materials on plastic sheeting. The upper 2 ft. of soils shall be kept segregated
from the soils from the deeper portion of the trench. The actual size and depth of trenching is
project specific and depends on the sampling objectives which will be established in the
project specific addenda.
3. Using a backhoe, continue the excavation downward, placing soils on plastic. The hole
should be excavated to a depth of approximately 5 to 10 ft.
4. A sample from near the surface may be taken by advancing a 3.25 in. decontaminated
stainless steel hand auger (or hand scoop) from O to 6 in . If the depth of the test pit
precludes the use of a hand auger to obtain a sample, then the bucket of the backhoe will be
used. The sample will be obtained from the base of the excavation at the required depth with
the bucket and then using a hand auger or hand scoop a sample will be extracted from the
middle of the bucket. Personnel should not enter an excavation if it is over 4 ft. deep.
5. If staining is present, the pit should be extended to a depth of approximately 10 ft. and notes
on the depth of contamination and layers present should be taken.
6. If staining is present, the test pit should be extended out, along the proposed length of the test
pit, based upon field observations and in consultation with base personnel. If visibly
contaminated soils stop, the last sample should be from "clean" soil at the end of the
excavation. The total of samples per test pit will be specified in site-specific addenda, but
may be determined in the field based on site conditions.
7. Empty contents of auger into a stainless steel pan.
8. Fill jars with soil using stainless steel spatulas or spoons. All soil samples for chemical
analyses, except VOC and TOC, must be homogenized by vigorous mixing in stainless steel
pans with stainless steel spoons prior to being put into containers. VOC and TOC samples
must be taken as discrete grab samples. These should be taken immediately from the hand
auger, and properly packaged. Homogenization of soil samples will be conducted by first
removing rocks, twigs, leaves and other debris not considered part of the sample. The
soil/sediment should be removed from the sampling device and placed in a stainless steel
pan, then thoroughly mixed using a stainless steel spoon. The sediment in the pan should be
scraped from the sides, comers and bottom of the pan, rolled to the middle of the pan, and
initially mixed. The sample should then be quartered and moved to the four comers of the
pan. Each quarter of the sample should be mixed individually, and then rolled to the center
of the container and the entire sample mixed again.
9. Place analytical samples in cooler and chill to 4°C. Samples will be shipped within 24 hours.
10. Fill out field notebook, sample log sheet labels, custody seals, and Chain-of-Custody forms.
Example copies of these forms are included in the QAPP, Part II of Volume IL
11. A hand-sketched map of the trench showing the stained soils and soil layers should be
included in the field notebook. If contaminated soils and debris are located in the test pits (as
proof of previous trenching), the area will be marked for future surveying purposes.
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12. After completion of the trench, or at the end of a day, whichever is more frequent, the test
trenches will be backfilled. If a trench has not been completed and is backfilled at the end of
a day, it may be restarted the next day from the point at which excavation ceased. The soils
from the deeper portion of the trench will be returned to the trench first. The segregated
upper 2 ft. of soil will be added to the trench last. Disposition of contaminated backfill
should be consistent with the IDWMP.
Revegetation will be performed as required.

If a buried drum is encountered, work will immediately cease. The team leader will contact the
Restoration Branch, who will respond to the area and determine if activities may continue. In the
event that buried drums or other containers are expected to be encountered or are discovered
during the pit excavating activities, test pit sampling will be performed using the following
procedures:
1. Wear appropriate health and safety equipment as required in the SSHP.
2. Identification of the depth to the top of the buried drums and the perimeter of the buried drum
area will be attempted from a geophysical survey as described in SOP A3.8. The perimeters
will be adequately marked off using flagging tape.
3. A backhoe will be used to remove the excess soil from above the buried drums. At a depth of
5 ft. from the top of the drums, the soils will be removed by scraping small layers of soil
away with the backhoe. An area of soil adjacent to the perimeter of the buried drums will
also be excavated. Care will be taken not to penetrate the drums with the backhoe.
4. Continuous monitoring will be conducted using real-time air monitoring equipment as
required in the SSHP.
5. Drums in such deteriorated condition that a potential for release is evident will be packaged
in an overpack drum.
6. Drums will be sampled following the procedures outlined in SOP Al.12.
7. Low hazard and known content drums may be moved with hand trucks or cradles.
Mechanical drum handling equipment usually consists of a backhoe or front-end loader
equipped with a drum grappler. Drums shall be transported utilizing front-end loaders or
fork lifts with drum grapplers, or with modified carrying platforms to preclude spark
generation. Following the removal of the drums from the excavation, soil samples should be
collected following the procedures outlined previously.
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Field sampling procedures for the collection of drum contents using a glass pipette are is as
follows:
NOTE: If drum is bulging, leaking, or indicates a potential to rupture, the drum shall not be
approached. Only remote opening and sampling shall be performed in this case.
1. A level "B" respiratory protection reconnaissance will be conducted around the perimeter of
the drum location area(s). During the reconnaissance, monitoring will be conducted using
real-time air monitoring instruments as required in the SSHP. Visual observations will be
made of the drum conditions. All information is to be recorded in the log book.
2. Perimeters of the drum location area(s) will be cordoned off and identified as a restricted,
controlled access area.
3. Drums to be sampled are to be identified by placing colored index cards on the top of the
drums. Care is to be taken to avoid any physical contact with the drums.
4. Drums to be opened manually will be opened via a bung cap located on the top drum cover
using a spark-proof bung wrench. In the event a top cover bung is not present, a remote
controlled drum opener will be used.
5. After opening the drum, a liquid phase sample will be collected using a glass pipette, 3 to
4 ft. in length. The sample will be transferred to a sample bottle via the pipette. Care is to be
taken not to spill any sample onto the ground surface.
6. Upon completion of sampling, the pipette is to be disposed of into the drum from which it
was used to sample. If necessary, the glass pipette will be broken inside of the drum.
7. After disposing of the pipette into the drum, the opening on the drum cover will be closed by
replacing the bung cap. If no bung cap was present, the hole will be closed using a fiberglass
epoxy mix. Red flagging tape will then be tied around the drum indicating that the drum was
sampled. The drum will be marked, with an indelible marker such as a paint marker, to
indicate more details such as sample/drum number, date, etc.
8. At the completion of the drum sampling program, all of the· drums will be moved to a
designated storage area.
9. Place analytical samples in cooler and chill to 4°C. Samples will be shipped within 24 hours
to a laboratory.
10. Fill out field notebook, sample log sheet, custody seals, labels and Chain-of-Custody forms.
Examples of the forms in included in the QAPP, Part II of Volume II.
Drums in a deteriorated condition such that a potential for release is evident will be packed in a
salvage drum or in an overpack drum, with the latter being preferred. Drums with openings
sealed with a fiberglass epoxy mixture will be overpacked.
Note: Sampling of drums containing solid material such as IDW (i.e. excess soil, soil cuttings,
excess groundwater, decon water, etc.) will proceed according to the Standard Operating
Procedures for Soil Sampling and Groundwater Sampling, SOPs Al .2, Al .4, Al .5, and/or Al .6.
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Field sampling procedures for collecting samples of tank contents using a Teflon® bailer with a
Teflon®-coated stainless steel wire cord or an open tube sampler are as follows:
Teflon@ Bailer
I.
2.
3.
4.
5.

Gain access (e.g., steps, ladder, man-lift, etc.) to the top of the tank.
Slowly open release valve (if any) to bring the tank to atmospheric pressure.
Loosen access port/cover bolts and remove port/cover.
If no access port/cover is available, unscrew cap of top opening.
Insert a decontaminated Teflon® bailer into tank slowly to allow stratified content (if any) to
fill the bailer.
6. Retrieve the bailer and wipe it with a disposable absorbent pad (place the pad in a 55-gallon
drum).
7. Transfer the sample(s) into appropriate containers.
8. Repeat the previous step until enough sample volume is obtained, as required.
9. If using bottom valve, place the sample container below the valve and turn the valve slowly
and easy to ensure a slow, controlled flow of sampling material.
10. Cap the sampler container, place in double plastic bag, attach label, record all pertinent data
in the field logbook and complete the Chain-of-Custody form.
11. Preserve and/or place sample(s) on ice, if required.
12. Prepare sample(s) for delivery to the laboratory within 24 hours of collection.
Open Tube Sampler
1.
2.
3.
4.
5.
6.

Follow the first four steps as for a Teflon® bailer sampler.
Insert a decontaminated sampler into tank until it reaches the bottom.
Place thumb securely over open end of tube and carefully retrieve the sampler.
Transfer the sample(s) directly into appropriate containers.
Repeat the previous step until enough sample volume is obtained, as required.
Cap the sampler container, place in double plastic bag, attach label, record all pertinent data
in the field logbook and complete the Chain-of-Custody form.
7. Preserve and/or place sample(s) on ice, ifrequired.
8. Prepare sample(s) for delivery to the laboratory within 24 hours of collection.

If tanks are found to contain solid materials, the following sampling procedures will be followed
using a rust-free carbon steel sample trier:
Sample Trier
I. Follow the first four steps as for a Teflon® bailer sampler.
2. Insert a decontaminated trier into the tank and into the solid material.
3. Rotate the trier once or twice to cut a core of the material.
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4. Slowly retrieve the trier, making sure that the slot is facing upward.
5. Transfer the sample into appropriate container with the aid of a stainless steel spatula.
6. Repeat the previous step at two or more different points inside the tank until enough sample
volume is obtained, as required.
7. Cap the sample container, place in a double plastic bag, attach label, record all pertinent data
in the field logbook and complete the Chain-of-Custody form.
8. Preserve and/or place sample(s) or ice, ifrequired.
9. Prepare sample(s) for delivery to the laboratory within 24 hours of collection.
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Wipe Sa,rnplin~
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The following procedure shall be implemented for wipe sampling.
Materials Required:
•
•
•
•
•
•

311 x 3 11 cotton swabs/sterile pads, solvent rinsed and completely air dried
Acetone, pesticide grade; hexane, pesticide grade
Deionized water
10% L or HN03 (redistilled)
Stainless steel, polyethylene or Teflon® clamps
Appropriate sample bottles

Procedures
1. Mark off a square area, of a size sufficient to give the required amount of sample (approx. 1
ft. x 1 ft.), for each fraction as provided in the analytical methodology to be used. In order to
quantify analytical results, cotton swabs/pads and a balance will be taken into the field, and
the swab/pads weighed before and after to determine sample weight.
2. Moisten swabs/pads for semi-volatile organic samples with a 1:4 acetone/hexane mixture and
those for metals with deionized water. Moisten swabs/pads for volatile organic samples with
hexane alone. While holding the swab/pad in a clean metal clamp, moisten the cotton
swab/pad with the appropriate solution.
3. While still holding the cotton swab/pad in the clamp, wipe the sampling area back and forth
repeatedly, applying moderate pressure. Wipe the entire area so to insure all the sample
material is picked up.
4. Place the used swab/pad in the appropriate sample container.
5. Clean the clamps between each sample with both solvent and 10 percent HCl or HN03
(redistilled).
6. As a blank, moisten a clean swab/pad with the solvent or water (for each collection medium),
place it in a separate jar, and submit it with the other samples.
7. Cap sample container, attach label, place in a double plastic bag, record all pertinent data in
the field logbook and complete the Chain-of-Custody form and sample log sheet.
8. Place analytical samples in cooler and chill to 4°C.
9. Prepare sample(s) for delivery to the laboratory within 24 hours after collection.
When samples are submitted for analysis, the laboratory should rinse the sample jars with solvent
or 10% HCl or HN03 when transferring sample to the extraction glassware.
Note: The cotton swabs/pad will be held in stainless steel, Teflon® or polyethylene clamps,
when collecting metal samples and in stainless steel or Teflon® clamps when collecting
organic samples.
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Concrete Samplin~

REVISION# FINAL
DATE: March 3, 199S

This SOP details the procedures required to collect concrete samples for chemical analysis:
1. Each member of the sampling team should don new gloves at each sampling location.
2. Place clean plastic sheeting on ground, concrete, or floor surface within sample area.
3. Using a hand- or truck- mounted drill and a decontaminated coring bit, collect a core sample
of the concrete. If possible, the diameter of the sample should be of sufficient size to satisfy
the sample volume requirements. If water or air are used to provide cooling for the coring
bit, then the water must be from an approved source, and proper precautions (filters, clean
lines, etc.) must be taken to ensure that contaminants are not introduced into the air from an
outside source.
4. Transfer the core to the appropriate sample container.
5. Cap the sampler container, place in double plastic bag, attach label, record all pertinent data
in the field logbook and complete the Chain-of-Custody form.
Samples collected for VOC analysis should not be crushed and ground in the field.
permissible for all other analyses.
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Air SamplinwAir Monitorin2

REVISION # FINAL
DATE: March 3, 199S

This SOP details the general sampling and analytical methods for determining the air quality at
KAFB during activities associated with the Installation Restoration Program. The following
criteria will be used as guidelines in developing the required plans for site specific operations:
•
•
•
•

Applicability of the sampling apparatus to the ultimate goals of the air sampling program and
the end user of the data.
Range of the instrument to perform the operation satisfactorily throughout the time period
and conditions of th.e field activities.
Precision of the data via collocated samplers and design specifications.
Accuracy of the sampling equipment and its ability to provide representative data.

Table Al.16-1 provides a listing of the usual reference methods, sampling apparatus, sampling
media, and analytical methods for the monitoring of total suspended particulates (TSP),
particulate matter less than 10 microns (PM-10), volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), metals, mercury, asbestos, and radioactivity. The
metals samples are taken from the TSP filters. Airborne samples are typically taken either during
remedial work hours or over 24 hour periods.
The air quality monitoring systems are to be calibrated on a quarterly basis using certified and
traceable physical standards and test equipment. More frequent calibrations should be performed
if recommended by the manufacturer or if recommended in method guidance documents.
Independent audits of the air quality monitoring systems are to be performed quarterly. All
audits must be performed by fully independent qualified experts using separate equipment and
standards.
Concurrent with the air sampling program, meteorological data should be collected continuously
on-site using a portable meteorological station or referring to nearby permanent meteorological
stations, provided that the permanent stations are collecting data that includes the meteorological
parameters required for dispersion modeling and that the data meets appropriate quality
assurance/quality control standards.
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Table Al.16-1
Air Quality and Analytical Methods
Parameter

Reference
Method

Sampling
Apparatus

Sampling
Media

Analytical
Method

TSP

40 CFR Part 50,
AppendixB

High-Volume
Air Sampler

Quartz Fiber
Filter

Gravimatic

40 CFR Part 50,

High Volume Air
Sampler with
Size-Selective Inlet

Quartz Fiber
Filter

Gravimatic

Controlled Flow
Sampling Pump

Tenax Tube, Tenax
Backup Tube Train

GC/MS

Controlled Flow
Pump System

Passivated Canister

GC/MS

PM-10

Appendix J

voes

EPA Method TO-1
or
EPA Method TO-14

SVOCs

EPA Method TO-4

Modified High-Vol
Air Sampler

Quartz Perfilter,
Polyurethane Foam
(PUF) Filter

GC/MS

Metals

40 CFR Part 50,
AppendixG

High Volume
Air Sampler

Quartz Fiber

ICAP

Mercury

AIHA, 1976

Controlled Flow
Sampling Pump

Hydrar Adsorbent
Tube

AA Cold Vapor

Asbestos

NIOSH7300

Controlled Flow
Sampling Pump

Polycarbonate Filter

Phase Contrast
Microscopy

Radioactivity

ISC Method 601
(Lodge, 3rd Edition)

High Volume
Air Sampler

Membrane Filter

Alpha Counting

TSP

Total suspended particulates

PM-10
voes
SVOCs

Particulate matter less than IO microns
Volatile organic compounds
Semivolatile organic compounds

AIHA
NIOSH
ISC
GC/MS
ICAP
AA

Kirtland Air Force Base

Filter

American Industrial Hygiene Association
National Institute of Occupational Safety and Health
Intersociety
Committee
Gas chromatography/mass spectroscometry
Inductively coupled argon plasma emission spectrometry
Atomic Absorption
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SOP Al.17

Field Filtration

REVISION# FINAL
DATE: March 3, 199S

The rationale for collecting the filtered samples will be clearly defined in the project-specific
addenda. Filter apparatus must be made of polyethylene, polypropylene, or borosilicate glass.
The filter used will be a cellulose-based membrane filter of 0.45 micron nominal pore size. The
sample must be filtered immediately after collection to minimize changes in the concentration of
the substance of interest. Samples are only passed through the filtration apparatus once.
Samples are then preserved immediately as required. All paperwork accompanying the samples
to the laboratory should clearly state that the samples have been field-filtered, in order to avoid
second filtration at the laboratory. Field filtering of water samples should be conducted as
follows:
1. The filter apparatus will be rinsed with a 10% HN03 solution, followed by a demonstrated
analyte-free deionized water rinse.
2. Pour the sample into the filter apparatus and filter sample through a cellulose-based
membrane filter of 0.45 micron nominal size. Samples are only passed through the filter
once.
3. Preserve sample immediately as required.
4. Place analytical samples in cooler and chill to 4°C. Samples will be shipped to the
appropriate laboratory within 24 hours.
5. Fill out field notebook, sample log sheet, labels, custody seals, and Chain-of-Custody forms.
Example copies of these forms are included in the QAPP, Part II of Volume II.
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Equipment Decontamination

REVISION # FINAL
DATE: March 3, 1995

Decontamination o.(Large Equipment
The following procedure will be used to decontaminate large pieces of equipment, such as
casings, auger flights, pipe and rods, and those portions of the drill rig that may stand directly
over a boring or well location or that come into contact with casing, auger flights, pipe, or rods:

1. Wash the external surfaces of equipment with high-pressure hot water and Alconox, or
equivalent non-phosphate, laboratory-grade detergent. If necessary, scrub until all visible
dirt, grime, grease, oil, loose paint, rust flakes, etc., have been removed. The inside surfaces
of casing, drill rod, and auger flights will also be washed as described above. Specific
decontamination instructions will be included in the project-specific addenda.
2. Rinse with potable water.
3. This decontamination procedure will be performed before equipment is used and between
each well or other sampling locations.
Decontamination ofSamvling Equipment
The following procedure will be used to decontaminate devices such as split-spoons, hailers, and
augers that come in direct contact with the samples:

1. Wash and scrub with Alconox, or equivalent non-phosphate, laboratory grade detergent
2. Potable water rinse
3. Rinse with 10% nitric acid (ultra pure grade), use 1% if carbon steel equipment is used (only
in areas of elevated metals contamination)
4. Deionized, analyte-free water rinse
5. Methanol rinse followed by a hexane rinse (may be deleted if samples will not undergo
organic chemical analyses)
6. Deionized, analyte free water rinse
7. Air dry
8. Wrap in aluminum foil.
Solvents used (methanol and hexane) will be pesticide grade or better. Decontamination of
sampling equipment will be kept to a minimum in the field and, whenever possible, dedicated
sampling equipment will be used. Decontamination fluids will be disposed as required by the
IDWMP. Personnel directly involved in equipment decontamination will wear appropriate
personal protective equipment as specified in the SSHP.
NOTE: It must be stressed that nitric acid will ONLY be used if high metal contamination exists
and that organic solvent rinses will be used ONLY if free product is encountered during
sampling.
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lili
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DATE: March 3, 1995

The following procedure is used for measuring pH with a pH meter:
1. The instrument and batteries should be checked and calibrated in the laboratory prior to
initiation of the field effort.
2. The accuracy of the buffer solutions used for field and laboratory calibration should be
checked. Buffer solutions need to be changed due to degradation upon exposure to the
atmosphere. The date of preparation of each buffer should be included on the bottle label.
3. Immerse the tip of the electrodes in water overnight. If this is not possible due to field
conditions, immerse the electrode tip in water for at least an hour before use. The electrode
tip may be immersed in a rubber or plastic sack containing buffer solution for field transport
or storage. This is not applicable for all electrodes as some must be stored dry.
4. Make sure all elec:trolyte solutions within the electrode(s) are at their proper levels and that
no air bubbles are present within the electrode(s).
5. Immerse the electrode(s) in a pH-7 buffer solution.
6. Adjust the temperature compensator to the proper temperature (on models with automatic
temperature adjustment, immerse the temperature probe into the buffer solution).
Alternately, the buffer solution may be immersed in the sample and allowed to reach
temperature equilibrium before equipment calibration. It is best to maintain buffer solution
at or near expected sample temperature before calibration.
7. Adjust the pH meter to read 7.0.
8. Remove the electrode(s) from the buffer and rinse well with demineralized water. Immerse
the electrode(s) in pH-4 or 10 buffer solution (depending on the expected pH of the sample)
and adjust the slope control to read the appropriate pH. At least three successive readings
during calibration, one minute apart, should be within ±0.1 pH unit. For best results, the
standardization and slope adjustments should be repeated at least once daily before use.
9. Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift, the
sample temperature may not be stable, a chemical reaction (e.g., degassing) may be taking
place in the sample, or the meter or electrode may be malfunctioning. This must be clearly
noted in the logbook.
10. Read and record the pH of the solution, after adjusting the temperature compensator to the
sample temperature. pH should be recorded to the nearest 0.1 pH unit. Also record the
sample temperature.
11. Rinse the electrode(s) with demineralized water.
12. Keep the electrode(s) immersed in water when not in use.
The sample used for pH measurement should never be saved for subsequent conductivity or
chemical analysis. All pH electrodes leak small quantities of electrolytes (e.g., sodium or
potassium chloride) into the solution. Precipitation of saturated electrolyte solution, especially at
colder temperatures, or in cold water, may result in slow electrode response. Any visual
observation of conditions which may interfere with pH measurement, such as oily materials, or
turbidity, should be noted.
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Specific Conductance

REVISION# FINAL
DATE: March 3, 199S

The steps involved in taking specific conductance measurements are listed below:
1. Check batteries and calibrate instrument before going into the field.
2. Immerse the electrode in water overnight. If this is not possible due to field conditions,
immerse the electrode at least one hour before use.
3. Calibrate the instrument between each measurement or groups of closely spaced
measurements. Potassium chloride standard solutions with a specific conductance closest to
the values expected in the field should be used.
4. Rinse the electrode with one or more portions of the sample to be tested.
5. Immerse the electrode in the sample and measure the conductivity.
6. Read and record the results in a field logbook. Report the results to the nearest ten units for
readings under 1000 umhos/cm and the nearest 100 units for readings over 1000 umhos/cm.
Adjust the temperature setting to the sample temperature.
7. Repeat the procedure with fresh sample until reproducible (i.e.,+/- 5%) results are obtained.
If the specific conductance measurements become erratic, or inspection shows that any platinum
black has flaked off the electrode, replatinization of the electrode is necessary. See the
manufacturer's instructions for details.

Note that specific conductance is occasionally reported at temperatures other than ambient.
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SOP A3.3

Water Temperature

REVISION# FINAL
DATE: March 3, 199S

Water temperature may be measured with either a thermometer or temperature meter.
following procedure is applicable to both instruments:

The

1. Rinse the thermometer or temperature probe with a portion of the collected sample.
2. Immerse the thermometer or probe in the sample until temperature equilibrium is obtained
(one to three minutes). To avoid the possibility of contamination, the thermometer should
not be inserted into samples which will undergo subsequent chemical analysis.
3. Record values in a field logbook to the nearest 0.5 °C.
4. If a temperature meter or probe is to be used, the instrument should be calibrated according to
the manufacturer's recommendations and a National Bureau of Standards (NBS) certified
thermometer or one that is traceable to NBS certification before field use. Cross-checks and
duplicate field analyses should agree within ±0.5 °C. A cross-check with a calibrated NBS
certified thermometer will be made at least semiannually.
5. Rinse the thermometer or probe with distilled water.
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Dissolved Oxygen

REVISION# FINAL
DATE: March 3, 1995

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate
reading. The following general steps should be used to measure the dissolved oxygen
concentration:
1. The equipment should be calibrated and its batteries checked in the laboratory before going
to the field.
2. The probe should be conditioned in a water sample for as long a period as practical before its
use in the field. Long periods of dry storage followed by short periods of use in the field may
result in inaccurate readings.
3. The instrument should be calibrated in the field before each measurement or group of closely
spaced measurements by placing the probe in a water sample of known dissolved oxygen
concentration (i.e., determined by Winkler method) or in a freshly air-saturated water sample
of known temperature. Dissolved oxygen values for air-saturated water can be determined by
consulting a table listing oxygen solubilities as a function of temperature and salinity.
4. Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane,
either by stirring the sample, or placing the probe in a flowing stream. Probes without
stirrers placed in wells can be moved up and down.
5. Record the dissolved oxygen content and temperature of the sample in a field logbook. Read
the dissolved oxygen dial to the nearest 0.1 mg/I.
6. Recalibrate the probe when the membrane is replaced, or as needed. Follow the
manufacturer's instructions. Duplicate analyses should agree within± 0.1 mg/I.
Note that in-situ placement of the probe is preferable, since sample handling is not involved.
This, however, may not always be practical. Be sure to record whether the liquid was analyzed
in-situ, or if a sample was taken.
Special care should be taken during sample collection to avoid turbulence which can lead to
increased oxygen solubilization and positive test interferences.
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Oxidation-Reduction Potential
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The following procedure is used for measuring oxidation-reduction potential:
1. The equipment should be calibrated and its batteries checked in the laboratory before going
to the field.
2. Check that the platinum probe is clean and the platinum bond or tip is unoxidized. If dirty,
polish with emery paper or, if necessary, clean the electrode using aquaregia, nitric acid, or
chromic acid, in accordance with manufacturer's instructions.
3. Thoroughly rinse the electrode with demineralized water.
4. Verify the sensitivity of the electrodes by noting the change in millivolt reading when the pH
of the test solution is altered. The oxidation-reduction potential will increase when the pH of
the test solution decreases and it will decrease if the test solution pH is increased. Place the
sample in a clean glass beaker and agitate the sample. Insert the electrodes and note the
oxidation-reduction potential or millivolt reading. Add a small amount of a dilute NaOH
solution and note the value of the oxidation-reduction potential. If the oxidation-reduction
potential drops sharply when the caustic is added, the electrodes are sensitive and operating
properly. If it increases sharply when the caustic is added, the polarity is reversed and must
be corrected in accordance with the manufacturer's instructions. If the oxidation-reduction
potential does not respond as above when the caustic is added, the electrodes should be
cleaned and the above procedure repeated.
5. After the assembly has been checked for sensitivity, wash the electrodes with three changes
of water or with a flowing stream of water from a wash bottle. Place the sample in a clean
glass beaker or sample cup and insert the electrodes. Set temperature compensator to the
sample temperature. Provide adequate agitation throughout the measurement period. Read
the millivolt potential of the solution, allowing sufficient time for the system to stabilize and
reach temperature equilibrium. Measure successive portions of the sample until readings on
two successive portions differ by no more than 10 mV. A system that is very slow to
stabilize properly will not yield a meaningful oxidation-reduction potential. Record all
results in a field logbook, including oxidation-reduction potential (to nearest 10 mV), sample
temperature, and pH at the time of measurement.
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Water Levels
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DATE: March 3, 1995

Water levels will be measured using an electric water level indicator. The steps to be followed
are as follows:
1. Check operation of recording equipment above ground. Prior to opening the well, don
personal protective equipment as required.
2. Record all information specified below on a Groundwater Level Measurement Sheet or in the
field notebook if the form is not available.
3. Record well number, top of casing elevation and surface elevation if available. Well
diameter and total depth should be recorded. Water levels will be taken from the surveyed
reference mark on the top edge of the inner well casing.
4. Use a decontaminated water level indicator to record water level to the nearest 0.01 ft. (0.3
cm).
5. Record the time and day of the measurement.
6. Many water level measuring devices have marked metal or plastic bands clamped at intervals
along the measuring line used for reference points to obtain depth measurements. The
spacing and accuracy of these bands will be checked frequently as they may loosen and slide
up or down the line, resulting in inaccurate reference points.
7. All groundwater level measurement devices must be cleaned before and after each use to
prevent cross contamination of wells.
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SOP A3.7

Aquifer Testin~

REVISION # FINAL
DATE: March 3, 1995

The following SOP describes the general guidelines to be used when performing several types of
aquifer tests. More specific procedures will be presented in project-specific addenda, if
applicable. Many factors influence the design of specific aquifer tests, such as well or borehole
size, depth to water or depth of water, anticipated recovery rate, present or final use of the
well/borehole, spatial location, end use of the data, or type of available testing equipment. This
SOP does not attempt to address all of these variables, but provides the user with descriptions of
the general types of tests available.
In -Situ Hydraulic Conductivity Tests
In-situ hydraulic conductivity tests approximate the hydraulic conductivity of the formation only
across the interval tested. The disturbance to the formations caused by drilling and the potential
turbulence from the well screen can influence the data. The diameter of the well is critical to the
computation of the hydraulic conductivity, and the effective diameter of well can be increased
considerably by the well development process. Poor well efficiency caused by inappropriate slot
size, poor condition of the well screen, or a poorly designed gravel pack could produce results
not representative of the tested formation. Hydraulic conductivity tests in wells should be
conducted only after the well has been fully developed. Slug test evaluation formulas assume an
instantaneous initial change in water level in the tested interval. Tests performed after extended
periods of pumping or water addition may yield inaccurate results. Slug tests provide only rough
estimates of hydraulic conductivity, and should not be run in preference to aquifer tests.

Slug Tests in Borings
Slug tests can be performed in borings while the boring is being advanced. This permits testing
of formations at different depths throughout the drilling process. Boreholes to be tested should
be drilled using casing or hollow stem augers, so that discrete depths may be investigated.
Various tests and testing methods are described below. The decision of which test to use is
dependent upon aquifer conditions, geologic conditions, drilling methods, and project objectives.
The test method selected will be described in the project-specific addenda.
Both rising head and falling head hydraulic conductivity tests can be performed in saturated
formations during drilling. There are several ways the tests can be performed. One way entails
setting the casing flush with the bottom of the boring when the desired testing depth has been
reached. The hole is then cleaned out to remove loose materials, and the drill bit and rods
carefully withdrawn from the boring or raised well above the water level. After the water level
in the boring has stabilized, the static water level is measured and recorded. The water level
should then be raised (falling head test) or lowered (rising head test) and the change in water
level measured at selected time intervals.
Measurements should be taken at least every half minute for the first ten minutes, then at
predetermined intervals after that. Depending on the response time of the aquifer, measurements
may need to be taken more frequently and transducers and data loggers may be required. Figure
A3. 7-1 shows a standard form for recording water level changes during testing. The rate of
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change of water level will be used to calculate hydraulic conductivity. The test should be
conducted until the water level again stabilizes, or for a minimum of 20 minutes. In low
permeability formations it is not always practical to run the test until the water level stabilizes, as
it may take a long time to do so. The top of the well casing should be used as the reference point
for all water level measurements.
A second method consists of placing a temporary well with a 5-ft. screen into the cleaned out
boring, pulling the drilling casing back to expose the screen and allow the formation to collapse
around the screen (or placing a sand/gravel pack around the screen if the formation does not
collapse), and performing the appropriate hydraulic conductivity test in the well, as described for
the first method. Again, the test should be conducted until the water level stabilizes or for a
minimum of 20 minutes. This method allows for testing a larger section of the formation and
results in more reliable hydraulic conductivity estimates.
A variation of the falling head test is the constant head test, in which water is added to the boring
at a measured rate sufficient to maintain the water level in the boring at a constant height above
the static water level in the boring. The discharge rate into the boring or well is measured once a
stable elevated level has been achieved for a period of time, usually ten to 20 minutes, and the
hydraulic conductivity calculated from this. After the test is over, additional information can .be
gathered by measuring the rate of the drop in water level in the boring (for saturated formations).
A limitation of the test is that foreign water is introduced into the formation which must be
removed from the well area by natural or artificial means before a representative groundwater
sample is obtained. This method of testing may be use in both saturated and unsaturated
formations and is the only hydraulic conductivity test (except for Packer Tests in some cases)
that can be performed in unsaturated formations. This test method may be necessary for highly
permeable materials, in which the water level recovers rapidly.

Siu~ Testin~ in Wells
Hydraulic conductivity tests can also be performed in completed wells. Prior to testing, the well
should be thoroughly developed and water levels allowed to stabilize in order to obtain accurate
results. After the water level has stabilized, it should be raised or lowered and the rate of
recovery measured as described for tests in boreholes. An advantage of using a solid cylinder of
known volume to change the water level is that no water is removed or added to the monitoring
well. This eliminates the need to dispose of contaminated water. Constant head tests can also be
performed in wells, using the same procedures as described for constant head tests in borings.
The following data should be obtained when performing an in-situ hydraulic conductivity test in
addition to the static water level and all time and water level measurements. This data should be
recorded in a field notebook or on the data sheet depicted in Figure A3.7-1.
•
•
•
•

Ground elevation
Reference elevation
Depth of test run
Casing diameter
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Length of uncased borehole
Identification of equipment used
Well pipe and screen diameter and length
Screen slot size
Procedures used
Borehole/gravel pack size (if known)

Packer Testin2
Inflatable packer tests are commonly used to isolate a test zone within the borehole to perform
rising or falling head and pressure tests. Packer tests will be conducted according to US Bureau
of Reclamation Earth Manual DES-18 or ASTM D4630-86 - Test Method for Determining
Transmissivity and Storativity of Low Permeability Rocks by In-Situ Measurements Using the
Constant Head Injection Test and ASTM D4631-86 - Test Method for Determining
Transmissivity and Storativity of Low Permeability Rocks by In-Situ Measurements Using the
Presence Pulse Technique.
The usual procedure for packer testing is to drill the hole, remove the core barrel or tool, seat the
packer, make the test, remove the packer, drill the hole deeper, set the packer again to test the
newly drilled section, and repeat the test. If the geology is such that the hole would remain open,
the boring could be drilled to the final depth and cleaned. Two packers would then be set apart at
least five times the diameter of the borehole. The bottom packer would be plugged and the
perforated pipe would go between the packers.
Pressure measurements of the test zone from the beginning of curvature of the upper and lower
packer should be recorded, condition of the packers and air lines should be checked, and depth of
packer placement recorded. The hole should be tested from the bottom upward. Additional
information to be collected includes the test interval and the pressure of water being injected into
the well.
Pump

Tests

This guideline outlines the methods for determining aquifer characteristics from pumping tests.
The methods described may be used for both unconfined and confined aquifers. Values obtained
are intended to be representative of the conditions of the aquifer over a large volume of pumping
water.
The procedure consists of pumping from a well at a certain rate for a specific length of time and
measuring the rate of response of the surrounding aquifer to pumping, through taking periodic
water level measurements in both the pumping well and in any nearby observation wells. The
hydraulic characteristics of the aquifer are then found by evaluating the data gathered, using an
appropriate formula.
The determination of aquifer characteristics from aquifer test data by graphical methods is most
common. Most methods are derived from the Theis nonequilibrium formula. The assumptions
inherent in the formulas used in calculating the aquifer characteristics must be evaluated to insure
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validity of the formula under the actual conditions at the site being investigated.
Plannin~ for the Test
The location of an aquifer test is determined largely by the size of the area, the uniformity and
homogeneity of the aquifers involved, and known or suspected recharge or barrier boundary
conditions. The hydrogeological conditions of the site should not change over short distances
and should be representative of the area under study.
As much information as possible should be collected and evaluated before running an aquifer
test. This includes groundwater flow direction, hydraulic gradients, regional water level trend,
the existence of other pumping wells in the vicinity of the test area, the expected groundwater
quality of the discharge water, and the expected specific capacity of the pumping well.
Pumping equipment should conform to the size of the well. Drilling logs, data about well
construction, and performance characteristics of the other wells in the area should be examined if
available. Transmissivities may be estimated from the boring logs and preliminary testing. Any
number of observation wells may be used. The number chosen depends on maintaining a
balance between cost and the need to obtain the maximum amount of the accurate and reliable
data.
The spacing of the observation wells should be determined based on expected drawdown
conditions and preliminary pumping results. Generally, two observation wells are sufficient to
achieve desired objectives. However, further definition of consistency requires up to four
observation wells. In addition, under high transmissivity conditions, additional wells at greater
distances will provide good representative average values. On the other hand, areas with low
transmissivity might not provide sufficient response under low pumping rates to necessitate any
observation wells. Under this situation, single well tests are used. The ultimate decision on the
number of wells required for adequate pump tests is a function of expected conditions, project
objectives, and cost.
If a pumping well does not fully penetrate an unconfined aquifer (any well open or screened
through at least 85% of the saturated thickness of the aquifer may be considered as fully
penetrating), the observation wells should be located at a minimum distance equal to 1-1/2 to two
times the aquifer thickness from a partially penetrating pumping well to overcome distortions of
flow pattern due to partial penetration.
If testing a confined aquifer which is not thick, the pumping well should be screened for the
entire thickness of the aquifer. For an artesian aquifer the water level in the pumping well should
not be allowed to fall below the bottom of the upper confining bed during the aquifer test.

Preparation for Testin~
For a few days before starting an aquifer test, water levels in the pumping well and observation
wells should be measured at about the same time each day to determine whether there is a
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measurable trend in groundwater levels. If such a trend is apparent, a curve of the change in
depth versus time should be prepared and used to correct the water levels read during the test.
Pumping wells should undergo preliminary pumping prior to the actual test. This will enable
fines to be flushed from the formation and a steady flow rate to be established. The preliminary
pumping should determine the maximum drawdown in the well and establish the pumping rate
for the later test. Step testing should be performed to determine the proper pumping rate for the
long-duration pumping test to follow. The aquifer should then be given time to recover before
the pumping test is begun.
Barometric changes may affect water levels in wells, particularly in confined aquifers. An
increase in barometric pressure may cause a decrease in the water level. Any change in
barometric pressure during the test should be recorded, in order to correct the water level
measurements taken during the pumping test, if required.
A record should be maintained in the field notebook of the times of pumping and discharge of
other pumping wells in the area, if their radii of influence intersect the cone of depression of the
pumping well. All measurements and observations should be recorded in a field notebook or on
the form depicted in Figure A3.7-l.
Plll11Ping Phase
Immediately before the pump is started, the water levels will be measured in all wells to
determine the static water levels upon which all drawdowns will be based. These data and the
time of measurement will be recorded on the forms depicted in Figure A3.7-l.
Water pumped from an unconfined aquifer during a pumping test will be disposed of in such a
way so that the aquifer is not recharged by infiltration during the test, as recharge would
influence the results obtained. Also, if contaminated water is pumped during the test, the water
will be managed in accordance with the IDWMP.
The test pumping rate is highly dependent on aquifer conditions, and wells
construction/development can range from less than 1 gallon per minute (gpm) to hundreds of
gpm. The well discharge should be measured frequently throughout the test and should be
controlled to keep it as constant as possible after the initial excess discharge has been stabilized.
This can be done by using a control valve.
The tone or rhythm of the pump engine provides a check of performance. If there is a sudden
change in tone, the discharge should be checked immediately and proper adjustments made to the
control valve or to the engine speed if necessary.
At least ten observations of drawdowns within each log cycle of time should be measured in the
pumping well and observation wells. A continuous recorder on the nearest observation wells to
the pumping well is extremely useful. A suggested schedule for measurements is as follows:
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0 to 10 minutes - 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4, 5, 6.5, 8, and 10 minutes. It is important in
the early part of the test to record with maximum accuracy the time at which readings are
taken.
10 to 100 minutes - 10, 15, 20, 25, 30, 40, 50, 65, 80 and 100 minutes.
Then at one- to two-hour intervals to completion.

Initially, there should be enough field personnel to station one person at each well used in the
pumping test (unless a remote water-level measuring system has been installed). After the first
two hours of the pumping test, two people are usually sufficient to continue the test.
The total pumping time for a test depends on the type of aquifer and degree of accuracy desired.
Economizing on the period of pumping is not recommended. More reliable results are obtained
if pumping continues until the cone of depression reaches a stabilized condition. The cone of
depression will continue to expand at a slower rate until recharge of the aquifer equals the
pumping rate and a steady-state condition is established. The time for steady-state flow to occur
may vary from a few hours to years, although one to three days is most common.
Under average conditions it is good practice to run the pumping phase of an aquifer test in a
confined aquifer for at least 24 hours and in an unconfined aquifer for a minimum of 72 hours. A
longer period of pumping may reveal the presence of boundary conditions not previously known.
Preliminary field plotting of drawdown data should be conducted during the test to monitor how
the test is progressing and how much longer it should be continued. If time or budget constraints
preclude long-term aquifer tests, shorter-term tests, two to four hours in length, can be used to
estimate aquifer characteristics in some cases. Drawdowns may not be noted in observation
wells during short-term tests, so discharge/drawdown data from the pumping well is critical.

Recovezy Phase
When the pump is stopped at the conclusion of the pumping phase, the drawdown and time at
which it was shut down are recorded on forms depicted in Figure A3.7-l. The rate of recovery of
the water level in the wells will then be measured. The same procedure and time pattern for
taking water levels is followed as at the beginning of a test.
The recovery data should be recorded until water levels stabilize, or as long as possible within
project constraints.
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PUMPING WELL

Site Name

Name of Observer

Type of Test

Discharge measured by

Location/ Well No.

Drawdown measured by

Test No
Start Date

Water level measurement
reference point
Static water level before test

Start Time

Water sample collected

Duration

before test
after test

Date

Time

Depth
Drawdown
to water (ft)
(ft)

Elapsed
Time
(min)

Manometer
Reading (in)

Discharge
(gal/min)

Remarks

Figure A3.7-1
Data Sheet for Aquifer Tests
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OBSERVATION WELL

Site Name

Name of Observer

Type of Test

Drawdown measured by

Location/ Well No.
Test No.

Water level measurement
reference point
Barometric Pressure

Start Date

Static water level before test

Duration

Water sample collected
before test
after test

Date

Time

Depth
Drawdown
to water (ft)
(ft)

Elapsed
Time
(min)

Manometer
Reading (in)

Discharge
(gal/min)

Remarks

Figure A3.7-1 (Cont'd)
Data Sheet for Aquifer Tests

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

VOLUME II
SOPAJ.8.1

PART I - FIELD SAMPLING PLAN
Page 1 of6

SOP A3.8.l

Surficial Geophysical Surveys

REVISION# FINAL
DATE: March 3, 1995

Many types of geophysical surveys are available to assist in the overall analysis of a site,
including resistivity, magnetic, electromagnetic induction (EMI), seismic refraction, and ground
penetrating radar (GPR). The measurement of subsurface resistivity is applicable to determine
and provide indirect information on the porosity and permeability of subsurface materials, degree
of saturation, subsurface materials, subsurface lithology, dissolved electrolyte plumes, and
presence of buried wastes. The application of magnetic surveys centers on confirming the
presence or absence of buried ferromagnetic objects. EMI can be useful for locating and
mapping subsurface utilities, trenches, buried objects, and contaminant plumes. Seismic
refraction is an effective method for the determination of the depth and thickness of subsurface
geologic layers, including the depth to bedrock or water table. GPR can be a powerful tool for
locating and mapping buried drums, foundations, non-containerized wastes, underground
utilities, and many other artifacts.
At Kirtland AFB, it is anticipated that the geophysical methods to be employed will be limited to
the investigation of buried wastes and plume delineation through magnetic surveys, EMI, and
GPR. These methods are described in this section. Should it be advantageous to use resistivity
or refraction techniques at one or more of the sites, these will be discussed in detail in projectspecific addenda.
In the EMI method, the electrical conductivity of a geohydrologic section is measured by
transmitting a high-frequency electromagnetic field into the earth, producing eddy currents that
generate secondary electromagnetic fields which can be detected by a receiver. The eddy
currents are induced in the earth by an above-ground transmitter coil, and the resulting secondary
electromagnetic fields are coupled to an above-ground receiver coil. Thus, EMI measurements
do not require direct ground contact, and surveys across a line or area may be performed quite
rapidly.
Magnetometry consists of measuring local variations in the earth's magnetic field along a
traverse or across an area on the surface. Because the intensity of the earth's magnetic field
depends in part on the magnetic susceptibility of subsurface materials, a knowledge of variations
in field intensity provides an indication of variations in the distribution of materials with
different magnetic susceptibilities, which are instruments designed to measure the earth's
magnetic field at a given location. Also, magnetic anomalies may be produced by many natural
subsurface features, some of which are of interest in geohydrologic site investigations
The principles of metal detector operation are very similar to those associated EMI instruments
in that the electrical conductivity of a geohydrologic section is measured by transmitting an
electromagnetic field into the earth. When a radio frequency electromagnetic field generated by
a transmitter coil encounters a highly conductive object such as a metal (not necessarily
ferromagnetic), alternating currents are induced in the object which, in turn, generate alternating
secondary magnetic fields that can be detected as alternating voltages by a receiver coil. The
presence of the metal object effectively "couples" the transmitter and receiver coils, which

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

PART I - FIELD SAMPLING PLAN
Page 2 of6

VOLUME II
SOPAJ.8.1

REVISION # FINAL
DATE: March 3, 199S

otherwise are oriented so that little or no coupling exists.
GPR operates on the principle of time-domain reflectometry, in which the difference in strength
and the time delay between a transmitted electromagnetic pulse and its reflection from an object
are measured. The time delay, t, is directly related to the propagation velocity of the
electromagnetic waves, v, and to the distance between the transmitter and the object, D, as
follows:

t=2D
V

Because GPRs are normally used at or near the surface of the ground, the distance D corresponds
to the depth of buried targets that reflect the radar signals.
The strength of a radar signal is a complex function of the distance traveled through the medium
and the dielectric constant, the magnetic permeability and the electrical conductivity of the
medium. Radar signals are attenuated rapidly in materials with high dielectric constant. The
attenuation of radar signals in subsurface media is a strong function of the mineralogy and the
water content. Thus, materials such as dry sands and gravels are least absorptive of radar signals,
whereas wet clays are highly absorptive. The absorptive properties of the medium limits the
penetration depth, i.e., the depth at which targets can be detected.

Ground Penetrating Radar
GPR surveys are performed by establishing a grid of parallel survey lines across the site and
moving the radar antenna along each of these lines. A suitable means must be provided for
determining the location of the radar unit along each of the lines, and for documenting this
information on the recording medium. Typical systems measure the time and velocity of antenna
motion, or determine the position of the antenna by synchronization signals from the wheels or
tracks of the vehicle used to tow the antenna. Simpler systems have used aluminum foil strips
placed across the path of the antenna to provide unambiguous location information directly on
the radar traces.
To determine the depth of anomalies noted on radar traces, the travel time data actually recorded
are corrected to depth using measured or estimated wave velocities. The velocity of
electromagnetic waves in the subsurface medium at the site can be determined by excavation to
observed targets and measuring their depths. The velocity should be determined at several points
in the area of interest. Alternatively, the velocity can be estimated based on the subsurface
medium's characteristics in comparison to other media with known velocities.
For determination of subsurface geologic features or to detect buried large targets,
reconnaissance-type, low-resolution surveys are typically performed with a track spacing of 5 to
15 ft. or more. Surveys to detect small discrete targets or to resolve target details will require a
track spacing as close as 2 to 5 ft.
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Reflected radar signals are electronically processed and displayed as an intensity-modulated time
spectrum, where the time corresponds to target depth as described above. The series of signals
corresponding to the reflected pulses as the antenna moves along a path forms a threedimensional data set containing distance of traverse, depth, and intensity information. Typically,
the data are recorded on magnetic tape and/or displayed on an X-Y oscillograph with distance
displayed along the X-axis, time (depth) displayed along the Y-axis, and the intensity given by
the degree of darkness of the trace. In a typical survey, a series of parallel tracks are traversed by
the GPR, and the series of resulting oscillograph traces thus provide XYZ locational information
on, as well the intensity of reflection from, targets of interest.
Although much of the data obtained in a GPR survey are automatically recorded by the
instrumentation, additional information to unambiguously identify and to interpret each profile
should be recorded on standard data sheets. As a minimum the data sheet should contain the
following information:
•
•
•
•
•
•
•
•
•
•
•
•
•

Project name, number and location
Company or organization
Date and time of day
Operator's name
Line and trace designation (also recorded directly on the signal recording medium)
Equipment serial numbers
Antenna frequency
Direction and speed of antenna movement
Weather and temperature
Site map coordinates at the beginning and end of the trace
Notes, remarks or comments
Electromagnetic velocity in the subsurface medium at the nearest calibration point.
Visible metal objects and their locations in the vicinity such as fencing, electric poles,
railroad tracks, power lines, etc.

Electromagnetic Induction (EM/) Surveys
As with most geophysical surveys, EMI surveys involve the following steps:
1. Known or assumed geohydrologic features of the site, potential source locations and
migration characteristics of hazardous constituents, are used to select specific techniques and
equipment to establish appropriate locations and depths for geophysical measurements.
2. Layout the grid by surveying or carefully measuring the locations to allow the geophysical
survey to be accomplished in a systematic, documentable manner. Every data point must be
uniquely identified by locational coordinates of sufficient resolution to accomplish the
objectives of the survey.
3. At a given site location, the specified orientation of the apparatus is established (i.e., with the
axis of the coils either parallel or perpendicular to the direction of the survey line). The
meter reading is recorded, and the apparatus moved to the next site grid location.
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For the dual-cone method, both the intercoil spacing and coplanarity of the coils must be
established prior to recording the data. Surveys are normally conducted with the coil axes at
right angles to the survey direction.
EMI profiles can be accomplished in a continuous manner using a digital data logger. Location
information can be provided by an integrated GPS and real time data provided the same day as
the survey.
Information obtained during an EMI survey should be presented according to a standard data
format, using standardized data sheets with the original field entries. As a minimum, the heading
for each data sheet should contain the following information:
•
•
•
•
•
•
•
•
•
•
•
•

Project, task, site and location identification
Company or organization
Date (and time, if applicable)
Operator's name and signature
Method/Technique identification
Instrument make, model, serial number, and calibration date/frequency (if applicable)
Test location (according to the survey plan)
Electrode or coil type and configuration
Line or site grid location (s)
Weather and site conditions, and temperatures
Identity of relevant calibration and QC data
Data for each sounding or profile should be recorded digitally or on a single sheet, if possible

Several EMI techniques which may be used at Kirtland AFB are detailed below
1) Frequency Domain Measurements:
The frequency domain EMI technique is a geophysical method in which a time-varying electrical
current is induced into the ground with a transmitter coil, and the resultant magnetic fields are
measured with a receiver coil. The flow of electrical current in the ground can be interpreted in
terms of the apparent ground conductivity.
The transmitter coil induces small amplitude currents (eddy currents) in the earth. Most EMI
techniques employ frequencies from a few-hundred to several-thousand Hz. These eddy currents
produce a magnetic field that is measured by a receiver coil located a fixed distance from the
transmitter coil. Under certain constraints, the measured response is proportional to the ground
conductivity. The quantity actually measured at the receiver coil is the voltage of the signal, and
is expressed in millivolts (mv), or equivalently in parts per thousand (ppt) of the transmitted
signal.
The electromagnetic instrument response at the receiver coil can be divided into two distinct
components differing in phase by 90 degrees. The in-phase response tends to emphasize the
presence of metallic materials. The quadrature (i.e., "out-of-phase") response most readily
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characterizes the apparent ground conductivity. The signal amplitude for the quadrature and inphase responses are dependent upon the transmitter frequency, transmitter - receiver separation
distance, and the conductivity of the ground. Under certain constraints, the quadrature response
is linearly related to the ground conductivity.
Conductivity contrasts in the earth can be caused by natural phenomena such as lithologic
changes, or by man-made phenomena such as disturbed ground, buried materials, or
contaminants in the soil or groundwater. Generally, man-made materials that are metallic can
produce large contrasts in conductivity with the surrounding geologic material.
The EMI quadrature phase data are most useful for determining lateral changes in conductivity
that may be related to manmade waste materials and/or natural geologic conditions. The factors
that primarily affect the ground conductivity are the subsurface moisture content, conductivity of
the moisture, and type of material in the vicinity of the instrument. EMI in-phase data are most
useful for providing information on surface and subsurface metallic material.
The maximum depth of investigation of the EMI instrumentation is primarily a function of the
frequency employed and the transmitter-receiver coil separation. The EM-31 manufactured by
Geonics Limited, utilizes a fixed frequency of 9.8 Khz and a coil separation of 12 ft. The
maximum depth sensitivity of the EM-31 is approximately 18 ft. The EM-38, another system
manufactured by Geonics Limited, uses a frequency of 14.2 Khz and a coil separation of 3 feet to
achieve a maximum penetration depth of approximately 5 feet. These two instruments are
primarily used to cost-effectively delineate lateral conductivity changes at a site.
If it is necessary to determine the change of conductivity with depth, other EMI instrumentation
exists. These techniques are often referred to as "electromagnetic sounding" techniques in the
geophysical community. The data can be useful for determining the approximate vertical contact
between landfill materials and native geology if a sufficient contrast in conductive properties
exists. The method is not very useful for determining this contact if the transmitter - receiver
separation is greater than the width of the landfill (i.e., it is not the best method to employ if most
of the waste materials are confined within "thin" trenches).
The Geonics Limited EM-34 has the ability to utilize 3 frequencies from 0.4 Khz to 6.4 Khz and
coil separations of 10, 20, and 40 meters. By varying the frequency and/or coil orientation at a
constant coil separation, the system is sensitive to variations in conductivity at different depths.
The maximum depth sensitivity of the EM-34 system is approximately 200 feet. The Max-Min
EMI sounding system manufactured by Apex Parametrics has the ability to utilize 10 frequencies
from 220 Hz to 56 KHz and coil separations of 25 to several hundred ft. Again, by varying the
frequency at a user-defined constant coil separation, the system is sensitive to variations in
conductivity at different depths.
EMI sounding techniques are generally more cost effective than direct current resistivity
techniques, however, the methodology used should be carefully selected by experienced
personnel after a thorough review of the program objectives and site specific variables.
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2) Time Domain Measurements-Geonics EM-61:
The EM-61 time domain EMI technique is a geophysical method primarily designed for
detecting metallic objects. Numerous primary electromagnetic pulses (150 per second) are
directed into the ground with a horizontal coil, and the secondary magnetic field generated within
the subsurface is measured during the off-time between pulses. For metallic targets, the
secondary magnetic field exists for longer periods of time when compared to the secondary
magnetic field response from natural earth materials. By measuring the secondary magnetic field
at a specific time, the relative response between metallic and natural earth materials is at a
maximum.
The EM-61 system consists of two horizontal coils 1 meter by 1 meter in size and vertically
separated by 0.4 meters. The amplitude (in-phase) response is measured by both coils in units of
millivolts. The utilization of two coils permits the EM-61 to discriminate between shallow and
deep targets, much like a vertical magnetic gradiometer. The EM-61 has the ability to detect a
single 55 gallon drum at a depth approaching 10 feet.

Magnetic Surveys
Magnetic surveys may be performed using magnetometers. There are a variety of different types
designed for specific situations. Aside from the basic operating principles, in general, the
magnetometer has the capability to detect nonferrous metals.
Magnetic measurements are generally made in a series of parallel lines across the survey area.
The desired resolution and the size and depth of the objects of interest determine the location and
spacing of measurement stations or survey lines. Because of the phenomenon of temporal
magnetic drift, a magnetic survey must include a base station at which magnetic measurements
are made at regular intervals. These base stations are later used to correct all survey data for
temporal differences due to drift. If the survey area permits, surveys are often conducted in a
loop, the base station forming the end and starting points.
Special care must be taken with handling of the magnetometer during use. A qualified and
trained technician will be allowed to operate the magnetometer. The operator must not take
measurements with the sensor near ferromagnetic objects such as belt buckles or steel-toed/shank
boots. The orientation of the magnetometer and its height from the ground must also be carefully
controlled during operation. Recorded data must be annotated with station locations to allow
construction of a site magnetic map. Manufacturer's specifications and operational procedures
including calibration and maintenance will be adhered to.
Surveys with metal detectors are similar in planning to those with magnetometers. A grid pattern
of evenly spaced parallel lines is used. Desired resolution and the size of objects determine
spacing. In some cases, elevating the metal detector a few feet off the ground may help to
eliminate noise from small surface objects. An experienced operator is recommended. Recorded
data must be annotated with the station locations to allow construction of a site metal detection
map. Manufacturer's specifications and operational procedures including calibration and
maintenance will be adhered to.
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Geophysical techniques have proven to be valuable tools in determining lithology, porosity and
moisture condition of various stratigraphic units. This information is useful in the decision
making process for choosing monitoring well completion intervals and characterizing
hydrogeology. Logging suites are determined by the information required. The following is a
brief description of various borehole geophysical instruments and measurements.
Temperature Measurement and Fluid Resistivity Measurement
A temperature log is the first measurement made in a borehole. This probe continuously records
borehole fluid temperature immediately surrounding a thermal sensor as the probe is lowered
downhole. The logging equipment is calibrated to present data in degrees Celsius. Temperature
data provides information concerning fluid flow in or out of the borehole, which is reflected by
changes in thermal gradient.
Fluid resistivity logs are run in conjunction with temperature logs and record borehole fluid
resistivity directly as the borehole fluid passes between electrodes. Changes in fluid resistivity
can indicate in-flow or out-flow of water as well as water quality. In highly resistive
environments some of the electrical current leaks into the formation and the tool thus behaves
somewhat like a micro-resistivity probe. Localized portions of the log appear to respond as
fractures.
Gamma Measurement
The gamma measurement detects natural gamma radiation occurring in all rocks and is recorded
in counts per second. This log, which shows relative changes in radiation, is used for lithologic
identification and stratigraphic correlation. Natural occurring radiation comes from three
principal areas: potassium 40 which occurs with all potassium minerals, uranium 238, and
thorium 232 which is associated primarily with biotite, sphene, and zircon. The typical depth of
investigation from the natural gamma log is approximately I 0-12 inches.
Electric Measurements
Several types of electrical measurements can be run in each borehole. Electrical measurements
can only be run below fluid level since fluid is required to complete the electrical circuit between
the probe and the borehole wall.
The Single Point Resistance (SPR) log measures direct resistance between an electrode on the
downhole probe and a surface reference point electrode. The relatively shallow radius of
investigation (approximately 5-6") enables precise recording of formation contacts and fracture
zones. The log response, measured in ohms, is strongly affected by lithology, resistance of the
drilling fluid, quality of the surface contact, and the rugosity of the borehole. It is therefore only
qualitative in nature.
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The Spontaneous Potential (SP) log basically utilizes the same electrical configuration as the
SPR and is used to measure variations in natural electrical potential. This potential, measured in
millivolts, results from one of three principal causes: (1) an electrochemical potential from a
contrast between the resistivities of the borehole fluid and the formation pore water, (2) a redox
potential or the oxidation/reduction of sulfide mineralization such as pyrite, and (3) an
electromechanical potential or streaming potential from fluid flow directly into or out of the
formation.
The 16 Inch Short Nonnal Resistivity and 64 Inch Lon~ Normal Resistivity logs measure
apparent formation resistivity, utilizing both current and potential electrodes in the borehole and
a reference surface electrode. The formation resistivity, measured in ohm-meters, is affected by
grain size, porosity, and pore fluid. The 16 & 64 inch normal is a quantitative measurement.
The radius of investigation of this tool is related to the spacing between the current and potential
electrodes, which in this case is 16 or 64 inches. In highly resistive formations, the radius of
investigation is reduced. In hard, low porosity crystalline formations with very fresh pore water,
the apparent resistivity is high. Fracturing in a crystalline environment has the effect of
increasing apparent porosity and thus reducing apparent resistivity.
The Guard Resistivity measurement is a focused (lateral log 3 type) resistivity log. It consists of
two guarding electrodes and a current electrode. In the fluid-filled portion of the borehole, the
log is used for very thin bed resolution and to approximate formation resistivity. The guard log
provides good lithologic information.
The Induced Polarization (IP) log is a time domain measurement of the residual charge storage
(or decay or secondary voltage (Vs)) after the formation has been excited with a constant current
pulse that is then turned off. Measurement of the secondary voltage corresponds to the
polarizability of the formation. The secondary voltage is normalized with respect to the primary
voltage (hp) pulse with IP effect expressed as the ration VsNp. Log values are displayed as a
'percentage' with 1% IP response corresponding to 10 Mv/v.
IP logs are generally used qualitatively to semi-qualitatively to detect disseminated sulfide
(pyrite) and Montmorillonite clay.

Caliper Measurement
The caliper log is a mechanical three-arm or a single-arm measurement that physically
determines the average diameter of a borehole. The diameter increases in cavities and,
depending on the drilling techniques used, in weathered zones. An apparent decrease in borehole
diameter may result from mud or drill cutting accumulation along the sides of the borehole and
in the bottom of a boring. Data from the caliper log is used to vertically locate cavities or
washouts and to correct for changes in borehole diameter which directly affect the response of
other measurements.
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Sonic Measurement A sonic log shows travel times of acoustic waves through rock in
microseconds. It is sometimes accompanied by an amplitude log and a Variable Density Log
(VDL) of the full waveforms. Spacings from 18 to 60 inches or more can be made depending on
the objectives. Sonic logs can only be obtained in a fluid filled borehole. Additionally, sonic
logs may not be obtainable where the formation is not fully saturated or poorly consolidated even
if the borehole is fluid filled in this region.
The transmitter on the sonic probe emits an approximate 30 khz ultrasonic pulse twice a second.
This waveform passes through the borehole fluid in all directions at the fluid velocity
(approximately 5000 fps). When it reaches the borehole wall, the waveform travels through the
rock mass at higher velocities and is refracted to two different receivers on the logging probe one
foot apart.
Waveforms obtained at each receiver can be recorded digitally every 4 micro-seconds for
approximately 1 millisecond (255 records after a predetermined delay time (e.g., 110 microseconds after the transmitter fires). The uphole instrumentation automatically picks the time
between the first compressional (P) wave arrival at each receiver and an amplitude of the first
arriving P wave. This delta T log is in microseconds per foot and is directly related to
compressional wave velocity. The amplitude log is related to the signal strength of the first
compressional wave arrival. Amplitude is relative as displayed from Oto 255 (8 bit resolution)
with O being the lowest amplitude and 255 the highest amplitude. Digitized waveforms from
each receiver can be displayed and reprocessed for subsequent waveform analysis. Ideally, the
first arriving P wave, the shear S wave, and the tube or Stoneley wave are all recorded in onemillisecond record.
Discontinuities such as weathering or fracturing affect waveforms arriving at the receiver. These
effects are due to increased travel time (lower velocity), reduced amplitude, and distorted
waveforms. Variable Density Logs (VDL) in these zones show 'chevron' type features
propagating along the entire waveform. The thickness of the discontinuity can be measured by
subtracting the Tx-Rx spacing from the recorded vertical distortion. 'For example, if the recorded
vertical distortion is 48 inches on the 36 inch Tx-Rx VDL, the rock discontinuity is
approximately 12 inches.
In it's simplest form, the FWS log can be used as a cement bond log (CBL) with a VDL display.
In more sophisticated applications, waveform analysis can provide compressional and potentially
shear velocities, and information about the Tube or Stoneley wave amplitudes.
Gamma-Gamma Density Measurement
The principle behind density logging is detecting Compton-scattered gamma rays originating
form a 0.1 Ci radioactive Cesium 137 source. The dual collimated gamma ray detectors are
located at discrete distances from the source. This arrangement results in a directional-oriented
tool which obtains measurements while flush against the borehole wall. Gamma ray intensity
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(measured at the detectors in counts per second) for a specific density range is inversely
proportional to bulk density of the adjacent material.
The dual detector probe is designed to quantitatively measure bulk density at two different radii
which vary depending upon the density of the medium and source strength. Using observed
gamma-gamma intensities and the caliper reading, a compensated density log can be calculated
compensating for near borehole effects.
Empirical measurements of depths of investigation and apparent densities for the dual detector
probe have been made in the laboratory on various configurations of casing completions. These
results are used to support interpretation of field data. The distinct density differences of grout,
alluvium, air, and water allows a means of completion evaluation when the density logs are run
in cased wells.
Neutron Measurement
The neutron measurement is a single function radiation probe which detects thermal neutrons
using a He-3 detector. An Americium 241 (Beryllium activated AmBe 241) neutron source
emits high energy (fast) neutrons into the formation. These neutrons diffuse through the
formation and collide with the atoms present. Collisions with atoms nearest the mass of
neutrons, such as hydrogen, results in an exchange of energy. Thus, these neutrons are slowed
down to thermal energies which can be detected by the He-3 detectors. Since slowing is
primarily due to collisions with hydrogen, neutron count rates represent the hydrogen content of
the formation and can be interpreted in terms of porosity. This measurement can be compensated
by using two different source-detector spacings and taking the ratio of these measurements.
The neutron measurement uses a 1 or 3 curie AmBe 241 radioactive source. The neutron log can
be presented in counts per second (CPS) or porosity units. A casing collar locator (CCL)
measurement is a standard addition to the neutron log for well work.
Borehole Video Survey
The video survey utilizes a specialized closed-circuit system capable of visually inspecting
boreholes. The picture image is recorded to a VHS videocassette through a professional video
cassette recorder and then viewed for interpretation on a high resolution monitor.
The survey is usually run from surface downward in order to minimize the disturbance in the
borehole fluid. Depth is recorded to the nearest 10th of a foot and displayed on the image.
Logging speed is variable. A borehole video survey can be run in a open well or in a cased well
that is dry or contains clear fluid.
Borehole Deviation
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Borehole orientation (azimuth and inclination angle) measurements are made with a magnetic
based digital probe. The inclination angle is acquired with accelerometers and can be measured
inside metal casing in addition to an open hole. The azimuth readings may be affected inside
ferrous casing.
Induction Measurement
A small transmitter coil in the borehole probe induces eddy currents in the surrounding geologic
material. The eddy currents generate a secondary magnetic field in the geologic materials. The
strength of the magnetic field is controlled by the electrical properties of both geologic materials
and groundwater. A receiver coil in the borehole measures the strength of the quadrature
component of the secondary magnetic field and electronics in the instrument console convert the
magnetic field strength. to values of conductivity. A focusing coil in the borehole probe causes
measurement sensitivity to peak about 12" away from the borehole axis; consequently, borehole
effects are minimized and the measured electrical conductivity responds to formation and
groundwater changes.
Drift and noise are typically less than 1 millisiemen/meter and conductivity changes of a few
percent are easily resolved. The intercoil spacing resolves conductivity layers 20" thick. The
system may detect layers that are thinner than 20 inches: however, the measured value is the
product of conductivity contrast times layer thickness.
The borehole induction system measures bulk conductivity resulting from the electrical
properties of geologic materials and contained groundwater. In general, conductivity will
increase as clay content increases and as ionic strength of groundwater increases. It may be
difficult to identify contaminated groundwater in sediments that contain variable amounts of
clay. In these environments, comparison of conductivity logs to natural gamma logs may enable
discrimination between clayey sediments and zones of contaminated groundwater. However, it
is important to note that very small variations in clay content may result in large changes in
conductivity. These small variations in clay content may not be resolved with natural gamma
log.
The borehole induction system can be used in boreholes that range from 2 to 8 inches in diameter
without significant borehole effects. Conductivity measurements may be acquired in both the
vadose and saturated zones, in open holes or through PVC casing. Measurements may not be
taken through steel or black iron casing. The maximum depth of measurement for the most
induction logging systems is 650 feet (200 meters).
A general procedure shall include:
A. Record all information necessary to correctly interpret the log including:

•
•
•

Well ID number
Project number
Client Bit Size (or borehole diameter)
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•
•

B
C.
D.
E.
F.

Casing size
Location of the zero-depth of the log, which may be the top of the casing, ground level, or
some other specified point
• Height of the top of the casing above ground level
• Depth of the bottom of the casing(s)
• Total depth drilled
• Date of logging
• Logging engineer
• Logging speed
• Sensitivity Range setting(s)
• Calibration and standardization data
• Logging tool serial numbers, and
• Any additional pertinent information
Record the source-to-detector distance for nuclear radiation tools and the focusing width for
focused resistivity tools.
In resistivity logging, sample the drill hole fluid and record its resistivity so that true
resistivity for the strata can be calculated.
Clearly record calibration and standardization marks on all logs to demonstrate the
relationship between the log scale and standard calibration procedures.
Assemble the downhole logging tool.
Decontaminate logging tool and cable if necessary.

The general operation shall include:
A. Set-up and conduct pre-calibration procedures.
B. Rig up a hanging or table sheave wheel puller on the drill rig as appropriate
C. Assemble the probe to be run, attach the probe to the cable head, and calibrate the tool if
appropriate.
D. Set the probe into the well bore and lower to the depth requested.
E. Check the zero and span calibrations on the analog chart recorder if it is being used for
real-time log response display.
F. Begin the logging sequence.

1. Generally, the temperature/fluid resistivity probe is the first sent downhole. Logging
speed must be constant and slow enough so that temperatures accurately represent true
depths on the log. The logs are collected while lowering the probe slowly, so the
borehole fluid is not disturbed.
2. Spontaneous Potential, Single Point Resistance, 16" and 64" Resistance and the Natural
Gamma are typically recorded with the second and/or third probes run in the borehole.
a) For electric measurements, a test box with known resistor values and clip leads that
attach to various electrodes and cable armor, are used for calibrations.
b) To field test the Natural Gamma function, a low-level gamma source sleeve is placed
over or near the gamma detector to observe typical count rates.
c) Repeat sections of Natural Gamma logs and Electric logs are recorded as appropriate.
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3. The Full-Waveform Sonic probe.
a) Before the sonic probe is lowered into the borehole, proper operation is checked by
listening for transmitter clicking, and scratching the receivers while observing scope
signal.
b) An oscilloscope or computer display of waveforms in real time is routinely used to
observe output signals while logging.
c) Repeat sections are recorded as appropriate.
4. Guard Resistivity and Neutron logs.
a) The Guard Resistivity function is field-checked with a test box containing known
resistor values and clip leads.
b) A radiation survey in the immediate vicinity of the drill site is conducted by the field
engineer to determine and record existing background and total-count radiation levels
prior to removing either the Neutron or Gamma-Gamma source from its storage
shield.
c) A similar survey is performed after the field engineer has replaced the last source in
its shield.
d) Repeat sections are run as appropriate.
5. Gamma-Gamma Density and Caliper logs. If a caliper log is required as a stand-alone
probe, it should be run immediately after the temperature/fluid resistivity run.
a) A radiation survey in the immediate vicinity of the drill site is conducted by the field
engineer to determine and record existing background and total-count radiation level
prior to removing either the neutron or gamma-gamma source from its storage shield.
b) A similar survey is performed after the field engineer has replaced the last source in
its shield.
c) Gamma-Gamma density calibrations are obtained by placing the probe flush against
aluminum and lucite blocks of known density and recording corresponding count
rates.
d) Caliper calibrations are completed by using standard reference collars.
e) Repeat sections are recorded as appropriate.
6. Induction logging with the Geonics EM-39.
a) Place a depth-encoding pulley over the borehole or monitor well; the pulley may be
mounted on a tripod or attached to a drill rig.
b) Check the condition of instrument batteries by setting the sensitivity switch on the
instrument console to "Batt" position. Replace batteries if necessary.
c) Check and adjust (if required) the meter mechanical zero.
d) Apply silicon lubricant to the rubber part of the borehole probe connector, the probe
"O" ring and the probe threads. Connect the borehole probe to the cablehead; make
sure the connector pins are straight and join correctly.
e) All cable receptacles on the back panel of the instrument console are keyed, but the
field engineer will ensure that all cable connections are made properly.
f) The calibration procedure to set instrument null is performed outdoors away from
metal objects. The instrument probe is lifted and held at least five feet above ground
level. The person holding the probe should not be wearing any metal objects. With
the range switch set at 3000 millisiemens/meter, the analog needle is adjusted to zero.
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The range switch is then set to a higher sensitivity and nulled again. Operationally,
the probe should be nulled for the range used during logging. Optimum loggings
speed is used 15 ft/min or slower.
g) Logging can be performed with the probe moving up or down the borehole. The
recommended procedure is to monitor measured values while lowering the probe into
the borehole to determine the sensitivity range setting(s) and logging speed that will
provide the best resolution of the vertical variation in the conductivity values. It may
be necessary to repeat measurements through some sections at different logging
speeds and different sensitivity range settings in order to determine the best
procedure. When logging, it may be necessary to change the sensitivity occur. Note
all sensitivity range setting son the logs and accurately make the exact depths where
changes in setting were made.
Post Operation Procedures include:
A.
B.
C.
D.

Ensure that all equipment is accounted for and decontaminated if necessary.
Make sure all borehole locations are properly staked and the location ID is readily visible
Provide the field team leader with all completed logs and borehole forms
The field engineer provides a draft copy of each log as well as a copy of the original
"raw" digital log data to the field team leader before leaving the plant site
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A Photoionization detector (PID) is used to detect the concentration of organic gases in air.
During field investigations, this particular instrument, along with an organic vapor analyzer
(OVA) serves several functions. First, and most importantly, it is used to protect the health and
safety of the field personnel by providing information concerning the presence and concentration
of contaminants encountered. Second, the information gained from the instrument is often used
to dictate whether or not to continue the field investigation (i.e., drilling and sampling vertically
or horizontally to delineate the extent of contamination). In addition, the field screening
capabilities of the instrument can be used to determine which samples will be selected for
laboratory analysis. The use of this instrument for health and safety considerations is described
in the SSHP.
The PID and the OVA have some important limitations. The instruments can only monitor
certain vapors and gases in air. Many nonvolatile liquids, toxic solids, particulates and other
toxic gases and vapors cannot be detected. Because the types of compounds that the PID and
OVA can potentially detect are only a fraction of the chemicals possibly present at an incident, a
zero reading does not necessarily signify the absence of air contaminants.
The instruments are also non-specific, and their responses to different compounds are relative to
the calibration settings. In addition, the reading shown on the meter represents the total volatile
organic concentrations rather than any one compound. The PID cannot detect methane, and
neither instrument can be used as an indicator for combustible gases or oxygen deficiency. In the
presence of methane, the PID will register lower levels for organic contaminants that are present
due to the interference caused by the methane.
The operating instructions for the field instruments (i.e. the Hnu PID and the Foxboro OVA)
shall be described in the site specific addendum.
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The objectives of the soil gas survey will be to identify possible source areas and to help
determine the extent of petroleum hydrocarbons migration in the soil and groundwater within the
boundaries of the site.
Equipment

A Photovac Model 10870 portable gas chromatograph (GC) will be used to analyze the soil gas
samples. The GC will be configured with an isothermal oven and a photoionization detector.
The GCs computer will be programmed to recognize and quantify benzene, toluene,
ethylbenzene, and xylenes (BTEX). In addition, the pattern generated by the government
supplied sample from each site will be qualitatively identified.
Procedures

Calibration
The GC will be calibrated to quantitatively identify BTEX and to qualitatively identify the
pattern generated by the government supplied fuel sample from each site. A GC calibration
standard will be prepared daily by injecting a known amount of the target compounds into a 250mL amber glass bottle containing hydrocarbon-free air to make the working standard.
The GC will be calibrated daily prior to commencing field work and that calibration will be
verified throughout the day. An aliquot of vapor from the working standard will be injected into
the GC. The GCs computer will be programmed to quantitatively recognize the chromatograhic
peaks of each soil gas target compound. Nontarget volatile organic compounds present in soil
gas samples will be reported as unknowns.
Sample Collection
Soil gas samples will be collected in the following manner:
1. A 5/8-inch diameter, solid steel probe, will be driven into the ground and withdrawn. The
depth to which the steel probe is driven, typically 3 to 4 ft, will vary based on site conditions.
2. A hollow sampling probe will be inserted approximately 2 ft into the hole. The sampling
probe will have an outside diameter slightly larger than 5/8-inch to provide a seal preventing
ambient air from entering the sample hole.
3. A hand operated vacuum pump will be attached to the sample probe using a Teflon/stainless
steel fitting. Approximately ten probe volumes of air will be purged from the sample probe
to ensure the soil gas sample is not diluted by the air in the sample probe.
4. A 1.0 ml aliquot of soil gas will be collected using a Hamilton Gas-Tight syringe. the
syringe will be inserted through a septum on the Teflon sample tube, upstream of the vacuum
pump.
5. The 1.0 mL soil gas aliquot sample will be immediately injected into the GC for analysis.
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Quality Control
Quality control (QC) samples will be run throughout the field investigation to ensure the
integrity and reproducibility of the data. A minimum of 20 percent of the samples analyzed will
be for QC purposes. QC samples will be analyzed randomly or in response to suspected
interferences. QC samples will include field duplicates, calibration standards, equipment and
instrument blanks, and method blanks (background). Field duplicates involve analysis of two or
more samples from the same hole and are used to check the reproducibility of the sampling and
analysis procedures. Calibration standards involve re-analysis of the standard over the course of
the day and are used to confirm the calibration of the GC. Equipment blanks involved analysis
of ambient air drawn through the decontaminated sample probe when it is not in a sample hole
(probe blanks), or analysis of an aliquot of hydrogen-free air in the sample syringe (syringe
blanks); these blanks are used to verify adequate decontamination of the sample probe and
syringe, respectively. Instrument blanks involve analysis with no injection (no injection blanks)
and are used to determine if there is any carryover contamination in the GC. Method blanks
involve analysis of ambient air and are used to assess the presence of background contamination.

If instrument blanks indicate there is contaminate carryover in the GC, the GC will be
decontaminated using heat, ambient air, or hydrocarbon-free air. If equipment blanks indicate
there is contamination of the syringe, the syringe will be decontaminated by exposure to heat,
replacement of syringe parts, or replacement of the syringe until the syringe is adequately
decontaminated. If equipment blanks indicate contamination of the probe, the probe will be
decontaminated by either wet or dry methods until the probe is adequately decontaminated.
Data Reportin~
Data will be reported in micrograms of containment per liter of air. Total petroleum
hydrocarbons will be reported relative to toluene. The final report will summarize the site
investigation, present and summarize the data, and provide a discussion of the results.
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Purpose

This guideline describes sampling and analytical methods currently accepted for performing soil
gas surveys. Soil gas surveys are effective qualitative screening tools for characterizing volatile
organic contamination at hazardous waste sites. A soil gas survey, when performed properly, can
delineate groundwater contamination, define the areal extent of soil contamination, help pinpoint
source areas, indicate possible migration pathways, and show overall 'clean' and 'dirty' areas of a
particular site. Soil gas is useful for initial site characterization, groundwater contamination
mapping, and source delineation for sites where volatile organic compounds may be present.
Soil gas surveys cannot detect semivolatile organic or heavy metal contamination.
Scope

Two types of soil gas sampling methods are available: active soil gas sampling and passive soil
gas sampling. Active soil gas sampling is the more common method. It consists of advancing a
probe into the soil and extracting a gas sample under vacuum. The sample is then analyzed in
the field or sent to an on-site laboratory for analysis. Passive soil gas sampling is the less
common method. It consists of burying a passive soil gas sampler in the soil, leaving it for
several days to months, retrieving it, and sending it for laboratory analysis. Passive sampling has
several disadvantages relative to active sampling. The primary disadvantage is that two
mobilizations are required: one to bury the samplers, and one to retrieve them. In addition, the
results are not available from the laboratory for at least one and often several weeks. Thus the
passive method does not conform well to the tight-scheduled nature of many environmental
restoration assignments. Procedures for performing passive soil gas investigations are not
included in this guideline.
The accuracy of results from soil gas screening will depend on the limitations of the sampling
methods and analytical instruments. These limitations are discussed in below. In general, the
technique is not intended to accurately determine volatile organic compound concentrations in
soil and groundwater. Rather, it is a qualitative screening tool used to provide a preliminary
definition of the areal extent of contamination. These data are then used to determine the
locations in which to place soil borings and groundwater monitoring wells. Subsequent analysis
of soil and groundwater samples may, however, provide some means of correlating the soil gas
results to the soil and groundwater results.
Definitions

Soil Gas - The gas that is present in the interstitial spaces between soil particles. Soil gas cannot
be present in soil that is 100 percent saturated with water; therefore, soil gas is present only
above the water table.
Probe- A general term that denotes the device used to advance the hole and collect the soil gas
sample.
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Volatile Organic Compounds (VOC) - As defined by EPA chemical analysis methods 8010,
8020, and 8240, a volatile organic is a compound with a boiling point of less than 125 degrees
Celsius. The compound should also have a vapor pressure greater than 1 mm of mercury at 25
degrees Celsius to be effectively detectable in soil gas. Solvents such as trichlorethylene and
fuels such as gasoline are volatile organics. Pesticides such as DDT are not considered volatile
organics. The most common compounds included in soil gas surveys are dichloroethylene
(DCE), trichloroethylene (TCE), tetrachloroethylene (PCE), trichloroethane (TCA), benzene,
toluene, and xylene. Also commonly included are gasoline, diesel, and jet fuel.
Standards - Chemical compounds of known purity and concentration used for calibration of
analytical instruments. Specific chemical compounds are selected as standards if site history or
previous investigation indicates that the compounds may be present at the site.
Real-time Results - Results of soil gas analyses available within minutes or hours of sample
collection.
Active Soil Gas Sampling - Collection of a soil gas sample by applying a vacuum to a probe
advance into the soil.
Passive Soil Gas Sampling - Collection of a soil gas sample by burying a soil gas sampler
containing an adsorbent material .. The sampler is left in place for anywhere from several days to
two months and then sent for laboratory analysis.
Gas Chromatograph (GC) - Analytical instrument used for analysis of soil gas samples using the
principles of gas chromatography. For real-time results, portable GCs are used. For near realtime results, lab GCs set up at the site are used.
Temperature Ramp - A controlled increase in temperature in the GC oven. Temperature ramps
are used in bench and laboratory GC ovens to reduce analysis time and facilitate the orderly
volatilization of compounds through the analytical column. Minimum useful ramp is 10°C per
minute.
Detection Limits - The minimum concentration detectable by the GC. For the compounds of
primary interest, the GC should be capable of detection limits of 0.01 microliters of vapor per
liter of air, commonly referred to as parts per million (ppm).
Responsibilities

Soil Gas Team Leader - Coordinates the entire soil gas program with the Site Manager and the
FOL. He determines appropriate sampling and analysis equipment, adjusts sampling locations
based on field conditions, and may also serve as field chemist or field sampler.
Field Chemist - Responsible for the proper setup and calibration of analytical equipment used at
the site and for analyzing samples and performing the necessary quality assurance and quality
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control (QNQC). If necessary, he adjusts the sampling and analysis program to ensure the
collection of quality data. The field chemist should have a degree in chemistry or chemical
engineering or experience with analytical chemistry instrumentation.
Field Sampler - Responsible for the collection of soil gas samples and for carrying out other
functions of the soil gas survey at the direction of the team leader.
Guidelines

A soil gas survey is designed to detect the presence of volatile organic compounds in the
interstitial spaces between soil particles in the vadose zone. The source of these compounds can
be surface soil contamination, subsurface soil contamination, or groundwater contamination.
The volatile compounds migrate from the source through the vadose zone in a gaseous state via
convection and passive diffusion. The contaminants migrating via convection are driven by
changes in atmospheric pressure or by fluctuations in the groundwater table. The contaminants
migrating via passive diffusion are driven by concentration gradients present between the
contaminant source and areas with no contamination.
The rate of migration through the soil pores depends on a variety of factors including the
volatility and water solubility of the compounds of interest, concentration gradients, soil
porosity, soil type, and soil moisture content. The rate of migration is greatest and thus the use
of soil gas screening is most applicable to compounds of high vapor pressure and low water
solubility. The best sites for soil gas surveys are those with porous soils (sands or gravels) that
facilitate migration of the soil gas.
Soil gas screening is a rapid method for characterizing horizontal extent of volatile organic
contamination at a site. Soil gas surveys are generally performed prior to the drilling of soil
borings and the installation of monitoring wells. The results of the soil gas survey are used to
locate both monitoring wells and soil borings inside and outside of contaminated areas. By using
soil gas surveys to determine locations, the number of monitoring wells and soil borings installed
may be optimized. A reduction in the number of monitoring wells and soil borings reduces the
number of samples collected for laboratory analysis. Many of the soil gas screening methods
currently being used provide immediate chemical analysis results in the field. These results
allow the survey to be directed by incoming data and provide information to direct the collection
of subsequent soil gas samples.
The following guidelines describe procedures for performing soil gas investigations using active
soil gas sampling methods.
In general, a soil gas survey consists of the following steps: (1) Applicability Determination:
This determines if the method is applicable and cost effective for the given site. (2) Sampling
and Analysis: This includes: planning, to determine the sampling locations; sampling when a
probe is driven into the ground and the soil gas is brought to the surface for collection; and
analysis when a sample is analyzed using a field or laboratory instrument. (3) Data
Interpretation: The data collected are analyzed to provide an indication of contaminants and
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contaminant patterns present. Recommendations concerning contaminant extent and the need for
additional investigations are made based on the results.
Determination of Applicability of the Method:
Prior to performing a soil gas survey, it is determined if the method will be effective for the site
and for the contaminants of concern. The following are the necessary conditions and
prerequisites for an effective soil gas survey:
• Volatile organic compounds are suspected to be present in the soil or groundwater
• Soil is not saturated from a recent rain event or significant snow melt
• Water table is at least 2 feet below the surface
The following are site characteristics that are advantageous, but not absolutely necessary, for an
effective soil gas survey:
• The presence of high permeability soils. High clay or organic carbon content in the soil
impedes migration and thus the detection of low concentrations of contaminants.
• Groundwater at less than 30 feet, if groundwater contamination is to be tracked.
Groundwater depth is not important for establishing the extent of soil contamination.
• Temperatures above 0 degrees centigrade. Ambient temperatures below 0 degrees centigrade
impede the ability of soil gas screening to detect low concentrations of contaminants.
• A knowledge of contaminants that may be present at the site.
• Historical information on potential source areas.

If available, the results of any previous site investigations should be reviewed. Monitoring well
and soil boring logs and the results of chemical analyses could be especially useful.

Sample Collection
Sampling and analysis consist of determination of sampling locations, mobilization, sample
collection, and sample analysis. Specific QA/QC is addressed for each aspect of sampling and
analysis.

Determination o/Sampling Locations
Prior to performing a soil gas survey, pre-determined sampling locations should be established.
In general, an unbiased grid should be set up across the site or in selected areas of a very large
site. For reference, a 25 by 25 foot grid is considered small, and a 200 by 200 foot grid is
considered large. In addition to the unbiased grid, additional sample locations should be placed
in known and suspected source areas. Potential source areas include surface or underground tank
areas, bermed areas, spill sites, areas of discolored soil, areas of stressed vegetation, pits,
lagoons, waste piles, chemical storage areas, loading docks, product transfer areas, and dry
drainage ditches.
If the grid is staked prior to mobilization, the soil gas survey can be finished in a shorter time
than if the soil gas team has to stake sampling locations. An accurately surveyed grid for a soil
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gas survey is preferred, but a grid produced with a compass and tape measure is acceptable. If
the soil gas survey offers real-time results (the preferred method), the initial grid can be
augmented to reflect the initial results, so additional samples in excess of these of the original
grid should be expected and budgeted accordingly. A real-time soil gas survey will typically
include a 25 percent increase in the number of samples relative to the number of samples in the
original grid.
If the survey doses not offer real-time results, the field team will not know which areas require
additional samples and will be unable to adequately define the extent of contamination.
Therefore, a tighter initial grid (two to four times the number of samples required for real-time
analysis) should be used across the entire site to ensure adequate definition of contamination.
Mobilization
Prior to mobilization, a utilities survey should be conducted to determine the location of buried
power, telephone, sewer, gas, or water lines. Upon arriving at the site, the soil gas field team
will perform an initial site inspection. This inspection should be conducted with the FOL, or
someone else familiar with the site, to explain the site characteristics. All sampling and analysis
equipment should be unpacked a setup to ensure that all equipment has arrived and is working
properly.
Sample Collection
Active soil gas collection consists of augering a hole or driving a probe into the ground, inserting
and sealing a sampling probe into the hole, applying a vacuum to the probe, and collecting a
sample. Figure A3.l 1-1 shows a typical soil gas sampling method.

Where possible, the probe is driven into the ground manually. One common method consists of
using a hand-operated slide hammer to drive a 5/8 inch diameter steel rod 3 to 4 feet into the
ground. Asphalt can easily be penetrated with this method. Hydraulic pounding equipment can
also be used to drive the rod. In some cases, due to hard or cobbly soil, the presence of a
concrete pad, or a depth requirement beyond that obtained by hand, the hole must be advanced
with some type of drilling apparatus (i.e., hand auger, rock drill, pothole digger, etc.). As an
alternative to pounding a probe, a hole can be augered using hand or powered equipment.
A sampling hole depth of a least 2 feet is required to ensure the exclusion of ambient air and
provide adequate contaminant detections. Advancing the sampling hole to greater depths will
facilitate the detection of contamination in deeper soil intervals and groundwater. For most sites
with soil contamination or relatively shallow groundwater, a depth of 3 to 4 feet provides
adequate detection capabilities with a reasonable number of samples each day. Typically, if the
holes can be advanced manually, an average of 15 to 25 samples can be collected daily. If the
holes are advanced with the use of a powered equipment, an average of 10 to 20 samples can be
collected daily.
After the sampling hole is advanced, a sampling probe is placed in the hole. The sampling probe
may have an open end or slots to allow gas flow into the probe. The slots or open end must be
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protected from becoming plugged. Some methods combine the pounding and sampling probe in
a single unit. For sampling holes with a diameter of less than 1 inch, soil should be packed
around the probe to minimize the introduction of ambient air into the hole. For larger diameter
sampling holes, a packer, preferably an inflatable one, should be used to exclude ambient surface
au.
After the sampling probe is in place, the soil gas is drawn to the surface using a vacuum pump.
The pump can be hand or power operated. Several sampling probe volumes should be removed
to purge the probe of ambient surface air. The gas is then collected using a syringe or pumped
into a bag or bottle. The sample collection container must be clean, inert, and have appropriate
seals. Sampling bags should be made of Tedlar, sampling bottles should be amber glass with
teflon seals, and syringes should be gas-tight glass and teflon. To prevent contamination of the
sample from the pump, the sample should be collected upwind of the pump. The sample is then
either analyzed on-site with a portable GC or sent to the on-site lab.
Sampling Equipment Decontamination
To avoid cross-contamination and the possibility of false positive readings, the sampling probes
and sample collection equipment should be decontaminated between each use. The probes can
be washed with trisodiumphosphate (TSP) or other laboratory-type detergent and rinsed with
deionized water. If this too is found to be inadequate, the sampling equipment can be heated to
volatilize any remaining organics. Sampling equipment should never be decontaminated with
solvents since the solvents and contaminants in the solvents will interfere with subsequent
analyses. By periodically analyzing two ambient air samples, one collected with the sampling
equipment (called a probe blank) and one collected without, the soil gas team can confirm the
effectiveness of the decontamination by comparing the two analyses (they should be identical).

Sample Analysis
The most common methods available to analyze soil gas samples are: (1) field analysis with a
portable gas chromatograph, and (2) on-site laboratory analysis with a laboratory-grade gas
chromatograph.

Field Analysis with a Portable Gas Chromatograph
This method entails analyzing the soil gas samples with a portable gas chromatograph set up in
the field. Portable units, such as a Photovac Model lOS PLUS, can be used. This analysis
method has the inherent advantage of giving the user immediate results, so the survey can be
directed based on the incoming data. This is the most common method for analysis of soil gas
samples.
With the portable gas chromatograph, a gas sample is injected directly into the machine using a
gas-tight syringe. The GC then chromatographically separates and detects the organics present.
The results are recorded in the form of a chromatograph. Each peak on the chromatograph is
indicative of a single compound. The area under the peak is indicative of the concentration of
that compound.
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In most cases the portable GCs use flame ionization (FID) or photoionization (PID) detectors for
detection. Flame ionization detectors detect all hydrocarbons, but for that reason can suffer from
interference. Photoionization detectors detect most compounds except methane and halogenated
alkanes. For sites where low levels of chlorinated compounds are expected, electron capture
detectors (ECD) are used. ECD's are selective detector allowing considerable lower detection
limits for halogenated compounds than do the PID or FID.
Using a portable GC, the soil gas samples are analyzed anywhere from a few minutes to several
hours after collection. The results are then available to direct additional soil gas identification
and quantification of each compound present in the sample is possible. To be quantified,
standards of the compounds present in a sample must be included in the instrument calibration.
Calibration
Standards should be prepared each day and can consist of one or several of the compounds
suspected to be present at the site. An alternative to preparing standards on site is having gas
standards prepared by a specialty gas vendor. The instrument should be calibrated at the
beginning of each day and the calibration should be checked at the end of each day and at least
every ten samples.

Standards can be prepared by several procedures, each of which is acceptable if performed
properly. Preferably, the standards should be prepared in glass bottles fitted with Teflon septa,
but inert gas sampling bags are also acceptable. The preferred standard preparation method is to
inject calculated volumes of spectroscopic-grade liquid reagents into an amber glass bottle that
has been filled with hydrocarbon-free air. The vapor from that bottle is used to produce serial
dilutions in other bottles. Another method is to collect headspace vapor above a liquid solvent of
interest and inject it into a bottle and again make serial dilutions. If the vapor is collected above
a liquid solvent, the solvent must be kept in a temperature-controlled bath. If a laboratory-type
GC is used, standards can be prepared in methanol. Methanol-based standards are prepared by
serial dilution from spectroscopic-grade liquid reagents and may be used for up to one week.
Calibration consists of injecting the standard into the gas chromatograph and setting the
integrator to recognize and quantify the peaks in the standard. Standards are run throughout the
soil gas program to check the calibration and the GC. Following the initial calibration,
calibration should not be changed unless the integrator is not recognizing or quantifying the
compounds in the standard.
Analysis
Sample analysis consists of injecting the sample into the calibrated gas chromatograph. A
chromatogram is produced, and the integrator will identify the peaks in the standard. Figure
A3.l 1-2 shows a typical soil gas analysis chromatogram. If the field chemist determines that the
identification or quantification is not correct, manual identification and quantitation can be done.
Manual identification consists of identifying the peak based on retention time, peak shape, and
interfering peaks. Manual quantitation consists of determining concentration by measurement of
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peak height or area. In addition to identifying the compounds present in the standard, a
qualitative determination based on retention times should be made for any unknown peaks
recorded on the chromatogram. These unknowns should be reported with retention times and
peak area. Multiple peak responses, which may be indicative of the presence of fuel products,
should also be noted.
Results are reported in concentrations of contaminants in the soil gas. Units must be specified in
absolute units such as mass per liter of soil gas or vapor volume per liter of soil gas. Generalized
units such as ppm or ppb are not to be used unless they are also specified in absolute units.

On-Site Laboratory Analysis
With on-site laboratory analysis, the soil gas samples are collected, packaged for shipment, and
sent to the on-site laboratory for analysis. Since gas samples degrade rapidly, sample analysis
should be the same day. Samples should be stored on ice in a dark container.
All collection, calibration, and analysis procedures listed for field analysis with a portable GC
apply, except a bench or laboratory GC may be substituted. On-site laboratory analysis provides
higher level quality analytical results if the proper QA/QC is performed.
Quality Assurance/Quality Control
Quality assurance and quality control (QA/QC) samples will be run throughout the field
operation to ensure the quality and reproducibility of the data. A minimum of three QA/QC
samples will be run every twenty samples. Additional QA/QC samples will be run if the field
chemist determines that they are required.
For sample collection, QA/QC should ensure maximum uniformity in the collection procedures,
the effective exclusion of ambient air, the collection of sample duplicates and method blanks and
equipment decontamination. All pertinent information about the sampling equipment, process,
and especially any site observations should be recorded in the soil gas log book.
Standards will be run at least every 10 unique samples to confirm the calibration of the GC.
Sample duplicates (two samples from the same point) will be run every 20 samples to check the
reproducibility of the sampling and analysis procedures.
No-injection, ambient air, and probe blanks will be run to check for carry-over (crosscontamination) between samples. No-injection blanks consist of running an analysis but not
injecting a sample into the GC. They are run to determine if contamination is present in the GC.
They will be run at least once per day. Syringe blanks consist of injecting hydrocarbon-free air
into the GC. They will be run at least once per day. Probe blanks consist of pumping ambient
air through the sampling probe, collecting a sample, and analyzing the sample. They are used to
determine the concentrations of contaminants in the ambient air. Probe blanks will be run at
least once every 10 unique samples.
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The following are the data quality objectives for the soil gas results.

QA/QC Sample

Minimum Frequency

Acceptable Range

Standard

1 per 10 samples

The standard run before the first sample each day
must be within 25% of the calibrated concentration
and within 10% of the calibrated retention time.
Due to degradation of the standards during the
day, subsequent standards run that day are used to
confirm retention time only. Retention time must
stay within 10% of the calibration.

Sample
Duplicate

1 per 20 samples

Results must be within 50% of each other for the
compound detected at the highest concentration.

No-Injection
Blank

once per day

Results must be less than 10% of the concentration
of the standard.

Syringe Blank

once per day

Results must be less than 10% of the concentration
of the standard.

Probe Blank

1 per 10 samples

Results must be less than 10% of the concentration
of the standard or less than 10% of the previous
sample, which ever is greater.

Data Reportin~
Following the completion of the soil gas survey, a letter report is prepared. It contains site maps
showing the soil gas sampling locations. Maps are also prepared that contain a posting of the
soil gas results or, if contaminants are detected at several adjacent samples, contours of the
results. The report will contain a table of the soil gas results and a description of the sampling
and analysis procedures.
At locations where contaminants are detected in the soil gas, those same contaminants are
expected to be present in the soil or groundwater. In areas where the concentration gradients are
steep, contaminants are expected to be present in the soil and possibly the groundwater. Steep
gradients are loosely defined as a change in concentration by a factor of 100 over a horizontal
distance of 50 feet. In areas where concentration gradients are gentle, widespread soil
contamination or groundwater contamination is expected. Gentle concentration gradients are
loosely defined as a change in concentration by a factor of five or less over a horizontal distance
of 50 feet.
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The results of the soil gas survey are used to qualitatively describe the areal extent of volatile
contamination. They are also used to determine the locations of subsequent soil borings and
monitoring wells. For overall characterization of the site, soil gas results are secondary to the
soil and groundwater results. In addition, soil gas results cannot be used to describe the extent of
semivolatile or heavy metal contamination.
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Figure A3.ll-2
Typical Soil Gas Analysis Chromatogram
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When headspace screening is specified, soil samples will be screened for VOCs in the field at the
time of sample collection. Field screening will utilize an OVA equipped with either PID or a
flame-ionization detector (FID). If a high humidity condition exists during the time period when
field activity is to be performed, the FID is recommended since a PID is not a reliable screening
instrument under these conditions. The ionization potential of the lamp for the PID will be
optimum for the contaminants of concern. Field screening will be performed in accordance with
the following procedures:
Soil Samples
I. Immediately upon opening the split-spoon (or other sample retrieval device) and after
collecting the volatile organic sample (if required), a representative portion of the sample will
be collected and placed in a clean, contaminate-free jar. The sample may be placed in a new,
clean, plastic sandvvich bag inside a jar to minimize the number of new jars required. If the
plastic bag method is utilized, readings will be taken inside empty bags to ensure no external
contamination is being introduced.
2. If the volume of sample recovered is insufficient for all analytical requirements, then the
material used in the headspace readings could be utilized for any non-volatile sampling
requirements (i.e., the headspace material could be used to fulfill geotechnical testing
requirements). If due to insufficient sample volume an additional sample was retrieved
immediately below the initial attempt, an additional headspace reading is not required.
3. Seal each jar with at least one continuous sheet of aluminum foil, using the jar lid to secure
the foil.
4. Vigorously agitate the sample jar for at least 15 seconds and then allow a minimum of ten
minutes (or as the environmental conditions dictate) for the sample to adequately volatilize.
5. During cold weather the samples will be warmed to room temperature prior to taking the
headspace measurement. Since a temporary shelter (i.e. van) is generally used to protect the
field instruments, especially during inclement weather, warming the samples to room
temperature should not be a problem.
6. Re-shake the jar and then remove the jar lid. Quickly insert the vapor sampling probe
through the aluminum foil and record the maximum meter response (which should be within
the first two to five seconds). Erratic responses should be evaluated in terms of high organic
vapor concentrations or conditions of elevated headspace moisture.
7. Record headspace screening data on the boring log and any other appropriate documentation
(e.g., sample transmittals, field notebooks, etc.), as appropriate.
8. The screening instrument will be calibrated according to the appropriate standard span gas
and will be calibrated a minimum of twice daily and before use after a long shut-down period
(i.e., lunch breaks, equipment breakdowns, weather-related breaks, etc.).
9. If sample jars are to be re-used in the field, jars must be cleaned according to the field
decontamination procedures for cleaning of sampling equipment. In addition, headspace
readings must be taken to ensure no residual organic vapors exist in the cleaned sample jars.
10. Any deviation(s) from the approved procedures must be noted on the drill logs and the Daily
Quality Control Report (DQCR) and a basis stated for the deviation(s). DQCRs are
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discussed in the, QAPP, Part II ofVolwne II.
Water Sample
For volatile organic compound screening of water samples, the same general procedures apply as
for soil sample screening. However, only new glass jars should be used to contain the sample
during the screening operation. Each empty jar must be pre-screened to assure that no
extraneous substances are contained in the sample container which might affect the screening
results.
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Scope and &,.plication
• The method has been extracted from "Prescribed Procedures for Measurement of
Radioactivity in Drinking Water", Method 900.0.
• The method covers the measurement of gross alpha and gross beta particle activities in
environmental as well as drinking water and soil samples.
• The method provides a rapid screening measurement to indicate whether specific analyses are
required.
• The method is applicable to the measurement of alpha emitters having energies above 3.9
megaelectronvolts (MeV) and beta emitters having maximum energies above 0.1 MeV.
• The minimum limit of concentration to which this method is applicable depends on sample
size, counting system characteristics, background, and counting time.
• Samples should be stored at least 72 hours from time of collection to insure equilibrium of all
isotopes before analysis.
• The largest sample aliquot that should be counted for gross alpha and gross beta particle
activity is that size aliquot which gives a solids density thickness of 5 mg/cm2 in the counting
planchet. For a 2-in. diameter counting planchet, an aliquot containing 100 mg of dissolved
solids would be the maximum aliquot size for that sample which should be evaporated and
counted for gross alpha and gross beta particle activity.
• Radionuclides that are volatile under the sample preparation conditions of this method will
not be measured. In some areas of the country the nitrated water solids ( sample evaporated
with nitric acid present) will not remain at a constant weight after being dried at 105°C for
two hours and then exposed to the atmosphere before and during counting. Other
radioactivities may also be lost during the sample evaporation and drying at 105°C (such as
some chemical forms of radioiodine ). Those types of water samples need to be heated to a
dull red heat for a few minutes to convert the salts to oxides. Sample weights are then
usually sufficiently stable to give consistent counting rates and a correct counting efficiency
can then be assigned. Some radioactivities, such as the cesium radioisotopes, may be lost
when samples are heated to dull red color. Such losses are limitations of the test method.
Summary of Method
1. An aliquot of preserved water sample is evaporated to a small volume and transferred
quantitatively to a tared 2-in. stainless steel counting planchet. The sample residue is dried to
constant weight, reweighed to determine dry residue weight, then counted for gross alpha and
gross beta particle radioactivity.
2. Soil samples are dried, sieved, and weighed out into a stainless steel planchet and counted for
gross alpha and gross beta particle activity.
3. Counting efficiencies for both gross alpha and gross beta particle activities in water are
selected according to the amount of sample solids from counting efficiency vs sample solids
standard curves.
Sample Handlin~ and Preservation
• A representative water and/or soil sample must be collected, and should be large enough so
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that adequate aliquots can be taken to obtain the required sensitivity, and further specific
analyses can be conducted if necessary.
It is recommended that water samples be preserved at the time of collection by adding
enough IN HNO3 to the sample to bring it to pH 2 (15 mL IN HNO3 per liter of sample is
usually sufficient). If water samples are to be collected without preservation, they should be
brought to the laboratory within five days, then preserved and held in the original container
for a minimum of 16 hours before analysis or transfer of the sample.
The sample container of choice (for water and soil) should be plastic over glass to prevent
loss due to breakage during transportation and handling.

Interferences
• Moisture absorbed by the sample residue is an interference as it obstructs counting and selfabsorption characteristics. If a sample is counted in a gas-flow proportional counting
system, static charge on the sample residue can cause erratic counting, thereby preventing an
accurate count.
• Non-uniformity of the sample residue (for water) or sample powder (for soil) in counting
planchet interferes with accuracy and precision of the method.
• Sample density on the planchet area should be not more than 5 mg/cm2 for gross alpha and
gross beta simultaneous counting.
• Gross alpha and gross beta crosstalk should be determined for each gas-flow proportional
counting system. Gross alpha and gross beta crosstalk needs to be compensated for during
the calibration of the specific gas-flow proportional counting system used.
Note: Follow manufacture's instructions on how to correctly adjust the gas-flow proportional
counting system for cross-talk when simultaneously counting for gross alpha and gross beta
particle activity.
Apparatus
• Gas-:flow proportional counting system
• Stainless steel counting planchets
• Electric hot plate
• Drying oven
• Drying lamp
• Glass desiccator
• Glassware
• Analytical balance
• Mortar and pestle
• Sieve, 35 mesh
Reagents
• All chemicals should be of "reagent-grade" or equivalent whenever they are commercially
available.
• Distilled or deionized water having a resistance value between 0.5 and 2.0 megohms (2.0 to
0.5 micromhos)/cm at 25°C.
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Nitric acid, lN: Mix 6.2 mL 16N HN03 (cone.) with deionized or distilled water and dilute
to 100 mL.

Calibrations
1. For absolute gross alpha and gross beta measurement, the detectors must be calibrated to
obtain the ratio of count rate to disintegration rate. Americium-241 (used for gross alpha
particle activity in the collaborative test of this method) has higher alpha particle energy
(5.49 MeV) than those emitted by the naturally occurring uranium and radium-226
radionuclides but is close to the energy of the gross alpha particles emitted by naturally
occurring thorium-228 and radium-224. Standards should be prepared in the geometry and
weight ranges to be encountered in these gross analyses. Americium-241 is the prescribed
radionuclide for gross alpha calibration. Note: NBS or NBS-traceable radioactive standards
will be used for all calibrations.
2. Strontium-90 and cesium-137 have both been used quite extensively as standards for gross
beta particle activity. Standard solutions of each of these radionuclides are readily available.
Cesium is volatile at elevated temperatures (above 450°C). Some water supplies have
dissolved solids (salts) that when converted to nitrate salts, are quite hygroscopic and need to
be converted to oxides by heating to red heat to obtain sample aliquots that are weight-stable.
Sample weight stability is essential to gross alpha and gross beta particle activity
measurements to ensure the accuracy of the self-absorption counting efficiency factor to be
used for the samples. Strontium-90 in equilibrium with its daughter yttrium-90 is the
prescribed radionuclide for gross beta calibration.
3. For each counting instrument to be used, the analyst should prepare separate gross alpha and
gross beta particle activity self-absorption graphs showing water sample residue weight (mg)
vs efficiency factor (cpm/dpm), using standard gross alpha and gross beta particle emitter
solutions and tap water. For the gross alpha graph standard, alpha activity is added to
varying size aliquots of tap water, such that the aliquot residue weight is varied between 0
and 100 mg (for a 2-in. counting planchet). A similar graph is prepared with standard gross
beta particle activity and tap water aliquots, varying the residue weight between 0 and 300
mg (for a 2-in. planchet). If it is planned to use water sample aliquot volumes that always
contain 100 mg of dried water solids, then only the efficiency factor for that residue weight
needs to be established.
4. Tap water aliquots with added americium-241 or strontium-90 standard should be acidified
with a few mL 16N HN03, evaporated to a small volume in a beaker on a hot plate,
transferred quantitatively in 5 mL portions or less to a tared counting planchet, evaporated to
dryness, and finally dried at 105°C for two hours (or flamed to a red heat if dried solids
appear to be noticeably hygroscopic). Weight-stable aliquot residues should then be gross
alpha and/or gross beta particle activity counted until at least 10,000 total counts have been
accumulated. A single set of reference standards prepared in this way can be used for each
counting instrument for separate graph preparations and can be stored for reverification
whenever needed.
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5. A 1.00 gram of powdered white sand can be used as a medium to which the gross alpha and
gross beta particle activity standard can be added to obtain counting efficiencies for gross
alpha and gross beta in soil. Since it is planned to use soil sample weights that always
contain 1.00 gram of powdered soil, then only the efficiency factor for that sample weight
needs to be established.
Water Sample Procedure
1. Transfer to a beaker an aliquot (for gross alpha and gross beta particle activity determination)
of a water sample of a volume size that contains no more than 100 mg of total water solids.
Evaporate the aliquot to near dryness on a hot plate. If water samples are known or suspected
to contain chloride salts, those chloride salts should be converted to nitrate salts before the
sample residue is transferred to a stainless steel planchet (chlorides will attack stainless steel
and increase the sample solids and no correction can be made for those added solids). Note:
Chloride salts can be converted to nitrate salts by adding 5 mL portions of 16N HN03 to the
sample residue and evaporate to near dryness. Two treatments are usually sufficient.
2. Add 10 mL IN HN03 to the beaker and swirl to dissolve the residue. Quantitatively transfer
the aliquot concentrate in small portions (not more than 5 mL at a time) to a tared planchet,
evaporating each portion to dryness.
3. Dry the sample residue in a drying oven at 105°C for at least two hours, cool in a desiccator,
weigh, and count. Store the sample residue in a desiccator until ready for counting. Note:
Some types of water-dissolved solids, when converted to nitrate salts, are quite hygroscopic
even after being dried at 105°C for two hours. When such hygroscopic salts are present with
samples that are put into an automatic counting system, those samples gain weight while they
are waiting to be counted; inaccurate counting data results. When there is evidence of
hygroscopic salts in sample counting planchets, it is recommended that they be flamed to a
dull red heat for a few minutes to convert the nitrate salts to oxides before weighing and
counting.
4. Count for gross alpha and gross beta particle activity on a gas-flow proportional counting
system. If the sample is to be recounted for reverification, store it in a desiccator. Note:
Keep planchet in the desiccator until ready to count because vapors from moist residue can
damage detector and window and cause erratic measurements. Sample counting should be
delayed at least 72 hours after drying so that equilibrium of alpha emitters has occurred. If
the gas-flow proportional counting system does not discriminate for the higher energy alpha
pulses at the beta plateau, the alpha activity must be subtracted from the beta plus alpha
activity. This is particularly important for samples with high alpha activity.
Soil Sample Preparation and Analysis
1. Dry the soil sample in a drying oven at 1l 0°C after weighing, if needed. When the sample is
dry, it should be ground to a fine powder using a mortar and pestle, and sieved through a 35
mesh sieve. The residue should be reground if possible in the mortar and pestle until the soil
is completely sieved through a 35 mesh sieve.
2. Take 1.00 gram of the powdered soil and spread evenly across a 2-in. stainless steel planchet.
3. Count for gross alpha and gross beta particle activity after calibrating for the respective
efficiencies.
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Calculations
Calculate the gross alpha radioactivity by the following equation:
A-ABKG
Alpha (pCi/liter) or (pCi/ gram) =

------------2.22 x C x T x V

where:

A

=

ABKG=
C

T

V
2.22

=
=
=
=

total alpha counts,
total alpha background count,
gross alpha efficiency factor (cpm/dpm),
c:ount time (minutes),
volume of sample aliquot (liters), or weight of soil (grams), and
c:onversion factor from dpm/pCi

Calculate the gross beta radioactivity by the following equation:
B-BKG
Beta (pCi/liter) or (pCi/gram) =
2.22xDxTxV
where:
B
BKG
D
T
V
2.22
Note:

=
=
=
=
=
=

total beta counts,
total beta background count,
gross beta efficiency factor (cpm/dpm),
c:ount time (minutes),
volume of sample aliquot (liters), or weight of soil (grams), and
conversion factor from dpm/pCi

Errors associated with the results of gross alpha and gross beta particle activity
analysis should also be reported.

Quality Control
Accuracy is determined by preparing spiked water and soil samples with known amounts of
gross alpha and gross beta particle activity. The experimental result is compared to the
theoretical value to be within an established three sigma control limit. When values exceed the
three sigma control limit, immediate reviews of the procedure and instrumentation are conducted
to determine major sources of error. Further spiked samples should be analyzed to determine if
the problem has been resolved before continuing to analyze samples.
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Note Gross alpha and gross beta particle activity of spike used should be in the same activity
range as the samples analyzed.
Precision is determined by performing a duplicate analysis every tenth sample with a least one
duplicate with each set of water and soil samples. The activity values found are recorded and
control limits calculated. When values exceed the three sigma control limit, immediate review of
the procedure and instrumentation are conducted to determine major sources of error. Further
duplicates should be analyzed to determine if the problem has been resolved before continuing to
analyze samples.
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Meteorological monitoring will be conducted only when environmental restoration activities
dictate. A meteorological station shall be set up at a designated site to provide continuous
recording of meteorological parameters applicable to atmospheric transport and dispersion of air
contaminants. At field sites that are immediately adjacent to the Albuquerque International
Airport/Kirtland AFB flight facilities, meteorological data provided by the Airport can be used to
establish the atmospheric conditions at the subject sites, provided that the data meets the quality
assurance/quality control levels required by the dispersion models and includes the necessary
model parameters. At KAFB locations either in remote areas or at Interservice Nuclear Weapons
School (INWS) sites, where thorium hydroxide sludge was spread on the ground to resemble a
nuclear weapons accident, meteorological instruments employed on 10 meter towers should be
used to characterize the meteorology of the sites.
The four basic parameters normally monitored include wind speed and direction, ambient
temperature, and sigma theta (used as an indicator of atmospheric stability). At those sites where
the soil may contain a significant amount of volatile compounds, the station will include sensors
for recording soil temperatures and solar radiation. Both parameters may be used to estimate
source emission terms of hazardous air contaminants.
The on-site meteorological system will provide several functions. These include:
•
•
•
•

Providing real-time data to be used in siting of upwind (background) and downwind samplers
Providing a data record to indicate the variability of wind flow from suspected sources to air
samplers during the sampling period
Providing a data record to estimate atmospheric dilution rates and meteorological effects on
source strength during the sampling period and
Providing real-time data to be used by the Site Health and Safety Officer to estimate
atmospheric diffusion of air emissions, to ensure the safety of on- and off-site personnel

Meteorological parameters to be collected include:
•
•
•
•
•
•

Wind speed to indicate the potential degree of dust suspension
Wind direction to indicate the direction of the potential wind transport mechanism
Precipitation to assess soil moisture conditions
Stability to indicate on-site stability for dispersion of contaminants
Barometric pressure to indicate corrections of flow rates to standard temperatures and
pressure
Ambient air temperature to indicate the potential of volatile suspension

Calibrations will be performed in accordance with manufacturers' recommendations. All
calibrations and system checks must be properly documented. The meteorologist will also insure
that all strip charts are properly labeled and will perform data reduction after the completion of
the monitoring program. Once installed, the meteorological monitoring system should be fully
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calibrated on a semi-annual basis using certified and traceable physical standards and test
equipment. Semi-annual audits of the meteorological monitoring systems should also be
performed by fully independent qualified experts using separate equipment and standards.
The meteorologist should ensure that station calibration and time accuracy is checked at the
beginning and end of the monitoring period and that periodic checks of the system for proper
operation are performed. These checks will include time accuracy, strip chart trace legibility and
reasonableness of recorded data.
Where feasible, the system should be checked at the beginning and end of each workday and a
minimum of one other time during the day.
Meteorological data should be compiled on sampling days and correlated with particulate
sampling results. The location of the meteorological station and rain gauge will be based upon a
review of the actual site layout. Data summaries should be compiled on a quarterly and annual
basis.
Daily Meteorolo~ical Station Inspection
1. Open chart recorder and check the integrity of each trace. Verify reference time on chart
corresponds to the time of day. Check paper supply to ensure that enough paper is available
for uninterrupted operation through the next day (or weekend). Initial chart paper, record
inspection on chart paper and into field logbook and data sheets.
2. Inspect rain gauge and record any precipitation data into field logbook and onto data sheets.
Empty rain gauge and clean funnel of any foreign material.
3. Inspect meteorological tower mast for stability and integrity.
4. Calibrate station weekly using a four-digit voltmeter according to manufacturer's instructions.
Record all data in the field logbook.
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All sampling locations will be staked to facilitate subsequent surveying. Surveys will be
performed by a state-licensed surveyor. Originals or a legible, reproducible copy of the surveys
and field books will be supplied to USACE. The surveys will at least conform to the
requirements stated in the following paragraphs.
Monitorin~ Wells - Coordinates and elevations will be established for each monitoring well. The
coordinates will be to the closest one foot and referenced to the State Plane Coordinate System.
If the State Plane Coordinate System is not available an existing local grid system will be used.
A ground elevation to the nearest 0.10 ft. and an elevation for the top of the well riser to the
closest 0.10 ft. will be obtained for each well. All positions and coordinates of all permanent
points within the control traverse will be shown.
Soil Borin~s/Sampling Points - All soil sampling locations will be located horizontally and
vertically following procedures outlined in the previous paragraph.
Physical Features - At each site, all above-ground and, where possible, underground physical
features will be either verified with previous mapping or determined as required. All above
ground physical features will be located/verified to the nearest foot. Permanent control
monuments will be placed in accessible locations within the limits of the work if no existing
permanent monuments are located within 1,000 feet of a site. One set of monuments is allowable
for adjacent sites. These monuments will be set no closer than 500 ft. to each other.
Documentation - The location, identification, coordinates, and elevations of the wells and
monuments will be plotted on maps with a scale large enough to show their location with
reference to other structures at the individual sites. A tabulated list of the monitoring wells and
monuments, copies of all field books, and all computation sheets will be prepared and submitted
to the USACE. The tabulation will consist of the designated number of the well or monument,
the X and Y coordinates, and all the required elevations.
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1.0

INTRODUCTION

This base-wide Quality Assurance Project Plan (QAPP) has been prepared to provide a
framework and basic criteria required to support environmental restoration activities at Kirtland
Air Force Base (AFB) in Albuquerque, New Mexico. Environmental restoration activities include
Resource Conservation and Recovery Act (RCRA) Facility Investigations (RFis), Interim
Remedial Actions (IRAs), Remedial Actions (RAs), monitoring of natural systems and treatment
operations, and other associated work efforts.
1.1

PURPOSE

The purpose of this base-wide QAPP is to describe the policies, objectives, concepts, systems,
and procedures to support the implementation of environmental restoration activities at Kirtland
AFB. This QAPP identifies and describes the elements of the quality assurance/quality control
(QA/QC) system integral to the performance of environmental restoration activities. The QAPP
provides the framework and criteria for establishing project-specific planning documents to plan,
implement, and assess the effectiveness of services associated with projects at the base. Effective
implementation of individual QA/QC requirements, procedures, instructions, and reports
developed from this QAPP, together with project-specific addenda, will ensure that:
•
•
•

•

All project activities are conducted in a safe manner protecting the public, base
personnel, property, and the environment
All environmental data are of the appropriate type and are of known, acceptable, and
defensible quality needed for their intended use
All remedial/removal activities (e.g., waste collection, waste treatment, waste
containment, waste storage, and waste transport) are performed in accordance with
defined requirements and expectations
All work is performed in compliance with governing regulatory and contractual
requirements

This document provides descriptions of (or references to) all data quality objectives and
procedures associated with sample collection, laboratory analysis, sample custody,
instrument/equipment calibration, QC checks, performance and system audits, preventive
maintenance and scheduling, data quality assessment, corrective action, and QA reports to
management applicable to this project.
The QAPP has been prepared in accordance with the requirements and guidelines established by
the United States Environmental Protection Agency (EPA), the United States Army Corps of
Engineers (USACE), and the United States Air Force (USAF) for data collection and program
management. The references used in preparing this document are:
•
•

EPA 1980, Interim Guidelines and Specifications for Preparing Quality Assurance
Project Plans, (QAMS-005/80, December 29, 1980 and revised February 1983).
USACE 1990, Chemical Data Quality Management for Hazardous Waste Site
Remedial Activities (ER 1110-1-263, October 1, 1990).
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EPA 1989, RCRA Facility Investigation Guidance, Volume. I: Development of an
RFI Work Plan and General Considerations for RCRA Facility Investigations (EPA
530/SW-89-031, May 1989).
Air Force Center for Environmental Excellence {AFCEE) 1993, Handbook for the
Installation Restoration Program (IRP) Remedial Investigation/Feasibility
Studies(RI/FS), September 1993.

SCOPE AND APPLICABILITY

The general environmental restoration activities covered by this QAPP include, but are not limited
to:
•
•
•
•
•
•
•
•
•
•

Collection of environmental data including field measurement and analytical data
Performance of multimedia chemical and radiochemical analyses and physical testing
for a variety of parameters of interest
Analysis, assessment/evaluation, and reporting of environmental data
Identification and characterization of contamination
Determinations of background concentrations of constituents
Determination of environmental and human health risks
Corrective measures studies (CMS)
Performance of RCRA corrective actions
Remedial/removal activities (e.g., waste collection, waste treatment, waste
containment, waste storage, and waste transport)
Monitoring to comply with federal, state, and local regulations

This base-wide QAPP provides the framework and the criteria for establishing project-specific
QAPPs which will be addenda to this document. The extent to which this base-wide QAPP
applies to the project-specific QAPPs, either wholly or in part, will depend on the nature and
scope of the individual projects. The specific project requirements will be addressed in the
project-specific addenda.
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2.1

SITE DESCRIPTION
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A description of Kirtland AFB and its history is outlined in Section 2.0 of the Field Sampling Plan
(FSP), which is Part I of the Data Collection Quality Assurance Plan (DCQAP - Volume II of the
base-wide planning document). The description includes the geographical location, topography,
approximate size, and past uses of Kirtland AFB. A project-specific description will be given in,
or referenced in, the project-specific addendum for each work effort.
2.2

PROJECT SCOPE AND OBJECTIVES

Collection and analysis of environmental samples is an integral part of environmental restoration
activities at Kirtland AFB. This base-wide QAPP provides the outline for developing site-specific
plans which will direct data collection efforts to support the ultimate remediation of sites. In
general, the scope and objectives of the environmental restoration activities at Kirtland AFB are:
•
•
•
•
•
•
•

Confirm the presence or absence of contaminants
Define the nature and extent of contaminants
Characterize contaminant release and migration mechanisms
Provide data to support human health and ecological risk assessments
Identify areas requiring remedial or removal actions
Provide data for compliance with monitoring or discharge criteria
Generate data to support studies, designs, and plans necessary to implement remedial
actions
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PROJECT ORGANIZATION AND RESPONSIBILITIES

Implementation of the QAPP requires that the project staff is cognizant of QNQC procedures
and goals. QNQC responsibilities lie principally with the Project Manager, the Project QA
Manager and the Project Health and Safety Manager. Key project staff include the Field
Operations Leader (FOL), QA Officer, and Site Health and Safety Officer (SHSO). Additional
project staff may include, but are not limited to, Sample Coordinator, Data Validation
Coordinator, Project Scientists, Project Engineers, and various support staff A typical project
organization chart is presented in Figure 2-1 within the base-wide Project Management Plan
(PMP), Volume I of this document.
A brief description of key project personnel are presented in this section. The project-specific
QAPP will identify the individuals required to perform the activities associated with the project.
Additionally, the project-specific QAPP will append or modify the duties and responsibilities of
each of the project staff A set of complete resumes of key project staff is included as Appendix
A of the PMP (Volume I).
3.1

PROJECT MANAGER

The Project Manager is responsible for overall technical and administrative activities for the
project. He/she directs the development of field programs, data evaluation, development of
conclusions and recommendations, and preparation of the technical documents. Specific duties
and responsibilities of the Project Manager include:
•
•
•

•
•
•
•
•
•
•
•
•
•

Maintain regular contact with the USACE and Kirtland AFB and provide status
reports
Direct all technical and administrative aspects associated with individual remedial
actions and project task(s)
Evaluate project-specific procedures and plans, and ensure that all procedures, project
plan elements, and specifications can be implemented on schedule and within budget,
and are in compliance with applicable regulations
Evaluate project schedule and budget to recommend and justify change orders
Develop and/or modify a critical path method or similar method to track project
materials and resources and to identify key project milestones
Prepare specifications for subcontractors and equipment procurement
Direct subcontractor and equipment procurement
Recommend change orders to the USACE and Kirtland AFB
Interface with Project Scientists and Engineers on relevant issues and methods of
resolution
Interface with the Health and Safety Manager and Quality Assurance Manager to
ensure compliance of approved plans
Recommend a team of professionals to accomplish each remedial action or task
activity
Manage the activities of the professionals assigned to individual projects
Monitor task costs and schedules
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Interface with Kirtland AFB on logistics, site access, or other issues pertaining to the
execution of a specific task
Prepare progress and financial reports as required
Implement required field activities and ensure compliance with all regulatory
requirements

PROJECT QUALITY ASSURANCE MANAGER

The Project QA Manager has the authority to act on behalf of the Project Manager on site-related
issues affecting the quality of the work performed. He/she has the authority to stop work when
poor quality conditions are identified and to direct the removal and replacement or reperformance of the defective work. He/she interfaces with the Project Manager on issues
affecting the quality of work performed. Administratively, the Project QA Manager reports
directly to the Corporate QA Manager to ensure the necessary independence for unbiased and
objective assessments. The Project QA Manager's responsibilities include:
•
•
•
•
•
•

•
•

•
•

•
•
3.3

Provide and maintain an effective control QA/QC system for all project activities
Assign a QA Officer (QAO) for a specific task, if required
Develop project-specific quality plans and procedures
Monitor QA/QC activities to ensure conformance with authorized policies,
procedures, and sound practices; recommend improvements as necessary
Inform the Project Manager ofnonconformances to the QAPP
Ensure that all records, logs, standard procedures, and project plans are maintained in
a retrievable fashion, and that controlled copies of standard procedures and project
plans are distributed to all appropriate personnel
Ensure that a document control system is established and maintained for the project
Perform audits and surveillance of project activities to ensure that project procedures
are followed. The Project QA Manager has the authority to require re-performance of
any activity determined to have been adversely affected by improper application of
prescribed procedures with the concurrence and approval of the Project Manager
Maintain awareness of the entire project to detect any conditions that may affect
quality
Monitor corrective action documentation for conditions adverse to quality, verify
implementation of corrective action, track and analyze corrective action, and close
corrective action documentation upon completion of corrective action
Concur with nonconformance report (NCR) dispositions, and maintain a system for
tracking and analyzing NCRs
Direct stop-work order until poor quality conditions have been corrected

PROJECT HEALTH AND SAFETY MANAGER

The Project Health and Safety Manager (PHSM), who must be a Certified Industrial Hygienist
(CIH), has authority to implement and oversee the Health and Safety Program. Refer to Section
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2.0 of the base-wide Site Safety and Health Plan (SSHP), which is Volume IV of this document,
for details regarding the responsibilities of the PHSM.
3.4

FIELD OPERATIONS LEADER

The FOL provides on-site supervision of day-to-day field activities for the project. In addition,
the FOL is responsible for implementation of all field QA/QC procedures as defined in the QAPP
and FSP and for safety-related issues as defined in the SSHP. Specific duties and responsibilities
of the FOL include the following:
•

•
•
•
•
•
•
•
•
•
•
3.5

Act as the point of contact for all interactions and communications with the client,
project management staff, site support staff, visitors on site, laboratories, and
government representatives on site
In charge of mobilization and demobilization of equipment and supplies
Schedule and coordinate all field activities
Oversee and ensure that all field activities are performed in accordance with approved
plans and procedures
Ensure that all required media samples and QC samples are collected, packaged, and
shipped to the analytical laboratory
Initiate a Field Change Request (FCR) depending upon site conditions for approval by
the Project Manager
Implement approved field changes
Implement a corrective action program if deficient conditions are identified
Ensure that all documentation is completed as required
Ensure all field instruments are calibrated as required and implement a preventive
maintenance program
Prepare reports

QUALITY ASSURANCE OFFICER

The QAO reports directly to the Project QA Manager. The QAO has experience with the work
being implemented, and have sufficient knowledge of audits and surveillance activities. The
QAO's authorities and responsibilities include:
•
•
•
•
•

Assist the Project QA Manager in the performance of his/her duties when directed
Authorize the issuance of NCRs and recommend stop-work orders to the Project QA
Manager when necessary
Perform inspections, including periodic audits and surveillance, of field activities and
assist the Project QA Manager in performing his/her activities
Inspect and document the implementation of corrective action( s)
Remain on the project site when directed by the Project QA Manager
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SITE HEALTH AND SAFETY OFFICER

The SHSO ensures that all elements of the approved site health and safety plan are implemented
and enforced on site. The SHSO reports directly to the PHSM and assists and represents the
PHSM in implementing and enforcing the SSHP in the field. The SHSO has full authority to issue
stop-work orders or evacuation orders where work operations or noncompliance(s) may threaten
the health or safety of site workers or public. Duties and responsibilities for the SHSO are
detailed in Section 2.0 of the SSHP, which is Volume IV of this document.
3. 7

SUBCONTRACTOR QUALIFICATIONS

The nnmmum qualifications for project subcontractors are summarized m the following
subsections.
3.7.1

Analytical Laboratory

The analytical laboratory's qualifications will include current USACE certification (within two
years). The analytical laboratory representative will have ultimate responsibility for all analyses
performed at the analytical laboratory. The assigned laboratory representative is responsible for
ensuring that work is performed according to USACE' s Chemistry Scope of Services (SOS) and
this QAPP.
3.7.2

Geotechnical Laboratory

A geotechnical testing laboratory will provide all geotechnical support. The assigned laboratory
representative is responsible for ensuring that work is performed according to the USACE's
Chemistry SOS and this QAPP.
3.7.3

Drilling Company

A drilling company will be subcontracted to provide all drilling services. The company will be a
licensed New Mexico water-well driller. The assigned representative will be responsible to
complete the work as stated in the USACE's Geology SOS.
3.7.4

Surveyors

Topographic and site surveying will be completed by a licensed surveyor registered in the state of
New Mexico. The surveyor will be required to produce computer-generated maps that are based
upon the New Mexico State Plane Coordinate System.
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QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

Field and laboratory data will be collected during environmental restoration activities to be
implemented at Kirtland AFB. The overall QA objective is to develop and implement
environmental restoration activities that will provide data of known and acceptable quality.
4.1

DATA QUALITY OBJECTIVES

Data Quality Objectives (DQOs) are qualitative and quantitative statem~s that specify the
quality of data generated to support decision making. DQOs are scoping"'and planning tools
applicable to every data generation effort and are a necessary step in the development of projectspecific plans. For each data-gathering task, DQOs will be developed during project scoping.
These DQOs include a description of the purpose of the task, the specific activities to be
performed, the intermediate and end uses of the generated data, and the resultant data quality
which is required.
4.1.1

DOO Development Process

The DQO development process may be summarized as:
I.
2.
3.
4.
5.
6.
7.
4.1.2

Statement of the problem
Identification of a decision that addresses the problem
Identification of inputs that affect the decision
Specification of the domain of the decision
Development of logic statement
Establishment of constraints on uncertainty
Optimization of design for obtaining data
Analytical Support Levels

Based on the end use of the data, different levels of data quality may ·be required. Five analytical
levels are available depending on intended use of the data and QA/QC methods required to
achieve the desired level of quality. These five levels of analytical approach that are applicable to
achieving the goals of the environmental restoration activities are defined as follows:
•

•

Analytical Level I: This provides the lowest data quality but the most rapid results.
These results are qualitative in nature. They are often used for health and safety
monitoring at the site, initial site characterization to locate areas for subsequent
accurate analyses, and engineering screening of alternatives (bench scale tests).
Analytical Level Il: This provides rapid results and better quality than Level I.
Methods used for Level II may range from more sophisticated screening techniques to
fully defined analytical protocols but with reduced QA/QC frequency and data
reporting requirements. These analyses generally result in qualitative to semiquantitative data.
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Analytical Level ill: This provides confirmation data with QNQC similar to Level
IV, but contains less documentation. These analyses provide quantitative results and
may cost less than Level IV. Typically, the data packages for these analyses do not
contain raw instrument output, but include the summaries of QNQC sample results.
Level ill may be used when analyses require rigid, well-defined protocols, but where
other information is available, so that a complete raw data package validation effort is
not required. However, the laboratories will be required to retain, in the project file,
the raw instrument data required to upgrade Level III data to Level IV, as necessary.
Level III data provides sufficient quality for purposes of risk assessment, nature and
extent of contamination, and corrective measures studies.
Analytical Level IV: This provides the highest level of data quality with complete
QNQC protocols and reporting. These analyses provide quantitative results and the
data package includes raw instrument output for validation. This data is primarily
used for purposes of risk assessment, nature and extent of contamination, corrective
measures study, and other uses where the highest possible degree of confidence in the
usability of the data is required.
Analytical Level V: Analyses by non-standard protocols that often require method
development or validation (e.g., when exacting detection limits or analyses of an
unusual parameter are needed) are grouped into this level. The methods used for this
level may be significantly different from those of the other levels.

DATA QUALITY INDICATORS

The PARCC (precision, accuracy, representativeness, completeness, and comparability)
parameters are indicators of data quality.· Ideally, the end use of the measurement data should
define the necessary PARCC parameters. The following sections discuss data quality indicators
as they apply to measurement of data, including field and laboratory analyses.
4.2.1

Precision

4.2.1.1

Definition

Precision is a measure of the degree to which two or more measurements are in agreement.
4.2.1.2

Field Precision Objectives

Field precision is assessed through the collection and analysis of field duplicates and replicates at a
frequency of one duplicate for every ten water samples and one replicate for every ten
soil/sediment samples. Precision of field instruments is in accordance with the following:
Instrument
Photoionization Detector

Flame Ionization Detector

Kirtland Air Force Base

Corrective Action
Objective
instrument
±20% from calibration reading Return
maintenance
at a specified space setting
±20% from calibration reading Recalibrate
at a specified space setting

for
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4.2.1.3

Laboratory Precision Objectives

Precision will be determined through the comparison of matrix spikes and matrix spike duplicates
(MS/MSD) for the organic analytical work performed at Kirtland AFB. The laboratory will select
one sample in 20 project samples and split the sample into three aliquots. The first aliquot will be
analyzed routinely for organic target compounds while the aliquot( s) will be spiked with known
quantities of the parameters of interest prior to analysis. The relative percent difference (RPD)
will be calculated and used as an indication of the precision for the analyses performed.
Precision for the inorganic analyses will be evaluated by comparing laboratory duplicate analysis
of an environmental sample. The laboratory will select one sample in every 20 project samples
and split the samples into three aliquots. The first aliquot will be analyzed routinely for inorganic
parameters, while the second aliquot will serve as a duplicate, and the third aliquot will be spiked
with known quantities of target analytes prior to analysis. The RPO of the unspiked duplicate
samples will be calculated and used as a measure of precision for the inorganic analyses.
The equations to be used for precision are presented in Section 13.0 of this QAPP. Precision
control limits (objectives) will be as specified by the analytical methods.

4.2.2

Accuracy

4.2.2.1

Definition

Accuracy is the degree of agreement between an observed value and an accepted reference value.

4.2.2.2

Field Accuracy Objectives

Sampling accuracy will be determined by collecting and analyzing field and trip blanks and
adhering to all sample handling, preservation, and holding times. For on-site field test kits and
meters, accuracy will be determined by analysis of calibration standards prior to sample collection.

4.2.2.3

Laboratory Accuracy Objectives

Accuracy is expressed as the percent recovery of standards and matrix spikes. The equation to be
used for accuracy is presented in Section 13.0 of this QAPP. Accuracy control limits will be as
specified by the analytical methods. Standards measure the bias of the analytical system reagents, equipment, instrumentation, and analyst technique. Matrix and surrogate spikes
measure sample matrix effects as well as the analytical system bias. In general, calibration and
laboratory control standards are used to monitor and control the analytical system, while matrix
spikes are used to screen for matrix effects.
System monitoring compounds (surrogates) will be spiked into all blanks, standards, and
environmental samples (including matrix spike/matrix spike duplicate samples) prior to purging or
extraction. Surrogates are compounds that are chemically representative of the method target
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compounds. After analysis is performed, surrogate percent recoveries are calculated. These
surrogate percent recoveries will show the efficiency by which the analytical system is measuring
known amounts of different compounds. Surrogate recoveries can, however, be influenced by
matrix interference. Therefore, data for different matrices are compiled by laboratories, and
statistically based limits are established for solid and aqueous matrix percent recoveries.
Method blank analyses also monitor and control the bias of the analytical system by measuring
trace levels of contamination. In general, method blanks containing target analyte(s) at levels
greater than the detection limits trigger the need for corrective action.
Accuracy in the laboratory will be measured by analyzing matrix spikes at a frequency of one for
every 20 project samples. In addition, quantifiable accuracy will be determined with each batch of
samples prepared and analyzed by the use oflaboratory control standards (LCS).
4.2.3

Representativeness

4.2.3.1

Definition

Representativeness expresses the degree to which data accurately and precisely represent a
characteristic of a population, parameter variations at a sampling point, a process condition, or an
environmental condition.
Measures to Ensure Representativeness of Field Data

4.2.3.2

Representativeness in the laboratory is ensured by using the proper analytical procedures and
meeting sample holding times. Analyzing and assessing field duplicated samples will be used to
assess representativeness as well as precision. Sampling networks are designed to provide data
representative of facility conditions. During development of sampling networks, consideration is
given to past site practices, existing analytical data, physical setting and processes, and constraints
inherent to the environmental restoration program. The rationale of sampling networks is
discussed in detail in the FSP. Representativeness will be ensured through the implementation of
approved, consistent procedures.
4.2.4

Comparability

4.2.4.1

Definition

Comparability is an expression of the confidence with which one data set can be compared with
another.
4.2.4.2

Measures to Ensure Comparability of Field Data

Comparability is dependent upon the proper design of the sampling program and will be satisfied
by ensuring that the FSP is followed and that proper sampling techniques are used.
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Measures to Ensure Comparability of Laboratory Data

Planned analytical data will be comparable when similar sampling and analytical methods are used
and documented in the QAPP. Comparability is also dependent on similar QA objectives. To
optimize comparability, EPA-established methods and protocols will be used whenever possible to
collect and analyze samples. By using specific sampling and analytical procedures, including the
reporting of the analytical data using common standard units, all data sets will be comparable at
each specific site at Kirtland AFB and between sites at Kirtland AFB to ensure that decisions and
priorities are based on a consistent data base.
All solid matrix results for the specified analytical methods will be reported on a dry weight basis.
All organic analyses will be reported as micrograms per kilogram (µg/kg) for soil and milligrams
per liter (mg/L) for water; most inorganic analyses will be reported in mg/kg for soil and mg/L for
water; and radiological data will be reported in picoCuries per gram (pCi/g) for soil and
picoCuries per liter (pCi/L) for water.
4.2.5

Completeness
Definition

4.2.5.1

Completeness is a measure of the amount of valid data obtained from a measurement system
compared to the amount that was expected to be obtained under normal conditions.
Field Completeness Objectives

4.2.5.2

Field completeness is a measure of the amount of valid measurements obtained from all the
measurements taken in the project. The equation for completeness is presented in Section 13.0 of
this QAPP. Field completeness objectives for Kirtland AFB projects will be greater than 90%.
Laboratory Completeness Objectives

4.2.5.3

Laboratory completeness is a measure of the amount of valid measurements obtained from all
measurements taken in the project. The equation for completeness is presented in Section 13. 0 of
this QAPP. Laboratory completeness objectives for projects will be greater than 95%.
4.3

LEVEL OF FIELD QUALITY CONTROL EFFORT

Equipment rinse blank, trip blank (volatile organic analysis only), ambient blank, method blank,
duplicate, standard reference material, MS/MSD samples will be analyzed to assess the quality of
the data resulting from the field sampling and analytical programs. In addition to field QC
samples, ten percent of all field samples will be collected as field duplicates and be submitted to
USACE Missouri River Division (MRD) laboratory for analysis.
Field and trip blanks consisting of distilled water will be submitted to the analytical laboratories to
provide the means to assess the quality of the data. Equipment blank samples will be analyzed to
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check for contamination at the facility resulting from improper decontamination which may cause
sample contamination. Trip blanks will be used to assess the potential for contamination of
samples resulting during sample shipment and storage.
Method blank samples are generated within the laboratory and used to assess contamination
resulting from laboratory procedures. Duplicate samples are analyzed to check for sampling and
analytical reproducibility. Matrix spikes provide information about the effect of the sample matrix
on the digestion and measurement methodology. All matrix spikes are performed in duplicate and
are hereinafter referred to as MS/MSD samples. One MS/MSD will be collected for every 20 or
fewer investigative samples. MS/MSD samples are designated/collected for organic analyses
only.
MS/MSD samples are investigative samples. Soil MS/MSD samples require no extra volume for
volatile organic compounds (VOCs) or extractable organics. However, aqueous MS/MSD
samples must be collected at triple the volume for VOCs and double the volume for extractable
organics. One MS/MSD sample will be collected/designated for every 20 or fewer investigative
samples per sample matrix (i.e., groundwater, soil).
The general level of the QC effort will be one field duplicate/replicate and one equipment blank
for every ten or fewer investigative samples. One volatile organic analysis (VOA) trip blank
consisting of distilled deionized ultra pure water will be included along with each shipment of
VOA samples. Additionally, one ambient blank will be collected during each VOA sampling
round and analyzed for VOA only.
4.4

LABORATORY QUALITY ASSURANCE PROGRAM

All laboratories will provide a written QA Program, demonstrate MRD certification, and be
approved by the USACE. In addition, the laboratories will have standard operating procedures
(SOPs) for the following:
1. Sample receipt and logging
2. Sample storage
3. Preventing sample contamination
4. Security for laboratory and samples
5. Standards purity/preparation
6. Maintaining instrument records and logbooks
7. Sample analysis and data control systems
8. Glassware cleaning
9. Technical and managerial review of laboratory operation and data package preparation
10. Internal review of quality assurance and quality control data
11. Sample analysis, data handling, and reporting
12. Chain-of-custody procedures and document control
13. Laboratory data validation/laboratory self-inspection system
14. Data management and handling
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The purpose of sampling is to obtain specimens that represent the situation being studied.
Specific protocols for sampling are presented in the FSP, Part I of the DCQAP. These protocols
describe procedures for acquiring samples that best represent the environmental matrix.
Contamination of samples from external sources will be controlled through proper
decontamination of sampling equipment as well as following good sampling techniques.
Sampling programs will be planned in detail and presented in project-specific FSPs. The basewide FSP provides guidelines to establish project-specific FSPs.
5.2

SAMPLE VOLUME, HOLDING Tll\1ES, CONTAINERS, AND PRESERVATION

The preservation, holding times, and the containers to be used will be specified in the projectspecific plans.
Table 5-1 lists the recommended sample volumes, sample containers,
preservatives, and holding times for the analytical methods which may be used during the course
of the environmental restoration activities. Table 5-2 provides a comparable listing for
geotechnical testing parameters.
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Table 5-1
Sample Requirements

P age I 0 f4
LOW CONCENTRATION SAMPLES

Water

Parameter1
Volatiles

Container2
2x40rnL"
G, Septa Vial

Water

BIN/A

Water

Water

PCBs,
Pesticides
Metals"
TRPH
Common
Parameters
Explosives

2 x l L>·•
amberG
2 x l L, .•
amberG
lxlLP
2xl LG
l x IL' G

Water

Cyanide

Soils/
Sediments

Volatiles

Soils/
Sediments
Soils/
Sediments

BIN/A,PCBs
Pesticides
Metals,
Cyanide,
TRPH
Explosives

Matrix

Water
Water
Water

Soils/
Sediments

2xlL
amberG
lxlLP

Preservation3
Ice to 4"C
4 drops Cone.
HCI or NaHSO4 to
oH<2
lceto4"C

Maximwn Holdiru! Times
Extraction
Analvsis
14 d

-

7d

40d

Ice to 4"C

7d

40d

HNO3 topH<2
lee to 4"C
Iceto4°C

-

-

6mo0
28d
28d

Ice to 4"C

7d

40d

NaOHtopH>2
Iceto4°C
Ice to 4°C

-

14d

-

14d

40 d

2x40rnLG
or 2 x 125 rnL G,
Senta vial
I x8 ozG

Iceto4°C

14d

I x8 ozG

Ice to 4°C

-

I x4ozG

Ice to 4"C

14 d

6mo•,
14 d,
28d
40d

Notes:
I. BINIA= Base/Neutral/Acid extractables, TRPH = Total Recoverable Petrolewn Hydrocarbon
2. All containers must have Teflon-lined seals (Teflon-lined septa for VOA vials).
G = Glass; P = High Density polyethylene
3. Sample preservation will be done in the field immediately upon sample collection. If water samples are filtered in the field, differential pressure
methods using 45 micron filters will be used, and preservatives added after filtration. VOA samples should never be filtered.
4. When only one holding time is given, it implies total holding time from sampling until analysis.
5. Three bottles are required on at least 5-10% (but at least one) sample so that the laboratory can perform all method QC checks for SW-846 method.
6. Total Recoverable Metals for water samples. Holding time for Hg is 28 days in glass; for Cr(Vl) is 24 hours.
7. er, Br", F, NO3-, NOi, Po/·, so/·; l L for each method; orthophosphate requires filtration. Holding time for extraction is 48 hours for NO3-,
N<h-, Po/· ifnot preserved with H2SO4 to pH<2.
8. Samples with residual chlorine present will be dechlorinated with sodiwn thiosulfate as specified in SW-846 (Third edition).
9. Holding times for high concentration samples are the same as those specified for low concentration samples.
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Table 5-1 (Cont'd)
Sample Requirements
Page 2 of 4
MEDIUM CONCENTRATION SAMPLES

Matrix
Warer/
Liquid
Warer/
Liquid
Warer/
Liquid
Warer/
Liquid
Warer/
Liquid
Warer/
Liquid
Soils/
Sediments
Soils/
Sediments
Soils/
Sediments
Soils/
Sediments

MaximumHolrlino Times
Extraction
Analvsis
14 d

Parameter1
Volatiles

Container2
2x40rnLG

Preservation3
lee to 4°C 8

BIN/A'

2 X 32 oz wide
mouth iars, G
2 X 32 oz wide
mouthiarG
l X 16 oz wide
mouthiar,G
2xlL
amberG
l X 16 oz wide
mouthiar,G
2x40rnLG
or
2xl25rnLG
l x 8 oz wide mouth
iar,G
l x 8 oz wide mouth
jar,G

lee to 4"C"

7d

40d

8

7d

40d

HNO3topH<2

-

6mo0

lee to 4°C

7d

40 d

lee to 4°C

-

14d

lee to 4°C

-

14 d

Ice to 4°C

14 d

40d

Ice to 4°C

-

I x4ozG

Ice to 4"C

14 d

PCBs,,
Pesticides
Metals
Explosives
Cyanide
Volatiles

BIN/A,PCBs
Pesticides
Metals,
Cyanide,
TRPH
Explosives

lee to 4°C

-

0

6mo
14 d,
28 d
40 d

,

HIGH CONCENTRATION SAMPLES

Matrix
Liquid
Solids

Paramerer1
organic
and
All
inorganic analyses
organic
and
All
inorganic analvses

Container2
l x 8 oz wide mouth
iar,G
2 x 8 oz wide mouth
iars,G

Preservation3

-

Maximum Holding Times'
See comment 9
See comment 9

Notes:
l. BINIA= Base/Neutral/Acid extractables, TRPH = Total Recoverable Petroleum Hydrocarbon
2. All containers must have Teflon-lined seals (Teflon-lined septa for VOA vials).
G = Glass; P = High Density polyethylene
3. Sample preservation will be done in the field immediately upon sample collection. If water samples are filrered in the field, differential pressure
methods using 45 micron filrers will be used, and preservatives added after filtration. VOA samples should never be filtered.
4. When only one holding time is given, it implies total holding time from sampling until analysis.
5. Three bottles are required on at least 5-10% (but at least one) sample so that the laboratory can perform all method QC checks for SW-846 method.
6. Total Recoverable Metals for warer samples. Holding time for Hg is 28 days in glass; for Cr(VI) is 24 hours.
7. er, Br", F, NO3-, No2·, Po/·, so/·; 1 L for each method; orthophosphate requires filtration. Holding time for extraction is 48 hours for NO3-,
No 2·, Po/· if not preserved withH2SO. to pH<2.
8. Samples with residual chlorine present will be dechlorinated with sodium thiosulfare as specified in SW-846 (Third edition).
9. Holding times for high concentration samples are the same as those specified for low concentration samples.
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Table 5-1 (Cont'd)
Sample Requirements

Page 3 0 f4
NAME

METHODOF
ANALYSIS

CONTAINER
TYPE

PRESERVATION

SAMPLE
VOLUME

MAXIMUM HOLDING
TIME

INORGANIC

A2320

P,G

NONE

50mL

ANALYZE IMMEDIATELY

ALKALINITY

A2320

P,G

4"C

50mL

14DAYS

(LAB TEST)
COMMON ANIONS

SW9056

P,G

NONE

50mL

SW9010

P,G,T

500MLOR
4OZ

E160.l

P,G

4"CNAOHTO
pH>12
0.6 G ASCORBIC
ACID
4"C

28 DAYS FOR Br, F, CL, S04
48 HRS FOR NO3, NO 2, PO•
14DAYS(WATERAND
SOIL)

lO0ML

7DAYS

E160.2

P,G

4°C

l00ML

7DAYS

SW90401
SW9045

P,G

NONE

NIA

ANALYZE IMMEDIATELY

E353.l

P,G

4° C, H2SO4 TO
pH<2

500ML

28DAYS

SW9050

P,G

NONE

NIA

ANALYZE IMMEDIATELY

E170.l
SW9060

P,G
P,G,T

DO METER

BOD Bottle

NONE
4"C,HCLOR
H2SO4 TO pH<2
NONE

NIA
500MLOR
4OZ
300ML

ANALYZE IMMEDIATELY
28DAYS
(WATER AND SOIL)
ANALYZE IMMEDIATELY

A4500-ClC
SW9050

G
P,G

NONE
NONE

ANALYZE IMMEDIATELY
ANALYZE IMMEDIATELY

SW9056
HACH MODEL
HS-C-TEST KIT
A2580B

P,G
G

4°c
NONE

250ML
100-250
ML
40ML
l0OML

ALKALINITY
(FIELD TEST)

CYANIDE, TOTAL,
AND AMENABLE
TO
CHLORINATION
FILTERABLE
RESIDUE
NON-FILTERABLE
RESIDUE
HYDROGEN ION
(pH)WIS (FIELD
TEST)
NITROGEN,
NITRATE AND
NITRITE
SPECIFIC
CONDUCTANCE
(FIELD TEST)
TEMPERATURE
TOTAL ORGANIC
CARBON
DISSOLVED
OXYGEN
CHLORIDE
CONDUCTIVITY
SULFATE
SULFIDE

ANALYZE IMMEDIATELY

G
NONE
100-250
ANALYZE IMMEDIATELY
REDOX
ML
POTENTIAL
NOTE:
P = POLYETHYLENE;
G=GLASS;
T= BRASS SLEEVES IN THE SAMPLE BARREL, SOMETIMES CALLED CALIFORNIA BRASS
TBD =TOBE DETERMINED (SEE SECTION 8.0)
PAHS = POLYNUCLEAR AROMATIC HYDROCARBONS
HACH= HACH Company Catalog (1990)
A= Standard Methods for the Examination of Water and Wastewater, 18th Edition, 1992
RSKSOP = Robert S. Kerr (EPA Laboratory) Standard Operating Procedure.
THE USE OF E418. l REQUIRES SPECIFIC APPROVAL FROM THE USAF.
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Table 5-1 (Cont'd)
Sample Requirements
p age4of 4
NAME

METHOD OF
ANALYSIS

CONTAINER
TYPE

PRESERVATION

SAMPLE
VOLUME

MAXIMUM
HOLDING TIME

METHANE,
CARBON
DIOXIDE
FERROUS IRON

RSKSOP-114

VOA VIAL

4°c

40ML

NONE GIVEN

A3500-FED

G

HCL

lO0ML

ANALYZE
IMMEDIATELY

TBD

P,G,

HCI or HN03 TO
pH<2

2 LITERS OR 16

180DAYS

RADIOLOGICAL
TESTS
ALPHA/BETA

oz

ALL
PARAMETERS
EXCEPT
RADON-222,
CESIUM, IODIDE,
ANDTRITIUM
RADON-222

TBD

P,G

HCl or HNO3 TO
pH<2

2 LITERS OR 16

180DAYS

TBD

COOL,4"C

2 LITERS OR 16

4DAYS

CESIUM

TBD

G,TEFLON LINED
CAP
P,G

HClTOpH<2

2 LITERS OR 16

180DAYS

IODIDE

TBD

P,G

NONE

2 LITERS OR 16

180 DAYS

TRITIUM

TBD

G

NONE

2 LITERS OR 16

180DAYS

TOXICITY
CHARACTERISTIC LEACHING
PROCEDURE
(TCLP)

SW 1311

G, TEFLONLINED CAP, T

COOL,4"C

l LITER OR 8 OZ

VOLATILES - 14
DAYSTOTCLP
EXTRACTION; 14
DAYSAFfER
EXTRACTION
SEMIVOLATILES
-14DAYSTO
TCLP
EXTRACTION; 40
DAYS AFTER
PREP
EXTRACTION
MERCURY-28
DAYS AFTER
EXTRACTION
METALS-180
DAYSTOTCLP
EXTRACTION;
180 DAYS AFTER
EXTRACTION

oz

oz
oz

oz
oz

NOTE:
P = POLYETHYLENE;,
G=GLASS;
T= BRASS SLEEVES IN THE SAMPLE BARREL, SOMETIMES CALLED CALIFORNIA BRASS
TBD =TOBE DETE&\ilNED (SEE SECTION 8.0)
PAHS = POLYNUCLEAR AROMATIC HYDROCARBONS
HACH= HACH Company Catalog (1990)
A= Standard Methods for the Examination of Water and Wastewater, 18th Edition, 1992
RSKSOP = Robert S. Kerr (EPA Laboratory) Standard Operating Procedure.
THE USE OF E418. l REQUIRES SPECIFIC APPROVAL FROM THE USAF.
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Table 5-2

Sample Requirements for Geotechnical Testing

GEOTECHNICAL TESTING AND ANALYSIS

Matrix
Water/Slurry

Borrow Material

Synthetic Liners

Placement of Borrow
Material/Slurry

Riprap

Beddini,
Placement of Concrete

Kirtland Air Force Base

Parameter
pH
Density
Viscosity
Filtrate
Maximum Density
Moisture Content
Lab Max Dry Density
Gradation
Atterberg
#200 Sieve
Material Thickness
Bonded Seam Strength
Peel Adhesion Stren!!th
In-place Density
In-place Moisture Content
Density
Permeability (Shelby)
Sieve Analvsis
Specific Gravity
Freeze-Thaw
Magnesium Sulfate
soundness
Material Gradation
7-day Comp. Strength
28-day Comp. Strength
Slump
Temperature
Air Content

Testini, Method
ASTMD4972
API standard 13B
API standard 13B
API standard 13B
ASTM D698-78
ASTM D2216-80
ASTM D698-78 or D1557
ASTM D422-90
ASTMD4318
ASTMD 1140
ASTM D374-88
ASTM D3083-89
ASTM D3083-89
ASTM D2922-80 or
ASTM D1556-82
ASTM D3017-88
ASTMD4380
ASTMD5084
ASTMD422
ASTM C127-88
AASHO T103-83
ASTMC88-90
ASTM C136-84a
ASTMC39
ASTMC39
ASTMC143
Thermometer
ASTMC231, Cl 73, or
Cl38

Container/
Preservation3
4 oz. Glass Jar - Analyze Immediately

NIA
NIA
NIA
1 x 5 Gallon Bucket
1 x 5 Gallon Bucket
1 x 5 Gallon Bucket
1 x 5 Gallon Bucket

NIA
2' x l' with seam centered
2' x 1' with seam centered

NIA
NIA
NIA
Min. 3" Diameter
1 x 5 Gallon Bucket
Large Wooden Box
Large Wooden Box
Large Wooden Box
2 x 5 Gallon Bucket
1 Cylinder
2 Cylinders, 1 Spare

NIA
NIA
NIA
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SAMPLE CUSTODY AND RECORD-KEEPING

The history of each sample and its handling is documented from its collection through all transfers
of custody until it has reached an analytical laboratory. Internal laboratory records then document
the custody of the sample through its final disposition.
6.1

FIELD CUSTODY PROCEDURES

6.1.1

Field Documentation

Field logbooks will provide the means of recording all data collection activities. When in-situ or
field measurements are made, the data are recorded directly in the field logbook, with identifying
information (project code, station numbers, station location, date, time, samplers), field
observations, and remarks.
Samples for laboratory analysis will be collected following the procedures provided in the FSP.
The equipment used to collect samples will be noted in the field logbook, along with the time of
sampling, sample description, depth or other location characteristics, and volume and number of
containers. A sample identification number will be assigned prior to sample collection. The
sample container is identified by a sample label. The information recorded on the sample label
includes sampling location, date and time, type of analysis required, and preservation notes. The
sample label also contains an appropriate place for designating the sample as a grab or a
composite and identifying the type of sample (water, soil, etc.) collected for analyses. A typical
sample label is shown in Figure 6-1.
After collection, separation, identification, and preservation, the sample is maintained under chainof-custody (COC) procedures until it is in the custody of the analytical laboratory, at which time
the analytical laboratory will implement an internal COC procedure. Samples will be traceable
from the time they are collected until they or their derived data are used in the final report. In
order to maintain and document sample possession, the following COC procedure is implemented:
•

•
•
•

Samples are collected as described in the FSP. Only enough of the sample should be
collected to provide a good representation of the medium being sampled. To the extent
possible, the quantity and types of samples and the sample locations are determined before
the actual fieldwork. As few people as possible should handle the samples.
The field sampler is personally responsible for the care and custody of the samples
collected until they are properly transferred or dispatched.
Logbooks and other records are signed and dated.
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 logbook as photos are taken. Once developed, the photographic prints
will be serially numbered corresponding to the logbook descriptions.
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Figure 6-1
Typical Sample Label

FWENC
PROJECT: _ _ _ _ _ _ __
SAMPLE NO. - - - - - - - - - - - - - DATE: -I-I- TIME: - - - - - - - - -HRS
MEDIUM:
--------------TYPE: GRAB
COMPOSITE
PRESERVATION: _ _ _ _ _ _ _ __
ANALYSIS:
-------------SAMPLED BY: - - - - - - - - - - - - LAB NO.: _ _ _ _ _ _ _ _ _ _ _ __
REMARKS:

•

Kh1:land Air Force Base
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When video documentation is utilized, audio documentation of the film, date, time, site
location, and site description will be given.
Sample labels will 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 because a ball point pen would not function in freezing weather).
Transfer of Custody and Shipment

The following procedures will be implemented when transferring and shipping samples:
•

•

•

•

•

•
•

Samples are accompanied by a COC record. A typical COC record is depicted in
Figure 6-2. 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.
Samples will be packaged properly for shipment and dispatched to the appropriate
laboratory for analysis, with a separate custody record accompanying each shipment (e.g.,
one for each field laboratory, one for samples shipped, driven, or otherwise transported to
the laboratory). Shipping containers will be sealed for shipment to the laboratory. The
method of shipment, courier name(s), air bill number, and other pertinent information will
be entered in the "Remarks" section on the custody record.
When samples are shipped to the laboratory, they must be placed in padlocked containers
or containers sealed with custody seals. Custody seals include the signature of the
individual shipping the samples. When samples are shipped, two or more seals are to be
placed on each shipping container (such as a cooler), with at least one at the front and one
at the back, located in a manner that would indicate if the container was opened in transit.
Wide, clear tape will be placed over the seals to ensure that seals are not accidentally
broken during shipment. Nylon packing tape may be used providing that it does not
completely cover the custody seal. Completely covering the seal with this type of tape
may allow the label to be peeled off Alternatively, evidence tape may be substituted for
custody seals.
If samples are subject to interim storage before shipment, custody seals or evidence tape
will be placed over the lid of the jar or across the opening of the storage box. Custody
during shipping will be the same as described above. Evidence tape may also be used to
seal the plastic bags or metal cans that are used to contain samples in the cooler or
shipping container. Sealing individual sample containers assures that sample integrity will
not be compromised if the outer container seals are accidentally broken.
All shipments will be accompanied by the COC record identifying its contents. The
original COC record will accompany the shipment and the copy will be retained in the
project files.
All shipments must be in possession of Foster Wheeler personnel until released to the
carrier, and a receipt is obtained.
If sent by mail, the package will be registered with return receipt requested. If sent by
common carrier or air, proper documentation will be maintained.
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Figure 6-2
Typical Chain-of-Custody Record

PROJ.NO.

PROJECT NAME
Cl)

~

~

SAMPLERS : (Signalures)

"'w
Cl)

w

Q.

STANO. DATE

TIME

::;
0

0

ID

"'
Q.

~

STATION LOCATION

Cl

"'zw

g

REMARKS

0
0

"0

ci

z

Relinquished by:

/Signature/

Date

Time

Received by: /Signalun,/

Relinquished by:

(Sigm,tun,J

Dale

11ime

Received by: /Signawre/

Relinquished by:

(Signature}

Date

jl1me

Received by: (Signalun,J

Relinquished by:

(Sigm,tun,J

Dale

rnme

Received by: /Signalure/

Relinquished by:

(Signature}

Date

Time

Received fer Labo<atcry by: (Signelure/
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LABORATORY CUSTODY PROCEDURES

The laboratory will be responsible for custody and tracking of samples upon receipt at the facility.
The laboratory will have a written QA program for all analytical activities. The following custody
procedures provide the basic requirements to be implemented by the laboratory:
•

•

•

•

•

6.3
6.3.1

A designated sample custodian accepts custody of the shipped samples and verifies that
the information on the sample labels matches that on the COC records. If discrepancies
are observed, they are entered under the "Remarks" section and the field sampling team
and/or project management is notified immediately for resolution. The custodian then
enters the sample label data into a bound logbook which is arranged by project code and
station number.
The laboratory custodian will use the sample label number and/or assign a unique
laboratory number to each sample label and will assure that all samples are transferred to
the proper analyst or stored in the appropriate secure area.
The laboratory custodian stores the samples in a designated area. Appropriate analysts
sign for and take samples from the storage area under controlled conditions. Laboratory
personnel are responsible for the care and custody of samples from the time they are
received until the sample is exhausted or returned to the custodian.
When sample analyses and necessary quality assurance checks have been completed in the
laboratory, the unused portion of the sample and the sample container must be disposed of
as required.
The laboratory will maintain records of all identifying sample labels and other QA
documentation. Samples received by the laboratory will be retained until analyses and
quality assurance checks are completed.
RECORD-KEEPING
Field Records

Field records include completed copies of the COC records, the site logbook(s), photographs,
video tapes, documentation of reagent sources (i.e., decontamination water, preservatives,
standards for field analyses), sample logsheets, soil boring logs, and copies of the completed
shipping forms, as applicable.
A bound field notebook will be maintained by the sampling team leader to provide daily records of
significant events, observations, and measurements during field investigations. All entries will be
signed and dated. All members of the field investigation team are to use this notebook, which is
to be kept as a permanent record. Observations or measurements that are taken in an area where
contamination of the field notebooks may occur may be recorded in a separate bound and
numbered logbook before being transferred to the project notebook. The original records are
retained, and the delayed entry is noted as such.
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Field notebooks are intended to provide sufficient data and observations to enable participants to
reconstruct events that occurred during projects. The field notebook entries will be factual,
detailed, and objective. A numbering system will be assigned to field notebooks for ease of
reference and reconstruction of field events. A record of the numbering system and the
individuals assigned field notebooks will be maintained as well.
Unless restricted by weather conditions, all original data recorded in field notebooks and on
sample labels, COC records, and receipt-for-samples forms are written in waterproof black ink.
These accountable, serialized documents will not be destroyed or thrown away, even if they are
illegible or contain inaccuracies that require a replacement document.
If an error is made on an accountable document assigned to one person, that individual may make
corrections by crossing out the error and entering the correct information. The erroneous
information will not be obliterated. Any error discovered on an accountable document will be
corrected by the person who made the entry. All corrections will be initialed and dated.
For all photographs taken, a photographic log will be maintained to record the date, time, subject,
frame and roll number, and name of the photographer.
Laboratory Data Deliverables

6.3.2

Laboratories will submit all sample results and QC information as required by contract. The
deliverables may include hard copies of the data packages and electronic data transfers.
Electronic data formats will be consistent with applicable Installation Restoration Program
Information Management System (IRPIMS) requirements. The laboratory will also comply with
data archiving as required by contract.
Two levels of deliverables are defined for environmental restoration activities at Kirtland AFB,
Level I and Level II. Deliverables for each level are described in the following sections. Project
specifics may change the Level I and II deliverables.
Level I Deliverables

6.3.2.1

Level I deliverables will consist of the following:
•
•
•
•
•
•

Copy of the field COC record showing date and time of receipt at the laboratory
A table cross-referencing field identification and laboratory identification for each
sample
Case comments discussing any anomalies or problems encountered in the handling and
analysis of the samples, and discussion of the resolution of any out-of-control events
A table listing dates of collection, preparation, and analysis for each parameter for
each sample (from IRPIMS tables)
List of detection limits (from IRPIMS tables)
Data report for each field sample (from IRPIMS tables) with second column report
consisting of the following (as appropriate to the parameters):
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Method blank data
Surrogate recoveries
Laboratory control standard recoveries
Matrix spike/matrix spike duplicate results and LCS/LCSDs.
Level II Deliverables

6.3.2.2

Level II laboratory analytical packages will consist of the following for data deliverables:
•
•

Copy of COC forms
Case narrative by function

For Organic Data:
•
•
•
•
•
•
•

•

•

GC/MS data
System monitoring compound summary (Form II surrogate recovery)
MS/MSD (Form III)
Method blank summary (Form IV)
GC/MS instrument tuning (Form V)
Internal standard area and retention time summary (Form VIII)
Sample data
• Form I (no tentatively identified compounds [TICs])
• Quantitation report
• Chromatograms
•
Spectra for positive compound identification
• Parameters log page indicating date and time of analysis and instrument
parameters
Standard data
• Initial calibration (Form VI)
• Continuing calibration (Form VII)
• Quantitation reports
• Chromatographs
• Parameters log page indicating date and time of analysis and instrument
parameters
Raw QC data
• BFB/DFTPP for each 12-hour period
• Mass spectrum
• Mass list
• Blank data (Form I)
• MS/MSD data (Form I)
• Blank spike data (Form I)
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GC data
•
Surrogate recovery summary (Form II)
• MS/MSD (Form III)
• Method blank summary (Form IV)
Sample data
• Form.I
• Quantitation reports
• Chromatograms (both primary and confirmation columns)
• Record of instrument parameters
Standard data
• Evaluation standards summary (Form VIII)
•
Standards summary (Form IX)
• Identification summary (Form X)
• Chromatograms
• Quantitation reports
• Record of instrument parameters
Raw QC data
• Blank data (Form I)
• MS/MSD data (Form I)
• Blank spike data (Form I)

For Inorganic Data:
•

•

•

Sample data
• Form.I
• Raw sample data
Standard data
• Contract Required Detection Limit (CRDL) standard for Atomic Adsorption
(AA) and Inductively Coupled Plasma (ICP) (Poon II)
• Initial and continuing calibration (Form II)
• Raw standard data
Raw QC data
• Blank summary (Form ill)
• ICP interference check sample (Form IV)
•
Spike sample recovery (Form V)
• Duplicate summary (Form VI)
• Laboratory control sample (Form VII)
• Raw sample data
• Digestion and distillation logs
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7.0

CALIBRATION PROCEDURES AND FREQUENCY

7.1

GENERAL

Measuring and test equipment used in the field and the laboratory will be controlled by formally
prescribed calibration requirements. Equipment will be of the type, range, accuracy, and precision
necessary to provide data compatible with the data quality requirements. When available,
accepted procedures published by the American Society for Testing and Materials (ASTM), the
EPA, the National Institute of Standards and Technology (NIST), or manufacturer equipment
manuals will be used. Variances from these procedures will be justified and documented in the
project-specific plans. Each calibration procedure will also include the acceptance criteria and the
conditions that will require recalibration or repair.
The frequency of calibration will be determined based on the following:
•
•
•
•
•
•
•
•
7.2

Type of equipment
Inherent stability
Manufacturer recommendations
Values given in published sources
Intended use
Instrument response to spot checks with standards
Instrument performance and response time
Experience

RESPONSIBILITIES

7.2.1

Analytical Laboratory Equipment and Instrumentation

The Laboratory Manager is ultimately responsible for ensuring that calibration requirements are
met. The laboratory will maintain documentation of calibration as required by the method and
according to contract requirements. The frequency of calibration will be as specified by the
analytical method.
Field Equipment and Instrumentation

7.2.2

The FOL at the site will be responsible to assure the following are implemented:
•
•
•
•

A list is established which includes the measuring and testing devices to be calibrated
and the frequency of calibration of these devices
The measuring and testing devices used are of the proper range, type, and accuracy for
the test being performed
A system for issuance, collection, and return of all measuring and testing devices is
developed and implemented
Methods are employed to assure proper handling, storage, and care of the test
equipment in order to maintain its required accuracy
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Coordination with the KAFB Radiation Safety Officer is ensured to obtain the
required permit to operate an X-Ray fluorescence (XRF) device at KAFB.

OUT-OF-CALIBRATION EQUIPMENT

The following procedures will be implemented for out-of-calibration equipment:
•

•
•

7.4

Any test equipment found to be out of calibration will be recalibrated. When test
equipment is found to be out of calibration, damaged, lost, or stolen, an evaluation will
be made to ascertain the validity of previous test results since the last calibration
check. If it is necessary to assure the acceptability of suspect items, the originally
required tests will be repeated using properly calibrated equipment.
Any test equipment consistently found to be out of calibration will be repaired.
Test equipment that cannot be repaired will be permanently removed from the
program and replaced. Equipment will be tagged to signify that it cannot be used for
project purposes.

CALIBRATION PROCEDURES FOR LABORATORY EQUIPMENT

Calibration procedures and frequency specified in the contract analytical laboratory's procedures
will be followed.
7.5

CALIBRATION PROCEDURES FOR FIELD EQUIPMENT

This section describes the requirements for control, calibration, adjustment and maintenance of
measuring and testing devices used in the field for performing tests. Devices will be calibrated
and adjusted at specified, predetermined intervals using equipment having known valid
relationships to recognized standards. Although the following subsections detail calibration
procedures for specific models, these are typical of calibration procedures. Calibration activities
will be performed in accordance with written instructions for the model provided. All calibration
performed will be documented on a calibration log. A typical calibration log is presented in
Figure 7-1.

mi

7.5.1

Environmental Equipment, Inc.
pH Meter
Model HDK-1940* or equivalent.
Calibration frequency - Prior to sampling on a daily basis at the start of each shift.
•
•
•

Place electrode system into container of buffer solution with a pH value nearest to
estimated pH value of sample
Immerse thermometer into buffer solution
Wait a minimum of two minutes, then set temperature control to match thermometer
indication
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Turn function selector to pH
Adjust the standardize control until the meter indicates the pH of the buffer as
determined from pH/temperature table
Turn function selector off
Remove electrode and thermometer and rinse with distilled water
Temperature

7.5.2

Environmental Equipment, Inc.
Temperature Meter
Model HDK-1940* or equivalent.
Calibration frequency - Each day prior to field activities with a National Bureau of Standards
(NBS)-calibrated thermometer.
Specific Conductivity

7.5.3

Environmental Equipment, Inc.
Specific Conductivity Meter
Model HDK-1940* or equivalent.
Calibration frequency - Prior to sampling on a daily basis
Check Zero, calibrate using internal standard ("Test" button).
*Note: pH, temperature, and specific conductivity meter have the same number because they
come as one unit from the manufacturer.
7. 5.4

Photoionization

Photoionization Detector
HNu Model Pl-101
Calibration frequency - Once at start of each shift.
•
•
•
•
•
•

Attach probe, set meter to standby position and zero the meter, check battery indicator
Attach regulator and hose to calibration gas tanks (isobutylene)
Attach end of hose to probe and turn meter switch to 0-200 scale
Open regulator, check tank pressure, and read tank calibration gas concentration
supplied with tank
With span dial set to 9. 8, read and record meter reading
If the meter reading is off from the calibration gas concentration by more than ± 5%,
the meter must be adjusted by the following procedure:
1. Remove instrument from its shell
2. Locate the pot in the middle of the upper portion of the circuit board and adjust it
until the meter reading equals the calibration gas concentration
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3. There are 2 pots on either edge of the middle of the circuit board. These are used
to check the bias adjustment between the three scales using the 0-200 scale as a
reference.
4. Replace the instrument in its shell. Record any adjustments which were made.
7.5.5

Combustible Gas

Combustible Gas Indicator (CGI)/Oxygen Meter
Mine Safety Appliances
Model260
Calibration frequency - Minimum of every other day
•
•
•
•
•
•
•
•

Tum meter on, allow time to stabilize, check battery
Adjust lower explosive limit (LEL) reading to zero percent
Adjust Oxygen Meter to 20.8 percent
Attach regulator and hose to calibration gas tank (propane)
Attach calibration hose to meter port while opening valve, read and record tank
pressure
Read LEL meter
Consult calibration book for appropriate response curve (propane)
Record meter reading and curve value
Organic Vapor Analyzer

7.5.6

Century - Foxboro Incorporated
Model OVA-128 Survey Mode
Calibration frequency - Once at start of each shift
•
•
•

•

Turn on electronics and zero instrument on X-10 scale, with the gas select dial set to
300
Tum on pump and hydrogen, ignite flame and check that instrument is in survey mode
(both backflush and inject valve in up position)
Introduce a methane standard between 90 and 100 parts per million (ppm). If meter
reading is within± 5% of the calibration gas concentration, instrument is field ready.
Record meter readings, control settings, source of standard and related information.
If the meter reading is not within ± 5% of the calibration gas concentration, the meter
must be adjusted by the following method:
1. Remove instrument internals from instrument shell
2. With meter connected to standard, adjust R-32 trimpot on circuit board to
make meter read to standard
3. Remove instrument from standard, tum off hydrogen flame, and adjust meter
to 4 ppm with the zero adjust knob
4. Switch to X-1 scale and adjust R-31 trimpot to make meter read 4 ppm
5. Return to X-10 scale and adjust meter to 40 ppm with the zero adjust knob
6. Switch to X-100 scale and adjust R-33 trimpot to make meter read 400 ppm
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7. Replace instrument internals in instrument shell, tum on and relight instrument,
and record any adjustment and all pertinent information
7.5.7

X-Ray Fluorescence Analyzer

Outokumpu Electronics
X-MET 920
Calibration frequency - Prior to field investigation
The Outokumpu X-Met 920 XRF analyzer includes an extensive menu-driven computer software
package which provides total control of the instrument. The main menu offers three basic modes
of operation: Analyses, Calibration and Maintenance. The following steps are to be performed in
the calibration mode and are required for proper calibration of the X-MET 920 XRF analyzer:
entering information on the method, selection of analyzers and their concentration ranges, setting
the measurement windows for the analytes, entering standard samples composition, and the
construction of calibration equations with the regression analysis method. Each step is briefly
discussed below:
1. Entering general information on the method: method name, calibration date, the operator's
name, and which probe will be used for analysis.
2. Selection of analytes and determination of their concentration ranges: Analyte selection
should include not only the elements that are being analyzed, but also other matrix elements
and backscatter. Select the measurement unit (i.e., ppb, ppm, % or other unit). The
concentration range is selected to best fit the anticipated concentration ranges of on-site
samples.
3. Setting the measurement windows for the analytes: The measurement windows identify areas
in the spectrum where analytical signals correspond for each element, allowing for a
quantitation of the element. There are two methods for setting these windows: use existing
reference spectra stored on the hard disk, or generate new data by measuring single element
samples provided with the instrument. Spectra needed for the calibration that are not present
in the memory are listed on screen by the X-MET 920. The 920 software will then prompt for
each single element standard to be measured, until all windows have been set. With the
recorded spectra, the software automatically calculates correction factors, allowing for a
conversion of raw counts to net counts for each analyte.
Manual selection of window limits can be accomplished after all measurement windows are
selected. A spectrograph depicting the analytical windows will be automatically displayed to
allow the user to adjust the window limits. As a window limit is changed, the band
representing the element in the spectra will reflect the new size of the measurement window.
4. Entering standard samples composition: Standards are utilized to establish instrument
calibration curves. These standards are samples, representative of the on-site material to be
analyzed, with concentration values for each element as determined by a fixed laboratory. The
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user will enter the analytical concentration values for each calibration sample. When all values
for each element have been entered, the user will be prompted to place the sample into the
probe for measurement. All standards entered on the initial status screen are analyzed at this
time. When these measurements have been completed, the program will then enter the
regression portion of the calibration.
5. Construction of calibration equations with the regression analysis method: Calibration
equations are developed using the Least Square Fit Regression analysis. Regression terms are
selected by the user; the software then develops a mathematical equation to calculate the
concentration of each analyte for an unknown sample. To select a term to be included in the
regressed calibration curve, move the highlighted bar to the term of interest and enter.
Continue until all desired terms have been selected for the calibration equation. The
regression equation is constructed automatically by pressing Fl-the Regress Key. The user is
advised to develop the best regression equation possible, determined by a correlation
coefficient close to one, a minimal Sum of Squares for Error value, and T factors with an
absolute value greater than 2.5. The "fit" of the equation can be displayed graphically
(plotting the line of the given vs. calculated assay values) by pressing F4-the Residuals Key.
Construction of the calibration equations is completed upon selection of the appropriate
regression terms for each analyte and reanalysis of one of the calibration samples.
7. 5. 8

Field Gas Chromatograph

Photovac Incorporated conducts an instrument calibration after manufacturing or repair and
includes the chromatogram as a component of that instrument's instruction manual. A check of
the instrument's performance can be accomplished by duplicating the factory calibration check
and comparing the results. Since the Photovac is not a direct readout instrument and instrument
response can be checked by running standards and comparing retention times on different days, it
is recommended that a calibration be performed by running standard only. This should be
performed before, during, and after an analysis. The concentration and identity of the standards is
left up to the user, but it is recommended that an aromatic (e.g., benzene) and chlorinated
hydrocarbon (e.g., trichloroethylene) be included. Calibration should be performed as follows:
1. Prepare a standard for water or air analysis. Most standards run on the Photovac
range from O. 5 - 1. 0 ppm. Pre-made standards are available from lab supply houses as
well.
2. Obtain a syringe with a side-venting needle and withdraw an aliquot of headspace gas
that will result in peaks that are large enough to see and not run so large that they do
not fit on the chart paper (Note: Water standards should be vigorously shaken for
approximately two minutes before an aliquot is taken for injection).
3. Compare peaks of identical standard injections made before, during, and after
analyses.
4. If peak heights of the above injections change significantly, note the sensitivity lost or
gained on the chart paper and include this information on the resulting report.
5. Use the preshipment chromatograph to check machine performance when required due
to suspicious results or after repairs.
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Metal detectors normally are not calibrated, and only relative response is of interest. Periodically,
the sensitivity should be checked by nulling the instrument at a fixed location known to be free of
metal, and adjusting the gain to provide a proper response over a known target.
7.5.10

Magnetometers

Magnetometer readings should be compared regularly to readings of a reference base station
magnetometer; this procedure is necessary if corrections are to be made for changes in the earth's
magnetic field over time. Absolute calibration should be performed periodically by use of a
reference magnet or a standard laboratory electromagnet. Calibration should be recorded on an
instrument calibration sheet, a copy of which accompanies the instrument to the field. Fluxgate
magnetometers are inherently calibrated except for the crystal-controlled :frequency counter,
which requires periodic laboratory calibration.
7.5.11

EMI Survey

EMI instruments are calibrated by the manufacturer over massive outcrops of known
characteristics which are used as geological standards to measure the absolute conductivity over a
uniform section of the earth. The EMI apparatus should be maintained in calibration by the user
by noting drift in the readings at a stable secondary standard site. A secondary standard site is a
location established in the field which is used to check the accuracy (precision) of the instrument.
A secondary standard site is a location that the user of the instrument uses daily on large projects
much the same way the manufacturer uses the massive outcrop for precision and accuracy
determination.
Unacceptable drift or erratic operation will be corrected by replacement with an instrument in
proper working order. Values that are obtained from measurements over the stable secondary
standard site which vary by more than I 0-15% are considered to be unacceptable drift.
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ANALYTICAL PROCEDURES

Project-specific plans will list all field and laboratory analytical method detection limits, etc. to be
used for each project. The list will provide the reference and source of each method. A copy of
nonstandard methods will be included in the project-specific plans as required. A discussion of
the effects of any modifications made to the methods will be included.
8.1

LABORATORY ANALYSES

The project-specific plans will present the requirements relevant to analyses of samples collected
during environmental restoration activities. Analytical methods for chemical analysis are taken
principally from the latest revision and update of Test Methods for Evaluating Solid Waste, SW846 Third Edition (EPA, 1986); Methods for Chemical Analysis of Water and Wastes, EPA
Manual 600/4-79-020; and American Society for Testing and Materials, Annual Book of ASTM
Standards, Volume 04.08. A listing of typical methods, detection limits, etc., that may be used
can be found in Table 8-1.
Analytical methods for radiochemical analysis are taken principally from the following sources:
•

•
•
•
•

•
•

•
•
•

"Prescribed Procedures for Measurement of Radioactivity in Drinking Water," EPA
Environmental Monitoring and Support Laboratory, Cincinnati, OH (EPA-800/4-80032, August 1980).
"Interim Radiochemical Methodology for Drinking Water," EPA-600/4-75-008,
March 1976.
Eastern Environmental Radiation Facility, Montgomery, AL, "Radiochemical
Procedures Manual," EPA 520/5-84-006, August 1984.
"Radiochemical Analytical Procedures for Analysis of Environmental Samples,"
EMSL-LV-0539-17, March 1979.
"Standard Methods for the Examination of Water and Wastewater," 17th Edition,
American Public Health Association, American Water Works Association, Water
Pollution Control Federation, 1989.
Annual Book of ASTM Standards, Vol. 11.02, American Society for Testing and
Materials.
"Methods for Determination of Radioactive Substances in Water and Pluvial
Sediments," Book 5, 1989. Techniques of Water Resources Investigations of the
United States Geological Survey, Chapter AS.
Environmental Measurements Laboratory, US Department of Energy, "EML
Procedures Manual, 27th Edition."
Method 913-Radon in drinking water by liquid scintillation, Environmental Monitoring
and Support Laboratory, Las Vegas, NV.
Appendix D, Analytical Test Procedure, "The Determination of Radon in Drinking
Water," p 22, Two Test Procedures for Radon in Drinking Water, Interlaboratory
Collaborative Study, EPA/600/2-87/082, March 1987.
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Table 8-1
Listing of Analytical Methods for Chemical Analysis
Page 1 0 f6
Parameter

Method

Analyte(4)

Practical Quantitation

Practical Quantitation

Limit<1>

Limit(!) (2)

Water (ug!L) A
Petroleum
Hydrocarbons(3)

SW-846
3550/EPA418.l(S)

ICPMetals*

SW-846
3050/6010(S)
3005/6010 (W)

Aluminum
Barium

0.02

2
0.3

Cadmium

0.04

4

Calcium

0.1

10

Cobalt

0.07

7

Copper

0.06

6

Iron

0.07

7

Magnesium

0.3

30

Manganese

0.02

2

Molybdenum

0.08

8

Nickel

0.15

15

5.0

500

Sodium

Mercury
Vapor AA)*

(Cold

50

0.003

Silver

SW-846 8015

0.5

30

Beryllium

Potassium

Nonhalogenated Volatile
Organics*

Soil (mg/kg) B

-

0.07

7

0.3

30

Vanadium

0.08

8

Zinc

0.02

2

50

1

0.001

0.1

0.005

0.5

0.005

0.5

0.005

0.5

TPH - Gasoline Range

(W&S)
SW-846 7471(S)
SW-846 7470(10)

Arsenic
Furnace)*

(Graphite

Selenium
Furnace)*

(Graphite

Lead (Graphite Furnace)*

Nitrate*
Antimony*

Kirtland Air Force Base

SW-846
3050/7060
<W&S)
SW-846
3050/7740
(W&S)
SW-846
3050/7421
3020/7421 (W)
E353.2 (W)
SW-846
3050/7041(S)
3020/7041 (W)

0.1
0.005

0.5
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Table 8-1 (Cont'd)
Listing of Analytical Methods for Chemical Analysis
Page 2 0 f6
Parameter

Method

Analyte(4)

Practical Quantitation

Practical Quantitation
Llmit(1)(2)

Limit(l)

Water (ug/L) A
Thallium*

SW-846
3050/784l(S)
3020/7841 (W)
SW-846
3050/7191(S)

Chromium*

Soil (mg/kg) B

0.001

0.1

0.005

0.5

0.2

-

100

0.1

3020/719l(W)
Sulfate*
Volatile
Compounds

E375.4(S);
SW9058
Organic

SW-846
8240(S& W)

Acetone
Benzene

5

0.005

Bromodichloromethane

5

0.005

Bromoform

5

0.005

10

o.oi

Bromomethane
2-Butanone

100

0.1

Carbon disulfide

5

0.005

Carbon tetra.chloride

5

0.005

Chlorobenzene

5

0.005

Dibrornochlorornethane

5

0.005

Chloroethane

10

0.01

2-Chloroethyl vinyl ether

10

0.01

5

0.005

Chloroform
Chlorornethane

10

0.01

1, 1-Dichloroethane

5

0.005

1,2-Dichloroethane

5

0.005

l, 1-Dichloroethene

5

0.005

trans-1,2-Dichloroethene

5

0.005

1,2-Dichloropropane

5

0.005

cis-1,3-Dichloropropene

5

0.005

trans-1,3-Dichloropropene

5

0.005

Ethylbenzene

5

0.005

2-Hexanone

50

0.05

5

0.005

Methylene chloride

50

0.05

Styrene

5

0.005

4-Methyl-2-pentanone
l,l,2,2-Tetra.chloroethane

5

0.005

T etra.chloroethene

5

0.005

Toluene

5

0.005

1,1,l-Trichloroethane

5

0.005

l, 1,2-Trichloroethane

5

0.005

Trichloroethene

5

0.005

50

0.05

Vinyl acetate
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Table 8-1 (Cont'd)
Listing of Analytical Methods for Chemical Analysis
p age 3 of6
Parameter

Method

Analyte(4)

Kirtland Air Force Base

SW-846
3550/8270($)
3510/8270(W)

Practical Quantitation

Water (uglL) A

Soil (mg/leg) B

Limit<1>

Limit<l)(2)

10

0.01

Xylene (Total)

5

0.005

Acenaphthene

10

660

Vinyl chloride
Base/Neutral Extractable
Semivolatile Organics**

Practical Quantitation

Acenaphthylene

10

660

Anthracene

10

660

Benzo(a)anthracene

10

660

Benzo(b)fluoranthene

10

660

Benzo(k.)fluoranthene

10

660
660

Benzo(g,h,i)perylene

10

Benzo(a)pyrene

10

660

Benzyl alcohol

20

1300

Bis(2-chloroethoxy)methane

10

660

Bis(2-chloroethyl)ether

10

660

Bis(2-chloroisopropyl)ether

10

660

Bis(2-ethylhexyl)phthalate

10

660

4-Bromophenyl phenyl ether

10

660

Butyl benzyl phthalate

10

660

4-Chloroaniline

20

1300

2-Chloronaphthalene

10

660

4-Chlorophenyl phenyl ether

10

660

Chcysene

10

660

Dibenz(a,h)anthracene

10

660

Dibenzofuran

10

660

Di-n-butylphthalate

10

660

1,2-Dichlorobenzene

10

660

1,3-Dichlorobenzene

10

660

1,4-Dichlorobenzene

10

660

3,3'-Dichlorobenzidine

20

1300

Diethyl phthalate

10

660

Dimethyl phthalate

10

660

2,4-Dinitrotoluene

10

660

2,6-Dinitrotoluene

10

660

Di-n-octylphthalate

10

660

Fluoranthene

10

660

Fluorene

10

660

Hexachlorobenzene

10

660

Hexachlorobutadiene

10

660

Hexachlorocyclopentadiene

10

660

Hexachloroethane

10

660
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Table 8-1 (Cont'd)
Listing of Analytical Methods for Chemical Analysis
Page 4 0 f6
Parameter

Acid
Extractable
Semivolatile Organics**

Pesticides and PCBs**

Kirtland Air Force Base

Method

SW-846
3550/8270(S)
3510/8270 (W)

SW-846
3550/8080(S)

Analyte(4)

Practical Quantitation

Practical Quantitation

Limit<!)

Limit(l)(2)

Water (ug/L) A

Soil (mg/kg) B

Indeno( 1,2,3 )pyrene

IO

660

Isophorone

10

660

2-Methylnaphthalene

10

660

Naphthalene

IO

660

2-Nitroaniline

50

3300

3-Nitroaniline

50

3300

4-Nitroaniline

50

3300

Nitrobenzene

IO

660

N-Nitrosodiphenylamine

10

660

N-Nitrosodipropylamine

IO

660

Phenanthrene

10

660

Pyrene

10

660

1,2,4-Trichlorobenzene

10

660

Benzoic acid

50

3300

4-Chloro-3-methylphenol

20

1,300

2-Chlorophenol

IO

660

2,4-Dichlorophenol

IO

660

2,4-Dimethylphenol

IO

660

4,6-Dinitro-2-methylphenol

50

3,300

2,4-Dinitrophenol

50

3,300

2-Methylphenol

10

660

4-Methylphenol

IO

660

2-Nitrophenol

IO

660

4-Nitrophenol

50

3300

Pentachlorophenol

50

3,300

Phenol

10

660

2,4,5-Trichlorophenol

50

3,300

2,4,6-Trichlorophenol

IO

660

Aldrin

0.04

3

Alpha-BHC

0.03

2

Beta-BHC

0.06

4

Delta-BHC

0.09

6

Gamma-BHC

0.04

3

Chlordane

0.14

9

4,4-DDD

0.11

7

4,4-DDE

0.04

3

4,4-DDT

0.12

8

Dieldrin

0.02

IO

Endosulfan I

0.14

9
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Table 8-1 (Cont'd)
Listing of Analytical Methods for Chemical Analysis
page5of 6
Parameter

Aromatic
Organics**

Volatile

Method

SW-846
5030/8020(S)

Analyte(4)

Practical Quantitation

Practical Quantitation

Limit<1>

Limit(!) (l)

Water (ug/L) A

Soil (mg/kg) B

Endosulfan II

0.04

3

Endosulfan sulfate

0.66

40

Endrin

0.06

4

Endrin Aldehyde

0.23

20

Heptachlor

0.03

2

Heptachlor epoxide

0.83

60

Methoxychlor

1.76

100

Toxaphene

2.4

200

PCB-1016

l

1,000

PCB-1221

l

1,000

PCB-1232

l

1,000

PCB-1242

l

1,000

PCB-1248

l

1,000

PCB-1254

1

1,000

PCB-1260

1

1,000

Benzene

2

2

Chlorobenzene

2

2

1,4-Dichlorobenzene

3

3

1,3-Dichlorobenzene

4

4

1,2-Dichlorobenzene

4

4

Ethylbenzene

2

2

Toluene

2

2

Xylenes

2

2

NA

NA

Soil Moisture

ASTM D-2216-80

Gross Alpha/Gross Beta

SW-846
9310(S&W)

(5)

Pl

Alpha Emitting Radium
Isotopes

SW-846
9315(S&W)

(5)

VJ

Radium-228

SW-846
9320(S&W)

(5)

Aromatic
Polynuclear
Hydrocarbons**

SW-846
3550/8310(S)

Kirtland Air Force Base

,,,
18

1,200

Acenaphthylene

23

1,540

Anthracene

6.6

440

Acenaphthene

Benzo(a)anthracene

0.13

9

Benzo(a)pyrene

0.23

15

Benzo(b)fluoranthene

0.18

12

Benzo(g,h,i)perylene

0.76

50

Benzo(k)fluoranthene

0.17

11

Chrysene

1.5

100

Dibenz(a,h)anthracene

0.3

20
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Table 8-1 (Cont'd)
Listing of Analytical Methods for Chemical Analysis
p age 6 of6
Parameter

Analyte(4)

Method

Practical Quantitation
Limifll

Practical Quantitation
Limit(l) <2>

Water (ug/L) A

Soil (mg/kg) B

Fluoranthene

2.1

140

Fluorene

2.1

140

0.43

30

Naphthalene

18

1,200

Phenanthrene

6.4

420

Pyrene

2.7

180

Indeno( 1,2,3-cd)pyrene

Tritium

EPA906.0

Tritium

Dissolved Oxygen

DO meter

Oxygen

Carbon Dioxide

RSKSOP-114 Mod.

Carbon dioxide

Ferrous Iron (iron II)

A3500-FeD

Ferrous iron

Methane

RSKSOP-114 Mod

Methane

Sulfate

SW9056

Sulfate ion

Sulfide

Hach Model HS-C

Dissolved Sulfide

Chloride

A4500-ClC

Chloride

Conductivity

SW9050

Conductivity

Redox Potential

A2580B

Redox potential

(1)

Practical quantitation limits as per SW-846(Third Edition, Final Update).
Detection limits for soil samples are determined by adjusting for percent moisture and dilutions used for sample preparation.
(3)
Air Force approval will be obtained prior to the use ofEPA Method 418. l
(4)
Instrument detection limits are reported for metals analytes only. The method detection limits are listed for all other analytes.
(5)
Establish PQLs prior to analysis.
Not found in literature review.
NA
Not applicable.
ND
Not determined.
HACH HACH Company Catalog (1990)
"fl:'
Standard Methods for the Examination of Water and Wastewater, 18 edition, 1992
RSKSOP Robert S. Kerr (EPA Laboratory) Standard Operating Procedure.
(2)

A:

Except where indicated with an asterisk

B:

Except where indicated with double asterisk

*·
**·

PQL is ug,'kg

PQLismg/L
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FIELD ANALYSES

Field analyses to be performed at the site may include: Gross alpha/beta, Field GC, and XRF
analysis. The procedures for these analyses are provided in the FSP.
8.3

DETECTION AND QUANTITATION LIMITS

8.3 .1

Terminology
•

•

•

•

8.3.2

Detection - The act of measuring the presence and amount of component(s) present in
a sample. GC/MS analyses are especially useful for detection. Two types of detection
are routinely needed:
1. Identification of the presence of target organics or of broad spectrum organics
in a sample when there is no information regarding what the sample may
contain.
2. Confirmation of target compounds known or suspected to be present in a
sample, especially when interferences are encountered or suspected.
Instrument Detection Limit (IDL) - The minimum concentration of a compound that
can be measured and reported with a 99 % confidence that the value is above zero
using a particular instrument.
Method Detection Limit (MDL) - The minimum concentration of a compound that can
be measured and reported with 99 percent confidence that the value is above zero
using a particular method. It is determined from analysis of a sample in a given matrix
containing the analyte (40 CFR Part 136, Appendix B)
Practical Ouantitation Limit (POL) - The lowest level that can be reliably achieved
within specified limits of precision and accuracy during routine laboratory operating
conditions.
Values

Table 8-1 presents the practical quantitation limits as per SW-846 for the analytical parameters.
IDLs or MDLs are instrument dependent. Therefore, detection limits could change as new or
different instrumentation is used or new detection limit studies are completed. The projectspecific QAPP will specify the method or instrument detection limits based on the ability of
individual laboratories to meet the PQLs and based on the method and instrument used.

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

VOLUMEII
SECTION9.0

9.0

PARTII- APP
Pa e1of4

REVISION# FINAL
DATE: March 3, 1995

INTERNAL QUALITY CONTROL CHECKS

This section describes all specific QC checks to be addressed for both field and laboratory analysis
in order to comply with the requirements of the project investigation.
9.1

FIELD QUALITY CONTROL CHECKS

QC procedures for field measurements will include:
•
•
•
•

Calibrating the instruments as described in Section 7.0 of this QAPP
Measuring duplicate samples
Checking the reproducibility of measurements by taking multiple readings on a single
sample or reference standard
Comparing field measurements with NIST or other approved and traceable standards

QC samples will be collected using methods described in the FSP to evaluate the quality of the
associated samples. The field QC samples will include the following at the recommended
frequencies:

•

•
•

•

•

•

Trip blank - One sample cons1stmg of deionized water will accompany every
shipment or cooler, whichever is more frequent, of soil and water samples sent to the
laboratory for volatile analysis. This sample is to be analyzed for volatile compounds
only.
Ambient air blank - One during each VOC sampling round. The sample is to be
analyzed for VOCs only.
Equipment blank - One by each sampling team on each day of sampling. Sampling
equipment blanks will be collected immediately after the equipment has been
decontaminated. This blank will be analyzed for all laboratory analyses requested for
environmental samples collected at the site.
Field Duplicates - Field duplicates will be collected at a frequency of ten percent of
all water samples. Both the sample and its associated duplicate will be analyzed for
the same parameters in the laboratory.
Field Replicates - Field replicates will be collected at a frequency of ten percent of all
soil and sediment samples. Both the sample and its associated replicate will be
analyzed for the same parameters in the laboratory.
Type II Reagent-Grade Water - Either a manufacturer's certification that verifies
that the quality of the Type II Reagent-Grade Water meets ASTM D1193-77
requirements or analytical data that shows it to be free of analytes and contaminants
that may interfere with the required laboratory analyses will be provided.
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LABORATORY QUALITY CONTROL CHECKS

Laboratory QC checks include several procedures to assess laboratory accuracy and precision.
Types oflaboratory quality control samples to be used during the present study are:
•

•

•

•

•

Method Blanks. Method blanks consist of an analyte-free matrix to which all
reagents are added in the same volumes or proportions as used in sample processing.
For most analyses, a method blank is analyzed daily, at a frequency of one per 20
samples. The method blank should be carried through the complete sample
preparation and analytical procedure. The method blank is used to document
contamination resulting from the analytical process. For a method blank to be
acceptable for use with the accompanying samples, the concentration in the blank of
any analyte of concern should not be higher than the highest of either:
I. The method detection limit, or
2. Five percent of the regulatory limit for that analyte, or
3. Five percent of the measured concentration in the sample.
Calibration Blanks. Calibration blanks are prepared with standards to create a
calibration curve. They differ from the other standards only by the absence of analyte
and provide the 11 zero-point 11 for the curve. A linear regression is established with a
point at the origin. This is associated with an initial calibration.
Internal Standards. Internal standards are measured amounts of certain compounds
added after sample preparation or extraction. They are used in an internal standard
calibration method to correct sample results suffering from capillary column injection
losses, purging losses, or viscosity effects. Internal standard calibration is currently
used for volatile and semivolatile organic extractables by GC/MS.
Surrogates. Surrogates are measured amounts of certain compounds added before
sample preparation or extraction. The amount spiked is dependent on the method of
analysis. The recovery of a surrogate is measured to determine systematic extraction
problems. Surrogates are added to all samples analyzed for chlorinated pesticides,
GC/MS extractables, volatiles, and GC volatiles.
Matrix Spikes. Matrix spikes are aliquots of samples to which known amounts of
analyte have been added. They are subjected to the same sample preparation or
extraction procedure and analyzed as samples. The amount of spike added will be as
specified in the analytical method. Spikes are prepared and analyzed at a frequency of
at least one per 20 project samples. The percent spike recovery measures sample
matrix interference effects, and reflects the accuracy of the determination. Percent
spike recoveries are calculated as follows:

%REC= SR-USR x JOO
SA

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

VOLUME II
SECTION9.0

REVISION# FINAL
DATE: March 3, 1995

where,
SR
USR
SA

•

the observed analyte concentration in the spiked sample
the analyte concentration in the original sample
the analyte concentration added to the spiked sample.

Duplicates and Matrix Spike Duplicates. Duplicates are additional aliquots of
samples subjected to the same preparation and analytical scheme as the original
sample. In cases where a stable, reproducible standard is available, matrix spike
duplicates are substituted for duplicates. Duplicates (or matrix spike duplicates) are
prepared and analyzed on a daily basis and at a frequency of at least one per every 20
samples. The RPO between duplicates or matrix spike duplicates measures the
precision of a given analysis. RPDs are calculated as follows:

%RPD =

RJ-R2

Rav

X

JOO

X

JOO

or
%RPD =

SJ-S2
Sav

where,
Rl and R2 ==
SI and S2 ==
Rav
Sav

•

duplicate determinations of the analyte in the sample
the observed concentrations of analyte in the spike
and its duplicate
(Rl+R2)/2
(Sl+S2)/2

Laboratory Control Standard/Laboratory Control Standard Duplicate
(LCS/LCSD). Laboratory control standards are aliquots of organic-free or deionized
water to which known amounts of analyte have been added for water matrices. Other
reference materials may be used for other matrices. They are subjected to the sample
preparation or extraction procedure and analyzed as samples. The stock solutions
used for LCSs are purchased or prepared independently of calibration standards. The
LCS recovery tests the function of analytical methods and equipment. LCS/LCSDs
are prepared and analyzed on a daily basis or at a frequency of one per 20 samples.
Laboratory control limits are calculated when 20 data points become available.
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In addition to the aforementioned quality control samples, the following QC parameters are
utilized as part of the QA/QC program for environmental samples collected at Kirtland AFB:
•
•
•

•
•

Holding Times. Holding time compliance (see Table 5-1) is carefully monitored
through internal laboratory procedures.
ICP Interference Check Samples. These samples are run, as necessary, as a check
on interelemental interferences during ICP analyses.
Single Spike Analysis for Metals Analyzed by Furnace. Each sample is run as a
post-digestion spike. Where matrix interference is indicated, the sample is run by
Method of Standard Additions (MSA).
ICP Internal Standardization. Internal standardization is an acceptable substitute
for MSA in ICP analyses, and may be used by the analytical laboratory.
ICP Linear Ranges. Are evaluated on a quarterly basis and will be reported by the
analytical laboratory.
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10.0

DATA VALIDATION, REDUCTION, AND REPORTING

IO.I

DATA VALIDATION

The following section describes the procedures pertaining to data validation of both the field and
the analytical laboratory data.
Laboratory Data

10.1.1

Laboratory data will be validated according to procedures outlined in the current EPA Functional
Guidelines for Evaluating the Organic and Inorganic Analyses (Functional Guidelines), EPA
Region 6 guidance, USACE requirements and USAF guidance. For analytical methods with
nonexistent data validation guidelines, SOPs will be developed prior to evaluation. These
procedures will be approved by the USACE prior to implementation.
Criteria to be evaluated for organic analyses include, but are not limited to, a review of the COC,
holding times, instrument calibration, all blanks (including method, trip, ambient air, and
equipment), laboratory verification of quantitation limits, preparatory batch control records,
laboratory corrective actions, formula used for analyte quantitation, examples of analyte
quantitation, instrument performance calibration, surrogate system monitoring compounds
recovery, MS&1SD analyses, internal standards performance, compound identification, reported
detection limits and TICs, as well as overall data completeness. Results which do not meet
acceptable criteria as provided in the Functional Guidelines or SOPs will be qualified with the
appropriate qualifier code.
Criteria to be evaluated for inorganic analyses include, but are not limited to, a review of the
COC, holding times, instrument calibration, all blanks (including preparatory, calibration, and
equipment), laboratory verification of detection limits, preparatory batch control records,
laboratory corrective actions, formula used for analyte quantitation, examples of analyte
quantitation, instrument performance evaluation, Inductively Coupled Plasma (ICP) interference
check, MS&1SD analyses, laboratory control sample review, review of furnace analytical spike
recovery or method of standard additions, serial dilution analyses, as well as overall data
completeness. Results which do not meet acceptable criteria as provided in the Functional
Guidelines or SOPs will be qualified with the appropriate qualifier code.
Following the validation procedure, a summary report will be prepared which briefly outlines the
rationale for and the significance of all qualifier codes applied to the analytical data. The
following data validation qualifiers may be added to the data based upon the merit of the QC
results associated with the data:
U
R

Value is a non-detect as reported by the laboratory, or has been qualified as a false
positive based on contamination found in associated blanks.
Value is considered to be unreliable and is unusable due to significant
noncompliance with associated quality control criteria.
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Positive value is considered to be an estimate based on associated QC parameter
exceedances.
Detection limit is considered to be estimated based on associated QC parameter
exceedances.

The summary report will be formatted to address usability issues and will be presented in a
manner which will be easy to follow. The report will be prepared and submitted as stated in the
Data Management Plan (DMP).
10.1.2

Field Records

Field documentation will ensure sample integrity and provide sufficient technical information to
recreate each field event. All field data will be reviewed to ensure that:
•
•
•
•
•
•

Proper field procedures are implemented
Appropriate documentation is available for each activity
Field instruments are calibrated as required
Required number and type of field QC samples are collected
Numerical value and units of each field measurement are documented
Field equipment is decontaminated as specified

Any deficient condition that may potentially affect the sample integrity and/or data quality will be
discussed with the field personnel immediately upon discovery. Field corrective measures will be
implemented as discussed in the FSP. A report identifying all deficient conditions will be prepared
and submitted as stated in the DMP.
10.2

DATAREDUCTION

Data reduction frequently includes computation of analytical results from raw instrument data and
summary statistics, including standard errors, confidence intervals, test of hypothesis relative to
the parameters, and model validation. Procedures address the reliability of computations and the
overall correctness of the data reduction. The numerical transformation algorithms used for data
reduction will be verified against a known problem set to ensure that the reduction methods are
correct. Standard analytical procedures will be used for analytical and data reduction.
The data generated will be used to satisfy individual project requirements. The equations and the
typical calculation sequence that should be followed to reduce the data to the acceptable format
are instrument- and method-specific.
Auxiliary data produced for internal records and not reported as part of the analytical data include
the following: laboratory worksheets, laboratory notebooks, sample tracking system forms,
instrument logs, standard records, maintenance records, calibration records, and associated QC.
These sources will document data reduction and will be available for inspection during audits and
to determine the validity of data.
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A multidisciplinary team (e.g., chemists, hydrologists, QA officers) will review field records and
laboratory data to determine if any environmental data are not representative of environmental
conditions due to deviations from acceptable field or laboratory practices. Such data will not be
used.

I 0.3

REPORTING

Following validation, a data validation report summary will be prepared to be used for final data
evaluation purposes. This report will identify the reason for all qualifiers added during the data
validation process. All laboratory problems or results not meeting QC criteria will also be
identified.
All data deliverables will be reported in electronic/IRPIMS format.
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The purpose of performance and system audits is to assure that the sampling and analysis
activities are performed in accordance with the procedures established in the FSP and the QAPP.
The field and laboratory audits include two independent parts: internal and external audits.
Internal audits of field activities will be conducted by the Project QA Manager, QAO, or their
designee. External audits of field activities may be conducted by Kirtland AFB, USACE, or other
government agencies, as needed. Internal audits of laboratory activities will be conducted by the
analytical laboratory's QA Manager or his/her designee. External audits of laboratory activities
may be conducted by the Project QA Manager, Kirtland AFB, USACE, or other government
agencies, as needed.
11.2

FIELD SYSTEM AUDIT

Shortly after field systems are operational, the Project QA Manager, QAO, or their designee will
conduct a field audit covering, at a minimum, the following on-site activities:
•
•
•
•
•
•
•
•

11.2.1

Organization and Responsibility - To determine whether the quality assurance
organization is operational
Collection of samples - To assure that written procedures are available and are being
followed
Chain-of-Custody procedures - To assure that the appropriate steps have been
followed in the traceability of sample origin
Operational procedures - To assure that the appropriate QC checks are being made in
the field and records of these checks are maintained
Equipment and Instruments - To determine that specified equipment and instrument is
available and in working order
Training - To assure that sampling crews are adequately trained
Records - To assure that record-keeping procedures are operational
Corrective action - To verify that the appropriate chain of command is followed in
responding to out-of-control situations and that they are properly reported
Resolution of Discrepancies

If there are any discrepancies, deficiencies or indeterminate results, the individual performing the
audit will take the necessary action to ensure appropriate corrective actions are taken and
completed prior to documenting acceptance of the activities performed. If resolution cannot be
reached, work will be stopped by the Project QA Manager and the problems will be brought to
the attention of the Project Manager or delegated representative to attain resolution.

The Project Manager or delegated representative will evaluate the problems, provide solutions,
and verify implementation of solutions prior to allowing the activity to resume.
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Nonconformance/Stop-Work will be implemented as described in Section 14.0 of this plan.
11.3
11. 3 .1

LABORATORY PERFORMANCE AND SYSTEM AUDITS
Performance Audits

Performance audits will be conducted by using performance evaluation (PE) samples and blind
QC samples to assess the laboratory precision and accuracy of the total measurement system or
portions thereof The frequency of these audits will depend on the nature of the site being
investigated and the end use of the analytical data.
11.3.2

System Audits

System audits will include examination of laboratory documentation on sample receiving, sample
log-in, sample storage, COC procedures, sample preparation and analysis, calibration and
instrument operating records, personnel training and qualification, and nonconformance reporting
and resolution.
Any discrepancies identified during the audit will be resolved and corrected as discussed in
Section 14. 0 of this plan.
11.4

AUDIT REPORTS

Field and laboratory audits will be documented in audit reports. Each audit report will identify the
auditor and the activities audited at the site or in the laboratory. Individuals contacted and their
functional roles will be identified in the report.
A typical audit report will identify conformance and non-conformance with SOPs and technical
requirements. If resolution to non-conformances is obtained during ihe audit, the audit report will
identify the resolution. Other discrepancies will be addressed as discussed in Section 14.0 of this
plan.
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The objective of the preventive maintenance program for sampling and analytical equipment is to
avoid generating spurious environmental measurements that could endanger site personnel, lead
to inappropriate remedial responses, or impede an enforcement action. An adequate preventive
maintenance program increases reliability of a measurement system and prevents instruments and
equipment from failing during use. The following factors will be addressed in each projectspecific preventive maintenance program:
•
•
•

Instruments and equipment that are subject to wear, deterioration, or other changes in
operational characteristics
Spare parts necessary to minimize down time
Optimum frequency of maintenance as depicted in equipment maintenance schedules

Analytical laboratories will have SOPs for preventive maintenance of each measurement system
and necessary support equipment. Laboratory maintenance activities will be documented in
logbooks.
Field sampling and analytical equipment maintenance will be conducted as
recommended by the instrument manufacturer. Field maintenance activities will be documented in
dedicated logbooks.
12.2

FIELD SAMPLING AND ANALYTICAL EQUIPMENT

All sampling and analytical equipment will be maintained to the manufacturers' specifications and
in operational condition. Routine preventive maintenance as well as per-use inspections and
checkout will be conducted to assure proper operation of the various pieces of equipment.
Preventive maintenance procedures for field analytical equipment are shown in Table 12-1.
12.3

SUPPORT EQUIPMENT

Support equipment is defined as all equipment not previously discussed that will at some point be
required for completing an environmental monitoring or measurement task. This equipment may
include safety devices, storage and transportation containers, wind indicators, cameras, and
communications gear. For preventive maintenance purposes, support equipment should be
periodically inspected to maintain the performance standards necessary for proper and efficient
execution of all tasks and responsibilities. Appropriate and sufficient replacement parts or
equipment will be available for all of these categories of equipment so that sampling and
monitoring tasks are not substantially impeded or delayed.
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Table 12-1
Preventive Maintenance Procedures for Field Instruments

pH Conductivity, Oxidation/
Reduction
Potential
and
Temperature Meter

CGl/O en Meter
Photoionization Detector

OVA

OVA (continued)

XRF Spectrometer

GC Photovac 10570

Kirtland Air Force Base

Clean instrument, wipe cups and
leads

After each use

Battery check

Daily

Factory check-out and cahbration

As needed
Char e full after each use in field
Yearly or when malfunctioning

Wipe down read-out unit

After each use

Clean UV light source window

Every two weeks or as use and site
conditions dictate

Clean the ionization chamber

Monthly

Clean the ionization chamber

After each use
Monthly

Recharge battery

After each use

Check particle filters

Daily

Check quad rings

Weekly

Clean burner chamber

Weekly

Secondary calibration check

Prior to project start-up

Primary calibration check
Leak check

Monthly or if secondary check is off by
more than + 10%
Daily

Check pumping system

Prior to project start-up

Replace charcoal

After 120 hours of operation or when
background readings are higher with the
inject valve down than with the inject
valve up in a clean environment

Facto Services
Replacement of the X-Ray source

At least annuall
Once every 18 months

Wipe all computer components

After each use
Dail
Dail

Base-Wide Plans for the Installation Restoration Program

VOLUMEII
SECTION 12.0

12.4

REVISION# FINAL
DATE: March 3, 1995

LABORATORY ANALYTICAL EQUIPl\IBNT

As part of their QNQC program, a routine preventive maintenance procedures will be

implemented by the analytical laboratory. This will minimize the occurrence of instrument failure
and other system malfunctions. Designated laboratory personnel will regularly perform routine
scheduled maintenance and repair of all instruments. All laboratory instruments will be
maintained in accordance with manufacturers' specifications.
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DATA ASSESSl\,ffiNT

The goal of the program is to provide analytical data of consistent and known quality for
determining the nature and extent of contamination, assessing risks, instituting remedial actions,
and/or identifying and mitigating threats to public health and the environment. Protocols and
methodologies are therefore designed to provide data of known quality in strict accordance with
QA procedures and COC requirements.
13.1
13 .1.1

FORMULAS
Precision

Multiple aliquots of the samples are spiked and each aliquot is treated exactly the same
throughout the analytical method. Spikes are added at approximately ten times the method
detection limit. The percent difference between the values of the duplicates, as calculated below,
is taken as a measure of the precision of the analytical method.

where: RPO
D1
D2
13.1.2

=

=
=

Relative Percent Difference
First Sample Value
Second Sample Value (duplicated)

Accuracy

A control standard is prepared by adding a known amount of pure compound to a blank matrix
(before any extraction is performed). A standard reference material may also be used as both the
matrix (i.e., reagent grade silica sand) and as the added compound. These samples measure the
accuracy of analytical operations in a standard matrix.
Accuracy as percent recovery (P) is calculated as:

p

Experimental Value x JOO%
True Value

A sample spike is prepared by adding a known amount of a pure compound to the environmental
sample before any extraction is performed. The compound is the same or similar (as in
isotopically labeled compounds) as that being assayed in the environmental sample. These spikes
simulate the background and interferences found in the actual samples, and calculated percent
recovery of the spike is taken as a measure of the accuracy of the total analytical method. It is
calculated as follows:
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p = JOO (OH-X)
T
where: P
OH
X
T
13.1.3

=
=
=

Percent Recovery
Measured analyte concentration
Measured analyte concentration in the sample before
the spike is added
Concentration of spike

Completeness

Assessment of data completeness includes the review of the following:
•
•
•
•

Required samples and analyses have been processed (both field measurements and
laboratory data)
Complete records and documentation exist for each parameter analyzed and for
associated QC samples
Specified procedures have been implemented
Electronic data packages are completed as required

Completeness will be measured as:
V
T

C = -

where: C
V
T
13.2

=

X

JOO

Completeness of data, in percent
Number of required measurements judged valid
Total number of required measurements

FIELD MEASUREMENTS

Field data will be assessed by the Project Data Validator(s) for accuracy, prec1s10n, and
completeness, taking into account overall objectives, background data points, and field QNQC
samples as defined in Section 4. 0 of this plan. The field results will be reviewed for compliance
with established QC criteria specified in the QAPP and the FSP. Accuracy of field measurements
will be assessed using daily instrument calibration, calibration check, and analysis of blanks.
Precision will be assessed on the basis of reproducibility by multiple readings of a single sample
and on the basis of duplicate sample readings. Data completeness will also be assessed. The
equations for calculating precision, accuracy, and completeness are presented in Section 13 .1 of
this plan. If additional requirements are required for a specific project, they will be defined in the
project-specific plans.
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LABORATORY DATA

Assessment of data in terms of the PARCC parameters is an integral part of laboratory
verification process. Laboratory data are reviewed in two stages; the first stage is at the
laboratory and the second stage by independent data validator(s).
After data have been generated by the analyst or instrument, they will be submitted to a qualified
peer (another analyst, QA Manager, group supervisor, or equivalent) for review. The initial
review performed at the laboratory is for transcription errors, calculation errors, holding times, a
check for completeness, contractual requirements, and to ensure that data meet the QC criteria
established by the analytical method. If data exceeds QC criteria, appropriate corrective actions
will be implemented, if applicable. If not, the data will be reported as such with a detailed
description of the QC exceedance noted in the case narrative.
An independent team (independent of the laboratory and the data user) of data validators will
perform the second stage data review. Detailed description of data validation procedures are
presented in Section 10. 0 of this plan.
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CORRECTIVE ACTION

Corrective action is the process of identifying, recommending, approving, and implementing
measures to counter unacceptable procedures or out-of-control performance which can affect
data quality. Corrective action can occur during field activities, laboratory analyses, data
validation, and/or data assessment. Corrective action may range from documenting in project files
that a deviation occurred to resampling/reanalysis, to redoing the project activity affected by the
deviation. All corrective action proposed and implemented will be documented in the regular QA
reports to management. Corrective actions for field operations will be implemented after
approval by the Project Manager, or his/her designee. For laboratory analyses, the Laboratory
Manager will approve the corrective actions. Corrective actions based on data validation and data
assessment activities will be implemented after approval by the Project Manager.
14.1

FIELD CORRECTIVE ACTION

14 .1.1

Deviations and Corrective Action

A deviation is a deficiency in characteristics, documentation, procedures, or a departure from a
requirement that renders the quality of an item, datum, or activity unacceptable or indeterminate.
A deviation can be a condition in which characteristics of an item or service do not conform to
prescribed limits as follows:
•
•
•
•

Unavailability or inadequacy of a required document
Failure to fulfill a regulatory requirement
Failure of a procedure to yield the intended results
An unapproved variation from the FSP and QAPP

In general, the field team, Project Manager, Project QA Manager, and QAO may identify the need
for corrective action. The field staff, in consultation with the FOL, will recommend a corrective
action. The Project Manager will approve the corrective action which will be implemented by the
field team.
Corrective action resulting from internal field audits will be implemented immediately if data may
be adversely affected due to unapproved or improper use of approved methods. The Project QA
Manager will identify deficiencies and recommend corrective action to the Project Manager.
Implementation of corrective actions will be performed by the FOL and field team.
14.1.2

Nonconformance Report

A nonconformance report (NCR) will be issued for each deficient/nonconforming condition
identified (i.e., when unacceptable procedural practices or conditions are identified). The NCR
will be prepared by the person identifying the deficient/nonconforming condition.
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The NCR will fully describe the conditions requiring corrective action, will indicate the nature of
the corrections required, and will specify a schedule for compliance. The final authority for
issuance of an NCR rests with the Project QA Manager through Project Manager.
A typical nonconformance report is shown in Figure 14-1.
14.1.3

Stop-Work Order

If corrective actions are insufficient, resolution cannot be reached, or results of prior work are
indeterminate, work may be stopped by a Stop-Work Order. The Stop-Work Order can only be
authorized by the Project Manager or Project QA Manager in writing. If there is a disagreement
between these personnel, the differences will be brought to the attention of succeeding levels of
management until resolution is achieved.
The conditions for which the Stop-Work Order was issued will be described in sufficient detail to
allow proper evaluation of the problems and to affect proper corrective action. Documentation of
discussions, telephone conference notes, or correspondence which describe the actions taken to
evaluate the problems, provide solutions, and verify implementation of solutions will be attached
to the Stop-Work Order and fully referenced in the appropriate spaces. Work will not continue
until the Stop-Work Order has been rescinded by the individual that authorized the order.
14.1.4

Cause and Action to Prevent Recurrence

The Project QA Manager will track the NCRs, analyze the corrective actions required, and take
the necessary steps to resolve the causes of the nonconforming conditions in order to prevent
recurrence.
14.2

FIELD CHANGES

The Project Manager or his/her designee is responsible for all site activities. In this role, the
Project Manager at times is required to adjust the site programs to accommodate project-specific
needs. Field changes may be required when the sample network is changed (i.e., more/less
samples, sampling locations other than those specified in the FSP, etc.), sampling procedures
require modification due to unexpected conditions, or it is not possible to implement corrective
actions for deficient/nonconforming condition. In addition, the USACE Technical Manager or
project geologist will be notified prior to the implementation of any changes in the sampling plans
When it becomes necessary to modify a field program, the FOL will notify the Project Manager of
the anticipated changes and implement the necessary changes. When a change is determined to be
necessary, a written notification will be submitted by the initiator of the change and a copy will be
filed in the project records. If unacceptable, the action taken during the period of deviation will
be evaluated in order to determine the significance of any departure from established program
practices and action taken.
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Figure 14-1
N onconformance Report
NCR No.

Issue Date

Closure Date

Work Area or Feature Inspected:
Applicable Plans and Procedures:
Description of Deficient Condition:

Initiator's Signature:

Date:

Recommended Disposition:

Recommender's Signature:

Date:

Actual Disposition:

Verified by (Signature):
Reinspection Required D Yes D No
Signature:
Reinspection Performed on
Acceptable D Yes
Signature:

Kirtland Air Force Base

Date:
Distribution:
Project Manager
Project QA Manager
USACE
KAFB

D No
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The changes in the program are documented on a field change request (FCR) form which is
signed by the initiator and Project Manager. A typical FCR form utilized to document field
changes is shown in Figure 14-2. The FCRs for each document will be numbered serially starting
with the number II l 11.
The Project Manager is responsible for the controlling, tracking, and implementing identified
changes. Completed FCRs are distributed to affected parties and those parties to whom copies of
affected plans were assigned. Completed FCRs are maintained in the project files.
14.3

DATA VALIDATION AND DATA ASSESSMENT CORRECTIVE ACTION

Corrective actions may be required for field activities and analytical work based on the outcome
of data validation and data assessment activities as well as site audits. Corrective actions may
include resampling and reanalysis, especially when critical sample results are rejected during the
data validation process.
The following situations require corrective action based on data validation and data assessment:
•
•
•
•
•
•
•
•

Critical sample results are rejected
Background sample data are rejected
Excessive blank contamination, rendering data to be questionable
QC criteria exceeding allowable limits
Results with extremely high detection limits
Data completeness not meeting project requirements (90% for field data, 95% for
analytical data)
Proper procedures not implemented in the field or in the laboratory
Data is not legally defensible

All corrective actions of this type will be documented by the Data Validator(s) and Data
Assessor(s) and approved by the Project Manager.
14.4

LABORATORY CORRECTIVE ACTION

Corrective action in the laboratory may occur prior to, during, and/or after analyses. The
laboratory must perform corrective actions on all out-of-control events (e.g., initial calibration,
continuing calibration, verification, blanks, spikes, etc.) immediately and must bring analytical
processes into control prior to proceeding with the analyses. Corrective action reports must be
prepared for each out-of-control event, and must document the actions taken, the resolution of
the problem, and the return to analytical control. If corrective action does not rectify the
situation, the laboratory will contact the Project Manager for resolution.
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Figure 14-2
Field Change Request Form

FCRNo.

Date:

Affected Plans and Procedures:
Description:

Reason for Change:

Recommended Disposition:

Date:

Initiator (Signature):
Disposition:

Date:

Project Manager (Signature):

\

Actual Disposition:

Date:

Verified By (Signature):
Distribution:
Project Manager
Quality Assurance Manager
Initiator
USACE
File

Kirtland Air Force Base

KAFB
Others as required:
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Sample Control Nonconformance

14.4.1

The following conditions constitute a sample control nonconformance which typically occurs
prior to analyses:
•
•
•
•
•
•
•
•
•
•
•

Incorrect/incomplete or missing COC
Custody seal not intact
Broken sample container
Insufficient sample volume
Incompatible sample container or cap
Incorrect sample pH (aqueous samples)
Incorrect temperature preservation
Headspace in VOA vials or TOX bottles (aqueous samples)
Missed hold time upon sample receipt
Insufficient information available to log in samples
Multiple phases

When a sample control nonconformance occurs, the person identifying the nonconformance will
complete a laboratory NCR and forward it to the laboratory project manager for the job. The
laboratory project manager then reviews the NCR and contacts the USACE and KAFB when
appropriate. If the USACE and KAFB are contacted (e.g., to discuss whether or not resampling
will be performed), the specific person contacted and the date are documented on the record. If
there is any problem with sample integrity (e.g., preservation, sample container, holding time,
COC), the USACE and KAFB must be contacted to allow him/her to decide appropriate
corrective action. The laboratory project manager initiates any corrective actions.
Sample Analyses Nonconformance

14.4.2

The following conditions constitute a sample analysis nonconformance which normally occurs
during or after analysis:
•
•
•
•
•
•
•

Failure to perform the required QC checks
Failure to meet calibration criteria
QC criteria exceedance
Error in data reduction or reporting
Blanks contain target analytes above acceptable levels
There are unusual changes in detection limits
Unusual sample response during analysis that is likely to adversely affect the results or
precludes completion of analysis

When a sample analysis nonconformance occurs, the person identifying the nonconformance
prepares a NCR and forwards it to the group leader who will take the corrective action, and
places a copy in the project files. The group leader (or designee) reviews the corrective action
and concurs or requests further action. He/she ensures that the action is implemented.
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QUALITY ASSURANCE REPORTS TO MANAGEMENT

Deliverables associated with the tasks identified in the project-specific addenda and monthly
progress reports will contain separate QA sections in which data quality information is
summarized. QA reporting will be an integral part of the comprehensive QA Program. QA
reporting will address both field and laboratory efforts.
15.1

FREQUENCY OF QUALITY ASSURANCE REPORTS

The Project QA Manager or designee will prepare and provide a QA report to the Project
Manager and other appropriate project personnel on the performance of the QA Program on a
monthly basis throughout the duration of data-generating projects.
15.2

CONTENTS OF QUALITY ASSURANCE REPORTS

The reports to management will contain:
•
•
•
•
•
•
15.2.1

Results of all system and performance audits conducted during the period
Data validation memoranda and data assessment reports
Listing of the nonconformances issued during the period, related corrective actions
undertaken, and an assessment of the results of these actions
Identification of significant quality assurance problems and recommended solutions
Information reflecting on the achievement of specific data quality objectives
Updates on training provided and changes in key personnel
Daily Quality Control Report (DOCR)

During field investigation activities, DQCRs will be compiled and sent out to the USACE TM and
KAFB once every week in the event that no problems or deviations from the schedule arise.
However, should problems arise, the USACE TM and KAFB will be.notified immediately and the
DQCR will be faxed or shipped overnight on a daily basis until the problem has been corrected.
These reports will include, but not be limited to, the following list of topics:
•
•
•
•
•
•
•
•

Date (and corresponding sequential report number)
Location of the work (including installation, site, boring, etc.)
Weather information (including temperature, wind speed and direction, humidity,
precipitation, etc.)
Work performed
Sampling performed (including specifics such as location, type of samples, log number,
etc.)
Field analysis performed (including results, instrument checks and calibration, problems,
etc.)
Problems encountered and corrective actions taken (including specifics regarding sampling
problems and alternate sampling methods utilized.)
Quality control activities
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Verbal or written instructions from government personnel
Calibration procedures and recording
Names of all personnel on-site (including their corporate, government, or other affiliations,
their job titles, and their job functions and/or reasons for being on-site)
Equipment used
Health and Safety considerations (including site control measures, levels of personal
protection required, on-site monitoring activities and results, accidents, etc.)
Deviations from approved workplan
General and specific remarks
Expected activities for the next working day
Distribution list for the DQCRs
Signature and job title of the DQCR' s preparer
Drill logs completed as outlined in the General Geology Scope ofWork
Quality Control Summary Report (OCSR)

This document addresses quality control practices employed and summarizes the DQCR. Issues
covered in this report will include a discussion of all data points which may have been influenced
or compromised and their effect on the Data Quality Objectives or remedial decisions. An
example of the elements required for this level of effort include:
•
•
•

•

•

•

Project Description. Includes report organization, background information, and site
description.
Sample Collection. Provides a sm;nmary of sampling procedures, sample packaging and
transportation, and decontamination procedures.
Laboratory Quality Control Activities. Provides a summary of laboratory analytical
methods, detection limits, quality control activities, a summary of any deviations from
planned activities, and a summary of the evaluation of the data quality for each analysis
and matrix.
Field Quality Control Activities. Provides a summary of field sampling techniques for all
matrices, containers, preservation and transportation procedures, decontamination and
cleaning procedures, calibration of field equipment, quality control activities, a summary
of any deviations from planned activities, and a summary of the evaluation of the quality of
the sampling.
Data Presentation and Evaluation. Provides an assessment of sampling and analysis
techniques, an evaluation of the data quality of each matrix and parameter, and an
evaluation of the usability of the data. The assessment of data quality indicators (PARCC
parameters) will also be addressed.
Minimum Data Reporting Requirements. The minimum data reporting requirements will
be provided as an appendix to the QCSR. This appendix will include all sample and
internal quality control results such as method blanks, spike and surrogate recoveries, and
replicate analyses which will meet or exceed the hazardous, toxic, and radioactive waste
(HTRW) minimum data reporting requirements .. Interim data reports may be requested if
the project warrants. The following are minimum data reporting requirements:
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Sample Identification. A tabular presentation will be prepared which matches contract
laboratory sample identifications to QA laboratory sample identification so the
Government QA laboratory can determine which contract laboratory sample is the
split with its QA sample. This table will identify all field duplicates and field blanks as
such and match with their corresponding field samples where applicable. This table
will also illustrate which samples were shipped with each trip blank.
Sample Receipt. The contract laboratory will complete and report a "Cooler Receipt
Form" for all shipments sent to the contract laboratory for purposes of noting
problems in sample packaging, chain-of-custody, and sample preservation. A copy of
all completed Cooler Receipt and COC forms will be included in the report. Other
documentation pertaining to sample receipt or analysis at the laboratory will also be
included in the report.
General Organic and Inorganic Reporting. For each analytical method run, all analytes
for each sample will be reported as a detected concentration or less than the specific
limits of quantitation. Each analytical method run will be clearly identified as
belonging to a specific analytical batch. All samples will be reported with dates of
collection, preparation, and analysis. Generally, all samples with out-of-control spike
recoveries being flagged for matrix interferences will be designated as such. All soil
samples will be reported on a dry-weight basis with percent moisture also reported
unless otherwise approved. The dilution factors, the date of extraction (if applicable),
and date of analysis will be reported for each sample.
Internal Quality Control Reporting. A complete set of Quality Control results will be
reported for each analytical batch. At a minimum, internal quality control samples will
be analyzed at rates specified in the specific methods or higher rates as required for
project specific DQOs. The QC results will include, but not be limited to, the
following:
* Laboratory Blanks (Method and Instrument Blanks). All analytes will be reported
for each laboratory blank. All sample results will be designated as corresponding
to a particular laboratory blank in terms of analytical batch processing.
* Surrogate Spike Samples. Surrogate Spike recoveries, control limits, and spiking
concentrations will be reported with all organic method reports, where
appropriate. Any out-of-control spike recoveries will result in the sample being
rerun.
* Matrix Spike Samples. Matrix Spike Recoveries and control limits will be
reported for all organic and inorganic analyses. All general sample results will be
designated as corresponding to a particular matrix spike sample.
* Laboratory Duplicates and/or Matrix Spike Duplicate Pairs. Relative Percent
Difference will be reported for all duplicate pairs as well as analyte/matrix specific
control limits.
* Laboratory Control Samples. Laboratory Control Sample (LCS) data will be
reported for all organic and inorganic analyses. The purpose of the LCS is to
provide a consistent matrix with which baseline performance data can be
generated. At least one LCS will be associated with each set of samples to allow
documentation of control of the analytical procedures.

Kirtland Air Force Base

Base-Wide Plans for the Installation Restoration Program

PART II-QAPP
Pa e4of4

VOLUMEII
SECTION 15.0

REVISION# FINAL
DATE: March 3, 1995

*

•
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•

Other Method Quality Control. Additional QC checks such as method of standard
additions and serial dilutions for the analysis of metals, initial and continuing
calibration data for all analytes, internal standard areas, and tunes will be reported.
Lessons Learned. Included within the report will be a summary of field or analytical
procedures that could be changed or modified to better characterize chemical
contamination in future work efforts.
DQCR Consolidation. Included within the report will be a summary and consolidation of
theDQCRs.
Conclusions/Recommendations. A discussion of the quality of the environmental data
collected during the investigation and a statement whether or not project objectives were
met will be included in the report.
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