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A-4: PROJECT/TASK ORGANIZATION

A-4.1 Introduction

The United States Environmental Protection Agency (USEPA) awarded the River Valley
Regional Commission (RVRC), a Brownfields Assessment Coalition Grant for hazardous and
petroleum sites totaling $600,000 (Cooperative Agreement No. 00D94519-0). The coalition
members include the following Georgia counties: Crisp, Macon, Dooley, and Sumter. Grant
funds will be used to conduct public outreach, perform Phase I and Phase II Environmental
Site Assessments (ESAs), and develop cleanup plans and alternatives. The RVRC must have
an EPA approved Quality Assurance Project Plan (QAPP) in place before beginning property
specific intrusive environmental assessments using the federal grant funds under its EPA
Brownfield Assessment Grant. This Generic QAPP describes in detail the quality assurance
(QA), quality control (QC), and other technical activities that will be implemented to ensure
that the results of the work performed will satisfy the stated performance criteria. A Site-
Specific QAPP Addendum (SSQAPP) for each individual Phase II ESA project will be
submitted to the EPA for approval prior to commencement of sample collection. Each Phase
II ESA will be performed to assess potential contaminant impacts to the site, and to evaluate
potential risk to human health or the environment. Project-specific data quality concerns will
be fully developed in each SSQAPP and serve to fully develop EPA’s quality process for each
site.

Terracon Consultants, Inc. (Terracon) has developed this Generic QAPP to address specific
QA/QC requirements prescribed by the Cooperative Agreement and the specific EPA quality
documents including “Guidance for Quality Assurance Project Plans, EPA QA/R-5”
(EPA/240/B-01/003 Reissued May 2006). This Generic QAPP describes the process for
producing analytical data of sufficient quality to meet data quality requirements under EPA
and GA EPD programs.

The work described will be performed in general accordance with this Generic QAPP and with
the following:

§ Terracon Standard Operating Procedures (TSOPs) included as Appendix A.
§ Terracon Corporate Quality Program Manual provided as Appendix B. This manual

outlines internal quality control procedures, formal review procedures, and standard
company practice.

§ Analytical Environmental Services (AES) Quality Assurance Manual provided in
Appendix C.
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A-4.2 Project and Task Orientation

The project organizational chart below illustrates the projected project team for Phase II ESA
and other assessment activities. Subcontractors performing Phase II ESA field activities
(drilling, sampling, and laboratory analysis) may change for some assessments performed
under the Cooperative Agreement. Any changes in subcontractors from those illustrated and
discussed below will be included in the SSQAPP for the respective assessment. Subsequent
sections provide key personnel roles associated with each project.

 Figure 1: Project Organizational Chart

Staff assignments may vary based on assessment project. If alternatives are required, they will be identified in the Site-Specific QAPP.

Project activities will be organized and conducted in accordance with the RVRC’s Brownfields
Assessment Cooperative Agreement and Work Plan, this Generic QAPP, each SSQAPP, and
the Professional Services Contract between the RVRC and Terracon. Grant-eligible Phase II
ESA activities will be based on previous assessment findings and prospective redevelopment
activities. Grant activities will be performed using appropriate Terracon resources, relevant
subcontractor resources, and management guidance and oversight from the EPA. The local
Terracon office for this project is in Columbus, Georgia.
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A-4.2.1 USEPA Project Officer/Project Manager

The EPA Region 4 Project Officer, Olga Perry, has the responsibility to oversee and monitor
the grant.  As part of that responsibility, Ms. Perry will ensure the Tasks described in the work
plan are followed.

A-4.2.2 GA EPD Brownfields Project Manager

The GA EPD Brownfields Project Manager, Shannon Ridley, will receive a copy of the final
assessment report and QA documents, and will provide input and oversight for
sites/properties entered into the GA Brownfields Program. They will ensure applicable reports
and plans are in compliance with GA EPD rules and regulations and approve as necessary.

A-4.2.3 USEPA Brownfields Region 4 QA Manager’s Designated
Approving Official

When the EPA Project Officer is not the Designated Approving Official (DAO), the Brownfields
Region 4 QA Manager’s DAO provides a technical assistance role to the Region 4 Project
Officer/Manager working on Brownfields sites. The DAOs role is to provide technical reviews
of the QAPPs and additional addenda that are generated. This includes the approval of the
Generic QAPP, SSQAPP and any additional Addenda QAPPs, respectively, and any
revisions.

A-4.2.4 Grantee/Brownfields Project Manager

The RVRC, as the Grantee, is responsible to oversee the daily activities of the EPA
Brownfields Grant Program and provide updates to EPA. The RVRC will ensure that the terms
and conditions of the grant are met. James Livingston, Executive Director, will perform this
role.

A-4.2.5 Terracon Contract/Project Manager and Assessment Manager

The Terracon Contract/Project Manager, Amanda M. Herrit, will provide technical guidance,
administration, and resources to direct project QA on behalf of the Grantee. The Terracon
Contract/Project Manager will be the primary decision maker for the project and consult with
the Grantee based on the data to determine whether or not further action is required at the
site. This individual will also coordinate the project activities and is responsible for plan
preparation, scheduling and the completion of field activities, conducting data evaluations,
and reporting. Ms. Herrit will work in coordination with the Terracon Assessment Manager,
Jason A. Cooper.
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Mr. Cooper, Assessment Manager, will be responsible for the development of sampling
programs, Work Plans, and HASPs and ensuring that field procedures are conducted in
accordance with the SSQAPP, work order, and state and federal guidance. This individual will
manage and oversee field procedures and will conduct technical QA/QC audits of field
methods. It will be the responsibility of this individual to ensure implementation of field
methods according to relevant QC documents, and to coordinate QA/QC efforts with other
subcontractors. The Contract/Project Manager and Assessment Manager have the authority
to make project decisions and to implement corrective actions for problems encountered
during field sampling activities and are responsible for communication with the RVRC’s
Brownfields Project Manager regarding project status and preparing reports for submittal to
the RVRC, GA EPD, and/or USEPA.

A-4.2.6 Terracon QA/QC Review

The QA/QC Reviewer will remain independent of the groups responsible for data generation
and will provide QA/QC assistance to the Contract/Project Manager. The QA/QC Reviewer
will also be responsible for final internal review and approval of the SSQAPP, internal QA
audits, reporting audit results to the Contract/Project Manager, and review implemented
corrective actions, when necessary. Christopher Bartley will perform this role. The QA/QC
Reviewer will also conduct and/or oversee data review processes and assist in usability
determinations as described in Section D of this document.

A-4.2.7 Brownfield Program Support

The Brownfields Support Program provides a level of highly skilled senior practitioners. These
individuals provide key advice and guidance on technical and programmatic issues that may
require expertise beyond typical “project level’” concerns. These individuals also function as
a regulatory liaison as necessary.

Thomas Driver from the Macon, Georgia office will serve as Authorized Project Reviewer for
this project. Belinda Richard from Terracon’s National Brownfields Program will provide
subject matter expertise. Mr. Driver and Mrs. Richard will support general QA/QC efforts and
provide input on key technical issues, as well as provide project steering and evaluation of
each assessment with respect to project-specific data quality objectives and overall
Brownfields redevelopment goals.

A-4.2.8 Terracon Field Team Leaders

The Terracon Field Team Leader(s) will be responsible for completing field activities
associated with Phase II ESAs. The Field Team Leader will be identified for each SSQAPP.
The Field Team Leader will assist with the coordination of project activities including
scheduling and completion of field activities as well as conducting data evaluations and
reporting. This individual will also assist with the development of sampling programs,
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SSQAPPs and HASPs. The Field Team Leader will assist with the management and oversight
of field procedures and conduct technical QA/QC audits of field methods. It will also be the
responsibility of this individual to ensure implementation of field methods according to relevant
QC documents, and to coordinate QA/QC efforts with subcontractors.

The Field Team Leader will conduct field activities per the approved SSQAPP document and
will be responsible for the supervision of sub-consultants. Upon receipt from the
Contract/Project Manager or Assessment Manager, the approved SSQAPP and subsequent
revisions will be distributed to members of the field sampling team. The Field Team Leader
will report any problems in the field to the Assessment Manager and implement corrective
actions as directed and document those actions in the field logs. The Field Team Leader has
the authority to stop field work if necessary and would contact the Assessment Manager
immediately if this occurred. This individual is also responsible for Health and Safety
implementation in accordance with the HASP.

A-4.2.9 Terracon Field Team Technicians

These individuals will perform the actual fieldwork per the SSQAPP and at the direction of the
Field Team Leader. The field team typically consists of one to two people and will be named
at a later date by the Field Team Leader.

A-4.2.10 Contract Laboratory General Manager

The contract laboratory GM will be responsible for coordinating the analysis of the samples
and laboratory validation of the data. Mr. Ryan Sullivan at Analytical Environmental Services
will serve as the Contract Laboratory General Manager.  The laboratory GM will coordinate
the receipt of the samples at the laboratory, select the analytical team, ensure internal
laboratory audits are conducted per each laboratory QAM; and will distribute the applicable
sections of the Generic QAPP and subsequent revisions to members of the analytical team.
The laboratory GM is responsible for instituting corrective actions for problems encountered
in the chemical analyses and will also report laboratory problems affecting the project data to
the Contract/Project Manager, Assessment Manager and QA/QC Reviewer.  Corrective
actions for chemical analyses will be detailed in a QA report that will be provided to the
Contract/Project Manager and Assessment Manager via electronic mail.

A-5: PROBLEM DEFINITION/BACKGROUND

The problem to be resolved will be detailed in each SSQAPP. Information to be discussed,
summarizing the problem definition and background, will include:

§ Current property owner
§ Site physical characteristics



Generic Quality Assurance Project Plan, Revision 5
River Valley Regional Commission Coalition Assessment Grant
USEPA Cooperative Agreement No. 00D94519-0

Responsive ■ Resourceful ■ Reliable 7

§ Proposed future use and/or redevelopment plan
§ Historical and current uses
§ Findings of previous investigations
§ Known or perceived contaminant sources
§ Contaminants of concern (COCs)
§ Conceptual site model (CSM)
§ Data gaps, if present
§ Exhibits depicting relevant site features and proposed sampling locations

A-6: PROJECT/TASK DESCRIPTION AND SCHEDULE

A-6.1 Regulatory Criteria

Environmental media samples will typically be collected for fixed-laboratory analysis of Target
Compound List (TCL) volatile organic compounds (VOCs), TCL semi- volatile organic
compounds (SVOCs); TCL Pesticides, TCL PCBs, Target Analyte List (TAL) metals, and
nitrates and cyanide per GA EPD protocols.

Soil quality data will be compared to the residential and industrial criteria for direct soil
exposure or to applicable protection of ground water levels as listed in the USEPA Regional
Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites (latest version) if
direct exposure criteria are not available, and to the Georgia Risk Reduction Standard (RRS)
values for soil (Rule 391-3-19-.07).

Groundwater data will be compared to the Georgia RRS values for Groundwater (Rule 391-
3-19-.07) and to the MCLs as listed in the EPA National Primary Drinking Water Regulations
(EPA 816-F-03-016, June 2003) and/or the RSLs for Tapwater values (latest version).

Surface water quality results will be compared to the values found in the Georgia’ s Rules and
Regulations for Water Quality Control (Chapter 391-3-6-.03) based on the Water Use
Classifications. Sediment samples will be compared to the Ecological Screening Values in
EPA Region 4 Ecological Risk Assessment – Supplement to Risk Assessment Guidance for
Superfund (RAGS).

In the event other regulatory criteria apply to sampling media or parameters (soil vapor, TCLP,
SPLP, etc.), applicable requirements will be defined and included in the SSQAPP.

One common problem in comparison of the regulatory criteria with site data is overcoming
matrix interferences or elevated detection limits. In many samples, a consortium of analytes
and non-target analytes may be present. However, site management decisions cannot be
supported because sample reporting limits had to be elevated to the point that they are above
applicable action levels. Roughly 95% of such cases can be resolved. Solutions must be
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evaluated on a case by case basis. Any such data issues which may arise will be reported to
the Terracon Project Manager before any corrective action is executed.

There are unfortunately a small percentage of samples which cannot be reconciled against
detection limits and regulatory criteria. In these cases, the result must be scrutinized versus
the entire data set and project goals as described in Section D-3. The resultant opinion of data
quality and usability will then be incorporated as an element of uncertainty in the assessment
report.

A-6.2 Task Outline and Schedule

The proposed work schedule at each site will be outlined within the SSQAPP.

In general, the clearance of public utilities and pre-mobilization activities for intrusive
assessments will begin within five working days and be completed within ten working days
after agency approval of the SSQAPP and receipt of a signed access agreement from the
current owners. Completion of the fieldwork will be property and weather dependent.

Data collection activities will be performed in a manner consistent with the TSOP and USEPA
Region IV Field Branches Quality System and Technical Procedures. A general discussion of
sample collection procedures is included in Section B-1.

A-7: QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT
DATA

This DQO process was developed within the framework of the Guidance on Systematic
Planning Using the Data Quality Objectives Process EPA QA/G-4, and Section 3 of Quality
Assurance Guidance for Conducting Brownfields Site Assessment. Typical DQOs for each
project are outlined in the following seven steps and may be developed further within the
framework of the SSQAPP:

1:  State the Problem

Real environmental contamination may be present on the site sourced from current/former
onsite/offsite operations. Redevelopment of the site is sought; however, additional
assessment is needed to evaluate the site for environmental impacts relative to the proposed
redevelopment.

2: Identify the Decision

The principal objective of each investigation is to provide analytical data to evaluate the
presence of impacts above applicable action levels in soil, soil vapor, ground water, sediment,
and/or surface water at the site. The data and interpretation will answer the questions:
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Based on quantitative sample data of relevant site media, can the site or areas within the
site be considered for redevelopment without environmental remedy?

3: Identify Inputs to the Decision

Samples of each media will be collected to provide analytical data for site characterization.
Samples will be collected and analyzed as outlined in Sections B-1 and B-2 of this document.
The data will be compared to applicable action levels relevant to the sampled media as related
in Section A-6.1 of this document.

4: Define the Study Boundaries

Spatial Boundaries: The limits of each study will be confined to the parcel boundaries.

Temporal Boundaries: The approximate schedule for each assessment will be related in the
SSQAPP.

5: Develop a Decision Rule

The decision rule is predicated on answering the question related in Step 2 above. The risk
can be gauged by direct evaluation of the analytical data. If analytical data reflect risk above
action levels for the appropriate exposure scenario outlined in Section A-6.1, environmental
remedy would be recommended.

6: Specify Limits of Decision Errors

Statistical sampling is typically not included as a part of these assessments. Qualitative data
collection is typically not planned for these assessments except those visual observations of
soils made by qualified professionals during boring installation; however, field-derived data
are typically considered supplementary to laboratory-derived data and are not critical to the
decision.

The null hypothesis is that each site has elevated levels of environmental contaminants on-
site above allowable regulatory levels that pose an impediment to site redevelopment. This
hypothesis will be evaluated by laboratory analytical sampling only. The alternative hypothesis
is that elevated levels of contaminants are not present at each site at sufficient concentrations
or quantities to impede site redevelopment. Samples of relevant media will always be
collected from each identified location to evaluate false positive decision error.

False negative decision error introduced by incorrect data deductions from visual observations
would result in the collection of samples that would be submitted for laboratory analyses. The
false negative would then be evaluated through conventional laboratory analytical methods.
One common problem resulting in decision error is comparison of the site data with regulatory
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criteria. Overcoming matrix interferences or elevated detection limits can often be resolved as
discussed in Section A-6.1. Furthermore, our contract laboratory will conduct Tier II data
verification on the data developed. It is anticipated that the performance criteria will be met by
1) an equipment blank will be used which indicates analytical concentrations below
quantitation limits; and 2) analyte recovery will be within acceptable range.  If one of these
factors does not meet the acceptance criteria, the analytical result will be scrutinized, and
determined whether the data is essential to the successful completion of the project. Sample
corrective actions could include resampling, rerunning a sample, or a determination that the
data failure would not have a significant impact on the data integrity or conclusions reached
during the project.

7: Optimize the Design

Design optimization is in essence the selection of the most resource-effective assessment
approach to meet project goals within defined study boundaries. While this process is
somewhat inherent in assessments given budgetary constraints of any project, a formalized
process is nevertheless warranted. The preceding DQO steps will be reviewed for
concordance with the GA EPD’s typical assessment approach within each SSQAPP. Sample
techniques and spatial distribution will be selected based on minimum statistical acceptance
criteria established by GA EPD and USEPA. Through the systematic limitation of decision
error described in Section A-7, Step 6, laboratory-derived data will sufficiently test the null
hypothesis.

Every effort will be made to insure that the scope of each assessment is as cost effective and
sufficient in scope as possible to test the null hypothesis within the defined study boundaries.
In general, Terracon's approach identifies and assesses areas of environmental concern
having the highest probability of environmental impairment based on available information.
Rather than use overly guarded and expensive broad-scan approaches, analytical suites are
selected based on valid science and an understanding of processes involved through the
development of a comprehensive Conceptual Site Model.

In order to support design optimization, each planned data point will have a justifiable reason
for collection, such as direct evaluation of a source area or a receptor, or in the case of the
proposed soil sample locations, better spatial resolution to eliminate areas of the site from
further scrutiny. Each data point must also have a reasonable analytical suite. An effort will
be made to verify that the type and quality of each data point will be sufficient for
characterization. The converse will also be evaluated: Is the planned analytical schedule too
broad? Can a smaller number of data points or a more focused suite of analyses provide data
to test the null hypothesis? Multiple alternatives will be explored for each planned data point
or consortium of data points, and the most resource-effective assessment method will be
selected.

Lastly, to support the optimization process, each SSQAPP will be approved by the RVRC,
USEPA, and GA EPD with regard to project goals and sample design prior to implementation.
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Criteria for Measurement Data

Critical data considered for decisions will include analytical results for the soil, groundwater or
other media samples that meet QA/QC criteria.  Specifically, whether COCs concentrations
exceed, or do not exceed action levels defined in Section A-6.1. This data will determine the
need for additional assessment and/or remediation, if any.

Non-critical data that are utilized to support decisions may include field soil screening
measurements and observations such as lithology using the Unified Soil Classification System
(USCS), field parameter measurements (pH, temperature, conductivity, dissolved oxygen,
turbidity, color, and odor), observations during groundwater purging activities (drawdown at
purging rates), and measurement of groundwater flow. The data collection should be
performed under routine conditions and in accordance with applicable standard operating
procedures for field and laboratory activities. This information will be used to supplement the
critical data, it is not needed to make the decision of whether or not remediation is warranted.

A common problem in comparison of the regulatory criteria with site data is overcoming matrix
interferences or elevated detection limits.  In some samples, a consortium of analytes and
non-target analytes may be present, such as weathered hydrocarbons, samples with one or
more highly-elevated metals, turbidity in groundwater, and free-phase organic liquids that can
create a situation in which analytes of interest cannot be detected at normal levels rendering
sample results unsuitable for making site management decisions. Solutions must be
evaluated on a case by case basis, but alternative solutions can include: sample analytical
extract cleanup in the case of organics, the sample may be re-analyzed at lower dilutions if
possible (in such a case both the diluted and undiluted results may be reported), or an
alternate test method that offers a lower reporting limit value may be used.  An example of an
alternate test method would be re-analyzing a metals sample using graphite furnace atomic
absorption spectroscopy or inductively coupled plasma (ICP) mass spectrometry as opposed
to traditional spectra-scanning methods with an ICP alone. There are, unfortunately, a small
percentage of samples which cannot be reconciled against detection limits and regulatory
criteria.  In these cases, the result must be scrutinized versus the entire data set and project
goals as described below in Section D-3. The resultant opinion of data quality and usability
will then be incorporated as an element of uncertainty in the assessment report to be delivered
to the Grantee and USEPA, or resampling may be a practical solution.

A-8: SPECIAL TRAINING REQUIREMENTS AND CERTIFICATIONS

The RVRC recognizes the importance of having all environmental sampling events performed
under its USEPA Brownfield Grant in a professional and competent manner as set forth in its
Professional Services Contract with Terracon, who has been retained as the RVRC’s
Environmental Consultant under this grant award. Terracon is required under its Contract with
the RVRC to maintain all required professional licenses and certifications for performance of
this sampling work in accordance with federal and state statues, rules, regulations, and the



Generic Quality Assurance Project Plan, Revision 5
River Valley Regional Commission Coalition Assessment Grant
USEPA Cooperative Agreement No. 00D94519-0

Responsive ■ Resourceful ■ Reliable 12

terms and conditions of the Brownfields Assessment Cooperative Agreement between the
RVRC and USEPA. Terracon states in its Contract that personnel engaged in this
environmental assessment work will be fully qualified and authorized or permitted under state
and local law to perform such work and have the requisite knowledge and expertise to perform
the duties assigned.

All Terracon site personnel completing field work for each project will have completed the
OSHA 40-hour HAZWOPER health and safety training course, including annual refreshers.
If/when RVRC personnel are onsite during sampling activities, staff will remain in an exclusion
zone unless they meet HAZWOPER training requirements.

Field personnel have access to review activity-specific TSOPs while in the field for verification
of procedural documentation requirements. Terracon field staff also complete in-house
training modules through Terracon University, an on-line training system available via live
webcasts, recorded webcasts, and self-paced on-line and off-line options. Materials covered
include: safety training presented through our Incident and Injury-Free (IIF) program, sample
collection protocols, conventional and direct-push drilling investigation techniques,
decontamination procedures, and investigation derived waste (IDW) management.  Terracon
University also includes “lessons learned” elements designed to familiarize field staff with
common problems encountered during field data collection and the appropriate corrective
measures as a response to those problems.

Asbestos sampling will be conducted by a properly accredited Asbestos Inspector. All well
drilling and well abandonment will be conducted by GA-licensed well drillers.

All training records will be maintained in Terracon’s Corporate Headquarters in Olathe,
Kansas.  Please refer to the Terracon Corporate Quality Program Manual included as
Appendix B for more information related to training.

The Assessment Manager will provide technical oversight via communication with field
personnel and the field subcontractor.  Licensure of the subcontracted drilling operator will be
confirmed during solicitation for drilling services.  Subcontractors are required to provide proof
of their 40-hour and 8-hour refresher HAZWOPER safety training certifications.  All personnel
mobilizing to the site shall carry a Certificate of Training identification card on their person.

The National Environmental Laboratory Accreditation Program (NELAP) laboratory
performing the analysis will analyze environmental samples for this project in compliance with
all application regulations and standards. The analytical laboratory, methods of analysis, and
applicable accreditation will be defined in the SSQAPP.  It is anticipated that Analytical
Environmental Services, Inc. will be utilized to analyze samples under this program. The
laboratory QAMs are provided as Appendix C.
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Additional project-specific training requirements or certifications may be outlined in the
SSQAPP.

A-9: DOCUMENTATION AND RECORDS

Documents and Records will be maintained in accordance with the EPA Region 4 Science
and Ecosystem Support Division (SESD), “Field Branches Quality System and Technical
Procedures”, htpp://www.epa.gov/region4/sesd/fbqstp/index.html.

A-9.1 Field Documents

Field personnel will maintain a dedicated field log to record pertinent information associated
with sampling activities, including any problems encountered. Any photographic
documentation will also be maintained with the field log.  Field documents will include site
sketch maps, field log, field measurement data and equipment calibration logs, boring logs,
monitoring well construction and development forms, sampling logs, chain of custody records,
and other activity-specific logs.  Logs documented in the field will be incorporated accordingly
into the assessment reports.  The significance of deviations and actions requiring corrective
action will be evaluated by the Terracon Contract/Project Manager, Assessment Manager
and/or the QA/QC Reviewer before report development. Copies of typical field forms are
included in Appendix D.

Sample labels will be affixed to sample containers and completed by field personnel. The label
will identify sample location number, date and time collected, and requested analyses
correlating to the sampling log. Chain of custody records will be maintained for all samples
from the time of collection until they are submitted to the laboratory for analysis.

A HASP prepared to address site-specific hazards is included as a separate document
submitted with each SSQAPP. The HASP will be reviewed and signed daily by all field
personnel prior to fieldwork, indicating that they understand the plan and its requirements.  A
copy of the HASP will be maintained onsite and made available to all personnel during field
activities.  A need for special personal protective equipment (PPE) beyond standard Level D
is not anticipated.  However, should site conditions warrant, all on-site personnel will withdraw
to a pre-designated rally point.  Further information regarding health and safety considerations
will be included in each site-specific HASP.

A-9.2 Assessment Reports

Following completion of field activities, laboratory work, and internal review and data
validation, Terracon will prepare a report documenting assessment activities, laboratory
analytical results, investigative findings, and assessment conclusions for each site.  The report
format will include sections describing the site background, perceived environmental problem
being evaluated, sampling strategy, sampling methods, data validation, non-critical data



Generic Quality Assurance Project Plan, Revision 5
River Valley Regional Commission Coalition Assessment Grant
USEPA Cooperative Agreement No. 00D94519-0

Responsive ■ Resourceful ■ Reliable 14

implications, qualitative critical data comparison to regulatory criteria, tabular data summaries,
figure exhibits, conclusions, recommendations, and appendices.  Deviations will be discussed
within the report.  The significance of such deviations and actions requiring corrective action
will be evaluated by the Terracon Contract/Project Manager and/or Assessment Manager
before report development.

Technical reports will be reviewed by the Authorized Project Reviewer (APR), Subject Matter
Experts (SME), and QA/QC Reviewer for conformance with the Brownfields program, then
submitted to the RVRC, and to the EPA to document compliance with the Cooperative
Agreement, the SSQAPP, and this Generic QAPP.  Revisions and responses to associated
comment letters will be similarly distributed by the Terracon Contract/Project Manager.  The
Project Manager will submit the draft report to the RVRC’s Brownfield Project Manager within
30 days of completion of the field activities, or as specified in the SSQAPP.  Final reports will
be subsequently developed following incorporation of the internal review comments and
forwarded to the RVRC and the EPA.  In addition, final reports will become public record, and
the Grantee will provide additional copies to the public as requested.

A-9.3 Laboratory Reports

Laboratory reports will be evaluated through a process and management system that will
ensure data quality meets standard method requirements. Please refer to Tables 1 and 2 in
Section B-2 for information related to holding times for laboratory data deliverables. The
laboratory standard turnaround time is approximately 10 working days, or turnaround time
indicated in the SSQAPP.  Laboratory reporting will be consistent with its QAM.  Laboratory
reports will include a final data quality documentation package for all analyses and a Level II
Standard QC Data Package with laboratory data deliverables is as follows:

§ Cover letter/sheet with authorized GM signature
§ Chain of custody record and sample receipt summary
§ Analytical results summary
§ Data qualifier definitions and legend
§ Batch QC data summary (Method Blank, Matrix Spike/Spike Duplicate (MS/MSD)

summary with control limits, Laboratory Control Sample (LCS) summary with control
limits, and surrogate recoveries for Gas Chromatograph (GC) and GC/Mass
Spectrometry (GC/MS) analyses)

§ Reporting limits
§ Electronic Data Deliverable (EDD), when requested
§ Narrative to Include:

o Dates of sample receipt, preparation, and analysis
o Condition of samples upon receipt
o Sample preparation and analysis. Any problems encountered during sample

handling, storage, preparation or analysis and their solution
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o Variances from SOPs
o Discussion of the quality of the reported analytical data

Laboratory audit and associated corrective action records will be maintained within laboratory
QC records.  Individual records may be reviewed as determined relevant to ensure QC on a
project-by-project basis.  Corrective actions taken in response to audit or QC data review
findings will be evaluated by the Terracon Contract/Project Manager, Assessment Manager
and/or the QA/QC Reviewer and discussed accordingly in the corresponding assessment
reports.

A-9.4 Retention Time and Report Storage Locations

A copy of all the final documents will reside for a period of no less than five years, on file with
the Grantee. Each final report to be submitted for this grant will be maintained as electronic
files on the local Terracon office server. This information is backed up daily from Terracon’s
Corporate Data Center. Once the final report is generated, all electronic files except the final
report are deleted. At initial project closing, hard copy files are purged of all documents not
provided to the client or other third party. Final reports, site photos, internal memos, permits,
and laboratory data are retained. Project closing is 30 days after the last project activity has
ceased. A second purge is conducted at three years after project closing. All documents are
removed from the file except final reports and documents provided to the client or third parties.
These documents are retained at the local office.

B-1: SAMPLING PROCESS DESIGN

The specific scope of work, site figures, sampling design process, and sample summary for
each environmental site assessment will be included in the SSQAPP.   The sampling process
design will include:

§ Type and number of samples required
§ Sampling design rationale
§ Sampling locations and frequency
§ Sample matrices
§ Classification of measurement data as either critical or noncritical data
§ Appropriate validation study information, for nonstandard situations

Subjective (biased) selection of judgmental sampling locations will be based on historical
information, visual inspection, in-field screening of media, and/or professional judgment of the
Terracon Contract/Project Manager, Field Team Leader, and samplers.  Qualitative critical
data will be evaluated against the null and/or alternate hypotheses.
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Note that in conjunction with Phase I ESAs, Terracon may collect samples of building
materials for asbestos and/or lead-based paint (LBP). Building materials sampling will be
addressed in SSQAPPs.

B-2: SAMPLING AND ANALYTICAL PROCEDURES

Samples will be routinely collected in a manner consistent with the media being sampled and
the analytes of interest, and consistent with Terracon Standard Operating Procedures
(TSOPs).  As specified above in Section A-4.2, the Contract/Project Manager and Field Team
Leader will be in charge of overseeing sampling collection activities.  Samples will be collected
to evaluate concentrations of COCs.  In the event additional sample types are evaluated as
part of an assessment, applicable requirements will be further defined in the SSQAPP.

This Generic QAPP was prepared in general accordance with the technical intent of the
Environmental Protection Agency (EPA) National Contingency Plan. All soil borings,
monitoring well installation, decontamination, and sample collection activities will be
conducted in a manner consistent with the TSOP and US EPA Region IV Field Branches
Quality System and Technical Procedures.

In addition to each SSQAPP, Terracon will provide a project Health and Safety Plan (HASP)
under separate cover for each intrusive assessment. The HASP will be prepared in
accordance with the requirements set forth in Occupational Safety and Health Administration
Regulation 29 CFR 1910.120, where applicable, and applicable state, city, or local safety
codes. Specific tasks to be performed are outlined below. Note that samples derived from
techniques described in subsequent sections will be documented using a handheld GPS unit
and/or measured from a fixed, known point.

B-2.1 Authorizations, Permits, and Clearances

On-site activities associated with this project will not commence until the proper
authorizations, permits, and clearances are obtained as applicable. These may include, but
are not limited to, the items listed below.

n Cable/Utilities Clearance: Prior to the field activities, GA 811 will be contacted
to conduct a utility survey.  In addition, any site maps available will be reviewed;
a geophysical survey may be conducted, if necessary, to clear on-site utilities
not demarked by GA 811.

n Written legal access to the property

n Site Eligibility, SSQAPP, and Monitoring Well Installation Approval
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B-2.2 Soil - Sampling Design

Typically, to accomplish project goals outlined in Section A-6 and to test the null hypothesis,
soils testing is often required. Soil sampling is typically conducted using a hand auger or a
direct-push continuous core sampler.

Hand auger/continuous core samples will be collected using decontaminated equipment from
depths appropriate to test the null hypothesis and meet GA EPD data needs. Typical sample
protocol requires an aliquot from each sample location will be placed into a stainless-steel
bowl. Samples for VOCs (where applicable) will be collected prior to mixing. Subsequent to
VOCs sampling, the soils will be mixed using the quartering method and placed into the
laboratory-supplied sampling containers using a decontaminated stainless-steel spoon. Soil
samples will be submitted for laboratory analyses as specified in each SSQAPP. Note that for
the composite samples, VOCs samples will only be collected from the last subsurface
composite location and will be discrete from each interval at that location.

Sample containers will be supplied by the contract analytical laboratory, AES. The samples
will be pre-preserved by the laboratory in accordance with the analytical method to be
performed.  The laboratory has provided preservation methods for the various analytics as
described in the Laboratory QAM. Samples will be placed in a cooler, on ice, and delivered to
the laboratory along with chain-of-custody documentation.

Non-disposable equipment to be used repeatedly between samples (i.e. stainless-steel
spoons, spatulas, hand augers, etc.) will be field decontaminated before mobilization to the
site, and subsequent to each use. Field decontamination will be accomplished using an
Alconox®/tap water solution, followed by a distilled, deionized water rinse, and finally a 70%
isopropyl alcohol rinse. Sampling equipment will be wrapped in plastic or aluminum foil during
transport to prevent contamination.

B-2.3 Ground Water - Sampling Design

As needed for each project, Terracon will assess ground water quality at the site through the
installation and sampling of single-cased monitoring wells or direct-push temporary monitoring
wells. If double-cased or other specialty wells are required for a project, the details will be
outlined in the SSQAPP. Monitoring wells will be installed by a GA licensed well driller in
accordance with the Georgia Water Well Standards Act (OCGA 12-5-120 through 138).

The borings for the single-cased monitoring wells will be drilled with 4-1/4-inch I.D. hollow
stem augers (or other conventional drilling methodology as dictated by subsurface conditions).
The wells will be constructed using ten feet of two-inch diameter, 0.010-inch machine slotted
PVC well screen with a threaded bottom cap, and 2-inch diameter, threaded, flush-joint PVC
riser pipe to the ground surface.  Pre-sieved 20/40 grade silica sand for annular sand pack
will be installed around the well screen from the bottom of the boring to approximately two feet
above the top of the well screen, followed by two feet of hydrated bentonite pellets above the
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sand pack. If the formation will allow, the wells will be completed as temporary wells; however,
should potential borehole collapse be observed during advancement, the wells will be
completed above the bentonite seal with a cement/bentonite slurry to the surface. As
necessary, the surface completion will consist of an 8-inch flush-mounted steel protective
cover or a 4-inch square steel standup protective cover set in a 2X2-foot square concrete pad,
depending on sample location. The monitoring wells will be developed by surging and
removing ground water until fluids appear relatively free of sediment. All investigative derived
waste (IDW) will be managed in accordance with state regulations.

Direct-push wells will be advanced using direct-push technology provided by a track or truck-
mounted Geoprobe® rig. At each location, the probe rods will be advanced to terminal depth.
The prepack well will then be installed through the rods. The rods will then be retracted to
approximately three feet above the top of the screen prepack. If the natural formation does
not collapse around the well during rod removal, filter sand will be used to create an
approximately two-foot thick grout barrier. If groundwater depth allows, the grout barrier will
be followed by an approximately two-foot thick bentonite seal, then by grout, to the ground
surface.

Prior to ground water purging and sampling, the depth to ground water will be measured at
each well using an electronic water level indicator. The water level indicator will be
decontaminated before and after use at each well.  Water levels will be measured in the wells
which have the least amount of suspected contamination first. All ground water level
measurements will be made in reference to the established reference point which will be the
top of the well casing.  Ground water level measurements will be recorded, and the calculated
elevations will be reported to the nearest 0.01 foot.  In addition, the total depth of the well will
also be measured in reference to the top of the well casing.  The water level and total depth
measurements will be recorded in a bound field notebook and/or the ground water sampling
log. These water level data will typically be used to develop a potentiometric surface map as
described below.

The monitoring wells will be purged with a peristaltic pump. Water purged from the wells (IDW)
will be properly stored and secured on-site until analysis of the waste purge water has been
received and appropriate disposal can be arranged.

During the purging process, the field parameters of temperature, pH, turbidity, and specific
conductance will be measured periodically to ensure representative ground water is obtained.
Dissolved oxygen concentration, and ORP will also be monitored. The measurements will be
taken frequently to evaluate stability.  Water quality is considered stable if for at least three
consecutive readings:

· pH measurements remain constant within 0.1 Standard Unit (SU);
· turbidity is below 10 NTUs or varies no more than 10 percent (between the three

readings, not compared to an average value);
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· specific conductance varies no more than 10 percent (between the three readings, not
compared to an average value); and

· Temperature is constant.

Upon completion of the purging activities, ground water samples will be collected using a
peristaltic pump.  Ground water samples will be analyzed as specified in each SSQAPP.
Ground water quality results will be compared to the MCLs/ action levels presented in Section
A-6.1.

Terracon will conduct a field survey to determine the horizontal and vertical (elevation) location
of the newly installed monitoring wells in relation to an established on-site datum.  The survey
will reference the well locations to the fixed landmarks such as property boundaries, utilities,
and site building. Monitoring well top of casing (TOC) elevations will be referenced to an
established on-site datum. The TOC elevations will be used to calculate the ground water
elevations and hydraulic gradient.

B-2.4 Sediment and Surface Water - Sampling Design

Sediment samples may be collected from ditches, streams, rivers, lakes and/or ponds. In
flowing surface water bodies, samples will be collected starting at the downstream location.
Sediment samples will be collected using field-decontaminated hand augers or stainless steel
spoons directly into a clean, stainless steel bowl. The sediment samples are then treated in
the same manner as a soil sample as described in Section B-2.2 above.

Surface water samples may be collected from water bodies. Samples will be collected directly
into the laboratory-provided sample containers. Please note that for samples collocated with
sediment samples, the surface water samples will be collected before the sediment sample in
order to mimic site conditions and not artificially increase turbidity. Once the sample is
collected, surface water samples are treated in the same manner as ground water samples
as described in Section B-2.3.

B-2.5 Receptor Survey

Terracon may conduct a survey of available or ascertainable records for public and private
wells used for drinking water supply within applicable search distances, per the regulating
EPD department’s requirements. Concurrently, Terracon will perform a windshield survey to
identify wells in applicable radii and any other potential receptors. The survey will include a
map of identified features and a tabulation of owner’s names (if available) and street
addresses.
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B-2.6 Asbestos & LBP Sampling

Samples of suspect ACM may be collected for laboratory analysis.  Bulk sample collection will
be conducted in general accordance with the sampling protocols outlined in USEPA 40 CFR
763.86. A laboratory accredited by the National Voluntary Laboratory Accreditation Program
(NVLAP) will analyze bulk material samples by visual estimation using polarized light
microscopy (PLM).  If PLM results merit re-analysis by the more quantitative point counting
technique, Terracon will contact the client for authorization if additional costs will be incurred.
Terracon will visually assess building components and perform a lead paint (LP) survey that
will consist of collecting paint chips samples from various painted components.
Representative building component surfaces that may be sampled include, but are not
necessarily limited to, woodwork/molding, door jams and trim, window still, and sashes,
cabinets, walls, ceilings, counter tops, stair railings, floors, radiators, balcony railings, and
base boards.  The paint chip samples will be submitted to a laboratory participating in the
Environmental Lead Laboratory Accreditation Program (ELLAP) for lead content analysis.

B-2.7 Standard Analytical Methods

The following tables describe standard analytical methods. Additional methods needed for a
particular project will be outlined in the SSQAPP.

Table 1 - Standard Analytical Methods for Solid-Matrix Samples

Contaminant of Concern Analytical Method Packaging and Preservation
Maximum

Holding Times

VOCs USEPA 5035/8260

(1) 40 mL vial with Methanol,
(2) 40 mL vials with deionized
water, 4oz CWM, 4°C

OR

(1) 40 mL vial with Methanol,
(2) 40 mL vials with Sodium
Bisulfate, 4oz CWM, 4°C

48 hours, 14
days if frozen

within 48 hours

14 days

SVOCs USEPA 8270 8oz glass jar, 4°C 14 days
Chlorinated Herbicides USEPA 8151 8oz glass jar, 4°C 14 days
Organophosphorus
Pesticides

USEPA 8141 8oz glass jar, 4°C
14 days

PAHs USEPA 8270-SIM 8oz glass jar, 4°C 14 days
PCBs USEPA 8082 8oz glass jar, 4°C 14 days
Chlorinated Pesticides USEPA 8081 8oz glass jar, 4°C 14 days
Metals (except mercury) USEPA 6010/6020 8oz glass jar 180 days
Mercury USEPA 7471A 8oz glass jar, 4°C 28 days
TCLP Extraction USEPA 1311 8oz glass jar, 4°C



Generic Quality Assurance Project Plan, Revision 5
River Valley Regional Commission Coalition Assessment Grant
USEPA Cooperative Agreement No. 00D94519-0

Responsive ■ Resourceful ■ Reliable 21

Contaminant of Concern Analytical Method Packaging and Preservation
Maximum

Holding Times

SPLP Extraction USEPA 1312
8oz glass jar, Encore device for
volatiles; 4°C/frozen for volatiles

Depends on
Contaminant(s)

pH USEPA 9045C 8oz glass jar, 4°C ASAP

Table 2 - Standard Analytical Methods for Aqueous Samples

Contaminant of Concern Analytical Method Packaging and Preservation
Maximum

Holding Times

VOCs USEPA 8260C
(1) 40-mL vial with HCL
(2) 40-mL vials unpreserved

7 days

SVOCs USEPA 8270C
(1) 1-L Amber Glass No
preservative, 4°C

7 days

Chlorinated Herbicides USEPA 8151 (1) 1000-mL Amber Glass, 4°C 7 days
Chlorinated Pesticides USEPA 8081 (1) 1000-mL Amber Glass, 4°C 7 days
PAHs USEPA 8270-SIM (1) 1-L Amber Glass, 4°C 7 days
PCBs USEPA 8082 (1) 1-L Amber Glass, 4°C 7 days
Organophosphorus
Pesticides

USEPA 8141 (1) 1-L Amber Glass, 4°C 7 days

Metals (except mercury) USEPA 6010/6020
500-mL plastic poly with HNO3,
to pH <2, 4°C

180 days

Mercury USEPA 7470A
500-mL plastic poly with HNO3,
to pH <2, 4°C

28 days

Cyanide USEPA 9012 250-mL NaOH, 4°C 14 days
pH USEPA 9040B 125-mL, No Preservative, 4°C ASAP
Asbestos USEPA 600/R-93/116 Sealed plastic bag or plastic vial NA

Lead-based Paint
USEPA SW-846
3050B*/7000B

Sealed plastic bag or plastic vial NA

B-2.8 Field Corrective Action

Field safety and sampling procedure checks will be performed at a frequency of at least 10
percent of the environmental assessment sample locations.  Even with the best planning, data
collection activities are always subject to field variances, which may require changes to the
planned approach.  The linchpin of data quality is the ability of field staff to make sound
decisions with regard to corrective measures. Routine corrective measures during all
sampling activities will be taken at the discretion of the Field Team Leader and Assessment
Manager.  All corrective measures will be thoroughly documented in field logs. However,
difficulties may arise when issues are encountered and decisions on corrective actions move
“beyond the routine.”  Whenever there appears to be a problem that could adversely affect
data quality and resulting decisions affecting future response actions pertaining to each site,
the Field Variance Decision Tree, included as Figure 2 below, has been developed, with
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respect to the Project Organizational Chart in Section A-4.2, to provide a clear picture of the
assessment and response process for field variances.

Once field data collection has been completed and any corrective measures have been
documented, analytical data validation will be performed by the laboratory to evaluate any
corrective actions reported for the analyses.  Terracon will conduct a review of data and
provide documentation of corrective actions in the site assessment report.
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B-3: SAMPLE HANDLING AND CUSTODY REQUIREMENTS

Sample containers and other dedicated consumables will meet EPA criteria for
decontamination procedures required for low-level chemical analysis.  Sample containers will
have Level II certification provided by the manufacturer or supplier, in accordance with pre-
cleaning criteria established by EPA in “Specifications and Guidelines for Obtaining
Contaminant-Free Sample Containers.”  The certificates of cleanliness are maintained by the
container suppliers and can be obtained upon request using the container batch and lot
numbers.  The Field Team Leader and Assessment Manager are responsible for field supplies
and consumables.  The laboratory GM is responsible for laboratory supplies and
consumables.

Samples will be placed into appropriate laboratory supplied pre-cleaned containers for each
analysis, as listed above on Tables 1 and 2 in Section B-2.  Chain of custody records initiated
by the laboratory will be completed by Terracon during the sampling activities and maintained
with the sample coolers until the coolers are delivered to the laboratory.  The TSOPs and the
laboratory QAMs describe the sample handling and custody requirements.

Chain of custody procedures will begin with the laboratory preparation of a field kit that
includes appropriate sample containers for the requested matrices and analytical methods.
During sample collection, a label is completed specifying the sample location identification,
date, time, preservative, analysis, and field technician’s initials (printed in ink) will be affixed
to each sample container, and the sample information will be entered on the chain of custody
record.  Each sample will have its own unique identification number.  The numbering scheme
will provide tracking for the retrieval and usage of analytical field data for each sample. The
sample identification will correlate on field data sheets and/or logbooks, chain of custody
records, and all other documentation used during the project.

Samples will be packaged in a manner to prevent breakage or cross contamination. Ice will
be placed into the cooler prior to placement of samples. Packing materials such as plastic
bubbles will be placed into coolers to prevent shifting.  Enough ice will be provided to ensure
that the temperature of the samples is cooled and maintained at approximately 4°C. The
SSQAPP will describe handling procedures for non-routine samples when handling
procedures for the media and intended analysis differ.  Sample containers from the specific
sampling location will be placed into the same cooler, except in cases where multiple sample
storage coolers will be transported the same day. Then, the sample containers for VOC
analysis will be consolidated into a single cooler to minimize the number of required trip
blanks.

The chain of custody record will be updated whenever the samples are transferred to another
person or party.  If sample shipment is required via commercial service, each cooler lid will be
securely taped shut, and at least two custody seals will be signed, dated, and placed across
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the lid opening. Additionally, if a commercial carrier is used, the laboratory will be contacted
and notified of ship time and estimated receipt time by the laboratory. The samples will be
submitted to the receiving laboratory by Terracon personnel in a time-efficient manner to
ensure that the applicable holding times are not exceeded.  Chain of custody procedures end
with the signature, date and time provided by the representative at the laboratory receiving
the samples. The laboratory QAMs describe the sample logging and tracking of samples. An
example of a chain of custody record form is provided the laboratory QAMs included as
Appendix C.

B-4: ANALYTICAL METHODS AND REQUIREMENTS

A listing of the COCs and analytical methods will be provided in the SSQAPP.  The laboratory
will perform the measurement of COCs in sample media.  Once the samples are received and
logged in at the laboratory, the samples will be analyzed by EPA Methods identified on the
chain of custody record, which correlates to the COCs and analytical methods as specified in
the SSQAPP. The laboratory GM is responsible for overseeing the success of the analysis
and for implementing corrective actions if deemed necessary.

The detection limit requirements for each analyte are typically below regulatory limits for the
parameters of interest.  The Contract/Project Manager will review the laboratory QC samples
and control limits identified in the laboratory QAMs. The quality of the data generated using
the laboratory QAMs will provide analytical data of known quality and precision for this project.
The use of non-standard or unpublished methodologies is not anticipated; however, if
applicable, additional validation criteria will be provided in the SSQAPP.

In general, the laboratory turnaround time for hardcopy and electronic laboratory data
deliverables is anticipated to be approximately 10 business days.  A project-specific schedule,
including turnaround time, will be provided in the SSQAPP.

B-5: FIELD QUALITY CONTROL REQUIREMENTS

The following Quality Control (QC) samples will be assessed during the investigation(s):

n Matrix Spike/ Matrix Spike Duplicate (MS/MSD) samples (1 per 20 samples per
media sampled)

n Field Replicates

n Temperature Blanks (one per shipped cooler)

n Trip Blank (1 per shipped cooler with VOCs)
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MS/MSD samples are collected to assess the precision of sample collection and analytical
procedures. A MS/MSD will be collected at a frequency of 5%, or 1 per 20 samples collected
per matrix (soil, ground water, etc.). MS/MSD samples will be collected concurrently with site
characterization samples and collected from as close to the original sampling location as
possible. Field replicates will typically be collected in order to limit decision error.

A single temperature blank will be added to each sample shipping container prior to shipment.
This blank will be evaluated for temperature by the laboratory upon sample receipt.

B-6: LABORATORY QUALITY CONTROL REQUIREMENTS

The selected laboratories are GA-certified to perform the analytical procedures in accordance
with Standard Methods. A copy of the Laboratory Quality Assurance Manual (QAM) is
available in the laboratory QAMs provided in Appendix C.

Laboratory quality control checks include:

§ Laboratory Control Samples / Duplicates
§ Matrix Spikes / Duplicates
§ Method Reagent Blanks
§ Instrument Blanks
§ Surrogate Spikes

The laboratory generates precision and accuracy targets from the matrix spikes and matrix
spike duplicates to assess precision and accuracy.  Evaluation criteria for laboratory control
samples are dependent upon sample matrix, analytical instrumentation, and analytical method
requirements.  Re-analysis is performed in the event samples do not conform to acceptance
criteria. Validation and verification procedures are discussed below in Section D-2.  Quality
control requirements for analytical data will be referenced in the SSQAPP. The
Contract/Project Manager and/or Assessment Manager monitors the project to ensure QA
requirements are met.  If QC issues are identified, procedures are in place to handle situations
that may arise.

B-7: FIELD EQUIPMENT CALIBRATION AND CORRECTIVE
ACTION

Testing, inspection, and maintenance of all field sampling equipment, field instrumentation,
and health and safety monitoring instrumentation will be performed by Terracon personnel
prior to any deployment for field activities.  Testing, inspection, and maintenance will be
performed in accordance with referenced TSOPs and manufacturers’ recommendations.
Terracon maintains an inventory of field equipment at its Columbus office.  In cases when
equipment malfunctions, or is already in use at another project, needed equipment will be
rented from a local or national vender or shipped from another Terracon office.
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Field instrumentation and health and safety monitoring instrumentation will be calibrated and
logged prior to obtaining measurements and verified by measurement of the calibration
standard solution or gas after use in accordance with manufacturers’ recommendations and/or
instrument-specific TSOPs provided in Appendix A. An example field instrument daily
calibration sheet is included in Appendix D.

B-8: LABORATORY EQUIPMENT CALIBRATION AND
CORRECTIVE ACTION

The laboratory QAMs in Appendix C outline laboratory analytical instrumentation, calibration
testing, inspection, preventive maintenance, frequency, and actions. Only personnel who are
thoroughly trained are allowed to operate the instruments. Instrument manuals are always
available, along with the SOPs for reference. Written records are maintained to document all
maintenance, troubleshooting, and modifications. Daily and routine maintenance improves
productivity by minimizing instrument down time. If the instrument cannot be fixed by
laboratory staff, then a service call is put in to the manufacturer. No analysis will be run when
an instrument is out-of-service. Any maintenance or repair that the service technician does is
documented.

Laboratory instrument calibration is outlined in the laboratory QAMs contained in Appendix C.
All equipment is properly cleaned, and maintenance procedures are documented; traceable
to equipment.

B-9: ANALYTICAL SENSITIVITY AND PROJECT CRITERIA

The primary quality objective of each project is to provide valid data of known and documented
quality to detect contaminated media at the site and attribute that contamination to specific
source(s). General DQOs, described in Section A-6, specifically limit decision error related in
A-6.3, Step 6, and will be further developed within the framework of a SSQAPP. Laboratory
method-specific criteria are described in the laboratory QAMs.

The sampling and analytical methods to be used for site characterization during this
assessment are consistent with those accepted for field activities conducted by EPA Region
4, GA EPD, and their contractors. We anticipate all analytical methods described in Section
B-2 will meet sensitivity goals to allow comparison to the media-specific screening criteria for
analytes not requiring dilution.

Additional evaluation and/or verification of previous data is not anticipated.
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B-10:  DATA MANAGEMENT AND DOCUMENTATION

Data may be produced in two locations:  on-site and at the laboratory.  Data collected on-site
will be recorded in field logbooks and/or field log sheets, which become part of the project file
and data are included in the assessment report appendices.  Select field logs are contained
in Appendix D. Amanda M. Herrit, Contract/Project Manager, and/or Jason A. Cooper,
Assessment Manager will ensure that copies of the field data worksheets, field equipment
calibration logs and the field activity reports are submitted to the QA/QC Reviewer.
Documents and records are maintained in general accordance with the EPA Region 4, LSASD
“Field Branches Quality System and Technical Procedures”.  A computer compatible with MS
Office Suite® will be used to help process, compile, and manage the data.  Terracon maintains
project records in a project-specific folder identified by a project number.  Field data forms are
scanned and placed in an electronic project folder, which also includes, laboratory reports,
and final reports. The Terracon Information Technology Department maintains the security of
the network with up to date software and virus protection.  The restricted access network
retains sample results provided from the laboratory in protected electronic form to ensure that
laboratory reports remain in their original format.

The laboratory will manage the original raw laboratory data from this project (both hard copy
and electronic).  The laboratory GM retains and maintains laboratory records.  Laboratory
records will be managed in accordance with laboratory QAMs in Appendix C.  The laboratory
GM will submit laboratory data to the Contract/Project Manager within a standard turn-around
time of approximately 7 working days from the laboratory’s receipt of the samples.  Upon
receipt, the data is reviewed by the QA/QC reviewer as described in Section D-2 and D-3 prior
to evaluating project management decisions. The Contract/Project Manager will be
responsible for ensuring the analytical report meets requirements and for forwarding it to the
RVRC’s Brownfields Project Manager when applicable.

A copy of all the final documents will reside for a period of not less than five years, on file with
the Grantee. Terracon maintains electronic files on the local office server.  This information is
backed up daily from Terracon’s Corporate Data Center.  Hard copies and electronic files for
brownfields projects are retained at our local Terracon office.

C-1: ASSESSMENTS AND CORRECTIVE ACTIONS

Because of the relatively short duration of each on-site sampling event, no field audits of
sampling procedures will be performed; however, Terracon will provide GA EPD and USEPA
with five working days’ notice prior to initiation of field activities should the Department wish
to visit any site concurrent with sampling.

Peer review assessments, management systems reviews, technical systems audits,
performance audits, audits of data quality, data usability, or other assessments will be
conducted as specified in the SSQAPP.  Safety and sampling procedure field checks of
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fieldwork events may occur on a random basis.  Laboratory audits are outlined in the
laboratory QAMs in Appendix C.  Peer reviews are performed for all report documents by the
QA/QC Reviewer for verification and validation of reported data prepared by the Project
Manager, prior to the Contract/Project Manager submittal of the report to the RVRC’s
Brownfields Project Manager, GA EPD, and EPA Region 4 Project Officer.

The Field Team Leader in consultation with the Project Manager will be responsible for
corrective actions related to field activities. All corrective measures will be thoroughly
documented in field logs. If there appears to be a problem that could adversely affect data
quality, the Field Variance Decision Tree provided in Section B-2 was developed with respect
to the Project Organizational Chart in Section A-4.2, to provide a clear picture of the
assessment and response process for field variances.

C-2: PROJECT REPORTS

Following completion of field activities, laboratory work, and internal review and data
validation, Terracon will develop a report documenting assessment activities, associated data,
investigative findings, and assessment conclusions. Necessary deviations will be discussed
accordingly. The significance of any deviations requiring corrective action will be evaluated by
the Terracon Project Manager before report development.

Any draft plans or reports will be submitted to the RVRC following the schedule indicated in
the SSQAPP. Final reports will be subsequently developed following incorporation of the
RVRC’s comments and forwarded to the GA EPD and USEPA by Terracon directly on behalf
of the RVRC. Revisions and responses to associated comment letters will be similarly
distributed back to the Terracon Project Manager. Final reports will become public record.

D-1: FIELD DATA EVALUATION

The Contract/Project Manager and/or Assessment Manager will validate the field data and
discuss any problems identified during the project with the Field Team Leader.  Data will be
reviewed for integrity by checking all field entries for errors and consistency.  Data validation
will be accomplished through a series of QC checks and reviews intended to assure that the
reported results are of a verifiable, reproducible, and acceptable quality.  A data usability
review includes an assessment of field procedures including field notes, boring logs, field
screening results, and field analytical data calibration and sensitivity, completeness,
comparability, representativeness, precision, and bias (accuracy) of the data will be performed
by the Project Manager and/or Assessment Manager in conjunction with the QA/QC Reviewer.
The findings of this review will be documented and presented in the final report.

If data validation indicates that field data or samples have been collected and/or analyzed out
of compliance with criteria specified in the SSQAPP (for instance deviations from the
acceptance criteria for quality control), the RVRC’s Brownfields Project Manager will be
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informed by the Contract/Project Manager and/or Assessment Manager, and resampling may
be required. Field modifications regarding sampling analysis may be necessary for
circumstances such as drilling refusal, limited access areas, or if ample sample volume could
not be collected due to field conditions.  Re-sampling may be necessary if results are deemed
unacceptable for various reasons such as exceeding laboratory holding times, etc.

If data are accepted that deviates from the SSQAPP, the data will be annotated as such, and
evaluated by the Project Manager and/or Assessment Manager in conjunction with the QA/QC
Reviewer whether the variance is significant with respect to the decision rule outcome.  The
Contract/Project Manager must contact the RVRC’s Brownfields Project Manager, GA EPD,
and the EPA Region 4 Project Officer in the event that there are any significant deviations
from the SSQAPP that adversely affect DQOs and the decision rule outcome. The RVRC’s
Brownfields Project Manager, with input from GA EPD and USEPA will determine if the data
is acceptable or if resampling is required.

D-2: LABORATORY DATA EVALUATION

Quality control criteria will be included in the SSQAPP.  A summary of validation activities is
outlined below:

Table 3 - Validation Activities

Item Activity
Data Deliverables
and QAPP

Ensure that all required information on sampling and analysis was
provided (including planning documents).

Analytes Ensure that required lists of analytes were reported as specified.
Chain of Custody Examine the traceability of the data from time of sample collection

until reporting of data.  Examine chain of custody records against
contract, method, or procedural requirement. Ensure chain-of-
custody time of collection match field record time of collection.

Holding Time Identify holding time criteria, and either confirm that they were met
or document any deviations.  Ensure that samples were analyzed
within holding times specified in method, procedure, or contract
requirements.  If holding times were not met, confirm that deviations
were documented, that appropriate notifications were made
(consistent with procedural requirements), and that approval to
proceed was received prior to analysis.

Sample Handling Ensure that required sample handling, receipt, and storage
procedures were followed, and that any deviations were
documented.

Sampling Methods
and Procedures

Establish that required sampling methods were used and that any
deviations were noted.  Ensure that the sampling procedures and
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Item Activity
field measurements met performance criteria and that any
deviations were documented.

Analytical Methods
and Procedures

Establish that appropriate extraction analytical methods were used
and that any deviations were noted. Evaluate the calibration curve
reliability of any samples that were diluted due to matrix
interferences or concentrations. Ensure that the QC samples met
performance criteria and that any deviations were documented.

Data Precision and
Accuracy

Establish that data precision (RPD) and accuracy (%R) goals were
met

Deviations Determine the impacts of any deviations from sampling or analytical
methods and SOPs.  Consider the effectiveness and
appropriateness of any corrective action.

Sampling Plan Determine whether the sampling plan was executed as specified
(i.e., the number, location, and type of field samples, duplicates and
field blanks were collected and analyzed as specified in the Site-
Specific QAPP).

Sampling
Procedures

Evaluate whether sampling procedures were followed with respect
to equipment and proper sampling support (e.g., techniques,
equipment, decontamination, volume, temperature, preservatives,
etc.).

Co-located Field
Duplicates

Compare results of co-located field duplicates with criteria
established in the Site-Specific QAPP.

Project
Quantitation Limits

Determine that quantitation limits were achieved, as outlined in the
Site-Specific QAPP and that the laboratory successfully analyzed a
standard at the quantitation limit.

Confirmatory
Analyses

Evaluate agreement of laboratory results.

Performance
Criteria

Evaluate QC data against project-specific performance criteria in the
Site-Specific QAPP (i.e., evaluate quality parameters beyond those
outlined in the methods).

Data Qualifiers Determine that the data qualifiers applied were those specified in
the Site-Specific QAPP and that any deviations from specifications
were justified.

Validation Report Summarize deviations from methods, procedures, or contracts.
Include qualified data and explanation of all data qualifiers.

The laboratory GM will review and verify the laboratory data generated under their corrective
action system for accuracy according to the laboratory’s QAM, as discussed above in Section
B-6, and validation process outlined in the QAM, in Appendix C.  Any problems identified
during this process will be reported to the Contract/Project Manager and Assessment
Manager.  Data anomalies associated with the laboratory will be documented in the laboratory
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QA narrative report provided in the analytical report, which will be provided as an appendix in
the assessment report.

The Contract/Project Manager and/or Assessment Manager will validate the field data and
discuss any problems identified during the project with the Field Team Leader.  Any problems
and associated corrective actions will be documented in the field activity report.  The Project
Manager in conjunction with the QA/QC Reviewer will perform QC checks for verification of
the analytical data by using a validation process review of analytical QC results for each
sampling event.  The QA/QC Reviewer will evaluate the data usability.  The validation process
includes review of the following:

§ Narrative
§ Quality control blanks
§ Quality control data (spikes, duplicates)
§ Surrogate spike recoveries
§ Data qualifiers assigned (by lab) if necessary (data qualifiers are defined in the

laboratory QAMs in Appendix C)
§ Precision and accuracy

Precision comparison of duplicate sample results will be made to evaluate the reproducibility
of the sample results based on the laboratory analysis and sample collection procedures.
Precision is evaluated by calculating relative percent difference (RPD).

%RPD = (Duplicate 1 - Duplicate 2)
      (Duplicate 1 + Duplicate 2)     X 100

          2

Results: <35% RPD = “good/acceptable”, >35% to <50% = “fair”, >50% = “poor”

Based on the data qualifiers provided by the laboratory and RPD, analytical data will be
categorized as fully quantified, qualified, or unusable.  Unusable data will not be utilized in the
project decision process.  Laboratory reports will be included in all submitted project reports.

The data usability evaluation is outlined in Table 4. The Contract/Project Manager and/or
Assessment Manager will review the quality control samples, hold times, calibration, surrogate
recovery, as well as the precision and accuracy of data. Accuracy of analytical data, based
on percent recoveries of know compound spike concentrations relative to QC limits
established by the laboratory, are reviewed to evaluate whether the data will be accepted or
rejected.  Any data limitations will be noted on data summary tables and discussed within the
assessment report.  In the event data are rejected, the QA/QC Reviewer, Contract/Project
Manager, Assessment Manager, and the RVRC’s Brownfields Manager will discuss the
reasons for the rejection of data and what steps should be initiated including additional site
sampling if deemed necessary.
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Table 4 - Data Usability Assessment

Item Assessment Activity

Data Deliverables and
QAPP

Ensure that all necessary information was provided, including
but not limited to validation results.

Deviations Determine the impact of deviations on the usability of data.

Sampling Locations,
Deviations

Determine if alterations to sample locations continue to satisfy
the project objectives.

Chain of Custody,
Deviation

Establish that any problems with documentation of custody
procedures do not prevent the data from being used for the
intended purpose.

Holding Times,
Deviation

Determine the acceptability of data where holding times were
exceeded.

Damaged Samples,
Deviation

Determine whether the data from damaged samples are
useable.  If the data cannot be used, determine whether
resampling is necessary.

SOPs and Methods,
Deviation

Evaluate the impact of deviations from SOPs and specified
methods on data quality.

QC Samples Evaluate the implications of unacceptable QC sample results
on the data usability for the associated samples.  For example,
consider the effects of blank contamination.

Matrix Evaluate matrix effects (interference or bias).

Meteorological Data
and Site Conditions

Evaluate the possible effects of meteorological (e.g., wind, rain,
temperature) and site conditions on sample results.  Review
field reports to identify whether any unusual conditions were
presented and how the sampling plan was executed.

Comparability Ensure that results from different data collection activities
achieve an acceptable level of agreement.

Completeness Evaluate the impact of missing information.  Ensure that
enough information was obtained for the data to be useable
(completeness) as defined in the SSQAPP.

Background Determine if background levels have been adequately
established (if appropriate).

Critical Samples Establish that critical samples and critical target
analytes/constituents of concern, as defined in the QAPP, were
collected and analyzed.  Determine if the results meet criteria
specified in the SSQAPP.
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Item Assessment Activity

Data Restrictions Describe the exact process for handling data that do not meet
data quality objectives (i.e., when measurement performance
criteria are not met).  Depending on how those data will be
used, specify the restrictions on the use of those data for
environmental decision-making.

Usability Decision Determine if the data can be used to make a specific decision
considering the implications of all deviations and corrective
action.

Usability Report Discuss and compare overall precision, accuracy
representativeness comparability, completeness, and
sensitivity MDL for each matrix, analytical group, and
concentration level.  Describe limitations on the use of the
project if criteria for data quality indicators are not met.

D-3: EVALUATING DATA IN TERMS OF USER NEEDS

Assessment of site media is generally conducted to evaluate the site for potential COC
impacts related to a perceived environmental problem to determine if an environmental
remedy is needed relative to the proposed redevelopment.  Valid data of known and
documented quality is required for all media sampled in order to make the decision.  The
process for reconciling the data with the project DQOs includes the evaluation of the following
questions:

1. Were the appropriate collection procedures followed with the samples collected?

2. Were the collected samples handled in accordance with the SOPs?

3. Were the samples collected from the pre-determined or specific sampling locations?

4. Were the collected samples properly preserved?

5 If applicable, were field sampling problems documented in field logs?

6. Were the analytical methods specified in the SSQAPP used in accordance with the
chain of custody procedures?

7. Were any problems identified during laboratory analysis?

8. Was the laboratory data able to meet the MDLs, PQLs, and QA/QC requirements
specified in the SSQAPP, and was this documented?

9. What were the results of data validation?  Do any of the data points require
rejection?

10. If data is problematic, is re-sampling or re-analysis required?

11. If data is rejected, how does the result affect the ability to evaluate the site?



Generic Quality Assurance Project Plan, Revision 5
River Valley Regional Commission Coalition Assessment Grant
USEPA Cooperative Agreement No. 00D94519-0

Responsive ■ Resourceful ■ Reliable 34

Data generated with significant deviations from the requirements established in the SSQAPP
will be rejected. Because biased sampling locations are evaluated during the site assessment,
all data will have the same expected uncertainties and there will be no limitations on use of
the data, except for rejected data.   Once reliable and representative data are obtained, the
data will be compared to the appropriate regulatory standards to determine whether the site,
or areas within the site, can be considered for redevelopment without environmental remedy.
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ACRONYMS AND ABBREVIATIONS

mmhos/cm ...................................................................................... micromhos per centimeter
AAI ....................................................................................................... All Appropriate Inquiry
ACM ..........................................................................................Asbestos-Containing Material
AHERA............................................................... Asbestos Hazard Emergency Response Act
AICP ......................................................................... American Institute of Certified Planners
AIHA ........................................................................American Industrial Hygiene Association
ARARs ..............................................  Applicable or Relevant and Appropriate Requirements
AST ..............................................................................................Aboveground Storage Tank
ASTM.................................................................American Society for Testing and Materials
BTEX ............................................................ Benzene, Toluene, Ethylbenzene, and Xylenes
CAD ................................................................................................. Computer-Aided Drafting
CERCLIS ..................................... Comprehensive Environmental Response, Compensation,

and Liability Information System
CFR ........................................................................................... Code of Federal Regulations
CIH .............................................................................................. Certified Industrial Hygienist
COC………………………………………………………………………Contaminants of Concern
CORRACTS ............................................................... RCRA TSD Corrective Action Facilities
CSM .................................................................................................... Conceptual Site Model
CTLs………………………………………………………………………….Cleanup Target Levels
CWM ...........................................................................................Clear Wide Mouth Glass Jar
DAO………………………………………………………………….Designated Approving Official
DO………………………………………………………………………………….Dissolved Oxygen
DQO .....................................................................................................Data Quality Objective
EDR ............................................................................... Environmental Data Resources, Inc.
EPA .................................................................................... Environmental Protection Agency
ESA ....................................................................................... Environmental Site Assessment
ESC ................................................................................ Environmental Science Corporation
eV ....................................................................................................................... electron-volt
f/cc ....................................................................................... fibers per cubic centimeter of air
GC .......................................................................................................... Gas Chromatograph
GCTLs………………………………………………………..Groundwater Cleanup Target Levels
GIS ..................................................................................... Geographical Information System
GPS .................................................................................... Geographical Positioning System
GRO ............................................................................... Groundwater Remediation Objective
HASP ..................................................................................................Health and Safety Plan
HAZWOPER………………………...Hazardous Waste Operations and Emergency Response
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ACRONYMS AND ABBREVIATIONS (cont.)

HCl .............................................................................................................. Hydrochloric Acid
HNO3 ....................................................................................................................... Nitric Acid
HUD ...................................... United States Department of Housing and Urban Development
ICP……………………………………………………………………...Inductively Coupled Plasma
IDW ............................................................................................. Investigation Derived Waste
IMPDMENT ....................................................................................................... Impoundment
L ........................................................................................................................................ liter
LBP ............................................................................................................. Lead-Based Paint
LCS .............................................................................................. Laboratory Control Sample
LQAP ....................................................................... Laboratory Quality Assurance Programs
LQM……………………………………………….……………………..Laboratory Quality Manual
LUST ...............................................................................Leaking Underground Storage Tank
mg/kg ................................................................................................. milligrams per kilogram
mL ............................................................................................................................... milliliter
MS/MSD .......................................................................... Matrix Spike/Matrix Spike Duplicate
MWSR................................................................................ Monitoring Well Sampling Record
NaOH ......................................................................................................... Sodium Hydroxide
NELAC ..................................... National Environmental Laboratory Accreditation Conference
NESHAP ..................................... National Emissions Standards for Hazardous Air Pollutants
NFR .................................................................................................. No Further Remediation
NIST .............................................................. National Institute of Standards and Technology
NLLAP......................................................... National Lead Laboratory Accreditation Program
NTU ......................................................................................... Nephelometric Turbidity Units
OSHA ............................................................. Occupational Health and Safety Administration
OVM ....................................................................................................... Organic Vapor Meter
oz .................................................................................................................................. ounce
PAH .................................................................................... Polycyclic Aromatic Hydrocarbon
PCB ................................................................................................. Polychlorinated Biphenyl
PE ........................................................................................................ Professional Engineer
PPE…………………………………………………………………Personal Protective Equipment
PG ....................................................................................................... Professional Geologist
PLM ............................................................................................. Polarized Light Microscopy
PQL ............................................................................................... Practical Quantitation Limit
QA .............................................................................................................. Quality Assurance
QAPP ..................................................................................... Quality Assurance Project Plan
QAM .............................................................................................. Quality Assurance Manual
QC .................................................................................................................. Quality Control
RCRA .................................................................... Resource Conservation and Recovery Act
RPD ............................................................................................. Relative Percent Difference
SCTLS…………………………………………………………………..Soil Cleanup Target Levels
SOP…………………………………………………. .................... Standard Operating Procedure
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ACRONYMS AND ABBREVIATIONS (cont.)

SVOC ................................................................................... Semivolatile Organic Compound
TCLP .................................................................... Toxicity Characteristic Leaching Procedure
TLS……………………………………………………………………….Terracon Learning System
TSOP .......................................................................Terracon Standard Operating Procedure
USEPA ......................................................... United States Environmental Protection Agency
VOC .............................................................................................Volatile Organic Compound



 

 

 

 

 

 

Appendix A – Terracon Standard Operating Procedures 



 

TABLE OF TERRACON STANDARD OPERATING PROCEDURES (TSOPs) 
FOR EPA BROWNFIELD GRANT PROJECTS 

Revised September 2014 
 
REFERENCE 

NO. TITLE 
LAST REVISED 
OR REVIEWED 

General Project Management and Documentation 
 E.10 Project Mobilization December 2013 
 E.20 Standard Safe Operating Procedures for Hazardous Waste Operations Manual June 2010 
 E.25 Basic Recordkeeping and Field Documentation February 2014 
 E.30 Chain of Custody Documentation June 2010 
 E.40 Field Quality Audits and Corrective Action March 2014 
 E.45 Tiers 1 and 2 Data Validation September 2014 
Sampling Platforms and Methods 
 E.50 Sampling – Environmental Representativeness June 2010 
 E.100 Surface & Near-Surface Bulk Sampling (Unconsolidated Materials – Grab) December 2013 
 E.150 Soil Sampling – Low Level Volatile By TerraCore June 2010 
 E.155 Soil Sampling – High Level Volatile By TerraCore June 2010 
 E.200 Surface Soil Sampling – Oakfield June 2010 
 E.310 Auger Drilling and Sampling June 2010 
 E.320 Hollow-stem Auger Drilling June 2010 
 E.325 Casing Advance Drilling June 2010 
 E.330 Fluid Rotary Drilling and Sampling June 2010 
 E.340 Air Rotary Drilling and Sampling June 2010 
 E.400 Subsurface Sampling – Geoprobe Platform July 2012 
 E.410 Subsurface Sampling – General Push-Probe Technology June 2010 
 E.450 Subsurface Soil Sampling – Xitech Sampler June 2010 
 E.460 Subsurface Sampling – Shelby Tube June 2010 
 E.465 Subsurface Sampling – Split Barrel June 2010 
 E.468 Sample Handling – Soil (Level D) June 2010 
 E.470 Sample Handling – Groundwater (Non-Hazardous) June 2010 
 E.480 Surface Water Sampling July 2012 
Non-Critical Measurements Screening 
 E.500 pH Field Screening – Soil June 2010 
 E.530 pH Field Screening – Water June 2010 
 E.540 Conductivity Field Screening – Water June 2010 
 E.550 Field Surface Screening – Soil / Photoionization Detector  June 2010 
 E.552 Field Headspace Screening – Soil / Photoionization Detector  June 2010 
 E.554 Field Screening – Air / Photoionization Detector  June 2010 
 E.560 SVOC Field Screening – Soil /Ultraviolet June 2010 
 E.570 Temperature Field Screening June 2010 
 E.580 Turbidity Field Screening June 2010 
 E.590 Airborne Lead and Particulate Matter Monitoring June 2010 
 E.600 H2S Field Screening – Field Detector June 2010 
 E.605 Methane – Field Detector June 2010 
 E.610 Radioactivity – Field Detector June 2010 
 E.620 Polychlorinated Biphenyl Field Screening: Clor-N-Oil Field Detector June 2010 
 E.623 Polychlorinated Biphenyl Field Screening: Clor-N-Soil Field Detector June 2010 
 E.630 X-Ray Fluorescence (XRF) Screening – Airborne Dust June 2010 
 E.634 X-Ray Fluorescence (XRF) Screening – Lead Paint June 2010 
 E.638 X-Ray Fluorescence (XRF) Screening – Soil/Fills June 2010 
Constructing and Maintaining Monitoring Wells 
 E.700 Well Construction – Temporary June 2010 
 E.800 Well Construction – Permanent June 2010 
 E.900 Well Security – Type A (Simple Cap) June 2010 
 E.905 Well Security – Type B (Locking Expansion) June 2010 
 E.910 Well Security – Type B (Protective Casing) June 2010 
 E.920 Well Security – Type C (Flush Mount) June 2010 
 E.1300 Well Development – Volumetric June 2010 
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 E.1400 Well Development – Parametric June 2010 
 E.1500 Boring Abandonment – Commercial Sealant June 2010 
 E.1600 Boring Abandonment – Tremie’ Grout June 2010 
 E.1700 Well Abandonment – Iowa IAC39 Criteria June 2010 
Physical Field Measurements 
 E.1800 Field Measurement – Surface Layout June 2010 
 E.1805 Field Measurement – Elevations June 2010 
 E.1808 Field Measurement – Licensed Survey June 2010 
 E.1810 Field Measurement – Subsurface Soils June 2010 
 E.1820 Field Measurement – Groundwater June 2010 
 E.1830 Field Measurement - Free-Phase Product June 2010 
 E.1840 Field Measurement – Hydraulic Conductivity Testing (Slug) June 2010 
 E.1870 Field Measurement – Electromagnetic Survey June 2010 
Groundwater Sampling 
 E.1900 Groundwater Sampling – Bailer June 2010 
 E.2000 Groundwater Sampling – Low Flow Pumping June 2010 
Soil Gas and Vapor Sampling 
 E.2110 Soil Gas Sampling – Boring Implant Method (Formerly E2100) March 2014 
 E.2120 Soil Gas Sampling – Sub-slab Pin Method (Formerly E2100) March 2014 
Site Housekeeping 
 E.2210 General June 2010 
 E.2220 Disposal of Spent Supplies June 2010 
 E.2230 Handling and Storage of Drill Cuttings (Non-Hazardous) June 2010 
 E.2235 Handling and Storage of Drill Cuttings (Hazardous) June 2010 
 E.2240 Site Security Procedures June 2010 
Cleaning & Decontamination 
 E.2405 Cleaning - General June 2010 
 E.2410 Cleaning - Manual Washing June 2010 
 E.2420 Cleaning - High-Pressure, Hot-water Washing June 2010 
Building and Structure Sampling 
 E.3000 Bulk Sampling of Suspect Asbestos-Containing Material (ACM) June 2010 
 E.4000 Sampling of Potential Lead-Based Paint (Also see E.634)  June 2010 
 E.4010 Airborne Lead and Particulate Matter Monitoring (formerly E.590) June 2010 
 E.4020 Avian Pathogen Sampling - Airborne (Bird, Bat and Pigeon Droppings) March 2014 
 E.4022 Avian Waste Sampling – Solid/Surface (Bird, Bat and Pigeon Droppings) March 2014 
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E.10 

PROJECT MOBILIZATION 
 
Last Review / Revision:  December 2013 
Reviewer / Office:   DEK/Corporate 

OBJECTIVE 
Allow field personnel an opportunity to review the requirements and objectives for performing the 
necessary field tasks and discuss with the project manager concerns associated with the project, safety, 
and methodologies. 
 
Key to Terracon’s Incident and Injury Free culture is pre-task planning. Pre-Task Planning is the most 
proactive skill we can learn to create and sustain an IIF workplace and make sure all of our employees 
go home safely every day. It is required from the very beginning when preparing proposals and starting 
projects, as well as when we assign work and execute the tasks throughout the day. This includes 
mobilization for projects.  

PROCEDURE 
Field personnel should discuss the proposed field activities with the project manager prior to initiating 
the site work.  This will be a formal “sit down, face-to-face” transfer of project information and objectives 
from the Project Manager to the designated field or task manager.  All parties will engage in the 
planning. This should include, but not be limited to, discussions on: 
 
Project Objectives 
 
 Assure that personnel have an understanding of the objectives prior to initiating the field 
activities.  This will provide a greater insight and allow field personnel to make appropriate decisions 
based on site specific conditions.  This briefing provides background information which allows the field 
personnel to think about field operations in a way which will optimize performance and data gathering 
efficiency. 
 
Discuss the regulatory framework within which the report and results of field work will be used. Identify 
special requirements of specific regulatory programs. 
 
Specific to EPA Brownfield Grant or Pilot Projects of Any Type 
The mobilization Team will have in hand as part of planning mobilization copies of the following; 

  Site eligibility determination approved by EPA Project Officer 
  Access agreement signed by the property owner, not a tenant  
  EPA-approved Quality Assurance Project Plan (QAPP) 
  EPA-approved Sampling and Analysis Plan 

 
Site Safety Plan (SSP) 
 
 Staff will implement IIF using the Terracon Pre-Task Planning Quick Reference Sheet, available 
here if viewing this electronically or it can be printed from the Terranet Corporate Safety Website under 
the IIF Toolbox section.   
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The team will then review the SSP with the project manager and sign the acknowledgement.  Confirm 
that you have the proper monitoring equipment, protective clothing and respiratory device and confirm 
that you are aware of the monitoring requirements and safety level. 
 
Permits/Right of Entry (R.O.E.)/Utility Clearance 
 
 Make sure that the proper permits, R.O.E. and utility clearance have been secured.  This will 
avoid delays at the job-site.  Determine that all parties, including the client, property owner or tenant, 
and regulatory official have been notified, if necessary. 
 
Drilling/Development/Sampling Requirements 
 
 Review the drilling/development/sampling requirements to allow for satisfactory completion.  
Determine location of all borings/monitoring wells and the soil and groundwater sampling sequence for 
chemical analysis and definition of the stratigraphy. 
 
Decontamination 
 
 Review cleaning procedures and TSOPs for the drilling equipment and/or sampling equipment.  
This is imperative to minimize cross-contamination and maintain safe site conditions. 
 
Communications 
 
 Establish a communications link in the event that field personnel must consult with the project 
manager or designee in instances when the project manager cannot be reached. 
 
Chain-of-Custody 
 
 Review the procedures to provide for proper Chain-of-Custody maintenance from sample 
collection through analysis. 
 
Equipment 
 
 Confirm that the proper equipment is available, functional, cleaned, and calibrated.  The project 
manager should provide a checklist of all equipment required, especially when the equipment needs to 
vary from the norm. 

DOCUMENTATION 
The project manager is responsible for providing the following documentation to the field crews prior to 
field activities: 
 

 Site Safety Plan (completed) 
 Mobilization Sheet 
 Site Location Map 
 Site Diagram 
 Field manuals and references as appropriate 
 Site photography, when appropriate and allowed 
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E.100 

SURFACE & NEAR-SURFACE BULK SAMPLING 
(Unconsolidated Materials – Grab) 

 
 
LAST REVIEW / REVISION:  December 2013 
REVIEWER / OFFICE:  DEK/Corporate 
 

OBJECTIVE AND APPLICATION 
To provide standard procedure for collecting surface and near-surface soil samples of 
unconsolidated materials with hand tools as surface soils, tailings, spoils or other waste 
materials appropriate to project conditions.  
 
Samples are collected from the surface to a depth of approximately four (~4) inches.  Near-
surface soil/tailings/spoils samples are collected from the surface to a depth of approximately 
four to twelve (~4-12) inches from original surface.  The original surface may be ground surface 
or the exposed horizontal or vertical surface of material excavated in mass from the subsurface.  
 
Grab sampling is appropriate to conditions and projects where the end use of the sample is not 
overly sensitive to disturbance and handling in the course of collection.  Grab sampling should 
not be applied where the sample is used for field or laboratory measurements of low levels of 
readily volatile organic compounds.  Grab sampling is appropriate for general field screening 
and as a field guide to directing environmental excavation, if compatible with the physical 
properties of the chemical(s) to be measured.  Grab sampling should not be used for samples 
intended to represent in-situ, undisturbed subsurface conditions.  
 
Sufficient sample will be collected for the analysis that will be performed as prescribed by the 
project documents.  Soil descriptions will be completed for each collected soil sample using the 
general terminology of the unified soil classification system (ASTM D2487).  Descriptions shall 
be recorded in field books. 
 

EQUIPMENT 
 Rigid sampling equipment such as a trowel or shovel of inert material relative to the 

chemical(s) of concern and capable of reaching the depths prescribed for surface and near-
surface soils.  

 Disposable gloves. 
 Chemical-resistant work gloves. 
 Laboratory prepared sample containers. 
 Roll of plastic sheeting. 
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E.10 

PROJECT MOBILIZATION 
 
Last Review / Revision:  December 2013 
Reviewer / Office:   DEK/Corporate 

OBJECTIVE 
Allow field personnel an opportunity to review the requirements and objectives for performing the 
necessary field tasks and discuss with the project manager concerns associated with the project, safety, 
and methodologies. 
 
Key to Terracon’s Incident and Injury Free culture is pre-task planning. Pre-Task Planning is the most 
proactive skill we can learn to create and sustain an IIF workplace and make sure all of our employees 
go home safely every day. It is required from the very beginning when preparing proposals and starting 
projects, as well as when we assign work and execute the tasks throughout the day. This includes 
mobilization for projects.  

PROCEDURE 
Field personnel should discuss the proposed field activities with the project manager prior to initiating 
the site work.  This will be a formal “sit down, face-to-face” transfer of project information and objectives 
from the Project Manager to the designated field or task manager.  All parties will engage in the 
planning. This should include, but not be limited to, discussions on: 
 
Project Objectives 
 
 Assure that personnel have an understanding of the objectives prior to initiating the field 
activities.  This will provide a greater insight and allow field personnel to make appropriate decisions 
based on site specific conditions.  This briefing provides background information which allows the field 
personnel to think about field operations in a way which will optimize performance and data gathering 
efficiency. 
 
Discuss the regulatory framework within which the report and results of field work will be used. Identify 
special requirements of specific regulatory programs. 
 
Specific to EPA Brownfield Grant or Pilot Projects of Any Type 
The mobilization Team will have in hand as part of planning mobilization copies of the following; 

  Site eligibility determination approved by EPA Project Officer 
  Access agreement signed by the property owner, not a tenant  
  EPA-approved Quality Assurance Project Plan (QAPP) 
  EPA-approved Sampling and Analysis Plan 

 
Site Safety Plan (SSP) 
 
 Staff will implement IIF using the Terracon Pre-Task Planning Quick Reference Sheet, available 
here if viewing this electronically or it can be printed from the Terranet Corporate Safety Website under 
the IIF Toolbox section.   
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The team will then review the SSP with the project manager and sign the acknowledgement.  Confirm 
that you have the proper monitoring equipment, protective clothing and respiratory device and confirm 
that you are aware of the monitoring requirements and safety level. 
 
Permits/Right of Entry (R.O.E.)/Utility Clearance 
 
 Make sure that the proper permits, R.O.E. and utility clearance have been secured.  This will 
avoid delays at the job-site.  Determine that all parties, including the client, property owner or tenant, 
and regulatory official have been notified, if necessary. 
 
Drilling/Development/Sampling Requirements 
 
 Review the drilling/development/sampling requirements to allow for satisfactory completion.  
Determine location of all borings/monitoring wells and the soil and groundwater sampling sequence for 
chemical analysis and definition of the stratigraphy. 
 
Decontamination 
 
 Review cleaning procedures and TSOPs for the drilling equipment and/or sampling equipment.  
This is imperative to minimize cross-contamination and maintain safe site conditions. 
 
Communications 
 
 Establish a communications link in the event that field personnel must consult with the project 
manager or designee in instances when the project manager cannot be reached. 
 
Chain-of-Custody 
 
 Review the procedures to provide for proper Chain-of-Custody maintenance from sample 
collection through analysis. 
 
Equipment 
 
 Confirm that the proper equipment is available, functional, cleaned, and calibrated.  The project 
manager should provide a checklist of all equipment required, especially when the equipment needs to 
vary from the norm. 

DOCUMENTATION 
The project manager is responsible for providing the following documentation to the field crews prior to 
field activities: 
 

 Site Safety Plan (completed) 
 Mobilization Sheet 
 Site Location Map 
 Site Diagram 
 Field manuals and references as appropriate 
 Site photography, when appropriate and allowed 
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 Plastic trash bag for collecting expended supplies. 
 Field documentation forms or project logbook. 
 Chain-of-Custody forms for samples intended for laboratory analysis. 
 Marking pencils or indelible markers that will not leave residues which can cause 

interference with laboratory testing procedures. 

PROCEDURES 
Select the location.  Identify it with a unique designation for the project.  Diagram or otherwise 
describe the location on forms or in the logbook relative to a fixed benchmark that will allow the 
specific location to be re-visited in the future, if necessary.  If appropriate, estimate the vertical 
elevation of the sample and record.   
 
If the grab sample is constructed of multiple aliquots to represent averaging of conditions in 
soils/tailings/spoils, diagram or otherwise describe the area represented by the constructed 
sample.  Diagram or otherwise accurately describe sub-sample locations on forms or in the 
logbook relative to a fixed benchmark that will allow the specific sub-sample locations to be re-
visited in the future, if necessary.  If appropriate, estimate the vertical elevation of the sub-
samples and record.   
 
At each location before collecting the soil sample, put on a clean pair of disposable chemical-
resistant gloves.   
 
Collect each sample by hand using procedures and equipment/tools specified by the project 
manager.   
 
Place the sample directly into the laboratory prepared sample container(s) and complete the 
sample label and Chain-of-Custody as instructed by the project manager. 
 
If intended for laboratory analysis, preserve the sample as required by project plans. 
 

ATTACHED REFERENCES 
 ASTM E1903-97 Standard Guide for Environmental Site Assessments: Phase II 

Environmental Site Assessment Process. 

OTHER SUPPORTING DOCUMENTS 
 ASTM D2487-00 Standard Classification of Soils for Engineering Purposes (Unified Soil 

Classification System). 
 
 



 
 

 
E.1300 

WELL DEVELOPMENT – VOLUMETRIC 
 
Last Review or Revision:June 2010 
 
Objective 
The objective of monitoring well development is to remove adulterated water in the well, sand pack, 

and surrounding saturated formations that formed during drilling and well installation.  
Development should be considered the final step in completing a groundwater monitoring 
well.   

 
Initially, well development should purge any drilling fluids or other foreign materials from the 

monitoring well.  Development should be performed as soon as practical after the well 
installation, but no sooner than 48 hours after the grouting is complete. 

 
Equipment 
Development should be accomplished with the use of a pump, bottom filling bailer, or nitrogen lift 

device.  Measuring equipment should be consistent with that specified by the project 
Manager or Equipment Manager at mobilization and consistent with TSOP E.1820. 

 
Protective safety equipment will as specified in the program of assessment and as directed by the 

Terracon Site Health & Safety Plan consistent with materials and concentrations specified 
therein. 

 
Procedure 
 Determine the geometry of the monitoring well (i.e., measure static water level, depth of well, 

determine volume of fluid lost while drilling.)  See attached form. 
 
 Determine the volume of one "standing volume" of water in the well, defined as the volume of 

standing water within the well casing plus the volume within the gravel pack (assuming 30% 
porosity). 

 
 For monitoring wells where the boring was made without the use of drilling fluids, three (3x) 

times the standing water volume in the well should be removed. 
 
 For those wells where the boring was advanced using drilling fluids, remove five (5x) times the 

standing volume plus three (3x) times the volume of water lost during drilling. 
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 If low permeability materials prevent the well from yielding adequate volumes of water, 
alternative development procedures will be implemented at the direction of the Project Manager 
(i.e. removal of fluids to dryness, allow well to recharge and then recheck quality of fluids). 

 
 Complete the monitoring well development form if supplied by the Project Manager or record 

well development details in the field log book.  Pertinent data will vary based on the parameters 
and the form; however, the following data must be recorded.  Time, date, job number, project 
name, sampling location, samplers name, and general observations. 

 
 Store or discharge the development water consistent with direction of the Project Manager and 

as allowed by law.  Reference E.2220. 
 
Attached Supporting Documentation 
 Form 130 Log of Boring No., Monitoring Well Details, and Boring Elevations 
 
 Terracon Volumetric Chart for Well Development 
 
 Brainard Kilman Field Facts 
 
Other References 

a) ASTM D4448  Standard Guide For Sampling Groundwater Monitoring Wells 
b) TSOP E.1900 Groundwater Sampling – Bailer 
c) TSOP E.2000 Low Flow Pumping 

 



 

 

 
E.1400 

WELL DEVELOPMENT – PARAMETRIC 
 
Last Review or Revision: June 2010 
 
 
1. OBJECTIVE 
 
The objective of monitoring well development is to remove adulterated water in the well, sand pack, 

and surrounding saturated formations which formed during drilling and well installation.  
Development should be considered the final step in completing a groundwater monitoring 
well.   

 
Initially, well development should purge any drilling fluids or other foreign materials from the 

monitoring well.  Development should be performed as soon as practical after the well 
installation, but no sooner than 48 hours after the grouting is complete. 

 
Parametric stabilization is necessary when the groundwater may not be “clear” due to macroscopic 

particulate movement in the soil/fill matrix.  This is not uncommon in old industrial fills 
containing flyash or carbon black.  Parametric attempts to identify that the condition of 
physical parameters in formation water entering the well is reasonably comparable to water 
in the adjacent formation. 

 
1. EQUIPMENT 
 
Development should be accomplished with the use of a pump, bottom filling bailer, or nitrogen lift 

device.  Measuring equipment should be consistent with that specified by the project 
Manager or Equipment Manager at mobilization and consistent with TSOP E.1820. 

 
Protective safety equipment will be utilized as specified in the program of assessment and as 

directed by the Terracon Site Health & Safety Plan consistent with materials and 
concentrations specified therein. 

 
2. PROCEDURE 
 
 Determine the geometry of the monitoring well (i.e., measure static water level, depth of well, 

determine volume of fluid lost while drilling.)  See attached form. 
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 Determine the volume of one "standing volume" of water in the well, defined as the volume of 
standing water within the well casing plus the volume within the gravel pack (assuming 30% 
porosity). 

 
 Sample and record a baseline series of measurements for water in the well casing for; 

 Temperature; degrees Fahrenheit (F) 
 pH; standard units 
 Specific Conductance; micromhos (mhos) 
 Turbidity; nephelometric turbidity units (NTUs) 

 
 Remove three (3) additional standing volumes from the well, recording a measurement series 

at the end of each volume. 
 
 If each of the parameters have demonstrated repeatability for three (3) consecutive readings 

the well will be considered developed comparable to formation water conditions; 
 Temperature; + 1 degree F 
 pH; + 0.3 standard units 
 Specific Conductance; + 20 mhos 
 Turbidity; + 10 NTUs 

 
 If parameters for each have not stabilized, continue to remove and measure non-stabilized 

parameters each additional standing volume, up to a total of ten (<10x) the initial standing well 
volume.  At this point the well will be considered reasonably comparable in condition to 
conditions of the surrounding formation water.  

 
 For those wells where the boring was advanced using drilling fluids, remove the volume of 

water lost during drilling plus the one standing volume prior to taking the baseline measurement 
series. 

 
 If low permeability materials prevent the well from yielding adequate volumes of water, 

alternative development procedures using TSOP E.2000 will be implemented at the request of 
the Project Manager. 

 
 Complete the monitoring well development form. 
 
 Store or discharge the development waters consistent with direction of the project Manager and 

as allowed by law.  Reference E.2220. 
 
4. ATTACHED SUPPORTING DOCUMENTATION 
 
 Brainard Kilman Field Facts 
 
5. OTHER REFERENCES 
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a) ASTM D4448  Standard Guide For Sampling Groundwater Monitoring Wells 
b) TSOP E.1900 Groundwater Sampling – Bailer 
c) TSOP E.2000 Low Flow Pumping 
d) TSOP E.530 pH Field Screening – Water 
e) TSOP E.540 Conductivity Field Screening – Water 
f) TSOP E.570 Temperature 
g) TSOP E.580 Turbidity Field Screening - Water 

 



 
 

E.150 
SOIL SAMPLING  

Low-Level Volatile / Terra Core 
 
 
Last Review or Revision:  June 2010 
 
Objective and Application: 
To provide standard procedure for sample collection in conditions in which low concentrations of 
volatile organic compounds are anticipated in soils which minimizes handling and volatilization 
from the samples.  The methods will provide representative samples for laboratory analysis 
using EPA Standard Method SW-846 5035. 
 
This application uses proprietary commercial equipment and materials which will be purchased 
from an authorized vendor.   
 
Equipment: 
 
 Commercial Low-Level Terra Core Kits, each to include:  

 8 disposable Terra Core Samplers 
 16 tared 40-milliliter (ml) Volatile Organic Analysis (VOA) vials containing 5 mls of 

sodium bisulfate solution and integral stir bars 
 8 tared 40-ml VOA vials containing methanol 
 8 two ounce dry weight jars with lids 
 8 zippered plastic bags  

 Disposable chemical resistant gloves. 
 Chain of Custody. 
 Stable field platform to support test kit, screened from wind and elements. 
 
Procedures: 
Set up the working platform on a stable surface or in the field vehicle remote from fuel, exhaust 
or other contaminant sources. Cover the platform and secure with 
disposable plastic sheeting. 
 
At each location prior to collecting the soil sample, put on a clean pair of 
disposable chemical resistant gloves.  
 
Have ready a 40ml glass VOA vial containing the appropriate 
preservative. With the plunger seated in the handle, push the Terra 
Core into freshly exposed soil until the sample chamber is filled. A filled 
chamber will deliver approximately 5 grams of soil. 
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Wipe all soil or debris from the outside of the Terra Core™ sampler. 
Immediately cap the end of the plunger with clean cap provided. The 
soil plug should be flush with the mouth of the sampler. Remove any 
excess soil that extends beyond the mouth of the sampler. 
 
Rotate the plunger that was seated in the handle top 90° until it is 
aligned with the slots in the body. Place the mouth of the sampler into 
the tared 40ml VOA vial containing the appropriate preservative, and 
extrude the sample by pushing the plunger down. Quickly place the lid 
back on the 40ml VOA vial. When capping the 40ml VOA vial, be sure 
to remove any soil or debris from the threads of the vial. 
 
Label with a non-solvent-based permanent marker.  Place in the 
zippered bags provided. 
 
Pack well in the kit box provided by the manufacturer.  Place the kit 
box in a large capacity Ziplock freezer bag and seal. Avoid use of 
tape and a plastic bag as this method deals specifically with low-level 
volatile testing.  
 
Place in the cooler filled with ice and pack suitable for overnight courier shipping. 
 
Other Supporting Documents : 
 
 TerraCore Internet Website  at  http://www.ennovativetech.com/TC_sampler_kit.htm 

En Novative Technologies, Inc.   
Phone:(920)465-3960 
Fax: (920)465-3963 
Toll Free: 888-411-0757 
Procedures by En Novative Technologies, Inc. 1999-2000, Modified: March 13, 2003 

 
 Alternative EPA Method 5035 Sampling as EnCore 
 
 USEPA SW-846 Method 5035 For Organic Analytes Using Closed-System Purge-and-

Trap and Extraction for Volatile Organics in Soil and Waste Samples 
Test methods for Evaluating Solid Waste – Volume I, EPA Document #SW-846, United 
States Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Section B, Chapter Four. 

 



 
 
 

E.1500 
BORING ABANDONMENT – COMMERCIAL SEALANT 

 
 

Last Review or Revision: June 2010 
 
Objective and Application 
To permanently close soil borings consistent with industry practice and close the soil boring to 
prevent its serving as a vertical conduit for movement of environmental impacts through soils.  
Soil borings of 2-inch diameter or greater are considered borings within the definition of this 
TSOP. 
 
Equipment 
Hand tools appropriate to the job.   
 
Commercially-available sealant materials for well abandonment.  Terracon preference for non-
slurry fill will be chipped Benseal, high yield Wyoming bentonite or equivalent.   
 
Procedures 
Backfill the soil boring with a mixture of soil cuttings and bentonite or other sealant material as 
required by state law (i.e. backfill with hydrated bentonite to near surface and cemtn the upper two 
feet).  When specified by the project manager, attempt to place soil cuttings back in the borehole 
in the order that the soil was removed so that soil is returned to the approximate depth from which 
it originated. 
 
Attached Supporting Documents 
 
 Volume of Soil Boring, Annulus around 2” and 4” Casings, and Grout Mixtures 
 
 Brainard Kilman Field Facts 
 
Other Supporting Documents 
 
 ASTM D5299-99 Standard Guide for Decommissioning of Ground Water Wells, Vadose 

Zone Monitoring Devices, Boreholes, and Other Devices for Environmental Activities. 
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VOLUME OF SOIL BORING 
CUBIC FEET PER LINEAR FOOT   GALLONS PER LINEAR FOOT  
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 
    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0.028  0.088  0.201  0.29  0.37 0.57  1 0.17 0.66 1.5  2.14  2.78 4.29 
2 0.06  0.18  0.4  0.6  0.7 1.1  2 0.3 1.3 3.0  4.3  5.6 8.6 
3 0.08  0.26  0.6  0.9  1.1 1.7  3 0.5 2.0 4.5  6.4  8.3 12.9 
4 0.11  0.35  0.8  1.2  1.5 2.3  4 0.7 2.6 6.0  8.6  11.1 17.2 
5 0.14  0.44  1.0  1.5  1.9 2.9  5 0.9 3.3 7.5  10.7  13.9 21.5 
6 0.17  0.53  1.2  1.7  2.2 3.4  6 1.0 4.0 9.0  12.8  16.7 25.7 
7 0.20  0.62  1.4  2.0  2.6 4.0  7 1.2 4.6 10.5  15.0  19.5 30.0 
8 0.22  0.70  1.6  2.3  3.0 4.6  8 1.4 5.3 12.0  17.1  22.2 34.3 
9 0.25  0.79  1.8  2.6  3.3 5.1  9 1.5 5.9 13.5  19.3  25.0 38.6 

10 0.28  0.88  2.0  2.9  3.7 5.7  10 1.7 6.6 15.0  21.4  27.8 42.9 
11 0.31  0.97  2.2  3.2  4.1 6.3  11 1.9 7.3 16.5  23.5  30.6 47.2 
12 0.34  1.06  2.4  3.5  4.4 6.8  12 2.0 7.9 18.0  25.7  33.4 51.5 
13 0.36  1.14  2.6  3.8  4.8 7.4  13 2.2 8.6 19.5  27.8  36.1 55.8 
14 0.39  1.23  2.8  4.1  5.2 8.0  14 2.4 9.2 21.0  30.0  38.9 60.1 
15 0.42  1.32  3.0  4.4  5.6 8.6  15 2.6 9.9 22.5  32.1  41.7 64.4 
16 0.45  1.41  3.2  4.6  5.9 9.1  16 2.7 10.6 24.0  34.2  44.5 68.6 
17 0.48  1.50  3.4  4.9  6.3 9.7  17 2.9 11.2 25.5  36.4  47.3 72.9 
18 0.50  1.58  3.6  5.2  6.7 10.3  18 3.1 11.9 27.0  38.5  50.0 77.2 
19 0.53  1.67  3.8  5.5  7.0 10.8  19 3.2 12.5 28.5  40.7  52.8 81.5 
20 0.56  1.76  4.0  5.8  7.4 11.4  20 3.4 13.2 30.0  42.8  55.6 85.8 
22 0.62  1.94  4.4  6.4  8.1 12.5  22 3.7 14.5 33.0  47.1  61.2 94.4 
24 0.67  2.11  4.8  7.0  8.9 13.7  24 4.1 15.8 36.0  51.4  66.7 103.0 
25 0.70  2.20  5.0  7.3  9.3 14.3  25 4.3 16.5 37.5  53.5  69.5 107.3 
26 0.73  2.29  5.2  7.5  9.6 14.8  26 4.4 17.2 39.0  55.6  72.3 111.5 
28 0.78  2.46  5.6  8.1  10.4 16.0  28 4.8 18.5 42.0  59.9  77.8 120.1 
30 0.84  2.64  6.0  8.7  11.1 17.1  30 5.1 19.8 45.0  64.2  83.4 128.7 
32 0.90  2.82  6.4  9.3  11.8 18.2  32 5.4 21.1 48.0  68.5  89.0 137.3 
34 0.95  2.99  6.8  9.9  12.6 19.4  34 5.8 22.4 51.0  72.8  94.5 145.9 
35 0.98  3.08  7.0  10.2  13.0 20.0  35 6.0 23.1 52.5  74.9  97.3 150.2 
36 1.01  3.17  7.2  10.4  13.3 20.5  36 6.1 23.8 54.0  77.0  100.1 154.4 
38 1.06  3.34  7.6  11.0  14.1 21.7  38 6.5 25.1 57.0  81.3  105.6 163.0 
40 1.12  3.52  8.0  11.6  14.8 22.8  40 6.8 26.4 60.0  85.6  111.2 171.6 
45 1.3  4.0  9.0  13.1  16.7 25.7  45 7.7 29.7 67.5  96.3  125.1 193.1 
50 1.4  4.4  10.1  14.5  18.5 28.5  50 8.5 33.0 75.0  107.0  139.0 214.5 
55 1.5  4.8  11.1  16.0  20.4 31.4  55 9.4 36.3 82.5  117.7  152.9 236.0 
60 1.7  5.3  12.1  17.4  22.2 34.2  60 10.2 39.6 90.0  128.4  166.8 257.4 
65 1.8  5.7  13.1  18.9  24.1 37.1  65 11.1 42.9 97.5  139.1  180.7 278.9 
70 2.0  6.2  14.1  20.3  25.9 39.9  70 11.9 46.2 105.0  149.8  194.6 300.3 
75 2.1  6.6  15.1  21.8  27.8 42.8  75 12.8 49.5 112.5  160.5  208.5 321.8 
80 2.2  7.0  16.1  23.2  29.6 45.6  80 13.6 52.8 120.0  171.2  222.4 343.2 
85 2.4  7.5  17.1  24.7  31.5 48.5  85 14.5 56.1 127.5  181.9  236.3 364.7 
90 2.5  7.9  18.1  26.1  33.3 51.3  90 15.3 59.4 135.0  192.6  250.2 386.1 
95 2.7  8.4  19.1  27.6  35.2 54.2  95 16.2 62.7 142.5  203.3  264.1 407.6 

100 2.8  8.8  20.1  29.0  37.0 57.0  100 17.0 66.0 150.0  214.0  278.0 429.0 
125 3.5  11.0  25.1  36.3  46.3 71.3  125 21.3 82.5 187.5  267.5  347.5 536.3 
150 4.2  13.2  30.2  43.5  55.5 85.5  150 25.5 99.0 225.0  321.0  417.0 643.5 
175 4.9  15.4  35.2  50.8  64.8 99.8  175 29.8 115.5 262.5  374.5  486.5 750.8 
200 5.6  17.6  40.2  58.0  74.0 114.0  200 34.0 132.0 300.0  428.0  556.0 858.0 
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VOLUME OF ANNULUS AROUND 2" CASING 
CUBIC FEET PER LINEAR FOOT  GALLONS PER LINEAR FOOT 

 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 
    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0  0.065  0.178  0.26  0.34 0.54  1 0 0.491 1.33  1.91  2.55 4.06 
2 0  0.13  0.4  0.5  0.7 1.1  2 0 1.0 2.7  3.8  5.1 8.1 
3 0 0.20  0.5  0.8  1.0 1.6  3 0 1.5 4.0  5.7  7.7 12.2 
4 0 0.26  0.7  1.0  1.4 2.2  4 0 2.0 5.3  7.6  10.2 16.2 
5 0 0.33  0.9  1.3  1.7 2.7  5 0 2.5 6.7  9.6  12.8 20.3 
6 0 0.39  1.1  1.6  2.0 3.2  6 0 2.9 8.0  11.5  15.3 24.4 
7 0 0.46  1.2  1.8  2.4 3.8  7 0 3.4 9.3  13.4  17.9 28.4 
8 0 0.52  1.4  2.1  2.7 4.3  8 0 3.9 10.6  15.3  20.4 32.5 
9 0 0.59  1.6  2.3  3.1 4.9  9 0 4.4 12.0  17.2  23.0 36.5 

10 0 0.65  1.8  2.6  3.4 5.4  10 0 4.9 13.3  19.1  25.5 40.6 
11 0 0.72  2.0  2.9  3.7 5.9  11 0 5.4 14.6  21.0  28.1 44.7 
12 0 0.78  2.1  3.1  4.1 6.5  12 0 5.9 16.0  22.9  30.6 48.7 
13 0 0.85  2.3  3.4  4.4 7.0  13 0 6.4 17.3  24.8  33.2 52.8 
14 0 0.91  2.5  3.6  4.8 7.6  14 0 6.9 18.6  26.7  35.7 56.8 
15 0 0.98  2.7  3.9  5.1 8.1  15 0 7.4 20.0  28.7  38.3 60.9 
16 0 1.04  2.8  4.2  5.4 8.6  16 0 7.9 21.3  30.6  40.8 65.0 
17 0 1.11  3.0  4.4  5.8 9.2  17 0 8.3 22.6  32.5  43.4 69.0 
18 0 1.17  3.2  4.7  6.1 9.7  18 0 8.8 23.9  34.4  45.9 73.1 
19 0 1.24  3.4  4.9  6.5 10.3  19 0 9.3 25.3  36.3  48.5 77.1 
20 0 1.30  3.6  5.2  6.8 10.8  20 0 9.8 26.6  38.2  51.0 81.2 
22 0 1.43  3.9  5.7  7.5 11.9  22 0 10.8 29.3  42.0  56.1 89.3 
24 0 1.56  4.3  6.2  8.2 13.0  24 0 11.8 31.9  45.8  61.2 97.4 
25 0 1.63  4.5  6.5  8.5 13.5  25 0 12.3 33.3  47.8  63.8 101.5 
26 0 1.69  4.6  6.8  8.8 14.0  26 0 12.8 34.6  49.7  66.3 105.6 
28 0 1.82  5.0  7.3  9.5 15.1  28 0 13.7 37.2  53.5  71.4 113.7 
30 0 1.95  5.3  7.8  10.2 16.2  30 0 14.7 39.9  57.3  76.5 121.8 
32 0 2.08  5.7  8.3  10.9 17.3  32 0 15.7 42.6  61.1  81.6 129.9 
34 0 2.21  6.1  8.8  11.6 18.4  34 0 16.7 45.2  64.9  86.7 138.0 
35 0 2.28  6.2  9.1  11.9 18.9  35 0 17.2 46.6  66.9  89.3 142.1 
36 0 2.34  6.4  9.4  12.2 19.4  36 0 17.7 47.9  68.8  91.8 146.2 
38 0 2.47  6.8  9.9  12.9 20.5  38 0 18.7 50.5  72.6  96.9 154.3 
40 0 2.60  7.1  10.4  13.6 21.6  40 0 19.6 53.2  76.4  102.0 162.4 
45 0 2.9  8.0  11.7  15.3 24.3  45 0 22.1 59.9  86.0  114.8 182.7 
50 0 3.3  8.9  13.0  17.0 27.0  50 0 24.6 66.5  95.5  127.5 203.0 
55 0 3.6  9.8  14.3  18.7 29.7  55 0 27.0 73.2  105.1  140.3 223.3 
60 0 3.9  10.7  15.6  20.4 32.4  60 0 29.5 79.8  114.6  153.0 243.6 
65 0 4.2  11.6  16.9  22.1 35.1  65 0 31.9 86.5  124.2  165.8 263.9 
70 0 4.6  12.5  18.2  23.8 37.8  70 0 34.4 93.1  133.7  178.5 284.2 
75 0 4.9  13.4  19.5  25.5 40.5  75 0 36.8 99.8  143.3  191.3 304.5 
80 0 5.2  14.2  20.8  27.2 43.2  80 0 39.3 106.4  152.8  204.0 324.8 
85 0 5.5  15.1  22.1  28.9 45.9  85 0 41.7 113.1  162.4  216.8 345.1 
90 0 5.9  16.0  23.4  30.6 48.6  90 0 44.2 119.7  171.9  229.5 365.4 
95 0 6.2  16.9  24.7  32.3 51.3  95 0 46.6 126.4  181.5  242.3 385.7 

100 0 6.5  17.8  26.0  34.0 54.0  100 0 49.1 133.0  191.0  255.0 406.0 
125 0 8.1  22.3  32.5  42.5 67.5  125 0 61.4 166.3  238.8  318.8 507.5 
150 0  9.8  26.7  39.0  51.0 81.0  150 0 73.7 199.5  286.5  382.5 609.0 
175 0  11.4  31.2  45.5  59.5 94.5  175 0 85.9 232.8  334.3  446.3 710.5 
200 0  13.0  35.6  52.0  68.0 108.0  200 0 98.2 266.0  382.0  510.0 812.0 
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VOLUME OF ANNULUS AROUND 4" CASING 
CUBIC FEET PER LINEAR FOOT  GALLONS PER LINEAR FOOT 

 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 
    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0  0  0.11  0.2  0.26 0.46  1 0 0 0.84  1.48  1.95 3.46 
2 0 0 0.2  0.4  0.5 0.9  2 0 0 1.7  3.0  3.9 6.9 
3 0 0 0.3  0.6  0.8 1.4  3 0 0 2.5  4.4  5.9 10.4 
4 0 0 0.4  0.8  1.0 1.8  4 0 0 3.4  5.9  7.8 13.8 
5 0 0 0.6  1.0  1.3 2.3  5 0 0 4.2  7.4  9.8 17.3 
6 0  0  0.7  1.2  1.6 2.8  6 0 0 5.0  8.9  11.7 20.8 
7 0 0 0.8  1.4  1.8 3.2  7 0 0 5.9  10.4  13.7 24.2 
8 0 0 0.9  1.6  2.1 3.7  8 0 0 6.7  11.8  15.6 27.7 
9 0 0 1.0  1.8  2.3 4.1  9 0 0 7.6  13.3  17.6 31.1 

10 0 0 1.1  2.0  2.6 4.6  10 0 0 8.4  14.8  19.5 34.6 
11 0  0  1.2  2.2  2.9 5.1  11 0 0 9.2  16.3  21.5 38.1 
12 0 0 1.3  2.4  3.1 5.5  12 0 0 10.1  17.8  23.4 41.5 
13 0 0 1.4  2.6  3.4 6.0  13 0 0 10.9  19.2  25.4 45.0 
14 0 0 1.5  2.8  3.6 6.4  14 0 0 11.8  20.7  27.3 48.4 
15 0 0 1.7  3.0  3.9 6.9  15 0 0 12.6  22.2  29.3 51.9 
16 0  0  1.8  3.2  4.2 7.4  16 0 0 13.4  23.7  31.2 55.4 
17 0 0 1.9  3.4  4.4 7.8  17 0 0 14.3  25.2  33.2 58.8 
18 0 0 2.0  3.6  4.7 8.3  18 0 0 15.1  26.6  35.1 62.3 
19 0 0 2.1  3.8  4.9 8.7  19 0 0 16.0  28.1  37.1 65.7 
20 0 0 2.2  4.0  5.2 9.2  20 0 0 16.8  29.6  39.0 69.2 
22 0  0  2.4  4.4  5.7 10.1  22 0 0 18.5  32.6  42.9 76.1 
24 0 0 2.6  4.8  6.2 11.0  24 0 0 20.2  35.5  46.8 83.0 
25 0 0 2.8  5.0  6.5 11.5  25 0 0 21.0  37.0  48.8 86.5 
26 0 0 2.9  5.2  6.8 12.0  26 0 0 21.8  38.5  50.7 90.0 
28 0 0 3.1  5.6  7.3 12.9  28 0 0 23.5  41.4  54.6 96.9 
30 0  0  3.3  6.0  7.8 13.8  30 0 0 25.2  44.4  58.5 103.8 
32 0 0 3.5  6.4  8.3 14.7  32 0 0 26.9  47.4  62.4 110.7 
34 0 0 3.7  6.8  8.8 15.6  34 0 0 28.6  50.3  66.3 117.6 
35 0 0 3.9  7.0  9.1 16.1  35 0 0 29.4  51.8  68.3 121.1 
36 0 0 4.0  7.2  9.4 16.6  36 0 0 30.2  53.3  70.2 124.6 
38 0  0  4.2  7.6  9.9 17.5  38 0 0 31.9  56.2  74.1 131.5 
40 0 0 4.4  8.0  10.4 18.4  40 0 0 33.6  59.2  78.0 138.4 
45 0 0 5.0  9.0  11.7 20.7  45 0 0 37.8  66.6  87.8 155.7 
50 0 0 5.5  10.0  13.0 23.0  50 0 0 42.0  74.0  97.5 173.0 
55 0 0 6.1  11.0  14.3 25.3  55 0 0 46.2  81.4  107.3 190.3 
60 0  0  6.6  12.0  15.6 27.6  60 0 0 50.4  88.8  117.0 207.6 
65 0 0 7.2  13.0  16.9 29.9  65 0 0 54.6  96.2  126.8 224.9 
70 0 0 7.7  14.0  18.2 32.2  70 0 0 58.8  103.6  136.5 242.2 
75 0 0 8.3  15.0  19.5 34.5  75 0 0 63.0  111.0  146.3 259.5 
80 0 0 8.8  16.0  20.8 36.8  80 0 0 67.2  118.4  156.0 276.8 
85 0  0  9.4  17.0  22.1 39.1  85 0 0 71.4  125.8  165.8 294.1 
90 0 0 9.9  18.0  23.4 41.4  90 0 0 75.6  133.2  175.5 311.4 
95 0 0 10.5  19.0  24.7 43.7  95 0 0 79.8  140.6  185.3 328.7 

100 0 0 11.0  20.0  26.0 46.0  100 0 0 84.0  148.0  195.0 346.0 
125 0 0 13.8  25.0  32.5 57.5  125 0 0 105.0  185.0  243.8 432.5 
150 0 0 16.5  30.0  39.0 69.0  150 0 0 126.0  222.0  292.5 519.0 
175 0 0 19.3  35.0  45.5 80.5  175 0 0 147.0  259.0  341.3 605.5 
200 0 0 22.0  40.0  52.0 92.0  200 0 0 168.0  296.0  390.0 692.0 
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GROUT MIXTURES 
PORTLAND CEMENT GROUT  BENTONITE GROUT 

        
        

CUBIC CEMENT BENTONITE WATER  CUBIC BENTONITE WATER 
FEET 94 lb. sack lbs. gallons  FEET 50 lb sack gallons 

1 0.6339  3.17 5.07  1 0.444  6.22 
1.577 1.0  5.0 8.0  2 0.9  12.4 

2 1.27  6.3 10.1  2.25 1  14 
3 1.90  9.5 15.2  3 1.3  18.7 
4 2.54  12.7 20.3  4 1.8  24.9 
5 3.17  15.9 25.4  5 2.2  31.1 
6 3.80  19.0 30.4  6 2.7  37.3 
7 4.44  22.2 35.5  7 3.1  43.5 
8 5.07  25.4 40.6  8 3.6  49.8 
9 5.71  28.5 45.6  9 4.0  56.0 

10 6.34  31.7 50.7  10 4.4  62.2 
11 6.97  34.9 55.8  11 4.9  68.4 
12 7.61  38.0 60.8  12 5.3  74.6 
13 8.24  41.2 65.9  13 5.8  80.9 
14 8.87  44.4 71.0  14 6.2  87.1 
15 9.51  47.6 76.1  15 6.7  93.3 
16 10.14  50.7 81.1  16 7.1  99.5 
17 10.78  53.9 86.2  17 7.5  105.7 
18 11.41  57.1 91.3  18 8.0  112.0 
19 12.04  60.2 96.3  19 8.4  118.2 
20 12.68  63.4 101.4  20 8.9  124.4 
22 13.95  69.7 111.5  22 9.8  136.8 
24 15.21  76.1 121.7  24 10.7  149.3 
25 15.85  79.3 126.8  25 11.1  155.5 
26 16.48  82.4 131.8  26 11.5  161.7 
28 17.75  88.8 142.0  28 12.4  174.2 
30 19.02  95.1 152.1  30 13.3  186.6 
32 20.28  101.4 162.2  32 14.2  199.0 
34 21.55  107.8 172.4  34 15.1  211.5 
35 22.19  111.0 177.5  35 15.5  217.7 
36 22.82  114.1 182.5  36 16.0  223.9 
38 24.09  120.5 192.7  38 16.9  236.4 
40 25.36  126.8 202.8  40 17.8  248.8 
45 28.5  142.7 228.2  45 20.0  279.9 
50 31.7  158.5 253.5  50 22.2  311.0 
55 34.9  174.4 278.9  55 24.4  342.1 
60 38.0  190.2 304.2  60 26.6  373.2 
65 41.2  206.1 329.6  65 28.9  404.3
70 44.4  221.9 354.9  70 31.1  435.4 
75 47.5  237.8 380.3  75 33.3  466.5 
80 50.7  253.6 405.6  80 35.5  497.6 
85 53.9  269.5 431.0  85 37.7  528.7 
90 57.1  285.3 456.3  90 40.0  559.8 
95 60.2  301.2 481.7  95 42.2  590.9 

100 63.4  317.0 507.0  100 44.4  622.0 
125 79.2  396.3 633.8  125 55.5  777.5 
150 95.1  475.5 760.5  150 66.6  933.0 
175 110.9  554.8 887.3  175 77.7  1088.5 
200 126.8  634.0 1014.0  200 88.8  1244.0 

 
 



 
 

E.155 
SOIL SAMPLING 

High-Level Volatile / Terra Core 
 
 
Last Review / Revision:   June 2012 
Reviewer/Office:   BRP/STL 
 
Objective:  To provide standard procedure for sample collection in conditions in which higher 
concentrations of volatile organic compounds are anticipated in soils but for which maximum 
reduction in volatilization during sampling is required.  This special procedure minimizes 
handling and volatilization from the samples in the field and in the laboratory.  This procedure 
will provide representative samples of soil for laboratory analysis using EPA Standard Method 
SW-846 5035. 
 
Application:  The procedure applies to fine grained soils, fills and sands, but may have limited 
applicability in soils/fills with gravel or debris greater than 1/4-inch in diameter. This application 
uses proprietary commercial equipment and materials which will be purchased from an 
authorized vendor.   
 
Equipment: 
 
 Commercial High-Level Terra Core Kits, each to include:  

 8 Disposable Terra Core Samplers 
 8 tared 40-ml VOA vials containing methanol 
 8 two ounce dry weight jars with lids 
 8 zipper bags 
  

 Additional Items If Needed: Deionized Water Vials for use in case of effervescence as 
described in low level sampling in EPA Method 5035. 
 16 - Tared, 40-ml vials containing 5mls of deionized water and stir bar. 
 

 Disposable chemical-resistant gloves. 
 Chain of Custody. 
 Stable field platform to support test kit, screened from wind and elements. 
 
Procedures: 
Set up the working platform on a stable surface or in the field vehicle remote from fuel, exhaust 
or other contaminant sources. Cover the platform and secure with disposable plastic sheeting. 
 
At each location prior to collecting the soil sample, put on a clean pair of disposable chemical-
resistant gloves. Check the field kit for presence of all components listed on the box. 
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Have ready a tared 40-ml glass VOA vial containing the appropriate 
preservative. With the plunger seated in the handle, push the Terra 
Core into freshly exposed soil until the sample chamber is filled. A filled 
chamber will deliver approximately 5 grams of soil. 
 
Wipe all soil or debris from the outside of the 
Terra Core™ sampler. Immediately cap the end 
of the plunger with clean cap provided. The soil 

plug should be flush with the mouth of the sampler. Remove any 
excess soil that extends beyond the mouth of the sampler. 
 
Rotate the plunger that was seated in the handle top 90° until it is 
aligned with the slots in the body. Place the mouth of the sampler into 
the 40ml VOA vial containing the appropriate preservative, and extrude 
the sample by pushing the plunger down. Quickly place the lid back on 
the 40ml VOA vial. When capping the 40ml VOA vial, be sure to 
remove any soil or debris from the threads of the vial. 
 
Label with a non-solvent-based permanent marker.  Place in the 
zippered bags provided. 
 
Pack well in the kit box provided by the manufacturer.  Place the kit 
box in a large capacity Ziploc freezer bag and seal. Avoid use of tape 
and a plastic bag to avoid potential cross-contamination.  
 
Place in the cooler filled with ice and pack suitable for overnight courier shipping. 
 
Other Supporting Documents : 
 
 TerraCore Internet Website  at  http://www.ennovativetech.com/TC_sampler_kit.htm 

En Novative Technologies, Inc.   
Phone:(920)465-3960 
Fax: (920)465-3963 
Toll Free: 888-411-0757 
Procedures by En Novative Technologies, Inc. 1999-2000, Modified: March 13, 2001 

 
 Alternative EPA Method 5035 Sampling as EnCore 
 
 USEPA SW-846 Method 5035 For Organic Analytes Using Closed-System Purge-and-Trap and 

Extraction for Volatile Organics in Soil and Waste Samples 
Test methods for Evaluating Solid Waste – Volume I, EPA Document #SW-846, United States 
Environmental Protection Agency, Office of Solid Waste and Emergency Response, Section B, 
Chapter Four. 



 
 

E.1600 
BORING ABANDONMENT – TREMIE’ GROUT 

 
 

Last Review or Revision:  February 2014 
Reviewer/Office:   DEK/Corporate 
 
Objective and Application 
The purpose of this procedure is to describe, in general terms, the principles and methods of 
securing a borehole from external contaminants after testing is completed.  
 
Equipment 
 Tools for physical measuring procedures and documentation.   
 
 Compatible borehole filling and sealant materials.  Terracon preference for slurry fill will be 

powdered Benseal, high yield Wyoming bentonite or equivalent.  Check with Equipment 
Manager for proper granulation. 

 
 Sealant mixture will be properly proportioned with Portland cement or other additives as 

required by local or state guidance for abandonment. 
 
 A mechanical pump of sufficient capacity and flow to move grout or bentonite slurry under 

pressure when required.  Consult with the Drill coordinator or Equipment Manager for 
appropriate sizing. 

 
Procedures 
 The drill casing or hollow-stem augers will be pulled or 

retracted as either grout is pumped into boring (inset), 
or the casing annulus filled to a positive head above 
ground surface and “topped off” to maintain the positive 
head (or as otherwise prescribed by state or local 
guidance). 
 

 If no drill casing is necessary to maintain the stability or 
borehole against collapse, the grout shall be placed in 
such a fashion as to prevent any voids or air pockets 
from forming; bottom- or side-discharge tremie’ pipe 
should be placed in the hole and slowly pulled up as the 
grout reaches the bottom of the tremie’ pipe.   
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 The boreholes shall be grouted to land surface with a side- or bottom-discharge tremie’ pipe.  
The grout shall consist of a neat cement of sand, cement and water with a 3 to 5 percent 
bentonite powder, by weight, additive (or as otherwise prescribed by state or local 
guidance). 

 
 If required by contract or state guidance, a surveyor's monument, noting the borehole 

location or unique identification number, shall be placed at the land surface to permanently 
identify the borehole location.  

 
 
Attached Supporting Documents 
 
 Volume of Soil Boring, Annulus around 2” and 4” Casings, and Grout Mixtures 
 
 Brainard Kilman Field Facts 

 
 Appropriate state- or county-specific well abandonment guidance 

 
 Necessary forms required for documentation 
 
Other Supporting Documents 
 
 ASTM D5299-99 Standard Guide for Decommissioning of Ground Water Wells, Vadose 

Zone Monitoring Devices, Boreholes, and Other Devices for Environmental Activities. 
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VOLUME OF SOIL BORING 

CUBIC FEET PER LINEAR FOOT   GALLONS PER LINEAR FOOT  
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 
    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0.028  0.088  0.201  0.29  0.37 0.57  1 0.17 0.66 1.5  2.14  2.78 4.29 
2 0.06  0.18  0.4  0.6  0.7 1.1  2 0.3 1.3 3.0  4.3  5.6 8.6 
3 0.08  0.26  0.6  0.9  1.1 1.7  3 0.5 2.0 4.5  6.4  8.3 12.9 
4 0.11  0.35  0.8  1.2  1.5 2.3  4 0.7 2.6 6.0  8.6  11.1 17.2 
5 0.14  0.44  1.0  1.5  1.9 2.9  5 0.9 3.3 7.5  10.7  13.9 21.5 
6 0.17  0.53  1.2  1.7  2.2 3.4  6 1.0 4.0 9.0  12.8  16.7 25.7 
7 0.20  0.62  1.4  2.0  2.6 4.0  7 1.2 4.6 10.5  15.0  19.5 30.0 
8 0.22  0.70  1.6  2.3  3.0 4.6  8 1.4 5.3 12.0  17.1  22.2 34.3 
9 0.25  0.79  1.8  2.6  3.3 5.1  9 1.5 5.9 13.5  19.3  25.0 38.6 

10 0.28  0.88  2.0  2.9  3.7 5.7  10 1.7 6.6 15.0  21.4  27.8 42.9 
11 0.31  0.97  2.2  3.2  4.1 6.3  11 1.9 7.3 16.5  23.5  30.6 47.2 
12 0.34  1.06  2.4  3.5  4.4 6.8  12 2.0 7.9 18.0  25.7  33.4 51.5 
13 0.36  1.14  2.6  3.8  4.8 7.4  13 2.2 8.6 19.5  27.8  36.1 55.8 
14 0.39  1.23  2.8  4.1  5.2 8.0  14 2.4 9.2 21.0  30.0  38.9 60.1 
15 0.42  1.32  3.0  4.4  5.6 8.6  15 2.6 9.9 22.5  32.1  41.7 64.4 
16 0.45  1.41  3.2  4.6  5.9 9.1  16 2.7 10.6 24.0  34.2  44.5 68.6 
17 0.48  1.50  3.4  4.9  6.3 9.7  17 2.9 11.2 25.5  36.4  47.3 72.9 
18 0.50  1.58  3.6  5.2  6.7 10.3  18 3.1 11.9 27.0  38.5  50.0 77.2 
19 0.53  1.67  3.8  5.5  7.0 10.8  19 3.2 12.5 28.5  40.7  52.8 81.5 
20 0.56  1.76  4.0  5.8  7.4 11.4  20 3.4 13.2 30.0  42.8  55.6 85.8 
22 0.62  1.94  4.4  6.4  8.1 12.5  22 3.7 14.5 33.0  47.1  61.2 94.4 
24 0.67  2.11  4.8  7.0  8.9 13.7  24 4.1 15.8 36.0  51.4  66.7 103.0 
25 0.70  2.20  5.0  7.3  9.3 14.3  25 4.3 16.5 37.5  53.5  69.5 107.3 
26 0.73  2.29  5.2  7.5  9.6 14.8  26 4.4 17.2 39.0  55.6  72.3 111.5 
28 0.78  2.46  5.6  8.1  10.4 16.0  28 4.8 18.5 42.0  59.9  77.8 120.1 
30 0.84  2.64  6.0  8.7  11.1 17.1  30 5.1 19.8 45.0  64.2  83.4 128.7 
32 0.90  2.82  6.4  9.3  11.8 18.2  32 5.4 21.1 48.0  68.5  89.0 137.3 
34 0.95  2.99  6.8  9.9  12.6 19.4  34 5.8 22.4 51.0  72.8  94.5 145.9 
35 0.98  3.08  7.0  10.2  13.0 20.0  35 6.0 23.1 52.5  74.9  97.3 150.2 
36 1.01  3.17  7.2  10.4  13.3 20.5  36 6.1 23.8 54.0  77.0  100.1 154.4 
38 1.06  3.34  7.6  11.0  14.1 21.7  38 6.5 25.1 57.0  81.3  105.6 163.0 
40 1.12  3.52  8.0  11.6  14.8 22.8  40 6.8 26.4 60.0  85.6  111.2 171.6 
45 1.3  4.0  9.0  13.1  16.7 25.7  45 7.7 29.7 67.5  96.3  125.1 193.1 
50 1.4  4.4  10.1  14.5  18.5 28.5  50 8.5 33.0 75.0  107.0  139.0 214.5 
55 1.5  4.8  11.1  16.0  20.4 31.4  55 9.4 36.3 82.5  117.7  152.9 236.0 
60 1.7  5.3  12.1  17.4  22.2 34.2  60 10.2 39.6 90.0  128.4  166.8 257.4 
65 1.8  5.7  13.1  18.9  24.1 37.1  65 11.1 42.9 97.5  139.1  180.7 278.9 
70 2.0  6.2  14.1  20.3  25.9 39.9  70 11.9 46.2 105.0  149.8  194.6 300.3 
75 2.1  6.6  15.1  21.8  27.8 42.8  75 12.8 49.5 112.5  160.5  208.5 321.8 
80 2.2  7.0  16.1  23.2  29.6 45.6  80 13.6 52.8 120.0  171.2  222.4 343.2 
85 2.4  7.5  17.1  24.7  31.5 48.5  85 14.5 56.1 127.5  181.9  236.3 364.7 
90 2.5  7.9  18.1  26.1  33.3 51.3  90 15.3 59.4 135.0  192.6  250.2 386.1 
95 2.7  8.4  19.1  27.6  35.2 54.2  95 16.2 62.7 142.5  203.3  264.1 407.6 

100 2.8  8.8  20.1  29.0  37.0 57.0  100 17.0 66.0 150.0  214.0  278.0 429.0 
125 3.5  11.0  25.1  36.3  46.3 71.3  125 21.3 82.5 187.5  267.5  347.5 536.3 
150 4.2  13.2  30.2  43.5  55.5 85.5  150 25.5 99.0 225.0  321.0  417.0 643.5 
175 4.9  15.4  35.2  50.8  64.8 99.8  175 29.8 115.5 262.5  374.5  486.5 750.8 
200 5.6  17.6  40.2  58.0  74.0 114.0  200 34.0 132.0 300.0  428.0  556.0 858.0 



TSOP E.1600                      Terracon 
 

 

4 
 

 
VOLUME OF ANNULUS AROUND 2" CASING 

CUBIC FEET PER LINEAR FOOT  GALLONS PER LINEAR FOOT 
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 

    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0  0.065  0.178  0.26  0.34 0.54  1 0 0.491 1.33  1.91  2.55 4.06 
2 0  0.13  0.4  0.5  0.7 1.1  2 0 1.0 2.7  3.8  5.1 8.1 
3 0 0.20  0.5  0.8  1.0 1.6  3 0 1.5 4.0  5.7  7.7 12.2 
4 0 0.26  0.7  1.0  1.4 2.2  4 0 2.0 5.3  7.6  10.2 16.2 
5 0 0.33  0.9  1.3  1.7 2.7  5 0 2.5 6.7  9.6  12.8 20.3 
6 0 0.39  1.1  1.6  2.0 3.2  6 0 2.9 8.0  11.5  15.3 24.4 
7 0 0.46  1.2  1.8  2.4 3.8  7 0 3.4 9.3  13.4  17.9 28.4 
8 0 0.52  1.4  2.1  2.7 4.3  8 0 3.9 10.6  15.3  20.4 32.5 
9 0 0.59  1.6  2.3  3.1 4.9  9 0 4.4 12.0  17.2  23.0 36.5 

10 0 0.65  1.8  2.6  3.4 5.4  10 0 4.9 13.3  19.1  25.5 40.6 
11 0 0.72  2.0  2.9  3.7 5.9  11 0 5.4 14.6  21.0  28.1 44.7 
12 0 0.78  2.1  3.1  4.1 6.5  12 0 5.9 16.0  22.9  30.6 48.7 
13 0 0.85  2.3  3.4  4.4 7.0  13 0 6.4 17.3  24.8  33.2 52.8 
14 0 0.91  2.5  3.6  4.8 7.6  14 0 6.9 18.6  26.7  35.7 56.8 
15 0 0.98  2.7  3.9  5.1 8.1  15 0 7.4 20.0  28.7  38.3 60.9 
16 0 1.04  2.8  4.2  5.4 8.6  16 0 7.9 21.3  30.6  40.8 65.0 
17 0 1.11  3.0  4.4  5.8 9.2  17 0 8.3 22.6  32.5  43.4 69.0 
18 0 1.17  3.2  4.7  6.1 9.7  18 0 8.8 23.9  34.4  45.9 73.1 
19 0 1.24  3.4  4.9  6.5 10.3  19 0 9.3 25.3  36.3  48.5 77.1 
20 0 1.30  3.6  5.2  6.8 10.8  20 0 9.8 26.6  38.2  51.0 81.2 
22 0 1.43  3.9  5.7  7.5 11.9  22 0 10.8 29.3  42.0  56.1 89.3 
24 0 1.56  4.3  6.2  8.2 13.0  24 0 11.8 31.9  45.8  61.2 97.4 
25 0 1.63  4.5  6.5  8.5 13.5  25 0 12.3 33.3  47.8  63.8 101.5 
26 0 1.69  4.6  6.8  8.8 14.0  26 0 12.8 34.6  49.7  66.3 105.6 
28 0 1.82  5.0  7.3  9.5 15.1  28 0 13.7 37.2  53.5  71.4 113.7 
30 0 1.95  5.3  7.8  10.2 16.2  30 0 14.7 39.9  57.3  76.5 121.8 
32 0 2.08  5.7  8.3  10.9 17.3  32 0 15.7 42.6  61.1  81.6 129.9 
34 0 2.21  6.1  8.8  11.6 18.4  34 0 16.7 45.2  64.9  86.7 138.0 
35 0 2.28  6.2  9.1  11.9 18.9  35 0 17.2 46.6  66.9  89.3 142.1 
36 0 2.34  6.4  9.4  12.2 19.4  36 0 17.7 47.9  68.8  91.8 146.2 
38 0 2.47  6.8  9.9  12.9 20.5  38 0 18.7 50.5  72.6  96.9 154.3 
40 0 2.60  7.1  10.4  13.6 21.6  40 0 19.6 53.2  76.4  102.0 162.4 
45 0 2.9  8.0  11.7  15.3 24.3  45 0 22.1 59.9  86.0  114.8 182.7 
50 0 3.3  8.9  13.0  17.0 27.0  50 0 24.6 66.5  95.5  127.5 203.0 
55 0 3.6  9.8  14.3  18.7 29.7  55 0 27.0 73.2  105.1  140.3 223.3 
60 0 3.9  10.7  15.6  20.4 32.4  60 0 29.5 79.8  114.6  153.0 243.6 
65 0 4.2  11.6  16.9  22.1 35.1  65 0 31.9 86.5  124.2  165.8 263.9 
70 0 4.6  12.5  18.2  23.8 37.8  70 0 34.4 93.1  133.7  178.5 284.2 
75 0 4.9  13.4  19.5  25.5 40.5  75 0 36.8 99.8  143.3  191.3 304.5 
80 0 5.2  14.2  20.8  27.2 43.2  80 0 39.3 106.4  152.8  204.0 324.8 
85 0 5.5  15.1  22.1  28.9 45.9  85 0 41.7 113.1  162.4  216.8 345.1 
90 0 5.9  16.0  23.4  30.6 48.6  90 0 44.2 119.7  171.9  229.5 365.4 
95 0 6.2  16.9  24.7  32.3 51.3  95 0 46.6 126.4  181.5  242.3 385.7 

100 0 6.5  17.8  26.0  34.0 54.0  100 0 49.1 133.0  191.0  255.0 406.0 
125 0 8.1  22.3  32.5  42.5 67.5  125 0 61.4 166.3  238.8  318.8 507.5 
150 0  9.8  26.7  39.0  51.0 81.0  150 0 73.7 199.5  286.5  382.5 609.0 
175 0  11.4  31.2  45.5  59.5 94.5  175 0 85.9 232.8  334.3  446.3 710.5 
200 0  13.0  35.6  52.0  68.0 108.0  200 0 98.2 266.0  382.0  510.0 812.0 
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VOLUME OF ANNULUS AROUND 4" CASING 

CUBIC FEET PER LINEAR FOOT  GALLONS PER LINEAR FOOT 
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 

    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0  0  0.11  0.2  0.26 0.46  1 0 0 0.84  1.48  1.95 3.46 
2 0 0 0.2  0.4  0.5 0.9  2 0 0 1.7  3.0  3.9 6.9 
3 0 0 0.3  0.6  0.8 1.4  3 0 0 2.5  4.4  5.9 10.4 
4 0 0 0.4  0.8  1.0 1.8  4 0 0 3.4  5.9  7.8 13.8 
5 0 0 0.6  1.0  1.3 2.3  5 0 0 4.2  7.4  9.8 17.3 
6 0  0  0.7  1.2  1.6 2.8  6 0 0 5.0  8.9  11.7 20.8 
7 0 0 0.8  1.4  1.8 3.2  7 0 0 5.9  10.4  13.7 24.2 
8 0 0 0.9  1.6  2.1 3.7  8 0 0 6.7  11.8  15.6 27.7 
9 0 0 1.0  1.8  2.3 4.1  9 0 0 7.6  13.3  17.6 31.1 

10 0 0 1.1  2.0  2.6 4.6  10 0 0 8.4  14.8  19.5 34.6 
11 0  0  1.2  2.2  2.9 5.1  11 0 0 9.2  16.3  21.5 38.1 
12 0 0 1.3  2.4  3.1 5.5  12 0 0 10.1  17.8  23.4 41.5 
13 0 0 1.4  2.6  3.4 6.0  13 0 0 10.9  19.2  25.4 45.0 
14 0 0 1.5  2.8  3.6 6.4  14 0 0 11.8  20.7  27.3 48.4 
15 0 0 1.7  3.0  3.9 6.9  15 0 0 12.6  22.2  29.3 51.9 
16 0  0  1.8  3.2  4.2 7.4  16 0 0 13.4  23.7  31.2 55.4 
17 0 0 1.9  3.4  4.4 7.8  17 0 0 14.3  25.2  33.2 58.8 
18 0 0 2.0  3.6  4.7 8.3  18 0 0 15.1  26.6  35.1 62.3 
19 0 0 2.1  3.8  4.9 8.7  19 0 0 16.0  28.1  37.1 65.7 
20 0 0 2.2  4.0  5.2 9.2  20 0 0 16.8  29.6  39.0 69.2 
22 0  0  2.4  4.4  5.7 10.1  22 0 0 18.5  32.6  42.9 76.1 
24 0 0 2.6  4.8  6.2 11.0  24 0 0 20.2  35.5  46.8 83.0 
25 0 0 2.8  5.0  6.5 11.5  25 0 0 21.0  37.0  48.8 86.5 
26 0 0 2.9  5.2  6.8 12.0  26 0 0 21.8  38.5  50.7 90.0 
28 0 0 3.1  5.6  7.3 12.9  28 0 0 23.5  41.4  54.6 96.9 
30 0  0  3.3  6.0  7.8 13.8  30 0 0 25.2  44.4  58.5 103.8 
32 0 0 3.5  6.4  8.3 14.7  32 0 0 26.9  47.4  62.4 110.7 
34 0 0 3.7  6.8  8.8 15.6  34 0 0 28.6  50.3  66.3 117.6 
35 0 0 3.9  7.0  9.1 16.1  35 0 0 29.4  51.8  68.3 121.1 
36 0 0 4.0  7.2  9.4 16.6  36 0 0 30.2  53.3  70.2 124.6 
38 0  0  4.2  7.6  9.9 17.5  38 0 0 31.9  56.2  74.1 131.5
40 0 0 4.4  8.0  10.4 18.4  40 0 0 33.6  59.2  78.0 138.4 
45 0 0 5.0  9.0  11.7 20.7  45 0 0 37.8  66.6  87.8 155.7 
50 0 0 5.5  10.0  13.0 23.0  50 0 0 42.0  74.0  97.5 173.0 
55 0 0 6.1  11.0  14.3 25.3  55 0 0 46.2  81.4  107.3 190.3 
60 0  0  6.6  12.0  15.6 27.6  60 0 0 50.4  88.8  117.0 207.6 
65 0 0 7.2  13.0  16.9 29.9  65 0 0 54.6  96.2  126.8 224.9 
70 0 0 7.7  14.0  18.2 32.2  70 0 0 58.8  103.6  136.5 242.2 
75 0 0 8.3  15.0  19.5 34.5  75 0 0 63.0  111.0  146.3 259.5 
80 0 0 8.8  16.0  20.8 36.8  80 0 0 67.2  118.4  156.0 276.8 
85 0  0  9.4  17.0  22.1 39.1  85 0 0 71.4  125.8  165.8 294.1 
90 0 0 9.9  18.0  23.4 41.4  90 0 0 75.6  133.2  175.5 311.4 
95 0 0 10.5  19.0  24.7 43.7  95 0 0 79.8  140.6  185.3 328.7 

100 0 0 11.0  20.0  26.0 46.0  100 0 0 84.0  148.0  195.0 346.0 
125 0 0 13.8  25.0  32.5 57.5  125 0 0 105.0  185.0  243.8 432.5 
150 0 0 16.5  30.0  39.0 69.0  150 0 0 126.0  222.0  292.5 519.0 
175 0 0 19.3  35.0  45.5 80.5  175 0 0 147.0  259.0  341.3 605.5 
200 0 0 22.0  40.0  52.0 92.0  200 0 0 168.0  296.0  390.0 692.0 



TSOP E.1600                      Terracon 
 

 

6 
 

 
GROUT MIXTURES 

PORTLAND CEMENT GROUT  BENTONITE GROUT 
        
        

CUBIC CEMENT BENTONITE WATER  CUBIC BENTONITE WATER 
FEET 94 lb. sack lbs. gallons  FEET 50 lb sack gallons 

1 0.6339  3.17 5.07  1 0.444  6.22 
1.577 1.0  5.0 8.0  2 0.9  12.4 

2 1.27  6.3 10.1  2.25 1  14 
3 1.90  9.5 15.2  3 1.3  18.7 
4 2.54  12.7 20.3  4 1.8  24.9 
5 3.17  15.9 25.4  5 2.2  31.1 
6 3.80  19.0 30.4  6 2.7  37.3 
7 4.44  22.2 35.5  7 3.1  43.5 
8 5.07  25.4 40.6  8 3.6  49.8 
9 5.71  28.5 45.6  9 4.0  56.0 

10 6.34  31.7 50.7  10 4.4  62.2 
11 6.97  34.9 55.8  11 4.9  68.4 
12 7.61  38.0 60.8  12 5.3  74.6 
13 8.24  41.2 65.9  13 5.8  80.9 
14 8.87  44.4 71.0  14 6.2  87.1 
15 9.51  47.6 76.1  15 6.7  93.3 
16 10.14  50.7 81.1  16 7.1  99.5 
17 10.78  53.9 86.2  17 7.5  105.7 
18 11.41  57.1 91.3  18 8.0  112.0 
19 12.04  60.2 96.3  19 8.4  118.2 
20 12.68  63.4 101.4  20 8.9  124.4 
22 13.95  69.7 111.5  22 9.8  136.8 
24 15.21  76.1 121.7  24 10.7  149.3 
25 15.85  79.3 126.8  25 11.1  155.5 
26 16.48  82.4 131.8  26 11.5  161.7 
28 17.75  88.8 142.0  28 12.4  174.2 
30 19.02  95.1 152.1  30 13.3  186.6 
32 20.28  101.4 162.2  32 14.2  199.0 
34 21.55  107.8 172.4  34 15.1  211.5 
35 22.19  111.0 177.5  35 15.5  217.7 
36 22.82  114.1 182.5  36 16.0  223.9 
38 24.09  120.5 192.7  38 16.9  236.4 
40 25.36  126.8 202.8  40 17.8  248.8 
45 28.5  142.7 228.2  45 20.0  279.9 
50 31.7  158.5 253.5  50 22.2  311.0 
55 34.9  174.4 278.9  55 24.4  342.1 
60 38.0  190.2 304.2  60 26.6  373.2 
65 41.2  206.1 329.6  65 28.9  404.3 
70 44.4  221.9 354.9  70 31.1  435.4 
75 47.5  237.8 380.3  75 33.3  466.5 
80 50.7  253.6 405.6  80 35.5  497.6 
85 53.9  269.5 431.0  85 37.7  528.7 
90 57.1  285.3 456.3  90 40.0  559.8 
95 60.2  301.2 481.7  95 42.2  590.9 

100 63.4  317.0 507.0  100 44.4  622.0 
125 79.2  396.3 633.8  125 55.5  777.5 
150 95.1  475.5 760.5  150 66.6  933.0 
175 110.9  554.8 887.3  175 77.7  1088.5 
200 126.8  634.0 1014.0  200 88.8  1244.0 

 



 
 

E.1700 
MONITOR WELL ABANDONMENT 

 
 

Last Review or Revision:  September 2012 
Reviewer/Office:    DEK/Corporate 
 
Objective and Application 
To permanently close wells drilled as monitoring or recovery wells consistent with Iowa codes 
and close the well structure to prevent its serving as a vertical conduit for movement of 
environmental impacts through soils.  Monitoring wells of 2-inch diameter or greater are 
considered wells within the definition of this TSOP. 
 
Wellheads and casings, well houses or well pits in themselves are not receptors which are 
damaged by environmental chemical impact.  Water wells, used or unused, are designed to 
penetrate the overlying soils and rock into the groundwater underlying a property.  Access to 
groundwater is the same regardless of use for drinking water, irrigation, non-drinking wash 
water or other purposes. Often wells no longer in use remain merely because the effort or cost 
to remove them is considered by the owner to be more than the value.   
 
Relative to ASTM, the physical penetration of soils or fills by a well is considered a potential 
pathway to carry chemicals to groundwater.  This pathway can be inside or outside of the actual 
well casing.  The groundwater, a public natural resource, is considered the end receptor 
sensitive to environmental impairment. 
 
Equipment 
 Tools for physical measuring procedures and documentation.   
 
 Compatible borehole filling and sealant materials.  Terracon preference for slurry fill will be 

powdered Benseal, high yield Wyoming bentonite or equivalent.  Check with Equipment 
Manager for proper granulation. 

 
 Sealant mixture will be properly proportioned with Portland cement or other additives as 

required by local or state guidance for abandonment. 
 

 
Training 
The drill operator and drill helper will be trained as in TSOP E.300. The Drilling Coordinator will 
hold an appropriate state driller certification. 
 
Environmental field staff will have; 
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 Practical working knowledge of hand tools and their applications in the field. 
 Enrolled in Terracon medical monitoring program for environmental operations 
 Completed 40-Hour OSHA 1910.120 HAZWOPER training, with respiratory protection. 
 Current certificate of annual 8-Hour OSHA 1910.120 HAZWOPER Refresher Training 
 
Procedures 
Abandonment of wells are addressed under various requirements as designated by each state 
or county agency responsible for groundwater protection.  Wells can include, but are not limited 
to, public and non-public water wells, test wells, observation wells, monitoring wells, agricultural 
drainage wells, heat pump recirculation wells and private or commercial cooling water wells.  
Wells not covered by applicable state guidelines in the site is located, but still considered 
potential pathways by ASTM, are small diameter wells of 2-inch diameter or less, temporary 
monitoring or observation wells from can be sealed by casing removal and formation collapse 
and cisterns not accessing groundwater.  
 
In the absence of state- or county-specific abandonment procedures general, abandonment of 
wells will follow the methods of “Guidelines for Plugging Abandoned Water Wells”, Technical 
Information Series 15, Geological Survey Bureau, Iowa Department of Natural Resources, 
1987. 
 
 Attempt to remove the casing and well screen. 
 If the casing cannot be removed, the borehole will be over-drilled to remove the casing 

materials. 
 Following removal of the casing, the borehole will be 

plugged in accordance with E.1500 or E.1600 
 

 A mechanical pump of sufficient capacity and flow to 
move grout or bentonite slurry under pressure will be 
used, either rig-mounted, mobile trailer or stationary 
skid.  Consult with the Drill coordinator or Equipment 
Manager for appropriate sizing. 

 
 The well casing will be pulled as grout is pumped under 

pressure into the well casing and out through the 
wellpack annulus and into surrounding casing media.  
After grout is observed forced to surface exterior to the 
well casing, or after 5 minutes under pressurized 
pumping, the casing will be mechanically extracted 
while pumping.     
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 The grout shall consist of a neat cement of sand, cement and water with a 3 to 5 percent 
bentonite powder, by weight, additive (or as otherwise prescribed by state or local 
guidance). 

 
 Protective wellheads and boxes will be removed to a depth of two feet and backfilled with 

soil, or to a depth and as otherwise specified by local, county or state guidance. 
 
 If required by contract or state guidance, a surveyor's monument, noting the borehole 

location or unique identification number, shall be placed at the land surface to permanently 
identify the borehole location.  

 
 
Attached Supporting Documentation 
 
 E.1700.A Guidelines for Plugging Abandoned Water Wells, Technical Information Series 

15, Geological Survey Bureau, Iowa Department of Natural Resources, October 1988. 
 
 E.1700.B VOLCLAY GROUT, Internal Terracon Technical Memorandum, August 1986. 
 
 E.1700.C IOWA DEPARTMENT OF NATURAL RESOURCES – Abandoned Water Well Plugging 

Record, Iowa DNR Form 542-1226, Revised February 1990.  
 
 



 

 

 
E.1800 

PHYSICAL FIELD MEASUREMENTS – SURFACE LAYOUT 
 

Last Review or Revision:  June 2010 
 
Objective 
To provide standard procedures for the gathering of surface layout data to be used in the 
development of site diagrams. 
 
Layouts obtained using this procedure will be approximate.  Distances from available reference 
features are generally measured using a tape, and angles are estimated.  The location of site 
features will be accurate only to the degree implied by these methods.  Typically, Terracon field 
technicians will strive for a lateral layout precision of 5 feet.  If more precise locations are 
desired, use TSOP E.1808. 
 
Equipment 
 Clipboard, 
 Graph Paper, 
 Measuring Tape, 
 Measuring Wheel,  
 Optical Rangefinder (optional), and 
 Scale with a straight edge. 

 
Procedures 
Measure distances from available reference features using a tape or measuring wheel and 
estimate angles.   
 
Alternate Methods 
1. Baseline and offsets 

Designate a baseline for the X- and Y-dimensions.  Measure perpendicular dimensions to site 
features from the X- and Y-dimension baselines.   
 

2. Triangulation 
Locate two (2) stationary points on the site that are significantly separated (e.g., two (2) 
corners of an on-site building, etc.).  Measure distances to site features from each stationary 
point.  Angles need not be measured or estimated if distances from each stationary point 
are recorded.   
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3. Distance and direction 
Designate a stationary point on the site.  Measure distance and angle to site features from 
the stationary point.   
 

4. Rangefinder 
An optical rangefinder is an optical device for measuring distances.  When looking through 
the rangefinder at the desired target surface, two images are presented.  Using an 
adjustment knob on the rangefinder, the user can bring the two images together so that they 
overlap.  A scale can then be read which indicates the distance to the target surface.  In this 
manner, distances to relevant features can be estimated without traversing a site.  It should 
be noted that optical rangefinders must be calibrated periodically.  
 



 
 

 
E.1805 

FIELD MEASUREMENT – SURFACE ELEVATIONS 
 
Last Review or Revision:  June 2010 
 
Objective 
The purpose of this procedure is to establish proper and accurate methods to be used when 

surveying elevations on environmental sites. 
 
Background 
On many environmental sites, the horizontal spacing of monitoring wells may be less than 100 feet.  

The hydraulic gradient between these wells may be less than 0.1 feet, which necessitates 
an accurate survey of the top of casing elevations to 0.01 feet.  Inaccurate elevations in 
some cases could result in an inaccurate determination of groundwater flow direction. 

 
Procedures 

a) In performing an elevation survey of a site, the first task is to choose a benchmark 
(BM).  The BM should be of a permanent nature, that will exist over time and will not 
change in elevation.  When using a fire hydrant as a BM, do not use the operating 
plug or adjustment nut.  The elevation on the operating plug can change after the 
fire hydrant is used.  Poured-in-place concrete, sign foundations and hydrants will 
make a good BM.  Attempt to identify a BM with a known elevation to USGS or 
another datum. 

 
b) When setting up the level, the instrument person should first ensure that the tripod 

legs are stabilized and then the instrument can be leveled using the leveling 
screws.  Instruments which are leveled using a bar level need to be turned at right 
angles and re-leveled until the instrument indicates level in all directions without 
adjustment.  Instruments with a bull's eye level ordinarily need to be leveled once, 
but the instrument should be turned 360° to ensure that it is accurately leveled. 

 
c) When using the level, the instrument person should be able to accurately read the 

rod to 0.01 feet.  This entails limiting the distance of the shot so that this accuracy 
can be maintained.  Windy conditions will affect accuracy, especially on shots made 
where the rod is extended beyond 15 feet in the air.  If the instrument person has 
difficulty reading the rod due to the wind blowing and bending the rod, or because 
the rod person has difficulty holding the rod in a stable position, the instrument 
person has the responsibility of resetting to ensure an accurate shot. 

 
d) Finally, the instrument person should perform a closed loop, utilizing balanced 

backsight and foresight distances.  This requires shooting back to the point of 
beginning, usually the BM.  Upon completion of the loop, the instrument person is 
responsible for immediately calculating the closure error.  On a small site with no 
turning points, this consists of resetting the instrument, thus creating a turning point 
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and a loop.  In these situations, the BM elevation should close with less than 0.01 
foot difference.  In situations where there are several turning points, the closure 
error should not be greater than 0.01 foot per 100 linear feet of surveyed distance. 

 
Attached Supporting Documents 

 Terracon Survey Notes Form 
 
 
 



 
 

E.1808 
PHYSICAL FIELD MEASUREMENTS – LICENSED SURVEY 

 
Last Revision or Review:  June 2010 
 
Objective 
To provide standard procedures for the gathering of surface layout data to be used in the 
development of site diagrams.  This procedure will be used where, because of one or more 
properties of the site (e.g., large number of points to survey, structural obstructions, etc.) or the 
need for a certified survey, a licensed surveyor will provide the locations and elevations of site 
features. 
 
Equipment 
Field equipment will be supplied by the licensed surveyor subcontracted by Terracon.  This 
procedure identifies the procedures for supplying the necessary information to the surveyor for the 
required measurements.  Prior to initiating field services, Terracon and the licensed surveyor will 
have executed a Terracon Subcontractor Services Agreement. 
 
Procedures 
 Provide the licensed surveyor with a general map of the site and the significant features.  

Significant features may include, but are not limited to, means of site access, structural 
obstructions, approximate property boundaries, and the general location of points to be 
surveyed. 

 
 Negotiate site access for the licensed surveyor with the property owner.  Provide the 

licensed surveyor with a copy of any executed access agreement(s), keys to any gates that 
may be present, contact information for site representative(s), or any other relevant access 
information. 

 
 It is important that the licensed surveyor know ahead of time what local or USGS benchmark 

is to be used for the survey.  If a USGS or municipal benchmark is required, the local 
municipal or county engineering or public roads department should be able to provide a 
benchmark location and coordinates. 

 
 Provide the licensed surveyor with the required accuracy of lateral and vertical 

measurements prior to field services.  For most Terracon projects, vertical tolerances of 
0.01 feet and lateral tolerances of 0.5 feet are sufficient. 

 
 Notify all parties involved (e.g., property owners, site managers, etc.) of the date and time 

that the survey will occur. 



 
 

E.1810 
FIELD MEASUREMENT – SUBSURFACE SOILS 

 
Last Review or Revision:  June 2010 
 
Objective 
To obtain accurate and precise depth measurements from boreholes. 
 
Equipment 

 Monitoring equipment specified by the project manager. 
 
 Decontamination equipment (Alconox detergent, buckets, brushes and water). 
 
 Proper forms as specified by project manager. 
 
 Measuring tape. 
 
 Tool Box. 
 
 Site Map. 

 
Procedures 

 Meet with project manager to discuss project; 
 
 Measure the depth to bottom of borehole by lowering the measuring tape down into the 

borehole until the tape becomes slack.  Raise and lower tape several times to ensure 
that the bottom of the hole has been accurately defined. 

 
 Observe the measurement on the tape at the reference point to the nearest 0.1 foot.  

 
 Record the borehole depth measurements on the appropriate field form.  Write legibly 

and check the form for accuracy and completeness prior to departing the borehole 
location. 

 
 If the tape becomes dirty from contacting the side of the borehole, perform proper 

decontamination procedures before the next measurement. 
 



 
 

E.1820 
PHYSICAL FIELD MEASUREMENT - GROUNDWATER 

 
 

Last Review or Revision:  June 2010 
 
1. OBJECTIVE 
 
 To obtain accurate and precise groundwater measurements from monitoring points 

including monitoring wells, piezometers, observation wells and pumping wells.  The 
groundwater levels may represent static water levels, non-static levels undergoing 
recovery, or pumping water levels based on site-specific conditions. 

 
2. EQUIPMENT 
 

 Monitoring equipment specified by the project manager; 
 
 Decontamination equipment (Alconox detergent, buckets, brushes and water); 
 
 Proper forms as specified by project manager - Take copy of most recent data form to 

use as a field check for representative values.  Make sure you have referenced 
benchmark elevation for each well. 

 
 Measuring devices:  electronic water level indicator or interface probe; 
 
 Steel Tape (100' minimum) marked off in units as described above; 
 
 Fuel and water indicating paste; 
 
 Tool Box; and 
 
 Site Map. 

 
3. PROCEDURES 
 

 Meet with project manager to discuss project; 
 
 Select the measuring device based on site specific conditions and regulatory 

requirements.  Note:  some state regulatory agencies may not allow the use of 
plumbers chalk or water detection paste.  Familiarize yourself with the measurement 
equipment.  Check equipment conditions prior to mobilization, and consider possibility 
of field break down.  Be prepared to use back up equipment. 
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 Maintain a similar reference point which should be the top of the riser pipe for the 
monitoring well itself DO NOT USE THE TOP OF THE PROTECTIVE CASING DUE 
TO POSSIBLE SEASONAL FROST HEAVE OF THE OUTER CASING(S). 

 
 Use the marked point on the riser pipe or the highest point on the riser pipe as the 

specific reference point unless the riser pipe terminus is level.  In this case, use the side 
of the riser pipe terminus which is closest to the lock clasp on the protective casing. 

 
 Measure the depth to water level by lowering the 

measuring device down into the well until the water level 
is encountered.  With the electronic devices, an audible or 
visual signal will be broadcast.  This method may be of 
limited use in steel cased wells. 

 
 Once contact with the groundwater has been established, 

observe the measurement on the tape at the reference 
point to the nearest 0.01 foot.  Record this measurement 
to the nearest 0.01 foot. 

 
 If collecting a pumping water level from a well which contains a pump, take care to 

ensure that the tape/probe is not in contact with the pump intake. 
 
 Collection of water levels from a potable well will require stringent decontamination 

procedures for organic, inorganic and microbiological concerns.  Consult with the 
project manager for specific procedures. 

 
 Record the water level and well depth measurements on the water level data sheet.  

Write legibly and check the form for accuracy and completeness prior to departing the 
well location. 

 
 Perform proper decontamination procedures between each well. 

 
 
4. ATTACHED SUPPORTING REFERENCES 
 
Form 164 10.89 - Groundwater Elevation Data 
 
5. OTHER REFERENCES 
 
 Equipment manuals specific to unit prescribed by the Equipment Manager or project Manager. 
 “Interface Probe User Guide & Manual”, ORS Environmental Equipment, 1991. 
 ASTM D4750-87 (Reapproved 1993)  “Standard Test method for Determining Subsurface 

Liquid levels in a Borehole or Monitoring Well (Observation Well)”. 



 
 

E.1830 
PHYSICAL FIELD MEASUREMENT – FREE-PHASE PRODUCT 

 
Last Revision or Review:  June 2010 
 
1. OBJECTIVE 
 
 To accurately and precisely determine the thickness of product floating on the groundwater 

(assuming it is a density of less than 1.0 – light non-aqueous phase liquid - LNAPL) or at 
the bottom of the well (assuming density of greater than 1.0 – dense non-aqueous phase 
liquid - DNAPL). 

 
2. EQUIPMENT 
 

 Monitoring equipment specified by the project manager. 
 
 Decontamination equipment - (scrub buckets with distilled water, Alconox, 

brushes,clean paper towels and ispopropyl alcohol or other solvent, as required.) 
 
 Proper forms and indelible pen. 
 
 Measuring device; 

 
  a) Interface Probe. 
  b) Water Level Indicator. 
 

 Fuel indicating paste; 
 
 Toolbox; and  
 
 Site Map. 

 
3. PROCEDURE FOR USING INTERFACE PROBE - LNAPL 
 

 Electronic devices such as the interface probe will signal contact with product and 
groundwater.  These instruments should be used based on manufacturer's 
recommendations. 

 
 Perform battery test and check decon condition of device prior to leaving the office. 
 
 Turn on device.  
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 Carefully lower the sensor probe out of protective housing and into the well.  (Avoid 
sliding the tape over protective pipe casing edge or monitoring well casing as it may 
scrape or kink conductor edge measuring tape.) 

 
 As probe encounters product (in excess of 1 mm thick) a tone will sound.  Measure fluid 

depth relative to top of monitoring well casing as discussed in E.1820.  Report reading 
to nearest 0.01 feet.  Remove probe and re-check reading three times. 

 
 Lower probe through product layer very slowly and stop when water interface is 

encountered.  Use previous records to prejudge this distance if possible.  Water is 
encountered when a second tone type is generated.  Record after 2 readings, recheck 
water level within 0.01 foot. 

 
 Retrieve tape slowly, carefully cleaning the tape and probe as it is withdrawn from the 

well.  (Never store a contaminated probe or tape in the protective housing or carrying 
case.) 

 
4. PROCEDURE FOR USING INTERFACE PROBE - DNAPL 
 

* Electronic devices such as the interface probe will signal contact with product and 
groundwater.  These instruments should be used based on manufacturer's 
recommendations. 

 
* Perform battery test and check decon condition of device prior to leaving the office. 
 
* Turn on device.  
 
* Carefully lower the sensor probe out of protective housing and into the well.  (Avoid 

sliding the tape over protective pipe casing edge or monitoring well casing as it may 
scrape or kink conductor edge measuring tape.) 

 
* As probe encounters water, a tone will sound.  Measure fluid depth relative to top of 

monitoring well casing as discussed in E.1820.  Report reading to nearest 0.01 feet.  
Remove probe and re-check reading three times. 

 
* Lower probe through water layer very slowly and stop when water/product interface is 

encountered.  Use previous records to prejudge this distance if possible.  Product is 
encountered when a second tone type is generated.  Record after 2 readings, recheck 
product level within 0.01 foot. 

 
* Retrieve tape slowly, carefully cleaning the tape and probe as it is withdrawn from the 

well.  (Never store a contaminated probe or tape in the protective housing or carrying 
case.) 

 
5. PROCEDURE FOR USING WATER LEVEL INDICATOR 
 

* Obtain a water level using the proper measuring device. 
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* Select the measuring device based on site specific conditions and regulatory 
requirements.  NOTE:  some state regulatory agencies may not allow the use of 
water/fuel detection paste. 

 
* Maintain a similar reference point which should be the top of the riser pipe for the 

monitoring well itself.  DO NOT USE THE TOP OF THE PROTECTIVE CASING.  Use 
the highest point on the riser pipe as the specific reference point unless the riser pipe 
terminus is level.  In this case, use the side of the riser pipe terminus which is closest to 
the lock clasp on the protective casing. 

 
* Place fuel indicating paste on the water level indicator. 
 
* Measure the product thickness by carefully lowering the measuring device until it 

encounters groundwater based on the previously measured depth.  Retrieve the device 
and measure the height of petroleum product above the water level based on the color 
change on the paste. 

 
* Repeat measurements until three consistent measurements are obtained. 
 
* Based on the method employed, it may be necessary to subtract the height of water 

from the total petroleum wetted height. 
 
* Minimize submergence of the indicator below the water level to prevent mixing of 

petroleum and water. 
 

* Record product thickness measurements and visual observations such as color on the 
water level data sheet.  Complete record entry on data sheet.  Re-check entries and 
proceed to next well after properly decontaminating all equipment used down hole. 

 
ATTACHED SUPPORTING REFERENCES 
 
Form 163 (8/89) - Floating Product and Groundwater Elevation Data 
 
OTHER REFERENCES 
 
 Equipment manuals specific to unit prescribed by the Equipment Manager or project Manager. 
 “Interface Probe User Guide & Manual”, ORS Environmental Equipment, 1991. 
 ASTM D4750-87 (Reapproved 1993)  “Standard Test method for Determining Subsurface 

Liquid levels in a Borehole or Monitoring Well (Observation Well)”. 
 

 
 



 
 
 

E.1840 
FIELD MEASUREMENT – HYDRAULIC CONDUCTIVITY TESTING 

(SLUG) 
 
Last Review or Revision:  June 2010 
 
Objective 
To obtain a representative average horizontal hydraulic conductivity value for the aquifer material 

around the screened interval. 
 
Equipment 
 Well lock keys. 
 Data logger and transducer, field printer with power source. 
 Water level indictor/interface probe. 
 Time recording device capable of recording in seconds. 

Bailer pump or slug device. 
 Decontamination equipment. 
 Water supply or collection containers. 
 Funnel for slug in testing (not recommended). 
 Solid slug for slug in/slug out testing. 
 
Procedures 
 a) Slug-out test. 
 

 Meet with the Project Manager (PM) to identify which monitoring wells are to be 
tested, and to identify geology and anticipated conditions. 

 
 After measuring the total depth of the well, place the transducer in the well at 

least one foot off the well bottom. 
 
 For projects involving more than one well, establish well testing order by moving 

from least contaminated to most contaminated. 
 
 Select measuring equipment and time interval for test.  If aquifer consists of silt, 

sand, or gravel, the data logger and transducer should be used to record the 
rapid changes in water levels.  A timer and a water level indictor can be used in 
low permeability aquifers.  If a slug test is conducted in an aquifer with a grain 
size less than the grain size of the gravel pack in the well, the slug test should 
be at least 45 minutes in duration.  This will allow the effects of gravel pack 
drainage to be minimized and the actual water level change in the aquifer to be 
measured. 

 
 Measure static water level and total depth of monitoring well to be tested. 
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 When using the data logger and transducer, start recording elapsed time before 
removing the volume of water. 

 
 Remove a volume of water from the well using a bailer or pump.  Be sure not to 

lower the water level in the well below the transducer. 
 
 Record water level changes with time as the water level increases toward the 

static level. 
 
 Initially, water levels should be obtained frequently (minimum every 15 seconds 

for first five minutes; shorter intervals may be required for more conductive 
formations). 

 
 Stop recording water level data with time when the water level is within 10% of 

the static level.   
 
 Perform calculations using methods determined by the PM, if so desired. 

 
 b) Slug-in test 
 

 Slug-in tests should only be performed in wells where the static water level is 
above the screened interval or well conditions will not allow a slug-out test to be 
performed.  When a slug-in test has to be performed, enough water should be 
added to the well so that the changes in water level during the test occur within 
the riser pipe and not the screened interval. 

 
 Meet with the PM to identify which monitoring wells are to be tested, identify 

geology and anticipated conditions. 
 
 For projects involving more than one well, establish well testing order by moving 

from least contaminated to most contaminated. 
 
 Select measuring equipment.  If the aquifer consists of silt, sand, or gravel, the 

data logger and transducer should be used to record the rapid changes in water 
levels.  A timer and water level indicator can be used in low permeability 
aquifers. 

 
 Measure static water level and total depth of monitoring well to be tested.  After 

measuring the total depth of the well, place the transducer in the well at least 
one foot off the bottom. 

 
 When using the data logger and transducer, start recording elapsed time before 

adding water. 
 
 Add water to the well.  Be sure to add enough water so that the water level in 

the well rises above the screened interval. 
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 Record water level changes with time as the water level decreases toward the 
static level. 

 
 Initially, water levels should be obtained frequently (minimum:  every 15 

seconds for first five minutes; shorter intervals may be required for more 
permeable formations). 

 
 Stop recording water level data with time when the water level is within 10% of 

the static level.   
 
 Complete field hydraulic conductivity test form as test progresses. 
 
 Perform calculations using methods determined by the PM, if required. 

 
ATTACHED SUPPORTING REFERENCES 
 
 In-Situ, Inc., Operator’s Manual, Hermit 1000C 
 BRSLUG: A Bouwer-Rice Slug Test Program for Windows, 1995. 
 Terracon Field Form: Slug Test Form 
 
OTHER REFERENCES 
 
ASTM D4044-96 “Standard Test Method for (Field Procedure) for Instantaneous Change in 
Head (Slug) Tests for Determining Hydraulic Properties of Aquifiers”. 
 
 



 
 

E.1870 
FIELD MEASUREMENT – ELECTROMAGNETIC SURVEY 

 
 
Last Revision or Review:  June 2010 
 
1. OBJECTIVE 
 

To determine the location of metallic subsurface targets using a frequency domain 
electromagnetic (EM) survey. 

 
2. BACKGROUND 
 

Frequency domain EM techniques impart an electromagnetic field below the instrument 
with a transmitter coil.  The magnitude and phase of the induced field is intercepted by a 
receiver coil and produces an output voltage which is linearly related to subsurface 
conductivity.  The response indicated by the instrument is a bulk measurement of the 
electrical conductivity of the subsurface materials from the ground surface to the effective 
depth of investigation for the instrument. 

 
3. EQUIPMENT 
 

A Geonics EM-31 or Geonics EM-34 Ground Conductivity Meter will be utilized to perform 
the EM survey.  The EM-31 has an effective depth of exploration of approximately 3 to 6 
meters, depending upon the instruments orientation, and provides both the quadrature-
phase and the inphase components.  The EM-34 has an effective exploration depth of 
approximately 7.5 to 15 meters dependent on coil separation.  However, the EM-34 
measures only quadrature phase component of the EM field, therefore reducing its 
effectiveness in identifying buried metallic targets.  An electronic digital data recorder, 
capable of recording both quadrature and inphase components, will be used to record the 
instrument responses. 
 

4. PROCEDURES 
 

a) Preliminary Site Reconnaissance Survey (PSRS) 
 
 Prior to initiation of the EM survey, a PSRS will be performed.  The purpose of the 

PSRS will be to evaluate site conditions relative to performance of the EM survey and 
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the results obtained.  Site conditions that will be considered include cultural features 
(i.e. on-site utilities, man-made structures, power lines, and radio transmitters) and the 
geologic setting of the study area (as is ascertainable from a surficial reconnaissance).  
The results of the PSRS will be used to determine the most effective technique of 
investigation, instrument selection, grid node spacing, evaluation of data, data 
processing procedures, and other relevant survey procedures.  The results of the 
PSRS, together with proposed modification (if applicable) to the EM Survey plan, will 
be presented to the state regulatory agency for review and approval prior to 
proceeding with the EM survey, if required. 

 
 b) Survey Grid 
 

An equal spaced grid will be established on the ground surface in the expected vicinity 
of the subsurface target.  The survey grid will be large enough to ensure target 
coverage and establish  background values, utilized during data evaluation and 
processing. Each node of the grid will be marked with a surveyors stake, paint spot, or 
other field suitable marking. 

 
 B. Data Collection 
 

Following establishment of the survey grid, station measurements will be made at each 
of the nodes.  Conductivity measurements may be taken in a north-south and east-
west instrument orientation when using the EM-31 to improve subsurface resolution.  
When applying the EM-34, conductivity measurements may be collected at 10 and 20 
meter coil separation, resulting in greater depth of investigation.   Conductivity 
readings will be recorded in a field notebook and the electronic data recorder.   
Variations in conductivity measurements will be utilized in evaluation of potential 
anomalies.  In addition, conductivity fluctuations will be observed when walking 
between nodes when using the EM-31.  In the event a significant fluctuation is 
observed between nodes, a mid-node reading may be collected. 

 
 C. Data Evaluation 
 

Following completion of the EM survey, the conductivity data will be evaluated. The 
raw data will be downloaded from the digital data recorder to an IBM compatible PC for 
processing. 
 
To enhance the quality of the data and reduce subjective interpretation of 
measurements,  the raw data will be processed.  Processing will entail a statistical and 
numerical analysis of the data population. 
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Statistical analysis will consist of determining the average and standard deviation of 
the data population.  Performance of these analyses assumes that background 
conductivities and conductivities associated with cultural effects will fall within one 
standard deviation.  Therefore, any data points outside plus or minus one standard 
deviation of the mean of the data population will be considered anomalous.  Based 
upon these analyses, indicated anomalies may be associated with target signature or 
significant changes in geologic conditions across the study area. 

 
It is anticipated that the difference in instrument response between the native 
subsurface materials and the target will result in variation of conductivities. To assist in 
evaluation of anomalous features, numerical analysis of the data population will be 
performed.  Numerical analysis will consist of a determination of the absolute value of 
the difference in conductivity from the north-south and east-west orientation.  Following 
determination of the absolute values, statistical analysis as described above will be 
applied to the data population and the results contoured. After processing, the data will 
be contoured using a computer contouring program (e.g. SURFER). 
 
Following completion of the data evaluation described above, indicated anomalous 
features will be evaluated.  The anomalies will be evaluated and potential target areas 
may be identified 

 
 D. QA/QC Procedures 
 

EM units are calibrated by the manufacturer.  Calibration is performed over a massive 
bedrock outcrop of known conductivity which is considered as a geologic "standard".  
Following calibration, the EM units typically retain their accuracy for an extended 
period of time. 
 
To ensure accuracy, evaluate instrument drift (if present), and maintain quality control, 
a site standard will be established in the field.  A survey line for the site standard will 
be established. Each day, prior to start of field activities and following completion of 
field activities, station measurement will be performed along the site standard.  
Significant deviations in conductivity measurements between site standard surveys 
may be used during data evaluation to compensate for instrument drift. 
 
To evaluate repeatability and reliability of generated data measurements, 10% of the  
grid lines will be resurveyed.  Conductivity values obtained along the local standard 
and along the repeat survey lines will be recorded as described above and reported.  
In the event that instrument drift is observed, the amount of drift will be evaluated with 
respect to relative changes in the data set indicated by the statistical analysis 
described above.  In the event that the observed drift exceeds plus or minus one 
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standard deviation of the mean of the data population, the absolute values of the data 
obtained will be adjusted. 

 
ATTACHED SUPPORTING REFERENCES 
 
 Operating Manual, Fisher TW-6, Fisher Research Laboratory 



 
 

E.1900 
GROUNDWATER SAMPLING - BAILER 

 
 
Last Review or Revision:  June 2010 
 
Objective 
To collect a representative groundwater sample from the sampling point for chemical analysis.  

This includes the documentation of sampling methods, sampling supplies, and protocol to 
reduce potential for alteration and or cross-contamination during the sampling event. 

 
Equipment 

 Monitoring equipment specified by project manager (e.g. pH meter, turbidity meter, 
conductivity meter, etc). 
 

 Water level indicator; 
 
 Decontamination equipment; 
 
 Proper forms, labels and indelible ink pen; 
 
 Sample containers and packing material, tape, and labels;  
 
 Filtration device and filters (and fixing agents as appropriate); 
 
 Cooler with ice pack and packing media; 
 
 Bucket (calibrated in gallons or liters) 
 
 Disposable bailers 

 
 Keys for locking cap on well; 
 
 Rope - steel, nylon, teflon, or polypropylene; 
 
 Deionized (DI) water; 
 
 Knife; and  
 
 Site map. 
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Procedures 
 a) Preparation 
 

 Meet with Project Manager; 
 
 Obtain the bottles, forms, and equipment necessary to complete the sampling 

event; 
 
 Calibrate all field equipment; 
 
 Establish sampling well sequence (generally least impacted to most impacted). 

 
 b) Field Activities 
 

 Water levels - collect and record water levels (and well depth, if requested 
by P.M.) 

 
  1) Contamination minimization 
 

 Use plastic sheet if necessary 
 
 Use proper bailing techniques (hand over hand) to prevent rope from 

touching the ground 
 
  2) Purging 
 

 Use a bailer (dedicated). 
 
 Disposal of water - containerize if necessary or collect in a bucket and 

dispose of on site away from the well to minimize potential vertical 
migration along the annular well space. 

 
 May need to vary the purging rate to minimize drawdown and 

subsequent cascading of water if dealing with very volatile compounds 
(i.e., vinyl chloride). 

 
 c) Sample Collection 
 
  1) Preservation 
 

 Use containers with proper preservative if necessary. 
 

  2) Collection 
 

 Minimize disturbances which may aerate the sample (i.e., lower bailer 
slowly into water, pour slowly into sample container, etc.). 

 
 Pour water from the top of the bailer or insert the bottom emptying 

device for sample transfer. 
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 Transfer the groundwater sample directly to the laboratory prepared 

sample container or the filter cup. 
 
 Samples collected for VOC’s should always be collected from a recently 

filled bailer full of water as soon as it is brought to the surface. 
 
 Collect samples for VOC’s by forming a positive meniscus on the 

sample vial and capping immediately. 
 
 VOC samples must be free of air bubbles (i.e. turn VOA upside down to 

check for air bubbles). 
 
 Do not over-fill sample containers which contain a preservative. 
 
 Place samples in cooler with ice or blue-ice to maintain a temperature 

between 2°C and 6°C. 
 
  3) Data Documentation 
 

 Record all pertinent sampling information on the sampling container 
label, sampling information form, chain-of-custody, and shipping form. 

 
 Pertinent data will vary based on the parameter and the form; however, 

the following data must be recorded.  Time, date, job number, project 
name, sampling location, samplers name, sampling methodology, 
parameters to be analyzed, stabilization data, and general observations. 

 
 Make all entries in the chain-of-custody form prior to leaving the site. 

Ensure that the chain-of-custody protocol required for the project is 
maintained. 

 
 If samples must be shipped, the chain-of-custody form must be 

enclosed with the samples and the container sealed with Terracon 
security labels.  Obtain a post office receipt, bill of lading or similar 
document from the shipper to be included as part of the chain-of-
custody documentation.  Return one copy of the chain-of-custody 
documentation to the project manager. 

 
Attached Supporting Documents 

 ASTM D4448-85a Standard Guide for Sampling Monitoring Wells. 



 
 

 
E.20 

STANDARD SAFE OPERATING PROCEDURES FOR HAZARDOUS WASTE OPERATIONS 
 
Last Review or Revision: June 2010 
 
I. PURPOSE 
 
This document defines standard safe operating procedures for use on project sites where 
intrusive activities will be preformed and where soil/groundwater contaminants are known or are 
reasonably expected to exist.  These procedures will be incorporated in the project safety and 
health plan which is mandatory for intrusive activities conducted at all such project sites. 
 
 
II. SAFETY AND HEALTH RESPONSIBILITY 
 
 A. The Project Manager is ultimately responsible for ensuring that work on   
 environmental investigation/remediation projects are performed in accordance  
 with provisions outlined in the project safety and health plan.  A Site Safety and  
 Health Officer (SSO) will be designated at each project site to monitor compliance 
 with this safety-related practices during field activities. The SSO will ensure that a 
 copy of the safety and health plan is available on site for the duration of project  
 activities.   
 
 B. The Corporate Safety and Health Manager will be consulted for each intrusive  

 environmental investigation/remediation project.  The Corporate Safety and   
 Health Manager will develop the site safety and health plan, and will be available  
 to consult with Project Manager/SSO in the event of questions, concerns or   
 changed site conditions.  The Corporate Safety and Health Manager will specify  
 air monitoring and personal protective equipment requirements for the project,  
 and will assist in obtaining specialized equipment required for the project. 

 
 C. If hazardous conditions develop during the course of project activity, the SSO in  

 conjunction with the Terracon Corporate Safety and Health Manager, will   
 coordinate actions required to safeguard site personnel and members of the 
 general public.  Additional safety measures will be verbally communicated to all  
 project personnel, recorded in writing and appended to the site safety and health  
 plan. 

 
 D. Terracon and subcontractor task leaders will be responsible for:  
 

 Presenting the contents of the site safety and health plan to all subordinate site 
personnel. 

 
 Monitoring compliance with applicable provisions of the safety and health plan. 
 



TSOP E.20          Terracon 
 

 

 Periodically inspecting heavy equipment and other machinery and maintaining such 
equipment in compliance with applicable federal, state or local safety regulations. 

 
 Enforcement of corrective actions. 

 
III. MEDICAL SURVEILLANCE 
 
 A. All Terracon personnel participating in intrusive projects with known or reasonably   
 anticipated contaminants must be enrolled in the Terracon Medical Surveillance    
 Program.  Each project participant will be certified by a licensed physician as fit for   
 respirator and semi-permeable/impermeable protective equipment use.  Medical    
 clearance will be current to within one year of the project start date. 
 
 B. Certificates of medical examination for all project personnel will be maintained by   
 the Corporate Safety and Health Manager  and/or by the SSO in the project     
 command center or support vehicle. 
 
 C. At the discretion of the Terracon consulting physician, an "exit" physical     
 examination will be conducted at the completion of project activities or upon     
 termination of a project participant.  Follow-up medical examinations will also be    
 provided in the event of job site injury or unprotected exposure to contaminants in    
 excess of eight-hour time weighted average permissible exposure limits. 
 
IV. TRAINING REQUIREMENTS 
 
 A. Terracon personnel participating in hazardous waste operations will have     
 completed 40 hour Hazardous Waste Operations Training and at least three days    
 supervised field activity.  A current 8-hour annual refresher training certificate will    
 be required for all personnel.  Training certificates for all project personnel will be    
 maintained by the Corporate Safety and Health Manager. 
 
 B. The SSO will conduct a pre-project safety and health briefing for all project     
 participants.  The personnel responsible for project safety and health will be     
 addressed, as will site history, scope of work, site control measures, emergency    
 procedures and site communications. The briefing will address site contaminants,    
 air monitoring protocols, action levels for upgrade/downgrade of personal     
 protective equipment and level of personal protective equipment to be employed    
 for each project task.  
 
 C. Project participants will sign the Acknowledgment of Instruction form contained in   
  each safety and health plan following the initial site briefing. 
 
V.  CHEMICAL HAZARDS 
 
 A. The Project Manager is responsible for obtaining available information regarding   
 site contaminants, including analytical information obtained from samples     
 previously collected at the project site, and for forwarding the information to the    
 Corporate Safety and Health Manager for research and hazard analysis.  A site    
 specific safety and health plan will be developed notifying personnel of the     
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 potential chemical contaminants, their health hazards, routes of entry, warning     
 properties and symptoms of exposure.   
 
 B. Evaluation of chemical contaminants/concentrations will be used in the     
 development of the air monitoring and personal protective equipment     
 requirements contained in the site safety and health plan. 
 
VI. PHYSICAL HAZARDS 
 
 A. Drilling Projects 
 
 All personnel working around drill rigs will be familiarized with emergency shut-down 

procedures and the position of "kill" switches. 
 
 No loose fitting clothing, jewelry or unsecured long hair is permitted near the rig. 
 
 Keep hands and feet away from all moving parts while drilling is in progress.  Shovel auger 

cuttings with long handled shovel.  DO NOT use hands or feet. 
 
 Daily inspection of all ropes, cables and moving parts is mandatory. 
 
 A first aid kit and fire extinguisher will be immediately available at all times. 
 
 All drill crews shall consist of at least two persons. 
 
 No drilling is permitted during impending electrical storms, tornadoes or when rain creates a 

hazardous work environment. 
 
 A minimum horizontal and vertical clearance distance of 10 feet must be maintained 

between the drill rig and overhead power lines;  use spotters to help rig operator position the 
vehicle when near overhead power lines. 

 
 B. Excavation Project Sites 
 
 Wherever possible, soil samples will be collected from backhoe buckets.  Personnel will 

enter excavations only as a final option and only in accordance with the regulatory 
requirements outlined above. 

 
 AT NO TIME WILL TERRACON PERSONNEL ENTER EXCAVATIONS TO COLLECT SOIL 

SAMPLES UNTIL A PROPER MEANS OF EGRESS/EXIT IS PROVIDED AND THE 
EXCAVATION HAS BEEN INSPECTED BY A COMPETENT PERSON AND 
APPROPRIATELY SHORED OR SLOPED IN ACCORDANCE WITH THE OSHA 
EXCAVATIONS STANDARD (29 CFR 1926, SUBPART P).  

 
 Personnel will remain at least 3 feet from the sides of excavations during sample collection 

and excavation observation. 
 
 Personnel will remain outside the swing radius of backhoe buckets during excavation, and will 

stand behind the backhoe or within line-of-sight contact with the backhoe operator at all times. 
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VII. ACCIDENT PREVENTION 
 
 The Site Safety Officer will hold daily safety briefings at the beginning of each day of site 

activity.  
 
 Traffic control measures will be arranged for all projects conducted within or immediately 

adjacent to active roadways.  Signage, warning and/or channelizing devices will conform to 
the Manual on Uniform Traffic Control Devices.  Flagging operations will be conducted only by 
personnel who have received training in proper traffic flagging procedures.  The preferred 
method of traffic control will be to contract these services to a reputable traffic control service 
knowledgable in local traffic control regulations. 

 
 Safety orange work vests will be worn by personnel working within 10 feet of any active 

roadway. 
 
 The Site Safety Officer will ensure that unauthorized personnel do not enter the work zone.  

Authorized visitors will be briefed on site contaminants, personal protective equipment 
requirements and the decontamination provisions of the site safety and health plan. 

 
 The Site Safety Officer will continually inspect the work area for infractions of safety and 

health requirements as contained in the site specific safety and health plan. 
 The Site Safety Officer will investigate and immediately report all accidents to the Corporate 

Safety and Health Manager. 
 
 Site activities will be conducted only during daylight hours unless adequate portable lighting 

is mobilized to the project site.  
 
 The "buddy system" will be observed at all times during intrusive site investigations. A 

minimum of two people will work together and remain within eye sight or not greater than 
100 ft. apart.  

 
 Teamwork and the use of mechanical lifting devices will be employed where practical to 

ease lifting tasks and reduce the potential for muculoskeletal injury. 
 
VIII. SITE CONTROL 
 
 A. An Exclusion Zone, Contaminant Reduction Zone and a Support Zone will be 
 established on hazardous waste operations sites requiring Level C or Level Bpersonal 
protective equipment.  Defined access and egress points will be     
 established and personnel will enter only through those points. 
 
 B. As permitted by site topography, the area within a 50 foot radius of a drill rig and  100 
foot radius of UST removal excavations will be considered the Exclusion     
 Zone.  Only those personnel designated by the Project Manager/SSO are allowed    
 to enter the Exclusion Zone.  Where practical, or where their use will prevent     
 public injury, temporary signs or barricade fencing will be established to define the   
 Exclusion Zone.  ABSOLUTELY NO SMOKING WILL BE PERMITTED WITHIN    
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 THE EXCLUSION OR CONTAMINANT REDUCTION ZONES ON ANY     
 PETROLEUM CONTAMINATED SITE. 
 
 C. If unauthorized personnel attempt to enter the exclusion zone, the SSO will     
 verbally inform the individual(s) to leave the project site.  If unauthorized     
 individuals refuse to leave the Exclusion Zone or are considered in danger or pose    
 danger to project personnel, the SSO will cease project activities (i.e., shut down    
 drill rigs, excavation equipment, etc.) and notify the client representative or the     
 local police of the situation.  
 
IX.  AIR MONITORING 
 
 A. Air monitoring protocols will be designed to prevent personnel exposure to     
 airborne contaminants in excess of established permissible exposure limits.  The    
 results of field air monitoring will be used to determine the continued adequacy of    
 initial personal protective equipment. 
 B. Task Leader(s) will be knowledgeable in the operation and troubleshooting of air   
 monitoring equipment.  A manual on the operation of each air monitoring     
 instrument and an appropriate calibration kit will be mobilized to the project site    
 with the instrument.  Air monitoring instruments will be calibrated under field     
 conditions each day prior to use.  Task Leaders are instructed to consult the     
 operator’s manual for appropriate calibration gas and calibration techniques. 
 
X.  PERSONAL PROTECTIVE EQUIPMENT 
 
Personal protective equipment requirements for each hazardous waste operations site and task 
will be specified in the site safety and health plan.  Personal protective equipment selection will 
be based upon the site contaminants and tasks to be performed.  Personal protective 
equipment ensembles will be selected in general accordance with standard EPA levels of 
protection as follows: 
 
 A. Level A - To be selected when the greatest level of skin, respiratory, and eye     
 protection is required.  Level A personal protective equipment ensembles will     
 consist of: 
 
 1. Positive pressure, full face-piece self-contained breathing apparatus (SCBA), or  
 positive pressure supplied air respirator with escape SCBA, approved NIOSH. 
   2. Totally-encapsulating chemical-protective suit. 
   3. Coveralls.(optional, as appropriate) 
 4. Long underwear.(optional, as appropriate) 
 5. Gloves, outer, chemical-resistant. 
 6. Gloves, inner, chemical-resistant. 
 7. Boots, chemical-resistant, steel toe and shank. 
 8. Hard hat (under suit).(1) 
 9. Disposable protective suit, gloves and boots 
 
 B. Level B - To be selected when the highest level of respiratory protection is necessary but 
a lesser level of skin protection is required. Level B personal protective equipment ensembles 
will consist of: 
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   1. Positive pressure, full-facepiece self-contained breathing apparatus (SCBA), or   
   positive pressure supplied air respirator with escape SCBA (NIOSH approved). 
   2. Hooded chemical-resistant clothing (overalls and long-sleeved jacket; coveralls;   
  one or two-piece chemical-splash suit; disposable chemical-resistant overalls). 
   3. Coveralls.(optional, as appropriate) 
   4. Gloves, outer, chemical-resistant. 
   5. Gloves, inner, chemical-resistant. 
   6. Boots, outer, chemical-resistant steel toe and shank. 
   7. Hard hat. 
 
 C. Level C - To be specified when the identity and approximate concentration of     
 airborne contaminants is known and the criteria for using air purifying respirators    
 are met. Level C personal protective equipment ensembles shall consist of the    
 following: 
 
   1. Full-face (typically) air purifying respirators (NIOSH approved). 
   2. Chemical-resistant clothing (coveralls; two-piece chemical-splash suit;     
  disposable chemical- resistant overalls, as appropriate). 
   3. Gloves, outer, chemical-resistant. 
   4. Gloves, inner, chemical-resistant. 
   5. Boots (outer), chemical-resistant steel toe and shank. 
   6. Disposable boot-covers, outer, chemical-resistant (optional) 
   7. Hard hat.(1) 
 
 D. Level D - A work uniform affording minimal protection. Level D or modified Level D   
 personal protective equipment will be used when contaminant concentrations are    
 low and not readily absorbable through the skin and where atmospheric     
 monitoring indicates no need for respiratory protection. The following constitute    
 Level D equipment; it may be used as appropriate: 
 
   1. Coveralls. 
   2. Chemical-resistant gloves.(style selected based on contaminants) 
   3. Boots/shoes, chemical-resistant steel toe and shank. 
   4. Boots, outer, chemical-resistant (disposable). 
   5. Safety glasses or chemical splash goggles (where appropriate). 
   6. Hard hat. 
 
XI.  DECONTAMINATION 
 
 A. Equipment decontamination is necessary on all contaminated project sites.    
 Personnel decontamination for projects below personal protective Level C will   
 consist of washing off safety footwear, proper cleaning or disposal of outer and   
 inner gloves and thorough washing of face, arms and hands.  A full body shower   
 will be required as soon as possible upon leaving the project site.  
 
 B. For projects involving personal protective equipment at Level C or above, a   
 decontamination station will be established on the interface of the Exclusion   
 Zone.  A Contaminant Reduction Zone will be established and will extend 10 feet   
 beyond the decontamination station.  
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 Two Wash Tubs 
 Scrub Brush 
 Plastic Bags 
 Water and Alconox Detergent 

 
 The wash tub on the exclusion zone side of the site will contain a solution of    water 
and Alconox detergent; the second wash tub will contain clean rinse water.    Personnel 
decontamination will consist primarily of detergent washing and rinsing   of reusable 
exterior protective gear.  Coveralls will be removed by turning the    clothing inside 
out. 
 
  Personnel may not leave the contaminant reduction zone without proceeding  
  through the decontamination sequence described below.  
 

 Wash work gloves, boots and polylaminated protective coveralls, 
 Rinse work gloves, boots and coveralls, 
 Remove tape at wrists and ankles, 
 Remove protective coveralls, 
 Remove respirator 
 Dispose of spent cartridges; wash and rinse respirator 
 Remove outer gloves 
 Remove inner gloves 

 
 Expendable personal protective equipment will be placed in plastic trash bags,   
 sealed and disposed of per client agreement. Decontamination solutions will be   
 containerized or disposed of as arranged by Project Manager. 
 
 C. Decontamination of equipment will be performed to limit the migration of    
 contaminants off-site.  All equipment will be cleaned prior to site entry to remove   
 grease, oil and encrusted soil.  Decontamination of large equipment will consist of  
 physically removing gross contamination with shovels, brushes etc. followed by   
 detergent and water high pressure wash with a clean water rinse.  The Project   
 Manager is responsible for determining if decontamination solutions must be   
 containerized.  If so, a decontamination sump or polyethylene sheeting and fluid   
 containers will be mobilized and established in the decontamination area.    
 Decontamination of hand samplers and similar small equipment will be performed  
 at a designated location within the Contaminant Reduction Zone.      
 Decontamination of such equipment will consist of detergent solution wash and   
 clean water rinse.  Specialized decontamination solutions (acids, solvents,   
 biocidal, etc.) may be specified in site specific site safety and health plans. 
 
XII.  SITE COMMUNICATIONS 
 
Communication between personnel on most hazardous waste  project sites will be via verbal 
communication or hand signals.  Visual contact between members of task teams should be 
possible throughout the course of project activities.  Contact with the SSO will be through direct 
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verbal communication.  The following hand signals will be used whenever verbal communication 
is limited: 
 
Signal      Meaning 
Thumbs Up    OK, all is well 
Grab throat with both hands  Can't breathe 
Shake head, thumbs down  NO, negative 
Point right (when facing equipment operator) Move/steer left 
Point left  when facing equipment operator) Move/steer right 
Grab partner's wrist  Leave area immediately 
 
XIII. EMERGENCY RESPONSE PROCEDURES 
 
 A. The Project Manager is responsible for obtaining and recording emergency    
 telephone contacts in the appropriate section of the site safety and health plan    prior 
to site mobilization:  A mobile telephone will typically be available on    
 hazardous waste operations project sites. 
 
 B. In the case of personal injury, appropriately trained personnel will be requested to  
 provide first aid and emergency rescue.  For minor injuries, such as cuts, burns,   
 exhaustion, heat cramps, insect stings, etc., the affected employee will be    
 removed to an uncontaminated area.  The SSO or other designated employee   
 trained in first aid procedures will administer appropriate first aid.  If the injury    
 requires additional medical attention, the injured employee will be cleaned and   
 transported to the nearest hospital or emergency medical facility. 
 
 C. For more serious injuries the SSO or designee will summon an ambulance to the   
 project site.  No attempt will be made by Terracon personnel to move the victim,   
 without the aid and/or instructions of qualified medical personnel. 
 
 D. If the victim cannot be safely moved without a stretcher or other specialized   
 equipment, the victim will be removed at the earliest possible moment by    
 appropriately attired Terracon personnel with the direction and/or  assistance of   
 qualified medical response personnel.  The injured employee will be immediately   
 decontaminated and transported to the nearest medical facility.  A crew member   
 designated by the SSO will inform the ambulance crew of contaminants of concern  
 and provide assistance with additional decontamination if required.   
 
XIV. EVACUATION AND SHUTDOWN PROCEDURES 
 
 A. On project sites posing a significant risk of chemical or physical hazard exposure, 
  the site safety and health plan will instruct the SSO to establish and notify site 
  personnel of emergency "rally" points.  In the event of a site emergency, personnel   
      will immediately exit the site and assemble at the designated rally point.    
  Evacuation routes will be dependent on site topography and wind conditions.  The   
  routes will be selected and presented by the SSO daily prior to site activity.  
 
 B. If emergency evacuation becomes necessary, the SSO will sound the emergency  
  alarm (e.g. support vehicle horn or compressed air horn).  Personnel will safely  
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  shutdown all electrical and mechanical equipment and quickly proceed to closest  
  designated rally point.  The SSO will then account for each crew member on site. 
 
 C. In the event that a Terracon employee does not report to the designated rally point 
  within 5 minutes of the evacuation alarm, the SSO will perform an immediate  
  assessment of site conditions.  If site conditions do not pose an immediate hazard  
  to life or health, the SSO will initiate search and rescue efforts utilizing two crew  
  members attired in appropriate personal protective equipment. 
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E.200 

SURFACE SOIL SAMPLING - OAKFIELD 
 
 
LAST REVIEW OR REVISION:  June 2010 
 

OBJECTIVE AND APPLICATION 
 
To provide standard procedure for collecting surface and near-surface soil samples appropriate 
to project conditions using an Oakfield Sampler.  
 
Surface and near-surface soil/tailings/spoils samples are collected from the surface to a depth 
of approximately eighteen (~18) inches.  The original surface may be ground surface or the 
exposed horizontal or vertical surface of material excavated in mass from the subsurface.  
 
Sampling using the Oakfield apparatus is appropriate to conditions and projects where the end 
use of the sample is sensitive to disturbance and handling in the course of collection.  The 
sampler also allows the user to observe in-situ lithology over the interval sampled.  The Oakfield 
sampler can be applied where the sample is used for field or laboratory measurements of low 
levels of readily volatile organic compounds.  
 
Sufficient sample will be collected for the analysis that will be performed as prescribed by the 
project documents.  Soil descriptions will be completed for each collected soil sample using the 
general terminology of the unified soil classification system (ASTM D2487).  Descriptions shall 
be recorded in field books. 
 

EQUIPMENT 
 
 Oakfield sampler.  
 Disposable chemical-resistant gloves. 
 Work gloves, as appropriate. 
 Laboratory prepared sample containers. 
 Roll of plastic sheeting. 
 Plastic trash bag for collecting expended supplies. 
 Field documentation forms or project logbook. 
 Chain-of-Custody forms for samples intended for laboratory 

analysis. 
 Marking pencils or indelible markers that will not leave residues 

which can cause interference with laboratory testing procedures. 
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PROCEDURES 
 
Select the location.  Identify it with a unique designation for the project.  Diagram or otherwise 
describe the location on forms or in the logbook relative to a fixed benchmark that will allow the 
specific location to be re-visited in the future, if necessary.  If appropriate, estimate the vertical 
elevation of the sample and record.   
 
If the sample is constructed of multiple aliquots to represent averaging of conditions in 
soils/tailings/spoils, diagram or otherwise describe the area represented by the constructed 
sample.  Diagram or otherwise accurately describe sub-sample locations on forms or in the 
logbook relative to a fixed benchmark that will allow the specific sub-sample locations to be re-
visited in the future, if necessary.  If appropriate, estimate the vertical elevation of the sub-
samples and record.   
 
At each location before collecting the soil sample, clean the sampling equipment using the 
appropriate procedure as required by the project.  Use a clean pair of disposable gloves before 
handling soil samples.   
 
Collect each sample by manually pushing the Oakfield sampler into the material to be sampled.  
Push the sampler to the desired sampling depth, or to the full extent of the sampling equipment 
(18 inches).  Retrieve the sampler from the ground.  The sample can be collected by hand from 
the opening on the side of the Oakfield sampler.   
 
Place the sample directly into the laboratory prepared sample container(s) and complete the 
sample label and Chain-of-Custody as instructed by the project manager. 
 
If intended for laboratory analysis, preserve the sample as required by project plans. 
 



 
 

E.2000 
GROUNDWATER SAMPLING – LOW FLOW GROUNDWATER 

SAMPLING 
 
 
Last Revision or Review:  June 2010 
 
Objective 
To collect a representative groundwater sample from the sampling point for chemical analysis.  
This procedure should be used when attempting to minimize stress to the aquifer due to 
monitoring well sampling.  This procedure includes the documentation of sampling methods, 
sampling supplies and protocol to reduce potential for alteration and or cross-contamination 
during the sampling event. 
 
 
Equipment 
 Groundwater Elevation Data form; 
 laboratory Chain-of-Custody form; 
 laboratory sample labels; 
 field logbook; 
 indelible ink pen; 
 pH, temperature, and specific conductance meter; 
 turbidity meter; 
 sample containers and packing material;  
 cooler with ice pack and packing media; 
 well purging equipment – disposable bailers and string; 
 sampling device – low-flow peristaltic pump; 
 mobile, secure shed to protect equipment during sampling (insulated during colder weather); 
 keys for locking cap on well and secure shed; 
 deionized (DI) water; and  
 site map. 
 
Procedures 
 
Preparation - Meet with Project Manager; 
 obtain the sample containers, forms, and equipment necessary to complete the sampling 

event; 
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 calibrate all field equipment i.e., temperature, pH, specific conductance meter and turbidity 
meter; 

 document equipment calibration in field logbook; and 
 establish sampling sequence. 

 
Monitoring Well Purging 
 document all field activities in field logbook and field forms 
 water levels - collect and record water levels 
 purge monitoring wells 

 using bailers, remove three (3) well casing volumes of water from each well (or until well 
goes dry) 

 collect purge water in a bucket and dispose of on site away from the well to minimize 
potential vertical migration along the annular well space 

 return to site after stabilization period of two (2) days 
 contamination minimization 

 use plastic sheet as an apron to isolate the wellhead by splitting sufficiently to pass the 
well protector and slide over wellhead onto ground. 

 
Sampling 
 use a low-flow sampling pump 
 determine proper depth of purging device, approximately half the distance of the water 

column or approximate middle of the well screen  
 attach new section of pump tubing to pump 
 lower pump suction tubing slowly (to minimize disturbance) into well to midpoint of sampling 

zone 
 start pump at its lowest setting and slowly increase speed until discharge occurs. 
 check water level and adjust pump speed to maintain drawdown at less than four (4) inches 

and pump no faster than 0.1 L/min 
 stabilization parameters 

 record turbidity, temperature, pH, and specific conductance at regular intervals 
 
 transfer the groundwater sample directly to the laboratory prepared sample containers 

 fill sample containers by allowing pump discharge to flow gently down the side of the 
container with minimal disturbance 

 do not over-fill sample containers which contain a preservative 
 place samples in cooler with ice 

 
Data Documentation 
 record all pertinent sampling information on the sampling container label, sampling 

information form, chain-of-custody, and shipping form. 
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 pertinent data will vary based on the parameter and the form; however, the following data 
must be recorded - time, date, job number, project name, sampling location, samplers name, 
sampling methodology, parameters to be analyzed, stabilization data, and general 
observations. 

 make appropriate entries in the chain-of-custody form at time of sample collection - ensure 
that the chain-of-custody protocol required for the project is maintained 

 
ATTACHED SUPPORTING REFERENCES 
 
Low Stress (Low Flow) Purging and Sampling Procedure for the Collection of Ground Water 
Samples from Monitoring Wells, EPA Region 1, July 30, 1996, Revision 2.  
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STANDARD OPERATING PROCEDURE FOR
LOW-STRESS (Low Flow) / MINIMAL DRAWDOWN

GROUND-WATER SAMPLE COLLECTION

INTRODUCTION

The collection of “representative” water samples from wells is
neither straightforward nor easily accomplished.  Ground-water
sample collection can be a source of variability through
differences in sample personnel and their individual sampling
procedures, the equipment used, and ambient temporal variability
in subsurface and environmental conditions.  Many site
inspections and remedial investigations require the sampling at
ground-water monitoring wells within a defined criterion of data
confidence or data quality, which necessitates that the personnel
collecting the samples are trained and aware of proper sample-
collection procedures.

The purpose of this standard operating procedure (SOP) is to
provide a method which  minimize the amount of impact the purging
process has on the ground water chemistry during sample
collection and to minimize the volume of water that is being
purged and disposed.  This will take place by placing the pump 
intake within the screen interval and by keeping the drawdown at
a minimal level (0.33 feet) ( Puls and Barcelona, 1996) until the
water quality parameters have stabilized and sample collection 
is complete.  The flow rate at which the pump will be operating
will be depended upon both hydraulic conductivity of the aquifer
and the drawdown with the goal of minimizing the drawdown.  The
flow rate from the pump during purging and sampling  will be at a
rate that will not compromise the integrity of the analyte that
is being sampled.  This sampling procedure may or may not provide
a discrete ground water sample at the location of the pump
intake.  The flow of ground-water to the pump intake will be
dependent on the distribution of the hydraulic conductivity (K)
of the aquifer within the screen interval. In order to minimize
the drawdown in the monitoring well a low-flow rate must be
utilized.  Low-flow refers to the velocity with which water
enters the pump intake from the surrounding formation in the
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immediate vicinity of the well screen.  It does not necessarily
refer to the flow rate of water discharged at the surface, which
can be affected by flow regulators or restrictions (Puls and
Barcelona, 1996).  This SOP was developed by the Superfund/RCRA
Ground Water Forum and draws from an USEPA’s Ground Water Issue
Paper, Low-Flow (Minimal Drawdown) Ground-Water Sampling
Procedure, by Robert W. Puls and Michael J. Barcelona.  Also,
available USEPA Regional SOPs regarding Low-Stress(Low
Flow)Purging and Sampling were used for this SOP. 

SCOPE AND APPLICATION 

This SOP should be used primarily at monitoring wells which have
a screen or an open interval with a length of ten feet or less
and can accept a sampling device which minimizes the disturbance
to the aquifer or the water column in the well casing.  The
screen or open interval should have been optimally located to
intercept an existing contaminant plume(s) or along flowpaths of
potential contaminant releases. Knowledge of the contaminant
distribution within the screen interval is highly recommended and
is essential for the success of this sampling procedure. The
ground-water samples which are collected using this procedure are
acceptable for the analyses of ground-water contaminants which
may be found at Superfund and RCRA contamination sites.  The
analytes may be volatile, semi-volatile organic compounds,
pesticides, PCBs, metals and other inorganic compounds.  The
screened interval should be located within the contaminant
plume(s) and the pump intake should be placed at or near the
known source of the contamination within the screened interval.  
It is critical to place the pump intake in the exact location or
depth for each sampling event.  This argues for the use of
dedicated, permanently installed sampling devices whenever
possible.  If this is not possible then the placement of the pump
intake should be positioned with a calibrated sampling pump hose
sounded with a weighted-tape or using a pre-measured hose.  The
pump intake should not be placed near the bottom of the screened
interval to avoid disturbing any sediment that may have settled
at the bottom of the well.

Water-quality indicator parameters and water levels must be
measured during purging, prior to sample collection. 
Stabilization of the water quality parameters as well as
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monitoring water levels are a prerequisite to sample collection. 
The water-quality indicator parameters which are recommended
include the following: specific electrical conductance, dissolved
oxygen, turbidity, oxidation-reduction potential, pH, and
temperature.  The latter two parameters are useful data, but are
generally insensitive as purging parameters.  Oxidation-reduction
potential may not always be appropriate stabilization parameter,
and will depend on site-specific conditions.  However, readings
should be recorded because of its value as a double check for
oxidation conditions, and for fate and transport issues.
Also,  when samples are collected for metals, semi-volatile
organic compounds, and pesticides every effort must be made to
reduce turbidity to 10 NTUs or less (not just the stabilization
of turbidity) prior to the collection of the water sample. In
addition to the measurement of the above parameters, depth to
water must be measured during purging (U.S. Environmental
Protection Agency, 1995).

Proper well construction, development and maintenance are
essential for any ground-water sampling procedure. Prior to
conducting the field work, information on the construction of the
well and well development should be obtained and that information
factored into the site specific sampling procedure.  The attached
Sampling Checklist is an example of the type of information that
is useful.  

Stabilization of the water-quality indicator parameters is the
criterion for sample collection.  But if stabilization is not
occurring and the procedure has been strictly followed, then
sample collection can take place once three (minimum) to six
(maximum) casing volumes have been removed (Schuller et al., 1981
and U.S. Environmental Protection Agency., 1986; Wilde et al.,
1998; Gibs and Imbrigiotta., 1990). The specific information on
what took place during purging must be recorded in the field
notebook or in the ground-water sampling log.  

This SOP is not to be used where non-aqueous phase liquids
(immiscible fluids) are present in the monitoring well.

EQUIPMENT

! Depth-to-water measuring device - An electronic water-level
indicator or steel tape and chalk, with marked intervals of
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0.01 foot.  Interface probe for determination of liquid
products (NAPL) presence, if needed.

! Steel tape and weight - Used for measuring total depth of
well. Lead weight should not be used.

! Sampling pump - Submersible or bladder pumps with adjustable
rate controls are preferred.  Pumps are to be constructed of
inert materials, such as stainless steel and teflon®.  Pump
types that are acceptable include gear and helical driven,
centrifugal (low-flow type) and air-activated piston. 
Adjustable rate, peristaltic pump can be used when the depth
to water is 20 feet or less.

! Tubing - Teflon® or Teflon® lined polyethylene tubing is
preferred when sampling for organic compounds.
Polyethylene tubing can be used when sampling inorganics.

! Power Source - If a combustion type (gasoline or diesel-
driven) generator is used, it must be placed downwind of the
sampling area. 

! Flow measurement supplies - flow meter, graduated cylinder
and a stop watch.

! Multi-Parameter meter with flow-through-cell - This can be
one instrument or more contained in a flow-through cell. 
The water-quality indicator parameters which must be
monitored are pH, ORP/EH, dissolved oxygen (DO), turbidity,
specific conductance, and temperature.  Turbidity readings
must be collected before the flow cell because of the
potential for sediment buildup which can bias the turbidity
measurements.  Calibration fluids for all instruments should
be NIST-traceable and there should be enough for daily
calibration through-out the sampling event.  The inlet of
the flow cell must be located near the bottom of the flow
cell and the outlet near the top.  The size of the flow cell
should be kept to a minimum and a closed cell is preferred. 
The flow cell must not contain any air or gas bubbles when
monitoring for the water-quality indicator parameters.

! Decontamination Supplies - Including a reliable and
documented source of distilled water and any solvents (if
used). Pressure sprayers, buckets or decontamination tubes
for pumps, brushes and non-phosphate soap will also be
needed.

! Sample bottles, sample preservation supplies, sample tags or
labels and chain of custody forms. 

! Approved Field Sampling and Quality Assurance Project Plan.
! Well construction data, field and water quality data from

the previous sampling event.
! Well keys and map of well locations.
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! Field notebook, ground-water sampling logs and calculator. 
A suggested field data sheet (ground-water sampling record
or ground-water sampling log) are provided in the
attachment.

! Filtration equipment, if needed. An in-line disposable
filter is recommended.

! Polyethylene sheeting which will be placed on ground around
the well head.

! Personal protective equipment specified in the site Health
and Safety Plan.

! Air monitoring equipment as specified in the Site Health and
Safety Plan.

! Tool box - All needed tools for all site equipment used.
! A 55-gallon drum or container to contain the purged water.

Materials of construction of the sampling equipment (bladders,
pumps, tubing, and other equipment that comes in contact with the
sample) should be limited to stainless steel, Teflon®, glass and
other inert material. This will reduce the chance of the sampling
materials to alter the ground-water where concentrations of the
site contaminants are expected to be near the detection limits.
The sample tubing diameter thickness should be maximized and the
tubing length should be minimized so that the loss of
contaminants into and through the tubing walls may be reduced and
the rate of stabilization of ground-water parameters is
maximized. The tendency of organics to sorb into and out of
material makes the appropriate selection of sample tubing
material critical for trace analyses (Pohlmann and Alduino, 1992;
Parker and Ranney, 1998).

PURGING AND SAMPLING PROCEDURES

The following describes the purging and sampling procedures for
the Low-Stress (Low Flow)/ Minimal Drawdown method for the
collection of ground-water samples.  These procedures also
describe steps for dedicated and non-dedicated systems.

Pre-Sampling Activities (Non-dedicated and dedicated system)

1.  Sampling locations must begin at the monitoring well with the
least contamination, generally up-gradient or furthest from the
site or suspected source.  Then proceed systematically to the
monitoring wells with the most contaminated ground water.
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2.  Check and record the condition of the monitoring well for
damage or evidence of tampering.  Lay out polyethylene sheeting
around the well to minimize the likelihood of contamination of
sampling/purging equipment from the soil. Place monitoring,
purging and sampling equipment on the sheeting.

3.  Unlock well head.  Record location, time, date and
appropriate information in a field logbook or on the ground-water
sampling log (See attached ground-water sampling record and
ground-water sampling log as examples).

4.  Remove inner casing cap.

5. Monitor the headspace of the monitoring well at the rim of the
casing for volatile organic compounds (VOC) with a Photo-
ionization detector (PID) or Flame ionization detector (FID), and
record in the logbook.  If the existing monitoring well has a
history of positive readings of the headspace, then the sampling
must be conducted in accordance with the Health and Safety Plan.

6. Measure the depth to water (water level must be measured to
nearest 0.01 feet) relative to a reference measuring point on the
well casing with an electronic water level indicator or steel
tape and record in logbook or ground-water sampling log.  If no
reference point is found, measure relative to the top of the
inner casing, then mark that reference point and note that
location in the field logbook. Record information on depth to
ground water in the field logbook or ground water sampling log.
Measure the depth to water a second time to confirm initial
measurement; measurement should agree within 0.01 feet or re-
measure.

7.  Check the available well information or field information for
the total depth of the monitoring well. Use the information from
the depth of water in step six and the total depth of the
monitoring well to calculate the volume of the water in the
monitoring well or the volume of one casing.  Record information
in field logbook or ground-water sampling log.

Purging and Sampling Activities

8A.  Non-dedicated system - Place the pump and support equipment
at the wellhead and slowly lower the pump and tubing down into
the monitoring well until the location of the pump intake is set
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at a pre-determined location within the screen interval. The
placement of the pump intake should be positioned with a
calibrated sampling pump hose, sounded with a weighted-tape, or
using a pre-measured hose.  Refer to the available monitoring
well information to determine the depth and length of the screen
interval.  Measure the depth of the pump intake while lowering
the pump into location.  Record pump location in field logbook or
groundwater sampling log. 

8B. Dedicated system - Pump has already been installed, refer to
the available monitoring well information and record the depth of
the pump intake in the field logbook or ground-water sampling
log. 

9.  Non-dedicated system and dedicated system - Measure the water
level (water level must be measured to nearest 0.01 feet) and
record information on the ground-water sampling log, leave water
level indicator probe in the monitoring well.

10.  Non-dedicated and dedicated system - Connect the discharge
line from the pump to a flow-through cell.  A “T” connection is
needed prior to the flow cell to allow for the collection of
water for the turbidity measurements.  The discharge line from
the flow-through cell must be directed to a container to contain
the purge water during the purging and sampling of the monitoring
well.

11.  Non-dedicated and dedicated system - Start pumping the well
at a low flow rate (0.2 to 0.5 liter per minute) and slowly
increase the speed.  Check water level.  Maintain a steady flow
rate while maintaining a drawdown of less than 0.33 feet (Puls
and Barcelona, 1996).  If drawdown is greater than 0.33 feet
lower the flow rate.  0.33 feet is a goal to help guide with the
flow rate adjustment. It should be noted that this goal may be
difficult to achieve under some circumstances due to geologic
heterogeneities within the screened interval, and may require
adjustment based on site-specific conditions and personal
experience (Puls and Barcelona, 1996). 

12.  Non-dedicated and dedicated system - Measure the discharge
rate of the pump with a graduated cylinder and a stop watch. 
Also, measure the water level and record both flow rate and water
level on the groundwater sampling log.  Continue purging, monitor
and record water level and pump rate every three to five minutes
during purging. Pumping rates should be kept at minimal flow to
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ensure minimal drawdown in the monitoring well.

13.  Non-dedicated and dedicated system - During the purging, a
minimum of one tubing volume (including the volume of water in
the pump and flow cell) must be purged prior to recording the
water-quality indicator parameters.  Then monitor and record the
water-quality indicator parameters every three to five minutes.
The water-quality indicator field parameters are turbidity,
dissolved oxygen, specific electrical conductance, pH, redox-
potential and temperature. Oxidation-reduction potential may not
always be an appropriate stabilization parameter, and will depend
on site-specific conditions.  However, readings should be
recorded because of its value as a double check for oxidizing
conditions.  Also, for the final dissolved oxygen measurement, if
the readings are less than 1 milligram per liter, it should be
collected and analyze with the spectrophotometric method (Wilde
et al., 1998 Wilkin et al., 2001), colorimetric or Winkler
titration (Wilkin et al., 2001). The stabilization criterion is
based on three successive readings of the water quality field
parameters; the following are the criteria which must be used:

Parameter Stabilization Criteria Reference

pH ± 0.1 pH units Puls and Barcelona, 1996;
Wilde et al.,

Specific electrical
conductance (SEC)

± 3% FS/cm Puls and Barcelona, 1996

oxidation-reduction
potential (ORP)

± 10 millivolts Puls and Barcelona 1996

turbidity ± 10 % NTUs (when
turbidity is greater than
10 NTUs)

Puls and Barcelona, 1996
Wilde et al., 1998

dissolved oxygen ± 0.3 milligrams per liter Wilde et al., 1998

Once the criteria have been successfully met indicating that the
water quality indicator parameters have stabilized, then sample
collection can take place. 

14.  If a stabilized drawdown in the well can’t be maintained at
0.33 feet and the water level is approaching the top of the
screened interval, reduce the flow rate or turn the pump off (for
15 minutes) and allow for recovery.  It should be noted whether
or not the pump has a check valve.  A check valve is required if
the pump is shut off. Under no circumstances should the well be
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pumped dry.   Begin pumping at a lower flow rate, if the water
draws-down to the top of the screened interval again turn pump
off and allow for recovery.  If two tubing volumes (including the
volume of water in the pump and flow cell) have been removed
during purging then sampling can proceed next time the pump is
turned on.  This information should be noted in the field
notebook or ground-water sampling log with a recommendation for a
different purging and sampling procedure.

15.  Non-dedicated and dedicated system - Maintain the same
pumping rate or reduce slightly for sampling (0.2 to 0.5 liter
per minute) in order to minimize disturbance of the water column. 
Samples should be collected directly from the discharge port of
the pump tubing prior to passing through the flow-through cell.
Disconnect the pump’s tubing from the flow-through-cell so that
the samples are collected from the pump’s discharge tubing. For
samples collected for dissolved gases or Volatile Organic
Compounds (VOCs) analyses, the pump’s tubing needs to be
completely full of ground water to prevent the ground water from
being aerated as the ground water flows through the tubing.  The
sequence of the samples is immaterial unless filtered (dissolved)
samples are collected and they must be collected last (Puls and
Barcelona, 1996).  All sample containers should be filled with
minimal turbulence by allowing the ground water to flow from the
tubing gently down the inside of the container.  When filling the 
VOC samples a meniscus must be formed over the mouth of the vial
to eliminate the formation of air bubbles and head space prior to
capping.  In the event that the ground water is turbid,(greater
then 10 NTUs), a filtered metal (dissolved) sample also should be
collected. 

If filtered metal sample is to be collected, then an in-line
filter is fitted at the end of the discharge tubing and the
sample is collected after the filter. The in-line filter must be
pre-rinsed following manufacturer’s recommendations and if there
are no recommendations for rinsing, a minimum of 0.5 to 1 liter
of ground water from the monitoring well must pass through the
filter prior to sampling.

16A.  Non-dedicated system - Remove the pump from the monitoring
well.  Decontaminate the pump and dispose of the tubing if it is
non-dedicated.

16B  Dedicated system - Disconnect the tubing that extends from
the plate at the wellhead (or cap) and discard after use.
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17.  Non-dedicated system - Before locking the monitoring well,
measure and record the well depth (to 0.1 feet).
Measure the total depth a second time to confirm initial
measurement; measurement should agree within 0.01 feet or re-
measure.

18. Non-dedicated and dedicated system - Close and lock the well.

DECONTAMINATION PROCEDURES 

Decontamination procedures for the water level meter and the
water quality field parameter sensors.
The electronic water level indicator probe/steel tape and the
water-quality field parameter sensors will be decontaminated by
the following procedures:
1.  The water level meter will be hand washed with phosphate free
detergent and a scrubber, then thoroughly rinsed with distilled
water.

2.  Water quality field parameter sensors and flow-through cell
will be rinsed with distilled water between sampling locations. 
No other decontamination procedures are necessary or recommended
for these probes since they are sensitive.  After the sampling
event, the flow cell and sensors must be cleaned and maintained
per the manufacturer’s requirements.

Decontamination Procedure for the Sampling Pump

Upon completion of the ground water sample collection the
sampling pump must be properly decontaminated between monitoring
wells.  The pump and  discharge line including support cable and
electrical wires which were in contact with the ground water in
the well casing must be decontaminated by the following
procedure:

1. The outside of the pump, tubing, support cable and electrical
wires must be pressured sprayed with soapy water, tap water and
distilled water.  Spray outside of tubing and pump until water is
flowing off of tubing after each rinse.  Use bristle brush to
help remove visible dirt and contaminants.
2.Place the sampling pump in a bucket or in a short PVC casing
(4-in. diameter) with one end capped.  The pump placed in this
device must be completely submerged in the water.  A small amount
of phosphate free detergent must be added to the potable  water
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(tap water).  
3.  Remove the pump from the bucket or 4-in. casing and scrub the
outside of the pump housing and cable.
4.  Place pump and discharge line back in the 4-in. casing or
bucket, start pump and re-circulate this soapy water for 2
minutes (wash).
5.  Re-direct discharge line to a 55-gallon drum, continue to add
5 gallons of potable water (tap water)or until soapy water is no
longer visible.
6.  Turn pump off and place pump into a second bucket or 4-in.
Casing which contains tap water, continue to add 5-gallons of tap
water (rinse).
7.  Turn pump off and place pump into a third bucket or 4-in.
casing which contains distilled/deionized water, continue to add
three to five gallons of distilled/deionized water (final rinse). 
8.  If a hydrophobic contaminant is present (such as separate
phase, high levels of PCB’s, etc.) An additional decon step, or
steps, may be added.  For example, an organic solvent, such as
reagent-grade isopropanol alcool may be added as a first
spraying/bucket prior to the soapy water rinse/bucket.

FIELD QUALITY CONTROL

Quality control (QC) samples must be collected to verify that
sample collection and handling procedures were performed
adequately and that they have not compromised the quality of the
ground water samples.  The appropriate EPA program guidance must
be consulted in preparing the field QC sample requirements for
the site-specific Quality Assurance Project Plan (QAPP).

There are five primary areas of concern for quality assurance
(QA) in the collection of representative ground-water samples:

1. Obtaining a ground-water sample that is representative of
the aquifer or zone of interest in the aquifer. 
Verification is based on the field log documenting that the
field water-quality parameters stabilized during the purging
of the well, prior to sample collection.

2. Ensuring that the purging and sampling devices are made of
materials, and utilized in a manner, which will not interact
with or alter the analyses.

3. Ensuring that results generated by these procedures are
reproducible; therefore, the sampling scheme should
incorporate co-located samples (duplicates).
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4. Preventing cross-contamination.  Sampling should proceed
from least to most contaminated wells, if known.  Field
equipment blanks should be incorporated for all sampling and
purging equipment, and decontamination of the equipment is
therefore required.

5. Properly preserving, packaging, and shipping samples.

All field quality control samples must be prepared the same as
regular investigation samples with regard to sample volume,
containers, and preservation.  The chain of custody procedures
for the QC samples will be identical to the field ground water
samples.  The following are quality control samples which must be
collected during the sampling event:

Sample Type Frequency
! Field duplicates     1 per 20 samples
! Matrix spike 1 per 20 samples
! Matrix spike duplicate 1 per 20 samples
! Equipment blank Per Regional requirements or

policy
! Trip blank (VOCs) 1 per sample cooler
! Temperature blank 1 per sample cooler

HEALTH AND SAFETY CONSIDERATIONS

Depending on the site-specific contaminants, various protective
programs must be implemented prior to sampling the first well. 
The site Health and Safety Plan should be reviewed with specific
emphasis placed on the protection program planned for the
sampling tasks.  Standard safe operating practices should be
followed, such as minimizing contact with potential contaminants
in both the liquid and vapor phase through the use of appropriate
personal protective equipment.

Depending on the type of contaminants expected or determined in
previous sampling efforts, the following safe work practices will
be employed:

Particulate or metals contaminants
1. Avoid skin contact with, and incidental ingestion of, purge

water.
2. Use protective gloves and splash protection.

Volatile organic contaminants
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1. Avoid breathing constituents venting from well.
2. Pre-survey the well head space with an appropriate device as

specified in the Site Health and Safety Plan.
3. If monitoring results indicate elevated organic

constituents, sampling activities may be conducted in level
C protection. At a minimum, skin protection will be afforded
by disposable protective clothing, such as Tyvek®.

General, common practices should include avoiding skin contact
with water from preserved sample bottles, as this water will have
pH less than 2 or greater than 10.  Also, when filling pre-
acidified VOA bottles, hydrochloric acid fumes may be released
and should not be inhaled.

POST-SAMPLING ACTIVITIES

Several activities need to be completed and documented once
ground-water sampling has been completed.  These activities
include, but are not limited to:

1. Ensure that all field equipment has been decontaminated and
returned to proper storage location.  Once the individual
field equipment has been decontaminated, tag it with date of
cleaning, site name, and name of individual responsible.

2. All sample paperwork should be processed, including copies
provided to the Regional Laboratory, Sample Management
Office, or other appropriate sample handling and tracking
facility.

3. All field data should be complied for site records.  
4. All analytical data when processed by the analytical

laboratory, should be verified against field sheets to
ensure all data has been returned to sampler.
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SAMPLING CHECKLIST

Well Identification:________________________

Map of Site Included:  Y  or  N
Wells Clearly Identified w/ Roads:  Y  or  N
Well Construction Diagram Attached:  Y  or  N

Well Construction:

Diameter of Borehole:________ Diameter of Casing:__________
Casing Material:____________ Screen Material:______________
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Screen Length:_____________ Total Depth:______________

Approximate Depth to Water:_____________
Maximum Well Development Pumping Rate:_________________
Date of Last Well Development:_____________

Previous Sampling Information:

Was the Well Sampled Previously:  Y   or   N
(If Sampled, Fill Out Table Below)

Table of Previous Sampling Information

Parameter
Previously
Sampled

Number of
Times Sampled

Maximum
Concentration

Notes (include
previous purge rates)

Ground-Water Sampling Log

Site Name: Well #:             Date:

Well Depth( Ft-BTOC1): Screen Interval(Ft):

Well Dia.: Casing Material: Sampling Device:

Pump placement(Ft from TOC2):

Measuring Point: Water level (static)(Ft):
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Water level (pumping)(Ft):    Pump rate(Liter/min):

Sampling Personnel:

Other info: (such as sample numbers, weather conditions and field notes)

Water Quality Indicator Parameters

Time Pumping
rates
(L/min)

Water
level
(ft)

DO
(mg/l)

ORP
(mv)

Turb.
(NTU)

SEC3

(FS/cm)
pH Temp.

(CO)
Volume
pumped
(L)

Type of Sample collected:

1-casing volume was: Stabilization Criteria
DO ± 0.3 mg/l

Total volume purged prior Turb. ± 10%
to sample collection: SEC ± 3%

ORP ± 10 mv
pH ± 0.1 unit

1BTOC-Below Top of Casing
2TOC-Top of Casing
3Specific electrical conductance



 
STANDARD OPERATING PROCEDURE for EPA  Brownfield Grant Projects 

 
E.2110 

SOIL GAS SAMPLING – BORING IMPLANT METHOD 
(Replaces former E.2100)  

 
 
Last Revision/Review:  March 2014 
Reviewer/Office:    DEK/Corporate 
 
Objective 
 
The objective of soil gas/vapor sampling is to provide an estimate of the concentration of vapors 
that may be released by subsurface soils into pathways that could result in exposures to 
ambient surface air or air in adjacent structures.  The purpose of this document is to provide 
guidance and recommended standard practices for conducting soil gas sampling to Terracon 
personnel.  
 
Many states have vapor encroachment, vapor intrusion and/or soil gas sampling guidance 
documents with specific requirements or recommended procedures for soil gas sampling. State-
specific requirements and guidance supersede this guidance document and Terracon personnel 
should adhere to the most current state-specific guidance when conducting soil gas 
investigations. If state-specific requirements are less stringent than the procedures 
recommended in this guidance, it is recommended that the procedures in this guidance be 
utilized. 
 
For states where specific vapor encroachment, vapor intrusion and/or soil gas sampling 
regulations or guidance are not in place, Terracon personnel should consult this guidance 
document and the recommended standard practices herein. 
 
If the application involves effects on indoor air quality (i.e., borings are beneath an occupied or 
potentially occupied structure), sampling requires the participation / review of a Terracon 
industrial hygienist (IH) in selecting methods and scoping work.  Engaging an IH is encouraged 
in addressing any airborne contaminants.  For direction to local or regional technical assistance, 
contact the Chair of the Industrial Hygiene Practice Resource Group on the Environmental 
Services Terranet webpage. Click here if viewing electronically. 
 
Implementation 
 
The following section provides basic guidelines and field procedures for conducting soil gas 
sampling using soil gas implants or post-run tubing (PRT) methods.  Soil gas implants generally 
consist of a sampling point set at a specific depth within a borehole. This sampling point is 
connected to tubing that leads to a permanent or semi-permanent completion at the surface for 
collecting the sample. 
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Procedures 
 
Since 2013, Terracon addresses all soil gas and sub-slab soil vapor sampling through special 
guidance Since 2013, Terracon addresses all soil gas and subslab soil vapor sampling through 
special guidance prepared by the Vapor Encroachment/Intrusion Committee.  Staff should use 
Terracon’s Soil Gas Investigation Guidance Document (Version 1.0, August 7, 2013), or most 
current version.  This document is available on the Environmental Services Terranet webpage. 
Click here if viewing electronically. 
 
Procedures shall be as specified in 3.0 SOIL GAS SAMPLING PROTOCOL of the Guidance 
Document. 
 
Quality assurance and quality control procedures should be incorporated into property-specific 
sampling and analysis plans from 5.0 LEAK DETECTION AND QA/QC of the Guidance 
Document. 
 
The Guidance Document must be attached to this TSOP for field use.   
 
Other Supporting References 
 
 Final Guidance For Assessing And Mitigating The Vapor Intrusion Pathway From 
Subsurface Sources To Indoor Air (Draft), U.S. Environmental Protection Agency Office of Solid 
Waste and Emergency Response, April 2013. 
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E.2120 

SOIL GAS SAMPLING – SUBSLAB PIN METHOD 
(Replaces former E.2100)  

 
 
Last Revision/Review:  March 2014 
Reviewer/Office:    DEK/Corporate 
 
Objective 
 
The objective of subslab or subfloor soil gas/vapor sampling is to provide an estimate of the 
concentration of vapors that may be released by subsurface soils and potentially enter 
pathways that could produce airborne exposures to receptors in buildings or structures.  The 
purpose of this document is to provide guidance and recommended standard practices for 
conducting sub-slab soil gas sampling to Terracon personnel.  
 
Many states have vapor encroachment, vapor intrusion and/or soil gas sampling guidance 
documents with specific requirements or recommended procedures for soil gas sampling. State-
specific requirements and guidance supersede this guidance document and Terracon personnel 
should adhere to the most current state-specific guidance when conducting soil gas 
investigations. If state-specific requirements are less stringent than the procedures 
recommended in this guidance, it is recommended that the procedures in this guidance be 
utilized. 
 
For states where specific vapor encroachment, vapor intrusion and/or soil gas sampling 
regulations or guidance are not in place, Terracon personnel should consult this guidance 
document and the recommended standard practices herein. 
 
This application involves effects on indoor air quality (i.e., borings are beneath an occupied or 
potentially occupied structure), sampling requires the participation / review of a Terracon 
industrial hygienist (IH) in selecting methods and scoping work.  Engaging an IH is encouraged 
in addressing any airborne contaminants.  For direction to local or regional technical assistance, 
contact the Chair of the Industrial Hygiene Practice Resource Group on the Environmental 
Services Terranet webpage. Click here if viewing electronically. 
 
Implementation 
 
The Guidance Document provides basic guidelines and field procedures for conducting subslab 
or subfloor soil gas vapor sampling.   Subslab soil gas data from samples collected under the 
building slab and within the advective envelope of the building-driven pressurization or 
depressurization indicates whether contaminants have accumulated directly under the building. 
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This is Terracon’s preferred method for soil gas evaluation for sites with existing buildings with 
foundations above the water table. 
 
 
Procedures 
 
Since 2013, Terracon addresses all soil gas and subslab soil vapor sampling through special 
guidance prepared by the Vapor Encroachment/Intrusion Committee.  Staff should use 
Terracon’s Soil Gas Investigation Guidance Document (Version 1.0, August 7, 2013), or most 
current version.  This document is available on the Environmental Services Terranet webpage. 
Click here if viewing electronically. 
 
Procedures shall be as specified in 4.0 SUBSLAB SOIL GAS SAMPLING PROTOCOL of the 
Guidance Document. 
 
Quality assurance and quality control procedures should be incorporated into property-specific 
sampling and analysis plans from 5.0 LEAK DETECTION AND QA/QC of the Guidance 
Document. 
 
The Guidance Document must be attached to this TSOP for field use.   
 
Other Supporting References 
 
 Final Guidance For Assessing And Mitigating The Vapor Intrusion Pathway From 
Subsurface Sources To Indoor Air (Draft), U.S. Environmental Protection Agency Office of Solid 
Waste and Emergency Response, April 2013. 
 
 
 
 
  



 
 

E.2210 
GENERAL SITE HOUSEKEEPING 

 
 
Last Review or Revision:  June 2010 
 
Objective 
To create and maintain an orderly working area that reduces the likelihood of injury and potential 

for sample contamination due to messy site conditions. 
 
Equipment 

 Equipment specified by project manager. 
 
 Trash bags. 
 
 Disposable chemical-resistant gloves. 
 

Procedures 
  After using disposable equipment, dispose of the materials in general trash bags.  Segregate 

materials if needed as specified by the project manager.  Use disposable gloves when handling 
waste material to reduce the chance for cross-contamination and/or exposure to contaminants.  
Bags, paper, packaging, and other materials should not be allowed to remain unattended on the 
site.  Dispose of full trash bags using an on-site dumpster, at the Terracon dumpster after 
returning to the office, in a designated sealed drum on-site, or as specified by the project 
manager.  After decontamination of non-disposable equipment, store in an orderly fashion on 
the remedial vehicle or trailer to facilitate quick location and reduce the likelihood of injury.  
Dispose of auger cuttings and cleaning fluids as specified by the Project Manager. 
 



 
 

E.2220 
DISPOSAL OF SPENT SUPPLIES 

 
 
Last Review or Revision:  June 2010 
 
Objective 

 To provide for proper disposal of sampling equipment, personal protective equipment (PPE), etc. in 
accordance with applicable regulations. 
 
Equipment 

 Equipment specified by project manager. 
 
 Trash bags. 
 
 Disposable chemical-resistant gloves. 
 

Procedures 
Collect sampling equipment, spent PPE, cleaning fluids, etc. as specified by the Project Manager.  
This may include segregating the material and sealing in 55-gallon drums, placing securely on the 
site, or disposal to a nearby dumpster (non-hazardous).  If material is to be containerized for 
transportation or storage on-site, clearly mark all containers as to their materials, taking care to use 
proper signage.  Transportation of materials off-site may be by Terracon or a hazardous waste 
hauler.  If a hazardous waste hauler is used, collect all documentation provided (i.e., scale tickets, 
waste manifests, etc.).   
 



 
 

E.2230 
HANDLING AND STORAGE OF DRILL CUTTINGS (NON-HAZARDOUS) 
 
 
Last Review or Revision:  June 2010 
 
Objective 

 To dispose of drill cuttings generated by drilling and well installation activities.  This procedure is 
applicable to sites where the cuttings generated can be reasonably be assumed to be non-
hazardous in nature.  For handling and storage of drill cuttings that can be reasonably be assumed 
to be hazardous in nature, reference TSOP E.2235. 
 
Equipment 

 Plastic Sheeting. 
 
 Shovel(s). 

 
 Wheelbarrow. 
 
 USDOT-approved 55-gallon drums 
 
 Disposable chemical-resistant gloves. 

 
 Material as specified by Project Manager. 
 

Procedures 
  Spread the plastic sheeting over the ground in an area designated by the project manager for 

drill cutting storage.  Using the shovel(s) and wheelbarrow, transport the generated cuttings to 
the stockpile area, if required.  Use disposable gloves to reduce the likelihood of sample cross-
contamination and/or exposure to site contaminants.  Segregate the stockpiles of soil on the 
plastic sheeting if instructed by the project manager.  After stockpiling soil, cover the soil piles 
with additional plastic sheeting.  Use rocks or other available moderately heavy material to 
prevent the plastic sheeting from blowing off the pile.   

 
  As an alternate procedure, the Project Manager may prefer to containerize the auger cuttings in 

fifty-five (55) gallon drums for transportation off-site or disposal at a later date.  Also as an 
alternate, the Project Manager may specify that auger cuttings be returned to the borehole (if 
allowed by state law) as much as possible, and then spread over the ground in the area near 
the boring.   



 
 

E.2235 
SITE HOUSEKEEPING 

HANDLING AND STORAGE OF DRILL CUTTINGS  (HAZARDOUS) 
 
 
Last Revision or Review:  June 2010 
 
1. OBJECTIVE 
 
To establish standardized procedures for the identification, handling, storing, documentation 
and disposal of wastes generated during environmental projects.  Although not all wastes are 
considered hazardous, proper procedures are required to characterize the wastes generated. 
 
2. BACKGROUND 
 
The primary regulations governing hazardous waste are Title 40 of the Code of Federal 
Regulations, Parts 260 through 272.  Individual state regulations are also reviewed where 
applicable. 
 
3. PROCEDURES 
 
The project manager will develop the necessary protocols and operating procedures for each 
site as part of the health and safety plan and the work plan.  Technical support for the 
development of these documents is the responsibility of the following people: 
 

Area      Responsibilities 
Health and Safety   Corporate H&S - Mr. Gary Bradley (Corporate) 
Regulatory Compliance  Compliance Services - Mr. David Wilson (Dallas) 
Site Operations    Project Manager 

 
The corporate H&S officer reviews each project as it is registered to determine the need for 
technical assistance in hazardous waste operations.  The Regulatory Compliance Group will be 
contacted for assistance and to review each project involving hazardous waste handling or 
disposal.  The project manager is responsible for the hazardous waste operations disposal and 
documentation at each site.  If the site conditions change during field operations, the project 
manager should be contacted for resolution.  Terracon has developed an internal check-list for 
consulting clients through the RCRA regulations.  This same checklist is used by the project 
managers to review the status of their hazardous waste operations.  The checklist may be 
overly detailed for certain projects.  However, the project managers must review those areas 
that apply to their site and contact the regulatory compliance group for further clarification or 
assistance. 
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HAZARDOUS WASTE CHECK-LIST 
(Extracted from Terracon Consultants, Inc. Check-Lists - RCRA) 

 
 WASTE DETERMINATION AND NOTIFICATION 
 
  Has generator determined whether waste is hazardous or non-hazardous (40 CFR 

262.11). 
 
  Has notification form been submitted and ID numbers obtained (40 CFR 262.12). 
 
 MANIFESTS AND LDR FORMS 
 
  If required, has generator properly completed and maintained manifests (40 CFR 

262.20-23). 
 
  If required, has generator properly completed and maintained LDR forms (40 CFR 

268.7). 
 
 STORAGE, ACCUMULATION, AND HANDLING REQUIREMENTS 
 
  Are wastes packaged, labeled and placarded according to DOT requirements (40CFR 

262.30-33). 
 
  Is waste shipped off-site in accordance with applicable accumulation time restrictions 

(90, 180 days) (40 CFR 262.34). 
 
  Is satellite accumulation in compliance with applicable requirements (40 CFR 

262.34(c)). 
 
  Are containers maintained in good condition (40 CFR 265.171). 
 
  Are containers compatible with waste stored (40 CFR 265.172). 
 
  Are hazardous waste containers closed except when adding or removing waste 

(40CFR 265.173). 
 
  Are containers and storage areas inspected at least weekly (40 CFR 265.174). 
 
  Are containers holding ignitable or reactive wastes at least 50 feet from the facility's 

property line (40 CFR 265.176). 
 
  Are requirements for tank storage met (40 CFR 265.201). 
 
 PREPAREDNESS AND PREVENTION REQUIREMENTS 
 
  Are communications or alarms systems available (40 CFR 265.32(a)). 
 



TSOP E.2235  Terracon 
           
 

 3

  Are telephones or radios available for summoning emergency assistance (40 CFR 
265.32(b)). 

 
  Are fire extinguishers or other fire control equipment available (40 CFR 265.32(c)). 
 
  Is water or foam available at adequate volume and pressure (40 CFR 265.32(d)).  
 
  Are all facility communications or alarm systems, fire protection equipment, spill control 

equipment, and decontamination equipment tested and maintained to assure its proper 
operation (40 CFR 265.33). 

 
  Is there access to internal alarms or emergency communication devices (40 

CFR265.34). 
 
  Is there adequate aisle space to allow the unobstructed movement of emergency 

personnel and equipment (40 CFR 265.35). 
 
  Have arrangements been made with local authorities for emergency (40 CFR 265.37) 

response purposes. 
 
 EMERGENCY PROCEDURES AND CONTINGENCY PLAN 
 
  Has an Emergency Coordinator been designated (40 CFR 262.34(d)(5)). 
 
  Is emergency information posted next to telephones (40 CFR 262.34(d)(5)). 
 
  Have employees been trained in waste handling and emergency procedures (40 CFR 

262.34(d)(5)). 
 
  Are emergency coordinators prepared to respond to emergency situations (40 CFR 

262.34(d)(5)). 
 
  Has a contingency plan been prepared for the facility (40 CFR 265.51). 
 
  Does the plan contain the required contents (40 CFR 265.52). 
 
  Is the plan available at the facility and has it been submitted to local fire, police and 

hospitals (40 CFR 265.53). 
 
  Has the contingency plan been amended when required (40 CFR 265.54). 
 
  Has an emergency coordinator been designated (40 CFR 265.55). 
 
  Are all required emergency procedures addressed in the plan (40 CFR 265.56). 
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 RECORDKEEPING AND REPORTING 
 
  Has generator maintained copies of manifests, waste determinations or waste analysis 

for at least 3 years (40 CFR 262.40). 
 
  If LQG, has generator prepared and maintained Biennial reports (40 CFR 262.41). 
 
  If applicable, has generator prepared and submitted exception reports (40 CFR 262.42). 
 
 EMPLOYEE TRAINING 
 
  Have employees been trained in proper waste handling and emergency procedures 

relevant to their positions (40 CFR 262.34(d)). 
 
  Have employees received classroom and on-the-job training within six  months of 

employment (40 CFR 265.16(a-b)). 
 
  Has refresher training been provided annually (40 CFR 265.16(c)). 
 
  Are required training documents and records maintained (40 CFR 265.16(d)). 
 
 WASTE MINIMIZATION 
 
  If SQG, has generator made good faith effort at waste minimization (RCRA, 3002(b)). 
 
  If LQG, has generator prepared a written waste minimization plan (RCRA, 3002(b)). 
 
 HAZARDOUS WASTE MANAGEMENT DOCUMENTS 
 

 NOTIFICATION OF HAZARDOUS WASTE ACTIVITY FORM 
 WASTE ANALYSIS RESULTS 
 WASTE DETERMINATION DOCUMENTS 
 ACCUMULATION AREA INSPECTION RECORDS 
 MANIFESTS AND LDRS 
 STATE, BIENNIAL, AND EXCEPTION REPORTS 
 TRAINING RECORDS 
 ENFORCEMENT AGENCY INSPECTION REPORTS 
 CONTINGENCY PLAN 
 WASTE MINIMIZATION PLAN 
 CLOSURE PLAN 
 WASTE ANALYSIS PLAN 
 ENFORCEMENT ACTIONS 

 



TSOP E.2235  Terracon 
           
 

 5

 CONDITIONALLY EXEMPT SMALL QUANTITY GENERATORS 
 
  Does the facility qualify as a conditionally exempt small quantity generator each calendar 

month by: (40 CFR 261) 
 
   Generating less than 100 kgs and accumulating less than 1,000 kgs of H.W. on site? 

(40 CFR 261.5[a][g]) 
or 
 

   Generating less than 1 kg of acute H.W., or 100 kgs of acute H.W. contaminated soil 
or spill residues? (40 CFR 261.5[e][1-2]) 

 
  Did the quantity determination include all listed and characteristic wastes generated 

except: (40 CFR 261.5[d]) 
 
  H.W. removed from on-site storage? (40 CFR 261.5[d][2]) 
 
  H.W. produced by on-site treatment or reclamation of H.W. that was already counted 

once? (40 CFR 261.5[d][2]) 
 
  Spent materials that have already been counted once that are reclaimed, reused, 

and subsequently generated on-site?  (40 CFR 261.5[d][3]) 
 

or 
 
  H.W. exempted from regulation?  (40 CFR 261.5[c]) 
 
  Has the conditionally exempt small quantity generator treated or disposed of the H.W. in 

an on-site facility, or ensured delivery of an off-site U.S. TSD either of which is?  (40 
CFR 261.5[f,g][3]) 

 
   Permitted under Part 270?  (40 CFR 261.5[f,g][3][i]) 
 
   In interim status under 265 and 270? (40 CFR 261.5[f,g][3][ii]) 
 
   Authorized by an approved state under Part 271? (40 CFR 261.5[f,g][3][iii]) 
 
   Permitted, licensed, or registered by a state to manager municipal or industrial solid 

waste?  (40 CFR 261.5[f,g][3][iv]) 
 

or 
 
   A facility which? (40 CFR 261.5[f,g][v]) 



TSOP E.2235  Terracon 
           
 

 6

   Legitimately uses, reuses, recycles, or reclaims the waste? (40 CFR 
261.5[f,g][3][v][A]) 

or 
 
  Treats its waste prior to use, reuse, recycling or reclaiming? (40 CFR 

261.5[f,g][3][v][B]) 
 
 GENERATORS OF BETWEEN 100 AND 1,000 KG/MONTH 
 
  The 100-1,000 kg/mo. generator may accumulate H.W. on site for up to 180 days 

without interim status provided they:  (40 CFR 262.34[d]) 
 
  Accumulate no more than 6,000 kgs of H.W. on site at any time? (40 CFR 

262.34[d][1]) 
 
  Complied with requirements for storage in containers, 265 Subpart I (except for the 

50 foot rule [265.176])?  (40 CFR 262.34[d][2]) 
 
  Complied with 265.201, storage in tanks (attached)?   
 
  Complied with requirements for Subpart C, preparedness and prevention?   
 
  Clearly marker the date accumulation started on each container?   
 
  Labeled each container and tank with the words "Hazardous Waste"? (40 CFR 

262.35[d][3]) 
 
  Does the generator have at least one emergency coordinator (E.C.) on site or 

immediately available at all times?  (40 CFR 262.3[d][4][i]) 
 
  E.C.'s name and phone number? (40 CFR 262.3[d][4][ii][A]) 
 
  Location of fire extinguisher, spill control material, and any fire alarms?  (40 CFR 

262.34[d][4][ii][B] 
 
  If no direct alarms, the phone number of the fire department? (40 CFR 262.3[d][4][ii][C]) 
 
  Are all employees familiar with their jobs' proper waste handling and emergency 

procedures?  (40 CFR 262.34[d][4][iii]) 
 
  Tried to extinguish the fire, or called the fire department? (40 CFR 262.34[d][4][iv][A]) 
 
  In the event of a spill, contained the flow of H.W., and cleaned up as soon as possible? 

(40 CFR 262.34[d][4][iv][B]) 
 
  Determined if the emergency is threatening human health or surface water outside the 

facility, and if so, called the National Response Center at (800) 424-8802 and reported:  
The generator's name, address, and ID No.?  Date, time, and type of incident?  Quantity 
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and type of H.W. involved?  Extent of any injuries?  and Estimated quantity and disposition 
of any recovered material?  (40 CFR 262.34[d][4][iv][C]) 

 
  If the generator exceeded the applicable storage time or quantity limit without an EPA 

extension, did they comply with all TSD storage facility regulations? (40 CFR 262.34[e-f]) 
 
 GENERATOR STANDARDS 
 
  Has the generator made a hazardous waste determination, by determining if the waste 

is: (40 CFR 262.11) 
 
  Excluded from regulation under 261.4? (40 CFR 262.11[a]) 
 
  Listed as a hazardous waste in part 261, Subpart D? (40 CFR 262.11[b]) 
 
  Exhibits a characteristic by testing waste of applying knowledge of the waste? (40 CFR 

262.11[c]) 
 
  Excluded or restricted under Parts 264, 265, or 268? (40 CFR 262.11[d]) 
 
  Is the waste an exempt recyclable material? (40 CFR 261.6[a][3]) 
 
  Industrial ethyl alcohol is reclaimed (unless provided otherwise is an international 

agreement)? (40 CFR 261.6[a][3][i]) 
 
  Used batteries or cells returned to the manufacturer for regeneration? (40 CFR 

261.6[a][3][ii]) 
 
  Used oil not burned for energy recovery? (40 CFR 261.6[a][3][iii]) 
 
  Scrap metal? (40 CFR 261.6[a][3][iv]) 
 
  Specific steel (K087) and petroleum refinery production waste? (40 CFR 261.6[a][3][v-

ix]) 
 
  If the waste is any of the following recyclable materials, complete Parts 270 (permits and 

notifications), and 266 Subparts A-G of the TSD checklists? (40 CFR 261.6[a][2]) 
 
  Those used in a manner constituting disposal (Subpart C)?  (40 CFR 261.6[a][2][i]) 
 
  H.W.'s burned for energy recovery in boilers and industrial furnaces not regulated as an 

incinerator (Subpart D)?  (40 CFR 261.6[a][2][ii]) 
 
  H.W. characteristic used oil that is burned as above (Subpart E)?  (40 CFR 

261.6[a][2][iii]) 
 
  Those from which precious metals are reclaimed (Subpart F)?  (40 CFR 261.6[a][2][iv]) 
 
  Spent lead-acid batteries that are reclaimed (Subpart G)?  (40 CFR 561.6[a][2][v]) 
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 GENERATORS 
 
  Does the generator prepare a complete manifest according to the instructions (see 

Appendix) before transporting H.W. off site?   (40 CFR 262.20[a]) 
 
  Does the generator designate on the manifest one facility which is permitted to handle 

H.W.?  (40 CFR 262.20[b]) 
 
  Has the facility designated an emergency alternative facility?  (40 CFR 262.20[c]) 
 
  Instructed the transporter to return the waste to the generator in the event an emergency 

prevents delivery? (40 CFR 262.20[d]) 
 
  Did the generator use the supplied manifest required by a consignment State? (40 CFR 

262.21) 
 
  Where the receiving facility is? or, if not provided by the State? (40 CFR 262.21[a]) 
 
  Where the generating facility is? (40 CFR 262.21[b]) 
 
  If not provided by either State, the EPA form from another source? (40 CFR 262.21[c]) 
 
  Did the manifest consist of enough copies? (40 CFR 262.22) 
 
  Did the generator:  Sign the manifest by hand?  Obtain the signature of initial transporter 

and date of acceptance on manifest?  Keep one copy of the manifest (per 262.40[a])?  
(40 CFR 262.23[a]) 

 
  Did the generator give the remaining copies of the manifest to the transporter?  If the 

shipment was sent by water or rail, was 262.23 complied with?  (40 CFR 262.23[b]) 
 
 PRE-TRANSPORT REQUIREMENTS 
 
  Is waste packaged in accordance with DOT packaging requirements (49 CFR 173, 178-

9)?  (40 CFR 262.30) 
 
  Are waste packages labeled in accordance with DOT regulations (40 CFR 172.101)?  

(40 CFR 262.30) 
 
  Are containers marked in accordance with DOT regulations (49 CFR 172.101)?   
 
  Proper shipping name (table column 2)?   
 
  Proper ID number (table column 3A)?   
 
  Proper ORM designation for containers of ORM-A, B, C, D, or E wastes?  (40 CFR 

262.32[a]) 
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  Are containers of 110 gallons or less marked with following words?   
 
“HAZARDOUS WASTE - Federal law prohibits improper disposal.  If found, contact the nearest 
police or public safety authority or the U.S. Environmental Protection Agency.  Generators Name 
and Address, Manifest document number.  (40 CFR 262.32[b])” 
 
  Does the generator placard or offer the initial transporter the appropriate placards (49 

CFR 172, Subpart F):   (40 CFR 262.33) 
 
  The generator may accumulate at or near the point of initial generation up to 55 gallons 

of H.W., or one quart of acutely hazardous waste provided?   (40 CFR 262.34[c][1]) 
 
  H.W. from containers not in good condition or leaking were transferred into good 

containers?   
 
  Containers are compatible with the H.W. stored in them?   
 
  Containers are stored closed?  (40 CFR 262.34[c][1][i]) 
 
  The containers are marked either with the words "Hazardous Waste" or labels which 

identify the contents?  (40 CFR 262.34[c][1][ii]) 
 
  If the generator does not have interim status (as a TSD facility), have they accumulated 

H.W. on site for less than 90 days?  (40 CFR 262.34[a]) 
 
  Are containers visibly marked with date accumulation started?  (40 CFR 262.34[a][2]) 
 
  Is each container or tank clearly marked with the words "Hazardous Waste"?   (40 CFR 

262.34[a][3]) 
 
  Does the generator comply with the requirements of 40 CFR, Part 265?   
 
  Subpart I for the use and management of containers?   
 
  Subpart J for tanks (except 265.19[c], closure of tanks without secondary containment, 

and 265.200)?   
 
  265.111 for tank closure performance standards?   
 
  265.114 for tank decontamination after closure?   
 
  Subpart C for preparedness and prevention?   
 
  Subpart D for contingency plan and emergency procedures?   
 
  265.16 for personnel training?  (40 CFR 262.34[a][1]-[4]) 
 
  If the generator has stored H.W. on-site for more than 90 days, have they: 
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  Been granted an extension from the EPA?   
 
  Complied with the 40 CFR Parts 264 and 265 and the permitting requirements in Part 

270 of RCRA?  (40 CFR 262.3[b]) 
 
 



 
 

E.2240 
SITE SECURITY PROCEDURES 

 
Last Review or Revision:  June 2010 
 
Objective 

 To establish procedures for the security of the subject site and remediation systems during hours 
when employees are not present.   
 
Equipment 
 a) Keyed-a-like locks.  
 
 b) Site key file box. 
 
 c) Site diagrams. 
 
 d) Operation and Maintenance procedures. 
 
 e) Materials specified by the Project Manager. 
 
Procedures 
 a) Site Security 
 
 The Project Manager will determine the specific security requirements for each site.  

Coordination with the client may be necessary to provide additional keys if needed.  Keyed-
a-like locks should be the same throughout the entire system.  A benchstock of commonly 
used locks is maintained for the field crews to replace broken or damaged locks.  If open 
excavations or sensitive materials are located on-site, the Project Manager may specify the 
use of access control, such as fencing or barricading. 

 
 b) Key Control 
 

 Keys for each system will be maintained in the central key control box in the Terracon 
Office.  Additional keys may be maintained by field crews and the project manager for 
routine access.  The site keys will be contained on a tab and clearly marked with the site 
name, job number and location. 

 
c) Site Monitoring 

 
 The field crew conducting field services is responsible for the security of the site.  A final 

review must be conducted daily prior to leaving the site to check and document site 
security.  The field crew will complete the "Daily Job Report" to indicate that the site is 
secure or that exceptions were encountered at the site.  The project manager will then be 
able to schedule the necessary corrective action.      
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 d) Site Documentation 
 

Documentation must be maintained at each remediation site to assist field crews in routine 
operation, maintenance, and emergency activities.  The following documents are to be 
maintained on site: 

 
  1. Site diagram of all wells associated with the site; 
  2. Schematic of the system including free product and water lines; 
  3. Electrical diagram; 
  4. Site Safety Plan; 
  5. Maintenance checklist and schedule; 
  6. Current settings and operational limits of the system (switch settings, and 

flow rates); 
  7. Summary of system operational characteristics (flow rates, inventory levels,  
  8. Operational and Maintenance manuals for all system components; 
   
 All components of the system are to be labeled for identification.  This includes pump 

controls, flow lines, product lines, level probes, and valves.     
 
 e)  Signs 
 
 Each site should have a sign identifying the site and indicating critical information 

concerning the operation of the system in the event unusual operations are encountered.  
This could include the client's name and phone number, or Terracon's name and phone 
number. 

 
 f)  Vehicles 
 
 Secure all vehicles left on-site during non-working hours.  Lock all doors and close all 

windows.  Store the keys in the central key control box. 
 
 

 Following is an example of a Daily Job Report.  Either this form or another similar form will be 
utilized to document daily on-site activities. 
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DAILY JOB REPORT 
 
Job Name ______________________________________ 
 
Job Location_____________________________________ 
 
Contractor ______________________________________ 
 
Client __________________________________________ 
 
 

 
Description of technical and/or engineering field operations including field test data*, locations 
(show direction of north), elevations, and other information: 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 

 
TERRACON states that the above tests and/or field engineering services have been performed and the results are 
reported herein.  This report, however, does not relieve the contractor of the responsibility to comply with the plans and 
specifications. 
 
 *Indicate when the field test data is estimated, pending final laboratory test results. 
 
Attested to: ____________________________________ 
 
Position:  ________________________________________ 
 
Company:  _______________________________________ 
 
TERRACON 
By: _____________________________________________ 

Job No  ____________________ 
 
Test Date  __________________ 
 
Time on Job  ________________ 
 
Time in Lab  _________________ 
 
Time in Office  _______________ 
 
Travel Time  _________________ 
 
TOTAL CHARGEABLE HOURS ______ 
 
MILEAGE _______________ 

FORM 113 - 6/85 
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E.2405 

CLEANING – GENERAL 
 

LAST REVIEW OR REVISION: June 2010 

OBJECTIVE AND APPLICATION 
To prepare the equipment for field activities in a manner that minimizes the potential for obtaining 
biased or erroneous data due to contaminant transfer.  Cleaning is performed as a quality 
assurance measure and a safety precaution.  It minimizes cross-contamination between samples 
and also helps to maintain a clean working environment.  This procedure provides general 
guidelines and should be used in conjunction with more specific procedures applicable to the 
cleaning method used. 
 

EQUIPMENT 
 As determined by the project manager 

 
 Expendable supplies: 
 

 Disposable chemical-resistant gloves 
 Garbage bags 
 Aluminum foil or plastic 
 Laboratory glassware detergent  such as Alconox or Trisodium Phosphate (TSP) 
 Containers for collection of waste liquids, if necessary 
 Dilute acid, methanol, ethanol, isopropyl alcohol or other cleaning fluid  

 
 Source of potable water without chemicals that would interfere or be identified in chemical 

analysis of samples.  The project manager may require laboratory testing of cleaning water as 
a background for evaluating chemical analyses. 

 

PROCEDURES 
Cleaning procedures will vary considerably based on the equipment, type of contaminant, type of 
sample and detection levels.  Initial cleaning should take place at the site prior to demobilizing.  
This will minimize the spread of contamination.  The extent of on-site cleaning will vary based on 
specific conditions; however, an attempt should be made to decontaminate as thoroughly as 
possible on site.  The more care one applies on keeping the equipment clean, the less energy will 
be required on cleaning. 
 
All field equipment must be prepared at the laboratory/office prior to use.  This will include 
additional cleaning, inspection, and maintenance. 
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Equipment such as hand trowels, bailers, mixing bowls, hand augers, etc., should be cleaned and 
wrapped in aluminum foil (with shiny side out) or plastic, as appropriate, prior to mobilization. 
 
Sampling and monitoring equipment is normally cleaned by washing and rinsing with liquids such 
as a soap or detergent solution, potable tap water, deionized water (DI), isopropyl alcohol, 
methanol, or a dilute acid. 
 
The extent and type of contaminant will determine the degree of cleaning.  If the level of 
contamination cannot be readily determined, cleaning should be based on the assumption that the 
equipment is highly contaminated. 
 
Waste products produced by the cleaning procedures such as waste liquids, solids, gloves, used 
Chem-wipe cleaning pads, etc., should be collected, stored in USDOT-approved 55-gallon drums 
on-site and disposed based on the nature of the contaminant.  Specific details for the handling of 
these wastes should be addressed by the project manager. 
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E.2410 

CLEANING – MANUAL WASHING 
 

LAST REVIEW OR REVISION: June 2010 

OBJECTIVE AND APPLICATION 
 
To prepare the equipment for field activities in a manner that minimizes the potential for obtaining 
biased or erroneous data due to contaminant transfer between sampling locations.  Cleaning is 
performed as a quality assurance measure and a safety precaution.  It minimizes cross-
contaminants between samples and also helps to maintain a clean working environment. 
 

EQUIPMENT 
 
 As determined by the project manager 

 
 Expendable supplies: 
 

 Disposable chemical-resistant gloves 
 Chem-wipe cleaning pads 
 Garbage bags 
 Laboratory glassware detergent  such as Alconox or Trisodium Phosphate (TSP) 
 Containers for collection of waste liquids, if necessary 
 Dilute acid, methanol, isopropyl alcohol, ethanol or other cleaning fluid  

 
 Wash rack facility 

 
 Cleaning containers with brushes (plastic, steel or stainless steel buckets) 

 
 Aluminum foil or plastic 

 
 Source of potable water without chemicals that would interfere or be identified in chemical 

analysis of samples.  The project manager may require laboratory testing of cleaning water as 
a background for evaluating chemical analyses. 

 

PROCEDURES 
 
Cleaning procedures will vary considerably based on the equipment, type of contaminant, type of 
sample and detection levels.  Initial cleaning should take place at the site prior to demobilizing.  
This will minimize the spread of contamination.  The extent of on-site cleaning will vary based on 



TSOP E. 2410 Terracon 
           
 

 2

specific conditions; however, an attempt should be made to decontaminate as thoroughly as 
possible on site.  The more care one applies on keeping the equipment clean, the less energy will 
be required on cleaning. 
 
All field equipment must be prepared at the laboratory/office prior to use.  This will include 
additional cleaning, inspection, and maintenance. 
 
Equipment such as hand trowels, bailers, mixing bowls, hand augers, etc., should be cleaned and 
wrapped in aluminum foil (with shiny side out) or plastic, as appropriate, prior to mobilization. 
 
Sampling and monitoring equipment is normally cleaned by washing and rinsing with liquids such 
as a soap or detergent solution, potable tap water, deionized water (DI), methanol, isopropyl 
alcohol or a dilute acid. 
 
The extent and type of contaminant will determine the degree of cleaning.  If the level of 
contamination cannot be readily determined, cleaning should be based on the assumption that the 
equipment is highly contaminated. 
 
Listed below is a cleaning procedure which may be employed for field equipment such as a water 
level indicator at a monitoring well which contains dissolved petroleum hydrocarbons.  If different or 
more elaborate procedures are required, they should be specified by the project manager during 
the project initiation meeting. 
 

 Remove gross contamination from the equipment using a Chem-wipe cleaning pad or 
brush. 

 
 Wash with a soap or detergent solution  
 
 Rinse with D.I. water 
 
 Rinse with methanol or isopropyl alcohol (if method requires) and repeat rinse with D.I. 

water 
 
 Repeat the entire procedure or any part of the procedure as necessary. 

 
Waste products produced by the cleaning procedures such as waste liquids, solids, gloves, used 
Chem-wipe cleaning pads, etc., should be collected and disposed of based on the nature of the 
contaminant.  Specific details for the handling of these wastes should be addressed by the project 
manager. 
 
 
 
 



 
 

E.2420 
CLEANING –  HIGH-PRESSURE, HOT-WATER WASHING 

 
Last Review or Revision:  June 2010 
 
Objective 
To prepare the equipment for field activities in a manner which minimizes the potential for obtaining 

biased or erroneous data due to contaminant transfer.  Decontamination is performed as a 
quality assurance measure and a safety precaution.  It minimizes cross-contaminants 
between samples and also helps to maintain a clean working environment. 

 
Equipment 

 As determined by the project manager 
 
 High pressure hot/cold water washing device or steam cleaner 
 
 Expendable supplies: 

 
 Disposable chemical-resistant gloves 

 
 Chem-wipes 

 
 Garbage bags 

 
 Detergent (Alconox or TSP) 

 
 Containers for collections of waste liquids, if necessary D.I. water 

 
 Dilute acid, methanol, ethanol or other cleaning fluid  

 
 Wash rack or other approved decontamination fluid collection system 
 
 Cleaning containers with brushes (plastic, steel or stainless steel buckets) 
 
 Aluminum foil or plastic, as appropriate 
 
 Safety monitoring devices as specified in the safety plan. 

 
Procedures 
Decontamination procedures will vary considerably based on the equipment, type of contaminant, 

type of sample and detection levels.  Initial decontamination should take place at the site 
prior to demobilizing.  This will minimize the spread of contamination.  The extent of on-site 
decontamination will vary based on specific conditions; however, an attempt should be 
made to decontaminate as thoroughly as possible on site.  The more care one applies on 
keeping the equipment clean, the less energy will be required on decontamination. 
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 All field equipment must be prepared at the laboratory/office prior to use.  This will include 

additional decontamination, inspection, and maintenance. 
 
 Equipment such as hand trowels, bailers, mixing bowls, hand augers, etc., should be 

cleaned and wrapped in aluminum foil (with shiny side out) or plastic, as appropriate, prior 
to mobilization. 

 
 Decontamination of larger objects, such as the working end of the drill rig or the downhole 

tools is accomplished using a high pressure wash. 
 
 Sampling and monitoring equipment is normally cleaned by washing and rinsing with liquids 

such a soap or detergent solutions, tap water, D.I. water, methanol, or a dilute acid. 
 
 The extent and type of contaminant will determine the degree of decontamination.  If the 

level of contamination cannot be readily determined, cleaning should be based on the 
assumption that the equipment is highly contaminated. 

 
 Listed below is a decontamination procedure which may be employed for field equipment 

such as a water level indicator at a monitoring well which contains dissolved petroleum 
hydrocarbons.  If different or more elaborate procedures are required, they should be 
specified by the project manager during the project initiation meeting. 

 
 Remove gross contamination from the equipment using a chem-wipe or brush. 
 
 Wash with a soap or detergent solution 
 
 Rinse with D.I. water 
 
 Rinse with methanol or other alternate cleaning agent (if method requires) 
 
 Rinse with D.I. water 
 
 Repeat the entire procedure or any part of the procedure as necessary. 

 
 Waste products produced by the decontamination procedures such as waste liquids, solids, 

gloves, chem-wipes, etc., should be collected, stored in USDOT-approved 55-gallon drums 
on the site, and disposed based on the nature of the contaminant.  Specific details for the 
handling of these wastes should be addressed by the project manager. 
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E.25 

BASIC RECORDKEEPING AND FIELD DOCUMENTATION  
 
 

LAST REVIEW/REVISION: February 2014 

REVIEWER/OFFICE:  DEK/Corporate  

 

OBJECTIVE 

To provide a basic level and quality of documentation throughout Brownfield projects that 

complements and supports other data collection forms in the course of conducting field activities 

during environmental assessments, sampling, or remediation.  The intent is not to place into 

writing an extensively detailed “diary” of every activity, but rather to log and record significant 

information that is useful as a measure of field activities during report writing and discussions 

with clients and agencies.  The information should be legible and readily understood by other 

than the author; later being used as a reference by managers, other project staff and quality 

assurance reviewers. 

PROCEDURES 

Appropriate documentation will be maintained to track project activities and document quality 

control. The following sections describe the specific records that will be maintained through the 

duration of the project.   

 

Individual TSOPs, agency-  or client-approved sampling plans or other referenced guidance 

may prescribe specific additional documentation that staff will complete specific to field tasks.  

These forms will be fully completed unless otherwise approved by the Project Manager. Errors 

in all documents shall be deleted with one line through the erroneous text, and initialed by the 

author.  At the start and end of work day on the site, the time shall be noted and each initialed or 

signed by the author.  

 

Common and routine field documentation includes, but is not limited to the following; 

 

Safety 

Every environmental project should be 

accompanied by a formal project-specific Health 

and Safety Plan (HASP or HSP).  The on-site copy 

of the HSP will be incorporated into field documentation for on-site use, reference and field 

notations of required safety measurements.  Any pre-task planning should be included. 
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Copies of Work Scope 

The on-site copy of the final site-specific sampling and analysis plan will be incorporated into 

field documentation for reference and field notations relative to field-dictated changes in sample 

collection, field screening, and laboratory analysis procedures.  Field copy of the sampling plans 

will include drawings and maps that illustrate property location, property features, and proposed 

sampling locations relative to these features. The rationale behind each proposed location and 

laboratory analysis will be provided in text and/or tables of the sampling plan for reference by 

field staff.  

 

If a formal sampling and analysis plan is not required for the sampling activity or if the plan is 

field-derived (i.e., Triad approach), a field copy of the final proposal with scope of work will be 

incorporated into field documentation for reference and field notations relative to field-dictated 

changes in sample collection. 

 

If a formal Quality Assurance Project Plan (QAPP) is required for the sampling activity, a field 

copy of the QAPP will be maintained with field documents for in-progress reference and 

discussions with off-site managers/supervisors during the course of field activities. 

 

Field Logbook 

Field site managers will document activities on daily log forms. The site 

manager will maintain the daily log forms with a field copy of the QAPP and 

Property-Specific Sampling and Analysis Checklists. Between field 

mobilizations, the Terracon Project Manager or Field Site Manager will 

maintain the daily log forms in a project file that will be placed at a central 

file location (see Sections Error! Reference source not found. and Error! 

Reference source not found.) following completion of the project. The daily log forms will 

include documentation relative to observed site conditions, sample collection information, 

problems encountered, sampling plan deviations, photograph logs, and other relevant 

information. 

 

Custody Records 

Field site managers will maintain a copy of completed chain-of-custody records for collected 

laboratory samples. The Field Site Manager will provide the Terracon Project Manager copies of 

the completed chain-of-custody forms following completion of field activities. The Project 

Manager will subsequently maintain these records at the central office file location. 

 

Photographic Documentation 

A photographic log will be maintained to document project activities and site conditions. 

Photographs will be taken during each day of major field activity. Photographs will be stored 

electronically and as hard copies with the project file. Logs will be maintained to document 

photograph details such as date, direction, photographer, and photo descriptions. 
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In taking photographs to document site conditions, field staff should keep in mind the following 

general rules; 

 

 Include objects of scale in the photographs. Preferably items of known dimension in close-
up pictures (e.g., rulers, tape measures, survey rods)  and common objects for wider view 
documentation of the property (e.g., car, street sign).   

 Keep in mind how the documentation will be used and presented in the final report.  If 

unsure, ask the Project Manager. 

 To the extent practical, document the site from a distance and from different directions so 

that other users have a perspective of the “total” site. 

 Take and document more pictures than you will need for the final report. 



 
 

 
E.30 

CHAIN OF CUSTODY DOCUMENTATION 
 
 
Last Revision: June 2010 
 
OBJECTIVE AND APPLICATION 
This document defines standard operating procedures for documenting sample collection using 
proper chain-of-custody techniques.  The purpose of proper chain-of-custody techniques is to 
provide accountability for and documentation of sample integrity from the time samples are 
collected until sample disposal.  
 
This procedure is intended to document sample possession during each stage of a sample's life 
cycle, that is, during collection, shipment, storage, and the process of analysis.  
 
EQUIPMENT 
 Terracon chain-of-custody record(s) or laboratory-specific chain-of-custody forms (typically 

supplied with sample containers), 
 If samples are being shipped via courier, custody seals for coolers, 
 Indelible ink marker, and 
 Zip top bag. 
 
PROCEDURE 
Sample containers will be labeled in advance of sampling with the sample date, location (well 
identifier), sampler’s initials, and project name.  Written sample custody procedures will be 
followed whenever samples are collected, transferred, stored, analyzed, or destroyed, in order 
to trace possession and handling of a sample from collection to disposal. Accountability for a 
sample begins when the sample is collected.  Each sample will be accounted for with the use of 
sample labels, chain-of-custody forms, a record of sample collection, and field data notebooks. 
 
The following chain-of-custody procedures will be implemented by the field staff: 
 
 Entries in the field notebook and chain-of-custody form will be made in ink. Documentation 

of each sample must be completed at the time of sampling. 
 The chain-of-custody should include at a minimum: 

 Project name and/or number 
 Name and contact information for the sampler collector 
 Collector’s signature 
 Sample designation 
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 Date sampled 
 Time sampled 
 Sample media 
 Number and size of containers for each sample 
 Types of sample preservatives used 
 Analyses requested 

 The original chain-of-custody must accompany the samples at all times after collection, until 
receipt at the analytical laboratory.  A copy of the chain-of-custody form will be kept by the 
field staff until filing at the office.   

 The original chain-of-custody form should be sealed in a Ziplock bag if shipping samples on 
ice via courier.  The sealed Ziplock bag will protect the document from moisture that may be 
present due to sample preservation.  The chain-of-custody should be the last item packed in 
a sample cooler, so that it is easily accessible if the cooler is misplaced by the courier or 
shipped to an incorrect address. 

 If shipping samples, a chain-of-custody specific to the contents of each cooler will be 
packaged with the respective samples.  Chain-of-custody forms should not be shipped in 
separate containers than the samples they document.  At least one custody seal should be 
completed by the collector and applied to each cooler sent to the laboratory.  The custody 
seal should be affixed to the cooler in such a manner as to ensure breakage of the seal 
upon opening of the cooler (e.g., across the cooler lid opening). 

 When the possession of samples is transferred, the individuals relinquishing and receiving 
the samples will sign, date, and note the time on the chain-of-custody form. 

 If samples are shipped, strict chain-of-custody is violated. However, at the discretion of the 
project manager the procedures can still be followed.  

 
ATTACHED REFERENCES 
 
Terracon Form COC-7/92 Chain-of-Custody Record, revised 4/93 
 
Quality Environmental Containers Custody Seal 
 
OTHER SUPPORTING DOCUMENTS 
 
ASTM D4840-99 Standard Guide for Sampling Chain-of-Custody Procedures 



 
 

E.300 
SAMPLING & DRILLING PLATFORMS 

 
 
Last Review or Revision:  June 2010 
 
Objective and Application 
To provide standard procedure for the mechanical and working support of soil sampling 
collection by providing equipment platforms for the advancement of borings using traditional 
drilling equipment and techniques of the current industry.  This procedure is applicable to drilling 
and sampling unconsolidated soils and highly weathered bedrock. 
 
Equipment 
The platform to carry the self-powered drill may be either truck-mounted or adapted to an all-
terrain vehicle capable of leveling the platform for perpendicular alignment of the drill unit.  The 
drill rig to be used for the field exploration employs a hydraulic head for drilling and sampling.   
 
Drilling equipment may be solid stem augers, commercially manufactured, ranging in flight 
diameter from 6 to 8 inches.  Commercially manufactured friction safety clips will be used to 
connect drill sections. 
 
Drilling equipment may be three and one-quarter (3.25)-inch or four and one-quarter (4.25) 
nominal inside diameter hollow stem augers.  Nominal outside diameter of flights will be 8 to 10 
inches, depending on manufacturer’s construction.  Commercially manufactured connecting 
bolts will be used to connect drill sections. 
 
Supporting tools and equipment capable of implementing standard sampling methods for soil 
and weathered bedrock. 
 
Training 
The drill operator and drill helper will have entered and be current in the following; 
 Industry drilling experience no less than 3 years for operator, 1 year for helper. 
 Enrolled in Terracon medical monitoring program for environmental operations 
 Completed 40-Hour OSHA 1910.120 HAZWOPER training, with respiratory protection. 
 Current certificate of annual 8-Hour OSHA 1910.120 HAZWOPER Refresher Training 
 Knowledge and experience in drilling both vadose and saturated soils. 
 Knowledge and experience in the operation and maintenance of the specified drill platform. 
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Procedures 
The proper platform will be selected using as guidance ASTM D4700.  Consistent with Section 
1.7 of the standard, the guidance is not intended to replace education or experience and will be 
used in conjunction with professional judgment. 
 
The drill platform will be as specified by the designated Drilling Coordinator or project manager.  
The field conditions as known and as recognized from historical working experience for a 
specific project will be reviewed.  The appropriate drill platform will be assigned.  
 
The Project Manager or Task Manager assigned will coordinate with Drilling to provide during 
mobilization the appropriate equipment and tools to support the specified sampling procedures 
presented for the field work. 
 
Supporting Documents 
 
 ASTM D4700 Standard Guide for Soil Sampling from the Vadose Zone. 
 
Other References  
 
1. A Well Drilling Methods Primer - An Overview of the Various Major Well Construction 

Methods, Water Well Journal, November 1981. 
 
2. Central Mine Equipment Manuals:CME550/CME750, specific to limits, use and supporting 

equipment of the drilling platform, most current. 
 
3. Drilling At Hazardous Waste Sites, Drill Bits - Newsletter of the National Drilling 

Foundation, Columbia, SC, December 1984. 
 
4. Drilling Safety Guide, National Drilling Federation, Diamond Core Drill Manufacturers 

Association, and National Drilling Contractors Association, 1989. 
 
5. Sling Safety, Bulletin 3072, U.S. Department of Labor, Occupational Safety and Health 

Administration, 1986. 
 
6. TERRACON Employee Job Descriptions, Terranet, Terracon, Inc. Human Resources, 

2000. 
 
 



 
 

E.3000 
BULK SAMPLING OF SUSPECT ASBSETOS-CONTAINING MATERIAL (ACM) 

 
Last Review or Revision:  June 2010 
 
I.  PURPOSE 
 
The purpose of this standard operating procedure (SOP) is to provide information on the 
hazards of asbestos and procedures to follow to sample suspect materials for laboratory 
analysis.  The following guidelines contained in this document apply to Terracon personnel who 
engage in bulk sampling of suspect ACM and are designed to provide standardization with 
respect to sample collection.  This procedure should ensure that potential asbestos-
containing material samples are collected in a manner which allows for accurate analysis of 
the material and that sampling personnel are protected against potential asbestos fiber 
releases through controlled sampling techniques or appropriate personal protective 
equipment. 
 
The objective of bulk sampling building materials and components suspected to contain 
asbestos is to characterize the items that contain asbestos in quantities equal to or greater 
than 1% or other contaent limit as specified by local or state guidelines.  By characterizing the 
locations and quantities of asbestos-containing materials (ACM), exposure hazards can be 
greatly reduced.  
 
 
II. BACKGROUND AND REFERENCE 
 
Asbestos has been a common component used in several building materials because of its 
strength enhancing and fire resisting properties.  However, asbestos has been recognized 
as a human carcinogen and respiratory hazard.  Due to its health hazards, building 
inspections and asbestos bulk sampling is requested for schools and many public or 
commercial properties prior to building renovation or demolition activities. Therefore, 
identifying, locating and quantifying materials containing asbestos is essential in the effort to 
prevent worker exposure to asbestos and prevent environmental contamination.    

 
As a consequence of inhalation of asbestos fibers, a body of federal and state regulations 
has been developed.  Federal regulations pertaining to asbestos are included in AHERA 
(Asbestos Hazard Emergency Response Act) US EPA 40 CFR 763, Subparts E, F; 
NESHAP (National Emissions Standards for Hazardous Air Pollutants (EPA 40 CFR 61); 
OSHA Asbestos Standards (29 CFR 1910.1001 and 29 CFR 1926.1101), and ASHARA 
(Asbestos School Hazard Abatement Reauthorization Act).  Many states and local 
authorities have additional requirements including state-specific licensing and certification.  
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Terracon will comply with applicable federal, state and local regulations when conducting 
asbestos-related services.   
 
III. EQUIPMENT 
 
The minimum equipment necessary to conduct bulk sampling of suspect materials, in 
addition to the personal protective equipment outlined below in the Health and Safety 
Section, is listed below. 
 
 Utility Knife, Chisel, Hammer, Screwdriver, Coring Tool 
 Duct Tape 
 Sample Containers (preferably ziplock-style clear plastic bags) 
 Sample Labels and Indelible Marker 
 Spray Atomizer containing Detergent Amended Water, Paper Towels/Wet Wipes 
 Spray Adhesive 
 Roof Patch Kit (if necessary) 
 Measuring Wheel 
 Camera 
 Flashlight 
 Field ACM Sample Log 
 
 
IV. CERTIFICATION 
 
Individuals conducting asbestos sampling must have the certifications listed below.  Copies of 
these certifications and licenses should be taken to the site during the sampling event. 
 
 United States Environmental Protection Agency Building Inspector training (and refresher 

training, if applicable) 
 Asbestos Inspector State-license for the state of the project location (where necessary) 
 
In addition, Terracon requires company-based training courses and hands-on experience of 
employees prior to commencing asbestos-related field services.  Each employee must also 
receive respirator training, be medically monitored and successfully pass a fit-test utilizing 
issued respirator(s). 
 
 
V. HEALTH AND SAFETY 
 
Asbestos has been recognized to cause asbestosis, cancer of the lungs and digestive tract 
and mesothelioma.  Asbestosis is a lung disorder characterized by a diffuse interstitial 
(between cell) fibrosis.  The onset of asbestosis probably depends upon the asbestos dust 
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concentration, the morphology of the fiber and length of exposure.  Cigarette smoking is 
strongly implicated as a co-carcinogenic among asbestos workers.   
 

Under the OSHA asbestos standards, the employer has an obligation to protect employees 
against exposure to asbestos fibers in excess of 0.1 fibers per cubic centimeter of air 
(0.1f/cc).  Personnel engaged in asbestos-related activities (including building inspections) 
must be trained, medically cleared and fit-tested for respiratory protection.  Therefore, 
enrollment in a medical surveillance program in compliance with the OSHA asbestos and 
respiratory protection standards is mandatory.  Terracon employees are not permitted to 
engage in asbestos-related activities unless they are enrolled in the Terracon medical 
surveillance program and have been medically cleared for respirator use by a physician.   

The following safety and health protocols apply to Terracon personnel who engage in asbestos-
related services.  The guidelines contained in this document are based upon potential health 
hazards from exposure to asbestos fibers and physical hazards which may be encountered on 
survey project sites.  Field activities will be performed in accordance with the procedures 
outlined in this document and applicable federal/state health and safety regulations.   

Terracon personnel will use professional judgment during sample collection to prevent exposure 
to other building occupants.  If unauthorized personnel attempt to enter a sampling area which 
could reasonably pose a fiber release hazard, the inspector will curtail bulk asbestos sample 
collection activity and request that the individual(s) leave the work area.  If unauthorized 
personnel refuse to leave the work area, immediately contact the Project Safety Officer and/or a 
client representative.  Sample collection activities should recommence only after unauthorized 
personnel have left the work area. 
 
In the event that minor amounts of suspect asbestos containing materials such as thermal 
system insulation, sprayed-on or trowled-on surfacing materials, ceiling texture, etc. are 
released during the course of sampling, sampling team members will immediately evacuate the 
area and don Level C personal protective equipment.  The area of potential ACM release will 
then be approached and suspect materials will be thoroughly wetted with amended water, 
slowly and deliberately swept to a centralized pile, re-wetted, and containerized in heavy mil 
asbestos disposal bags.  Affected surfaces will then be re-wetted and swabbed with clean 
cloths or paper towels.  Used wipes will be disposed of as asbestos-containing waste. 
 

In the event that large quantities of potential ACM is released during sample collection activities, 
personnel will immediately evacuate the area and notify the Project Safety Officer and the client 
representative.  The Project Safety Officer will request that the area be sealed until a properly 
attired response team can be mobilized to the area with a high efficiency particulate air filter 
(HEPA) vacuum and other equipment necessitated by site conditions. 

If suspect materials are in deteriorated condition and fiber release appears likely, or if 
sampling must be conducted overhead and/or above drop ceilings, personnel will upgrade to 
Level C personal protective equipment as itemized above.  Level C personal protective 
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equipment should be donned before moving drop ceiling panels, attic access panels, etc. 
where friable fireproofing or thermal system insulation are known to be present.   

The indicated personal protective equipment shall be mobilized to asbestos sampling project 
sites on each day of sample collection and utilized, if necessary: 

 Tyvek (standard) protective coveralls 
 Half face or full face air purifying respirator equipped with HEPA (P-100) cartridges 
 Impermeable gloves (nitrile or latex).  
 Tyvek boot covers or washable outer footwear 
 
Additional Health and Safety protocols such as those established by the owner/operator of the 
project site and Terracon’s company policy regarding ladder safety, confined space entry and 
electrical hazards shall be followed. 
 
VI. SAMPLING HAZARDS 
 
 a. Elevated Surfaces 
 
Asbestos building inspections may include roofing materials and ceiling spaces containing 
suspect ACM.  Appropriate ladders or other suitable devices (e.g., manlifts) will be used for 
gaining access to elevated sampling locations.  Ladders will be inspected prior to use.  
Spreaders will be fully extended on all step ladders and firmly positioned prior to use.  
Where footing is uncertain, a sample team member will hold or otherwise secure ladders 
while in use by another sample team member.  Personnel must always face ladders during 
both ascent and descent.  Extension ladders will not be positioned more than one-quarter of 
their working length from buildings, walls, etc. (4:1 pitch).  Sample team personnel will not 
walk on steeply pitched roof surfaces and will not walk on low pitched roofing surfaces while 
wet.  Remain on designated roof walkways wherever present. Terracon personnel will 
visually inspect roofs prior to beginning sample collection activities and will avoid all areas 
which appear to be structurally unsound. 
 
 b. Confined Space Entry 
 
Terracon asbestos inspectors will not enter any pit, shaft, tunnel, etc. which has limited 
means of egress, the potential for an oxygen deficient or toxic atmosphere or which was not 
designed for human occupancy without first developing a written safety plan which includes 
a confined space entry permit and procedures.  Readily accessible spaces such as pipe 
tunnels in which personnel may stand can be entered to a distance where continuous visual 
and verbal communication can be maintained with another sample team member.  
 
Adequate portable lighting must be utilized during sample collection in tunnels and similar 
spaces.  No Terracon or sample team member may attempt to walk through a pipe tunnel, 
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etc. beyond the sight of a stand-by team member unless written confined space entry 
procedures have been prepared for the project. 
 
 c. Electrical Contact Hazards 
 
Personnel will remain cognizant of the location and condition of electrical wiring during the 
collection of bulk asbestos samples.  A visual assessment of each work space will be made 
prior to sample collection and electrical contact hazards will be evaluated.  Unguarded 
junction boxes, exposed wiring, knife switches, etc. will be avoided during the collection of 
bulk ACM samples, and coring tools will not be used in near proximity to electrical switches 
or receptacles. 
 
 
VII. PROCEDURES FOR BULK SAMPLING OF SUSPECT ACM 
 
The primary purpose of this section is to identify the methods and techniques of controlled 
sampling, sampling site control and use of appropriate personal protective equipment to 
protect Terracon personnel and members of the general public from exposure to asbestos 
fibers during sampling activities.  Adherence to these procedures should enhance personnel 
safety during sample collection activities and aid in the suitability of samples for analysis.  
Field activities will be performed in accordance with the procedures outlined in this document 
and applicable federal/state health and safety regulations.   
 
Protocols for inspection and bulk sampling are defined in AHERA regulations.  These are 
applicable for any type of survey; for example, a school, an area prior to renovation, a 
building prior to demolition and inspections undertaken to rebut the OSHA presumption that 
certain materials contain asbestos.   
 
An accredited Building Inspector must perform the inspection.  A summary of AHERA 
sampling protocols is as follows: 
 

1.   Visually inspect the building interior and/or exterior and identify locations of suspect 
ACM.  Identify homogenous areas of friable and non-friable suspect ACM.  Document 
locations, condition, classification and estimated quantities of each suspect material.  It is 
recommended to depict locations of materials on a building diagram and take photographs 
of sampled materials. 

2.  Touch each suspect ACM to determine its friablity. 

3. Collect representative samples of suspect ACM.  Terracon recommends a minimum of 
three (3) samples of each material be collected from each homogeneous area.  However, 
specific materials may require additional samples such as surfacing material and insulation 
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as described below.  Judgment should be used on the need for and quantity of additional 
sample collection. 

Surfacing materials: Collect, in a statistically random manner, at least 3 bulk samples 
from each homogenous area of 1,000 sq. ft. or less, at least 5 bulk samples from 
each homogenous area that is greater than 1,000 sq. ft. but less than or equal to 
5,000 sq. ft., and at least 7 bulk samples of each homogenous area larger than 
5,000 sq. ft. 

 
Thermal System Insulation (TSI): Collect, in a randomly distributed manner, at least 
three bulk samples from each homogeneous area of TSI; collect at least one bulk 
sample from each homogeneous area of patched TSI if the patched section is less 
than 6 linear or square feet; collect bulk samples from each insulated mechanical 
system where cement or plaster is used on tees, elbows, etc. in a manner sufficient 
to assess whether the material is ACM.  

 
If fiber release appears likely, wet methods will be employed in the collection of suspect 
ACM samples.  Water amended with a minimum of 10% commercially available window 
cleaning solution or other suitable surfactant should be used to moisten materials prior to 
sampling.  Bulk asbestos samples will not be collected over the heads of, or in near 
proximity to, non-project personnel.  Respiratory protection is not required when sampling 
non-friable suspect materials or materials below the breathing zone which are adequately 
wetted with amended water. 
 
4. Bulk ACM samples should be immediately placed in sample containers and sealed 
while the materials are wet.  If collecting samples of friable ACM or normally non-friable 
materials which are in deteriorated condition, precautions must be taken to prevent the 
release of fibers to the work area.  Precautions include aggressively wetting the surface or 
potentially isolating the material (e.g. glove bagging) prior to disturbance.  
 
5. Reusable sampling equipment will be gently rinsed with amended water.  Dry the 
equipment with paper towels to be disposed of as contaminated materials.   
 
6. The following decontamination sequence should be used following sample collection 
activities requiring Level C personal protective equipment: 

 Remove coveralls slowly turning the outside inward.  
 Place in heavy mil asbestos disposal bag. 
 Remove gloves and shoe covers (if utilized) 
 Remove respirator and carefully dispose of respirator cartridges in asbestos disposal 

bag. 
 Securely seal protective clothing and any potentially contaminated disposable 

sampling equipment in heavy mil asbestos disposal bags.  
 Do not smoke or eat with soiled hands. 
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 Wash hands, face and forearms thoroughly before eating, drinking smoking or using 
toilet facilities. 

 Shower thoroughly as soon as possible upon leaving the project site. 
 
7. Bulk sample analysis for asbestos content is performed by polarized light microscopy 
(PLM).  The analytical testing procedure is based on U.S. Environmental Protection Agency 
(EPA) methods and National Voluntary Laboratory Accreditation Program (NVLAP) 
requirements.  Terracon will use NVLAP accredited and appropriately licensed laboratories 
for analysis of asbestos bulk samples. Samples will be controlled with the analytical 
laboratory through chain of custody documentation. 
 
 



 

 1

 
E.310 

AUGER DRILLING AND SAMPLING 
 
 
Last Review or Revision:  June 2010 
 
Objective and Application 
To provide standard procedure for auger drilling and soil sampling collection using traditional 
drilling equipment and techniques of the current industry.  This procedure is applicable to drilling 
and sampling unconsolidated soils and highly weathered bedrock. 
 
Equipment 
Drilling equipment will consist of commercially-made augers with drill flights sufficient to the 
needs of the project.  Supporting tools and accessories will be utilized as specified by the 
manufacturer or a generic equivalent approved by the Drilling Coordinator or Equipment 
Manager. 
 
Training 
The drill operator and drill helper will have entered and be current in the following; 
 Industry drilling experience no less than 3 years for operator, 1 year for helper. 
 Enrolled in Terracon’s medical monitoring program for environmental operations (if 

employed by Terracon). 
 Completed 40-Hour OSHA 1910.120 HAZWOPER training, with respiratory protection. 
 Current certificate of annual 8-Hour OSHA 1910.120 HAZWOPER Refresher Training. 
 Knowledge and experience in drilling both vadose and saturated soils. 
 Knowledge and experience in the operation and maintenance of the specified drill platform. 
 
If the drill operator and drill helper(s) are subcontractor employees, equivalent training and 
medical monitoring will be required. 
 
Procedures 
The proper platform will be selected using as guidance ASTM D4700-91.  Consistent with 1.7 of 
the standard the guidance is not intended to replace education or experience and will be used in 
conjunction with professional judgment. 
 
The drill platform will be as specified by the designated Drilling Coordinator or the project 
manager.  The field conditions as known and as recognized from historical working experience 
for a specific project will be reviewed.  The appropriate drill platform will be assigned.  
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The Project Manager or Task Manager assigned will coordinate with the drilling crew to provide 
the appropriate equipment and tools to support the specified sampling procedures presented for 
the fieldwork. 
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Attached Supporting Documents 
 
 ASTM D1452-80 Standard Practice for Soil Investigation and Sampling by Auger 

Borings. 
 E.310.A Auger Tools, Inc. manufacturer information 
 
Other References  
 
1. A Well Drilling Methods Primer - An Overview of the Various Major Well Construction 

Methods, Water Well Journal, November 1981. 
 
2. Central Mine Equipment Manuals:CME550/CME750, specific to limits, use, and supporting 

equipment of the drilling platform, most current. 
 
3. Drilling At Hazardous Waste Sites, Drill Bits - Newsletter of the National Drilling 

Foundation, Columbia, SC, December 1984. 
 
4. Drilling Safety Guide, National Drilling Federation, Diamond Core Drill Manufacturers 

Association, and National Drilling Contractors Association, 1989. 
 
5. Sling Safety, Bulletin 3072, U.S. Department of Labor, Occupational Safety and Health 

Administration, 1986. 
 
6. TERRACON Employee Job Descriptions, Terranet, Terracon, Inc. Human Resources, 

2000. 
 
 



 
 

E.320 
HOLLOW-STEM AUGER DRILLING 

 
 
Last Review or Revision:  June 2010 
 
Objective and Application 
To provide standard procedure to maintain the integrity of the borehole during drilling operations 
in soils or fills whereby the side walls of the boring cannot do so naturally, sufficient to prevent 
sloughing or caving of materials to depth.  The use of hollow-stem augers allows the sampling 
of soils and access for well construction through their hollow centers.  
 
The hollow stem auger procedure can be used in lieu of driven casing in conjunction with joint 
seals for fluid drilling. 
 
This procedure is applicable to drilling and sampling unconsolidated soils and highly weathered 
bedrock. 
 
Equipment 
Drilling equipment will be commercially-made hollow stem augers with drill flights sufficient to 
the needs of the project.  Supporting tools and accessories will be as specified by the 
manufacturer or a generic equivalent approved by the Drilling Coordinator or Equipment 
Manager. 
 
Four and one-quarter (4.25)-inch or eight and one-quarter (8.25)-inch nominal inside diameter 
hollow stem augers may be used for standard split spoon and Shelby tube sampling, special 
coring or rotary washboring operations and for the construction of monitoring wells. Nominal 
outside diameter of flights will be 9 to 11 inches, depending on manufacturer’s construction. 
Commercially manufactured connecting bolts will be used to connect drill sections. 
 
Joint seals will be of rubber or neoprene as recommended by individual manufacturer.  For 
environmental sites with high solvent concentrations, special Teflon seals may be required by 
the Project Manager and will be specified at mobilization.  
 
Disposable end plugs will be of materials suitable to the task and as specified by Project 
manager or Equipment Manager.  Environmental sites will use steel or stainless steel end plugs. 
 
Training 
The drill operator and drill helper will have entered and be current in the following; 
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 Industry drilling experience no less than 3 years for operator, 1 year for helper. 
 Enrolled in Terracon’s medical monitoring program for environmental operations operations 

(if employed by Terracon). 
 Completed 40-Hour OSHA 1910.120 HAZWOPER training, inclusive of respiratory 

protection. 
 Current certificate of annual 8-Hour OSHA 1910.120 HAZWOPER Refresher Training 
 Knowledge and experience in drilling both vadose and saturated soils. 

Knowledge and experience in the operation and maintenance of the specified equipment. 
If the drill operator and drill helper(s) are subcontractor employees, equivalent training and 
medical monitoring will be required. 
 
Procedures 
The field procedures will be as specified by the manufacturer for the equipment. 
 
The application of the procedure for design will be by the Project Manager using as guidance 
ASTM D5784.  Consistent with Section 1.5 of the standard the guidance is not intended to 
replace education or experience and will be used in conjunction with professional judgment.   
 
Attached Supporting Documents 
 
 ASTM D5784 Standard Guide for Use of Hollow-Stem Augers for Geoenvironmental 

Exploration and the Installation of Subsurface Water-Quality Monitoring Devices. 
 
Other References 
 
1. A Well Drilling Methods Primer - An Overview of the Various Major Well Construction 

Methods, Water Well Journal, November 1981. 
 
2. Central Mine Equipment Manuals:CME550/CME750, specific to limits, use and supporting 

equipment of the drilling platform, most current. 
 
3. Drilling Safety Guide, National Drilling Federation, Diamond Core Drill Manufacturers 

Association, and National Drilling Contractors Association, 1989. 
 



 

 1

 
 

E.325 
CASING ADVANCE DRILLING AND SAMPLING 

 
 
Last Revision or Review:  June 2010 
 
Objective and Application 
To provide standard procedure for drilling and soil sampling collection using equipment and 
techniques of the current industry.  This procedure is applicable to drilling and sampling 
unconsolidated soils and highly weathered bedrock.  It may be used in conjunction with rotary 
rock bit or coring attachments in consolidated bedrock. 
 
Equipment 
Drilling equipment will be commercially-made sufficient to the needs of the project.  Supporting 
tools and accessories will be as specified by the manufacturer or a generic equivalent approved 
by the Drilling Coordinator or Equipment Manager. 
 
Training 
The drill operator and drill helper will have entered and be current in the following; 
 Industry drilling experience no less than 3 years for operator, 1 year for helper. 
 Enrolled in Terracon medical monitoring program for environmental operations (if employed 

by Terracon). 
 Completed 40-Hour OSHA 1910.120 HAZWOPER training, with respiratory protection. 
 Current certificate of annual 8-Hour OSHA 1910.120 HAZWOPER Refresher Training 
 Knowledge and experience in drilling both vadose and saturated soils. 
 Knowledge and experience in the operation and maintenance of the specified drill platform. 

 
If the drill operator and drill helper(s) are subcontractor employees, equivalent training and 
medical monitoring will be required. 

 
Procedures 
The proper platform will be selected using as guidance ASTM D5872-95.  Consistent with 
Sections 1.5 and 1.6 of the standard the guidance is not intended to replace education or 
experience and will be used in conjunction with professional judgment. 
 
The drill platform will be as specified by the designated Drilling Coordinator of the Division.  The 
field conditions as known and as recognized from historical working experience for a specific 
project will be reviewed.  The appropriate drill platform will be assigned.  
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The Project Manager or Task Manager assigned will coordinate with the drilling crew to provide 
the appropriate equipment and tools to support the specified sampling procedures presented for 
the field work. 
 
Attached Supporting Documents: 
 
 ASTM D5872-95 Standard Guide for Use of Casing Advancement Drilling Methods for 

Geoenvironmental Exploration and Installation of Subsurface Water-Quality Monitoring 
Devices. 

 
Other References:  
 
1. A Well Drilling Methods Primer - An Overview of the Various Major Well Construction 

Methods, Water Well Journal, November 1981. 
 
2. Central Mine Equipment Manuals:CME550/CME750, specific to limits, use and supporting 

equipment of the drilling platform, most current. 
 
3. Drilling At Hazardous Waste Sites, Drill Bits - Newsletter of the National Drilling 

Foundation, Columbia, SC, December 1984. 
 
4. Drilling Safety Guide, National Drilling Federation, Diamond Core Drill Manufacturers 

Association, and National Drilling Contractors Association, 1989. 
 
5. Sling Safety, Bulletin 3072, U.S. Department of Labor, Occupational Safety and Health 

Administration, 1986. 
 
6. TERRACON Employee Job Descriptions, Terranet, Terracon, Inc. Human Resources, 

2001 or most current. 
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E.330 

FLUID ROTARY DRILLING AND SAMPLING 
 
 
Last Revision or Review:  June 2010 
 
Objective and Application 
To provide standard procedure for drilling and soil sampling collection using equipment and 
techniques of the current industry.  This procedure is applicable to drilling and sampling 
unconsolidated soils when subsurface conditions require the introduction of drilling fluids into 
the borehole to minimize cave-in.  The drilling fluids are typically a water solution of a thixotropic 
clay (such as bentonite), with or without other admixtures.  The drilling fluid, when pumped into 
the borehole during drilling, provides sufficient hydrostatic pressure against the borehole walls 
to prevent cave-in. 
 
Equipment 
Drilling equipment will be commercially-made sufficient to the needs of the project.  Supporting 
tools and accessories will be as specified by the manufacturer or a generic equivalent approved 
by the Drilling Coordinator or Equipment Manager. 
 
Training 
The drill operator and drill helper will have entered and be current in the following; 
 Industry drilling experience no less than 3 years for operator, 1 year for helper. 
 Enrolled in Terracon medical monitoring program for environmental operations (if employed 

by Terracon) 
 Completed 40-Hour OSHA 1910.120 HAZWOPER training, with respiratory protection. 
 Current certificate of annual 8-Hour OSHA 1910.120 HAZWOPER Refresher Training 
 Knowledge and experience in drilling both vadose and saturated soils. 
 Knowledge and experience in the operation and maintenance of the specified drill platform. 
 
If the drill operator and drill helper(s) are subcontractor employees, equivalent training and 
medical monitoring will be required. 
 
Procedures 
The proper platform will be selected using as guidance ASTM D5872-95.  Consistent with 
Sections 1.5 and 1.6 of the standard the guidance is not intended to replace education or 
experience and will be used in conjunction with professional judgment. 
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The drill platform will be as specified by the designated Drilling Coordinator of the Division.  The 
field conditions as known and as recognized from historical working experience for a specific 
project will be reviewed.  The appropriate drill platform will be assigned.  
 
The Project Manager or Task Manager assigned will coordinate with Drilling to provide during 
mobilization the appropriate equipment and tools to support the specified sampling procedures 
presented for the field work. 
 
Attached Supporting Documents: 
 
 ASTM D5872-95 Standard Guide for Use of Casing Advancement Drilling Methods for 

Geoenvironmental Exploration and Installation of Subsurface Water-Quality Monitoring 
Devices. 

 
Other References:  
 
1. A Well Drilling Methods Primer - An Overview of the Various Major Well Construction 

Methods, Water Well Journal, November 1981. 
 
2. Central Mine Equipment Manuals:CME550/CME750, specific to limits, use and supporting 

equipment of the drilling platform, most current. 
 
3. Drilling At Hazardous Waste Sites, Drill Bits - Newsletter of the National Drilling 

Foundation, Columbia, SC, December 1984. 
 
4. Drilling Safety Guide, National Drilling Federation, Diamond Core Drill Manufacturers 

Association, and National Drilling Contractors Association, 1989. 
 
5. Sling Safety, Bulletin 3072, U.S. Department of Labor, Occupational Safety and Health 

Administration, 1986. 
 
6. TERRACON Employee Job Descriptions, Terranet, Terracon, Inc. Human Resources, 

2001 or most current. 
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E.340 

AIR ROTARY DRILLING AND SAMPLING 
 
 
Last Revision or Review:  June 2010 
 
Objective and Application 
To provide standard procedure for drilling and soil sampling collection using equipment and 
techniques of the current industry.  This procedure is applicable to drilling into consolidated 
bedrock.  During this type of drilling, high pressure air is forced into the borehole during 
advancement.  The high pressure air returns bedrock chips to the surface.   
 
Equipment 
Drilling equipment will be commercially-made sufficient to the needs of the project.  Supporting 
tools and accessories will be as specified by the manufacturer or a generic equivalent approved 
by the Drilling Coordinator or Equipment Manager. 
 
Training 
The drill operator and drill helper will have entered and be current in the following; 
 Industry drilling experience no less than 3 years for operator, 1 year for helper. 
 Enrolled in Terracon medical monitoring program for environmental operations (if a Terracon 

employee). 
 Completed 40-Hour OSHA 1910.120 HAZWOPER training, with respiratory protection. 
 Current certificate of annual 8-Hour OSHA 1910.120 HAZWOPER Refresher Training 
 Knowledge and experience in drilling both vadose and saturated soils. 
 Knowledge and experience in the operation and maintenance of the specified drill platform. 
 
If the drill operator and drill helper(s) are subcontractor employees, equivalent training and 
medical monitoring will be required. 
 
Procedures 
The proper platform will be selected using as guidance ASTM D5872-95.  Consistent with 
Sections 1.5 and 1.6 of the standard the guidance is not intended to replace education or 
experience and will be used in conjunction with professional judgment. 
 
The drill platform will be as specified by the designated Drilling Coordinator of the Division.  The 
field conditions as known and as recognized from historical working experience for a specific 
project will be reviewed.  The appropriate drill platform will be assigned.  
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The Project Manager or Task Manager assigned will coordinate with Drilling to provide during 
mobilization the appropriate equipment and tools to support the specified sampling procedures 
presented for the field work. 
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Attached Supporting Documents: 
 
 ASTM D5872-95 Standard Guide for Use of Casing Advancement Drilling Methods for 

Geoenvironmental Exploration and Installation of Subsurface Water-Quality Monitoring 
Devices. 

 
Other References:  
 
1. A Well Drilling Methods Primer - An Overview of the Various Major Well Construction 

Methods, Water Well Journal, November 1981. 
 
2. Central Mine Equipment Manuals:CME550/CME750, specific to limits, use and supporting 

equipment of the drilling platform, most current. 
 
3. Drilling At Hazardous Waste Sites, Drill Bits - Newsletter of the National Drilling 

Foundation, Columbia, SC, December 1984. 
 
4. Drilling Safety Guide, National Drilling Federation, Diamond Core Drill Manufacturers 

Association, and National Drilling Contractors Association, 1989. 
 
5. Sling Safety, Bulletin 3072, U.S. Department of Labor, Occupational Safety and Health 

Administration, 1986. 
 
6. TERRACON Employee Job Descriptions, Terranet, Terracon, Inc. Human Resources, 

2001 or most current. 
 
 



 
 

E.400 
SUBSURFACE SAMPLING - GEOPROBE PLATFORM 

 
 
Last Revision or Review:  June 2010 
 

1. OBJECTIVE 
 
Geoprobe® equipment is a proprietary system capable of performing both sampling and onsite 
analysis functions.  The proprietary name Geoprobe® has become synonymous with pushprobe 
technology, where the samplers or monitoring technology are advanced to depth by hydraulic 
push.  The push may be assisted by inducing a vibration to the sampler.  
 
Generally, sampling is accomplished using hydraulically pushed probes and analysis is 
accomplished using a gas chromatograph (GC).  This equipment was originally developed to 
screen for the subsurface presence of volatile organic compounds (VOCs) in unsaturated zone 
soil gas.  It may also be used to obtain soil and ground water samples and to screen such 
samples for VOCs or semivolatile organic compounds (SVOCs).  However, the analytes of 
primary interest in Geoprobe® work are generally VOCs. 
 
Geoprobe® equipment offers a relatively high degree of mobility for sampling and the ability to 
produce screening level analytical results while still mobilized to a site.  The cost-effectiveness 
of this approach is reduced when soil or ground water samples are of interest, the analytes 
involved are SVOCs, or a higher degree of analytical quality is necessary. 
 
The purpose of this document is to provide a standard field procedure for general application.  It 
may be supplemented by the generation of written site-specific sampling and analysis plans 
(SAPs) prepared prior to field work.  Project Managers are generally responsible for providing 
Geoprobe® operators with a SAP sufficiently in advance of proposed site work to allow for 
proper mobilization (including procurement of any necessary sampling equipment, sample 
containers, analytical standards, reagents, personal protective equipment, or other necessary 
equipment) and are required to consult with Geoprobe® operators in the development of such 
SAPs. 
 
2. SAFETY AND HEALTH 
 
All Terracon field work is carried out under the provisions of a safety and health plan.  Most 
Geoprobe® work is covered by generic safety and health plans pertinent to intrusive work where 
petroleum hydrocarbons are anticipated or where there is a potential to encounter low 
concentrations of either petroleum hydrocarbons or chlorinated compounds.  For any project 
involving greater potential hazard (e.g., work inside spaces with restricted ventilation and the 
potential to encounter high concentrations of volatile compounds, work involving the potential to 
encounter high concentrations of chlorinated compounds, or solvent extraction prior to analysis), 
the Project Manager will ensure that a site-specific safety and health plan that includes proper 
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safety procedures for the Project-specific hazards is obtained from the  Corporate Safety and 
Health Manager prior to mobilization. 
 

3. EQUIPMENT 
 
Geoprobe® equipment may vary from unit to unit.  But should carry the equivalent of the 
following equipment mounted on a mobile one ton van or truck: 
 
 1. Geoprobe® components - 
 
  a. GW-40 hydraulically powered probe. 
  b. 1 inch nominal diameter 2 to 4 feet length probe rods. 
  c. Soil piston samplers and acetate liners. 
 
 2. GC components1 - 
 
  a. Shimadzu GC-14A (or equivalent) laboratory quality GC. 
  b. Shimadzu (or equivalent) electron capture detector (ECD). 
  c. Shimadzu (or equivalent) flame ionization detector (FID). 
  d. Photoionization detector (PID). 
  e. 30 m x 0.53 mm ID Supelco 3 mm Vocol (or equivalent) capillary column. 
  f. Shimadzu (or equivalent) gas flow controller. 
  g. Compressed air (service to FID). 
  h. Compressed hydrogen (service to FID). 
  i. Ultrapure compressed nitrogen or helium (carrier gas). 
  j. Regulators for compressed gas bottles. 
  k. Various size glass syringes (1 uL to 5 mL). 
  l. Appropriate analytical standards. 
  m. 40 mL nominal volatile organic analysis (VOA) vials. 
 
 3. Data system components - 
 
  a. APEX CSI (or equivalent) dual channel A to D converter. 
  b. Laptop computer. 
  c. APEX data system program (Version 2.1) (or equivalent). 
 
 4. Miscellaneous equipment - 
 
  a. Scale. 
  b. Oven. 
  c. Fire extinguisher. 
  d. Various tools. 
                                                 
     1Current equipment is listed.  Equipment may change as appropriate for the analytes of concern and to reflect new technological 
developments.  For example, the PID is currently out of service and is expected to be replaced in the future.  Therefore, specific 
information regarding it is not listed.  The standard column currently in use is listed.  However, other columns may be more appropriate 
for the analyte(s) of concern in a specific project. 
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  e. Clean distilled and/or deionized water (hereinafter referred to as distilled) water. 

4. METHODS 
 
 A. Sample Collection and Holding 
 
 The Geoprobe® van, the working end of the hydraulic system (i.e., those portions of the 
system in contact with probe rods), all used probe rods, and all used sample contacting 
equipment will be cleaned prior to coming onsite for the first time in a project.  Hydraulic lines 
will also be checked and tightened, if necessary, to ensure that no leaks are occurring.  Clean 
probe rods will be used for each probe and used probe rods will be kept segregated from clean 
probe rods from the time they have been used until they have been cleaned.  The working end 
of the hydraulic system will also be checked between probes and cleaned as necessary to 
reduce potential cross-contamination (see Section 4.D below regarding cleaning procedures). 
 
  1.  Soil Gas Samples (Onsite Analysis) 
 
   a. Soil gas samples provide semiquantitative information concerning 
concentrations of VOCs in soil gas at the time of sampling.  These may be influenced by the 
proximity of sources of VOC contamination (e.g., vertical contamination in the unsaturated zone 
soil profile or contaminated ground water) as well as a variety of other factors (e.g., soil and 
VOC characteristics and ambient temperature). 
 
   b. Soil gas samples will be taken at a depth of at least 6 feet below ground 
level (BGL).  When attempting to characterize contaminated ground water plumes, soil gas 
samples will be taken within 3 feet of ground water. 
 
   c. Soil gas probes will be placed into the ground in a manner that will maintain 
a seal between the probe and the surrounding soil. 
 
   d. The suitability of each sampling location will be determined by testing the air 
permeability of the soil from which the sample is to be taken.  An amount of air equal to five to 
10 times the internal volume of the probe will be extracted prior to sampling.  If this volume 
cannot be drawn within 10 minutes, soil gas cannot be used to test for VOC contamination at 
that location. 
 
   e. The sample will be collected for analysis without opening the system to 
outside air. 
 
   f. The sampling stream will be completely free of elastomers and each 
component of the sampling stream shall be new and clean or have been cleaned prior to each 
use.  The cleanliness of the sampling stream shall be verified by running analytical blanks as 
specified in this document. 
 
   g. Soil gas samples will be analyzed immediately after the sample has been 
obtained. 
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  2. Soil Samples (On/Offsite Analysis) 
 
   a. Currently accepted standard procedures for sample collection, sample 
preparation, and analysis of VOC contaminated soil samples necessarily involve substantial 
losses.  Therefore, results for such samples should only be considered semiquantitative.  
Additionally, quantitative comparison of results should take into account whether they are based 
on dry or wet sample weight.  Generally, commercial analytical laboratories report on a wet 
weight basis.  However, results may be reported on a dry weight basis under certain 
circumstances. 
 
   b. Soil samples will be obtained using any standard Geoprobe® sampler.  
Typically these consist of various size piston samplers.  Preference is given to the use of large 
bore samplers with removable acetate liners.  These are capable of recovering cores 24 to 48 
inches long and 1-1/8 inches in diameter.  Standard thin-walled samplers (Shelby tubes) may 
also be utilized. 
 
   c. A variety of containers are appropriate for the collection and storage of soil 
samples.  These include the acetate liners noted above.  When such liners are used, the ends 
must be sealed during storage prior to analysis and aliquots to be analyzed should be obtained 
from as near the center of the sample as possible.  Soil samples to be sent offsite for analysis 
should be collected in clean, 4 ounce glass containers with Teflon-lined lids.  Soil should be 
placed in these containers rapidly, with as little matrix disturbance as possible, and in a manner 
that minimizes headspace.  The container should be tightly sealed immediately after the sample 
is placed in it.  All soil samples should be preserved by cooling to 4 oC if they are not analyzed 
immediately after collection.  Geoprobe® analysis of soil samples for VOCs must be completed 
within 24 hours of sample collection. 
 
   d. Soil samplers will be cleaned prior to initial use at a site.  They will also be 
cleaned prior to each subsequent use.  The cleanliness of soil samplers shall be verified by 
running analytical blanks as specified in this document. 
 
  3. Ground Water Samples (On/Offsite Analysis) 
 
   a. Ground water samples obtained using Geoprobe® equipment can be 
expected to contain substantial concentrations of sediments.  Therefore, they should be 
considered equivalent in character to borehole water samples. 
 
   b. Ground water samples will normally be collected by vacuum extraction 
using the same probe rods and tubing utilized for soil gas sample collection.  The Geoprobe® 
may also be used to install small diameter slotted well points or push screen point samplers.  
Additionally, ground water samples may be obtained through probe rods or from slotted well 
points using stainless steel mini-bailers. 
 
   c. Ground water samples will be placed in clean, glass 40 mL VOA vials with 
open caps and Teflon septums.  The sample shall be placed into these vials rapidly, with as little 
turbulence as possible, and in a manner that eliminates headspace.  The container should be 
tightly sealed immediately after the sample is placed in it.  All ground water samples should be 
preserved by cooling to 4 oC if they are not analyzed immediately after collection.  Geoprobe® 
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analysis of ground water samples for VOCs must be completed within 24 hours of sample 
collection. 
 
   d. The sampling stream will be completely free of elastomers and each 
component of the sampling stream shall be new and clean or have been cleaned in accordance 
with the procedures specified in this document prior to each use.  When reusable equipment is 
used (e.g., stainless steel mini-bailers), it will be cleaned prior to initial use and each 
subsequent use.  The cleanliness of the sampling stream shall be verified by running analytical 
blanks as specified in this document. 
 
 Probe holes will generally be abandoned by backfilling with bentonite pellets immediately 
after rods and samplers have been withdrawn.  In the event more restrictive project, local, or 
state plugging requirements exist, they will be identified prior to initiation of field work and 
complied with. 
 
 B. Sample Preparation and Analysis (Onsite Analysis) 
 
Manufacturer instructions will be complied with in the operation of the GC and ancillary 
equipment for the analysis of environmental samples.  Information from the scientific literature 
will also be relied on for guidance.  Selection of columns, GC operating parameters, and 
detectors will be consistent with and appropriate for the types of analytes of concern. 
 
   
  1. Soil Gas Samples 
 
   Soil gas samples are obtained with a glass syringe and run by direct injection 
into the GC.  No other sample preparation is required.  The volume of the injection can be 
varied to keep the response within the range of the calibration curve and bracketed by 
standards.  Soil gas samples must be run at the time they are obtained.  They may not be held 
for subsequent analysis. 
 
 
 
  2. Soil and Ground Water Samples 
 
   a. VOCs 
 
    1) VOCs must be extracted from the soil or ground water matrix for 
analysis by GC.  This may be accomplished by purge and trap or headspace procedures.  The 
normal Geoprobe® procedure will be heated headspace.  Research indicates that results by 
either approach can be expected to correlate well in the case of water samples that do not 
contain substantial concentrations of sediments.  Data pertaining to the effect of sediments is 
lacking; however, purge and trap would be expected to be a more effective extraction procedure 
than headspace in the case of VOCs that are more likely to be adsorbed (i.e., having higher log 
octanol/water partition coefficients).  Differences in the efficiency of extraction procedures for 
specific VOCs should be considered when comparing Geoprobe® and analytical laboratory 
results for split samples. 
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    2) Soil Heated Headspace Analysis 
 
     a) Weigh a clean, dry, 40 mL VOA vial (with the top off).  Record this 
weight to the nearest 0.1 g.  The approximate mean weight of such vials is 24.1 g. 
 
     b) Place approximately 5 g of the soil sample in the vial and obtain 
their combined weight.  Record this weight to the nearest 0.1 g and proceed to the next step 
(the combined weight minus the empty vial's weight is the weight of the sample).  In the case of 
heavily contaminated samples, the mass of sample used can be reduced to keep the response 
within the range of the calibration curve and bracketed by standards. 
 
     c) Using a graduated cylinder, add 20 mL of clean, distilled water 
into the vial with the sample and cover it snugly by screwing on the vial's open top cap and 
Teflon seal. 
 
     d) Shake the sample to attempt to break the soil up. 
 
     e) Heat the sample in an oven at 60 oC for 15 minutes to facilitate 
volatilization of VOCs from the sample into the vial headspace. 
 
     f) Using a clean glass syringe, obtain a headspace gas sample 
through the Teflon seal for direct injection into the GC.  The volume of the injection can be 
varied to keep the response within the range of the calibration curve and bracketed by 
standards. 
 
    3) Ground Water Heated Headspace Analysis 
 
     a) Using a clean graduated cylinder, place 20 mL2 of the ground 
water sample into a clean 40 mL VOA vial and cover it snugly by screwing on the vial's open top 
cap and Teflon seal. 
 
     b) Heat the sample in an oven at 60 oC for 15 minutes to facilitate 
volatilization of VOCs from the sample into the vial headspace. 
 
     c) Using a clean glass syringe, obtain a headspace gas sample 
through the Teflon seal for direct injection into the GC.  The volume of the injection can be 
varied to keep the response within the range of the calibration curve and bracketed by 
standards. 
 
   b. Various chemical extraction methods are available which may be used for 
SVOCs.  Selection of an appropriate method will be made on a case-by-case basis.  Whenever 
such a method is used, quality assurance (QA) measures will be utilized to evaluate its 
effectiveness (e.g., submittal of duplicate samples for laboratory confirmation or analysis of soil 

                                                 
     2The intention is to fill the vial to a volume exactly the same as that used for standards and approximately half full.  Since the actual 
volume of these vials is approximately 44 mL, this will make the volumetric concentration of headspace gas slightly less than that of the 
ground water sample, if all VOCs can be driven from the aqueous to the gaseous phase.  However, aqueous phase samples and 
standards having the same contaminant concentrations should produce equal gas phase concentrations. 
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media certified performance evaluation samples) and appropriate provisions will be incorporated 
within the project safety and health plan. 
 

  3. Temperature Programs 
 
 The temperature program utilized must be appropriate for the analyte(s) of concern.  
Standard programs are as follows: 
 
  a. Chlorinated Solvents 
 
   1) Injector   225 oC 
    2) Initial column3  35 oC for 2 minutes 
    3) Column ramp rate  10 oC/minute 
    4) Final column   100 oC for 2 minutes 
    5) ECD and PID  250 oC 
 
   b. Petroleum Hydrocarbons 
 
   1) Injector   225 oC 
    2) Initial column  60 oC for 2 minutes 
    3) Column ramp rate  10 oC/minute 
    4) Final column 
     1) BTEX/Gas TPH 150 oC for 2 minutes 
     2) Diesel TPH  200 oC 
    5) FID and PID  250 oC 
 

  4. Compressed Gas Flow Rates 
 
 The standard column nitrogen gas flow rate is 10 mL/minute.  The standard FID gas flow 
rates are 20 mL/minute for air and 4 mL/minute for hydrogen. 
 
 C. Analytical Quality Control and Assurance 
 
Quality control (QC) and assurance (QA) terms have been variously defined.  In this procedure 
they are defined as follows:  QC consists of those activities performed for the purpose of 
controlling analytical quality; and QA consists of those activities performed for the purpose of 
providing assurance that analytical quality is in fact being achieved.  By these definitions, QC 
activities include training of personnel, utilization of standard procedures, maintaining clean 
conditions through the use of new or properly cleaned equipment and reagents, maintenance of 
equipment, calibration activities, and documentation.  QA activities include analysis of blanks, 
analysis of known concentrations or spikes (including surrogates), analysis of replicate samples, 
analysis of evaluation samples, and audits.  QA activities provide evidence that the analytical 
process is under control and capable of producing suitably unbiased, accurate, and precise 
results. 
 

                                                 
     3When ambient air temperature exceeds 75 oF the initial column temperature will be 45 oC. 



TSOP E.400  Terracon 
           
 

 8

  1. Quality Control 
 
A primary QC requirement is that GC operators be properly trained and knowledgeable.  
However, operator training will not be otherwise addressed in this document.  The purpose of 
this procedure is to help ensure that standard methods are available and implemented.  
Equipment cleaning procedures are specified in Section 4.D of this document.  In general, 
maintenance of all equipment will be performed as specified in manufacturer instructions.  
Documentation requirements are specified in Section 5 below.  Minimum calibration 
requirements are as follows: 
 
   a. Standards for calibration will be prepared from pure standard materials or 
purchased as certified solutions.  Standards will be prepared in methanol.  Standards will be 
stored with minimal headspace, at 4 oC, and protected from light.  All standards must be 
replaced after six months, or sooner if comparison with check standards or other QA measures 
indicate a problem. 
 
   b. Initial calibration.  When new equipment has been placed in operation, an 
initial calibration curve will be generated.  A minimum of three standard levels will be used for 
initial instrument calibration when either an FID or PID is in use.  When an ECD is used, a 
minimum of five standard levels will be used. 
 
   c. Continuing calibration.  The calibration curve will be verified each working 
day by the injection of one or more calibration standards prior to analysis of any samples.  If the 
response for analytes is within the range of 80 to 120 percent of that predicted, sample analysis 
may continue with the same calibration curve.  If recovery is outside of that range, a new 
calibration curve will be prepared for the analyte involved by running two additional standards.  
Calibration standards will be run at a frequency of at least one for every 10 samples.  When an 
ECD is in use, this frequency will be increased to one for every five samples.  When a new 
calibration curve is required, results for all samples which have been run since the last 
satisfactory continuing calibration will be appropriately qualified to indicate that circumstance. 
 
   d. The type of calibration standard will be appropriate to the type of sample 
being analyzed.  Gas phase standards will be used when analyzing soil gas and aqueous phase 
standards will be used to produce headspace gas for injection when analyzing soil and ground 
water samples.  The working range will generally be defined by initial calibration standards of 
the following concentrations - 
 
    1) Gas phase:  15, 30, and 60 ug/L for all detectors.  These 
concentrations will be achieved by varying injection volumes from a single concentration 
standard. 
 
    2) Aqueous phase:  5, 25, and 100 ug/L for FID and PID and 1, 5, 10, 25, 
and 50 ug/L for ECD.  These concentrations will be achieved by a combination of varying the 
mass of standard injected into distilled water and/or injection volumes. 
 
   e. The calibration curve will be linear and pass through the origin.  
Additionally, the calculated correlation coefficient for it shall be 0.95 or greater. 
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   f. Other combinations of calibration standards may be used if information on 
site conditions indicates they would produce equivalent or better results. 
 
 Additional QC requirements are as follows: 
 
   a. Glass syringes may be used on one sample per day.  After use, they must 
be cleaned prior to reuse.  Cleaning is accomplished by washing as necessary, rinsing with 
hexane and methanol, and baking at a temperature of at least 60 oC for at least 15 minutes. 
 
   b. The GC sample injector port septum will be replaced regularly, depending 
on use, to prevent possible gas leakage. 
 
   c. When pulling gas or aqueous phase samples from probes, tubing will be 
connected to the vacuum pump via an adaptor which does not come into contact with the 
sample stream.  The adaptor will be replaced periodically as necessary to ensure cleanliness 
and a good fit.  At the end of each working day, adaptors which have been used will be cleaned 
with a detergent solution, rinsed with control water, and baked at a temperature of at least 60 oC 
for at least 15 minutes prior to being reused. 
 

  2. Quality Assurance 
 
   a. Method Blanks 
 
Method blanks will be analyzed for the purpose of evaluating process bias.  The following 
method blanks will be performed: 
 
    1) A method blank will be run at the beginning and, generally, near the 
end of each day of operation.  However, the second method blank will not be run if cleaning of 
sample contacting equipment has not been performed or if results for a site are predominantly 
low or below detection limits.  The method blank will include final rinse water from cleaning of 
probe rods and/or sample contacting equipment and aliquots of any reagents used in sample 
preparation.  Distilled or "control water" will be substituted for final rinse water if the latter is 
unavailable. 
 
    2) If analytes are detected in a method blank, the source of the 
contamination will be identified and measures instituted to eliminate it.  Results for any project 
samples which have already been run since the last clean method blank will also be evaluated 
to determine the impact of this circumstance.  If the analytes involved were detected in them, 
they will be rerun.  Otherwise, they will not be rerun. 
 
   b. Known Concentrations or Spikes 
 
Continuing calibration standards will be utilized as known concentrations for the purpose of 
evaluating process accuracy and bias.  Surrogates and matrix spikes will not normally be 
analyzed.  If surrogates or matrix spikes are analyzed, the acceptance range is 80 to 120 
percent recovery.  Results within this range indicate an acceptable level of accuracy.  If results 
are outside of this range, data must be appropriately qualified to indicate that circumstance and 
corrective action taken to regain process control. 
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   c. Replicates 
 
For every 10 samples (or at least once per day), a replicate shall be run for the purpose of 
evaluating process precision.  Replicates shall be carefully prepared to minimize sampling 
variation as a source of error.  All available site information shall be utilized to ensure that 
detectable concentrations of analytes are present in replicates.  If detectable concentrations of 
analytes are not present in samples, a replicate of at least one continuing calibration standard 
per day shall be run.  Results of 25 percent or less relative percent difference (RPD) indicate an 
acceptable level of precision.  The RPD for comparison with this criterion is calculated as the 
absolute difference between replicate results divided by their mean.  If results exceed this RPD, 
data must be appropriately qualified to indicate that circumstance and corrective action taken to 
improve process control. 
 
   d. Performance Evaluation Samples 
 
The mobile laboratory QA Officer will ensure that at least one certified performance evaluation 
sample (water media) per quarter shall be run on a single blind basis.  The nature of such 
samples shall take the general sample load into consideration.  When target compounds are 
predominantly volatile petroleum hydrocarbons, most performance evaluation samples will 
consist of the compounds benzene, toluene, ethylbenzene, and xylenes (BTEX).  At least once 
a year, a performance evaluation sample (water media) for selected volatile halocarbons will 
also be run. 
 
   e. QA Audits 
 
QA audits will be performed by the mobile laboratory QA Officer on an on-call and project-
specific basis.  The file on at least one completed mobile laboratory project involving onsite GC 
analysis will be randomly selected for audit each quarter.  At or about the same time, the mobile 
laboratory QA Officer will visually inspect the mobile laboratoryand all onboard associated 
equipment. 
 
The mobile laboratory QA Officer will prepare a report following each calendar year for submittal 
to Terracon.  It will include the following information for that period: 
 
 1. Performance evaluation sample results. 
 2. Routine project file audit results. 
 3. On-call project-specific audit results. 
 4. Mobile laboratory van visual inspection results. 
 
 D. Equipment Cleaning 
 
 Cleaning of field equipment will be performed in accordance with ASTM Standard D 5088-
90.  At a minimum, this means that probe rods and sample contacting equipment will be washed 
with a detergent solution and rinsed with "control water".  Control water is defined as water 
having a known chemistry.  Water from any public water supply operating in compliance with the 
Safe Drinking Water Act should meet this requirement.  It will generally not be necessary to 
document the quality of control water unless there are unresolved method blank detections.  
Trihalomethanes are the volatile contaminants most likely to be encountered in control water.  
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Where more rigorous cleaning procedures are necessary, they will be specified in the site-
specific SAP. 
 

5. DOCUMENTATION 
 
A separate project file (alpha identifier) will be maintained for Geoprobe® projects.  This file will 
include the following minimum documents: 
 
 1. That portion of the project SAP covering Geoprobe® work. 
 2. The site-specific safety and health plan for all work requiring one. 
 3. A short narrative project report to include - 
  a. A summary of field work performed. 
  b. A summary of field methods actually used if there were any substantial 
deviations from or changes to the SAP. 
   c. Reasons for any changes to the SAP. 
  d. A site diagram with sufficient detail or information to approximately identify the 
location of all probes performed and/or samples obtained. 
  e. The identity of onsite Terracon project personnel. 
   f. The identity of onsite client project personnel. 
   g. The identity of onsite regulatory or other significant personnel. 
 4. Results for each sample run (including calibration and QA samples).  Results include 
the chromatogram obtained and output values determined for analytes (i.e., retention time, area, 
peak height, and concentration).  The source of calibration should be identified for all samples. 
 5. The initial calibration curve, results of continuing calibration standards, and any 
subsequent calibration curves. 
 6. Results for all QA samples including calculated recovery and relative percent 
difference (RPD) values. 
 7. Other relevant project data. 
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A. Assembled outer casing and inner rod string with core
catcher liner driven to collect first soil core.

B. First soil core retrieved with inner rod string and liner.
C. Sample liner, drive head, and inner rod placed inside casing.

Outer casing section, drive bumper, and drive cap added
to tool string.

D. Tool string driven to collect soil core.
E. Inner rod and liner (with second soil core) retrieved from

outer casing.

OPERATION OF THE DUAL TUBE 21 SOIL SAMPLING SYSTEM

A. B. C.

D. E.
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1.0  OBJECTIVE

The objective of this procedure is to collect a representative soil sample at depth through an enclosed casing and
recover it for visual inspection and/or chemical analysis.

2.0  BACKGROUND

2.1 Definitions

Geoprobe®:  A brand name of high quality, hydraulically-powered machines that utilize both static force
and percussion to advance sampling and logging tools into the subsurface.  The Geoprobe® brand name
refers to both machines and tools manufactured by Geoprobe Systems®, Salina, Kansas.  Geoprobe® tools
are used to perform soil core and soil gas sampling, groundwater sampling, soil conductivity and contaminant
logging, grouting, and materials injection.
* Geoprobe® is a registered trademark of Kejr Engineering, Inc., Salina, Kansas

Dual Tube 21 Soil Sampling System: A direct push system for collecting continuous core samples of
unconsolidated materials from within a sealed casing of Geoprobe® 2.125-inch (54 mm) OD probe rods.
Samples are collected and retrieved within a liner that is threaded onto the leading end of a string of
Geoprobe® 1.0-inch (25 mm) OD probe rods and inserted to the bottom of the outer casing.  Collected
samples measure up to approximately 800 ml in volume in the form of a 1.125-inch x 48-inch (29 mm x
1219 mm) core.

Liner:  A 1.375-inch (35 mm) OD thin-walled, PETG tube that is inserted into the outer casing on the
leading end of the inner rod string for the purpose of containing and retrieving core samples.  Liners are
available in two configurations; a simple open tube or a tube with a core catcher permanently attached to
the leading end. Liner lengths include 25 inches (635 mm), 37 inches (940 mm), 40.4 inches (1026 mm),
and 49 inches (1245 mm).

Core Catcher:  A dome-shaped device positioned at the leading end of a liner to prevent loss of collected
soil during retrieval of the liner and soil core.  Flexible fingers at the top of the core catcher are pushed
outward by soil entering the liner during advancement of the tool string.  As the filled liner is subsequently
retrieved, the fingers of the core catcher move back inward, effectively closing off the end of the liner and
limiting soil loss.  The core catcher designed for the DT21 system is made of PETG material and is
permanently fused to the liner.

2.2 Discussion

Dual tube sampling gets its name from the fact that two sets of probe rods are used to retrieve continuous
soil core samples from the subsurface.  One set of rods is driven into the ground as an outer casing (Fig.
2.1).  These rods receive the driving force from the hammer and provide a sealed casing through which soil
samples may be recovered.  The second, smaller set of rods are placed inside the outer casing with a sample
liner attached to the leading end of the rod string (Fig. 2.1).  These smaller rods hold the liner in place as the
outer casing is driven to fill the liner with soil.  The inner rods are then retracted to retrieve the full liner.

Standard Geoprobe® 2.125-inch OD probe rods provide the outer casing for the DT21 Dual Tube Soil
Sampling System. A cutting shoe is threaded into the leading end of the rod string.  When driven into the
subsurface, the cutting shoe shears a 1.125-inch OD soil core which is collected inside the casing in a clear
plastic liner.
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The second set of rods in the DT21 system are standard Geoprobe® 1.0-inch OD probe rods.  A sample liner
is attached to the end of these smaller rods and then inserted into the casing.  The 1.0-inch rods hold the
liner tight against the cutting shoe as the outer casing is driven to collect the soil core.  Once filled with soil,
the liner is removed from the bottom of the outer casing by lifting out the 1.0-inch rods.

The outer, 2.125-inch probe rods provide a cased hole through which to sample.  The main advantage of
sampling through a cased hole is that there is no side slough to contend with.  In addition, the outer casing
effectively seals the probe hole when sampling through perched water tables.  These factors mean that
sample cross-contamination is eliminated.  The DT21 sampling system is therefore ideal for continuous
coring in both saturated and unsaturated zones.

A Solid Drive Tip (DT4070) can be placed on the leading end of the 1.0-inch probe rod string in place of a
sample liner (Fig. 2.2).  When installed in the outer casing, the drive tip firmly seats within the cutting shoe
and effectively seals the tool string as it is driven into the subsurface.  This enables the operator to advance
the outer casing to the bottom of a pre-core hole or through undisturbed soil to reach the top of the sampling
interval.

The  DT21 system allows bottom-up grouting through the primary tool string.  This means that a cement or
bentonite grout mix can be pumped through the outer casing as it is withdrawn from the ground.  This is in
contrast to most other soil samplers which require driving a second set of tools back down the probe hole in
order to deliver the grout mix.

An expendable cutting shoe enables the operator to install a Geoprobe® Prepacked Screen Monitoring Well
through the outer casing of the DT21 Dual Tube System.  After the collection of continuous soil cores to
the desired depth, prepacked screens can be inserted to the bottom of the outer casing on the leading end of
a PVC riser string.  The well is finished, complete with grout barrier, bentonite well seal, and a high-solids
bentonite slurry/neat cement grout, during retrieval of the outer casing.
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FIGURE 2.1
Outer Casing Driven With Liner

FIGURE 2.2
Outer Casing Driven With Solid Drive Tip

Soil Collected
in Liner

Outer Casing
(2.125-in. OD

probe rods)

Inner Rod String
(1.0-in. OD
probe rods)

Solid Drive Tip

Outer Casing
(2.125-in. OD

probe rods)

Inner Rod String
(1.0-in. OD

probe rods)

Inner rod string raised to
retrieve Solid Drive Tip

Inner rod string raised to
retrieve filled liner
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3.0  REQUIRED EQUIPMENT

The following equipment is used to recover samples with the Geoprobe® Dual Tube 21 Soil Sampling and
probing systems.  Note that the operator may choose to utilize 2.125-inch probe rods in lengths of 36 inches (914
mm), 1 meter, or 48 inches (1219 mm).  It is not necessary to have all three rod lengths on-hand.  Refer to Figure
3.1 for parts identification.

DUAL TUBE 21 SAMPLER PARTS QUANTITY PART NUMBER

DT21 Drive Bumper, Pkg. of 5 -1- DT4010K
DT21 Threadless Drive Cap (1.0-inch probe rods) -1- DT4020
DT21 Cutting Shoe, Large, 2.375 in. OD -1- DT4030
DT21 Cutting Shoe, Small, 2.205 in. OD -1- DT4035
DT21 Expendable Cutting Shoe Holder -1- DT4040
DT21 Expendable Cutting Shoe, 2.375 in. OD variable DT4045
O-rings for Expendable Cutting Shoe, Pkg. of 50 variable DT4045R
DT21 Liner Drive Head Assembly (1.0-inch probe rods) -1- DT4050
DT21 Rebuild Kit for Liner Drive Head -1- DT4051K
DT21 Rod Clamp Assembly (1.0-inch probe rods) -1- DT4060
DT21 Solid Drive Tip (1.0-inch probe rods) -1- DT4070
O-rings for Solid Drive Tip, Pkg. of 25 variable DT4070R

DT21 Liners, PETG, 24-inch, Box of 50* variable DT4024K
DT21 Vinyl End Caps, Pkg. of 100 (50 pair) variable DT4026K
DT21 Liner, PETG, 36-inch, Box of 50* variable DT4036K
DT21 Liner, PETG, 1-meter, Box of 50* variable DT4039K
DT21 Liner, PETG, 48-inch, Box of 50* variable DT4048K
DT21 Liner With Core Catcher, PETG, 36-inch, Box of 50* variable DT4136K
DT21 Liner With Core Catcher, PETG, 1-meter, Box of 50* variable DT4139K
DT21 Liner With Core Catcher, PETG, 48-inch, Box of 50* variable DT4148K

GEOPROBE TOOLS AND EQUIPMENT QUANTITY PART NUMBER

Probe Rod, 1.0 inch OD x 36 inches* variable AT10B
Probe Rod, 1.0 inch OD x 39 inches (1 meter)* variable AT1039
Probe Rod, 1.0 inch OD x 48 inches* variable AT104B
Probe Rod, 1.0 inch OD x 24 inches* variable AT105B
O-rings for 2.125-inch Probe Rods variable AT2100R
Drive Cap (2.125-inch probe rods) -1- AT2101
Pull Cap (2.125-inch probe rods) -1- AT2104
Probe Rod, 2.125 inches OD x 36 inches* variable AT2136
Probe Rod, 2.125 inches OD x 39 inches (1 meter)* variable AT2139
Probe Rod, 2.125 inches OD x 48 inches* variable AT2148
MC Combination Wrench -1- AT8590
Rod Grip Pull System -1- GH3000K

ADDITIONAL TOOLS QUANTITY

Hex Key, 3/32 in. -1-
Utility Knife (with straight blade) -1-
Pipe Wrench -2-

* Match length of probe rods to desired liner length.  Use 36-inch probe rods with 36-inch liners, 1-meter probe
rods with 1-meter liners, and 48-inch probe rods with 24- and 48-inch liners.  A 1.0 inch x 24 inches probe rod
is also required when utilizing 24-inch sample liners.
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FIGURE 3.1
Dual Tube 21 Soil Sampling System Parts
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3.1 Tool Options

Three major components of the DT21 Soil Sampling System are probe rods, sample liners, and cutting
shoes.  These items are manufactured in a variety of sizes to fit the specific needs of the operator.  This
section identifies the specific tool options available for use with the DT21 Dual Tube System.

Probe Rods

Standard Geoprobe® 1.0-inch (25 mm) OD and 2.125-inch (54 mm) OD probe rods are required to operate
the DT21 Soil Sampling System.  The specific length of rods may be selected by the operator.  Available
rod lengths are 36 inches (914 mm), 48 inches (1,219 mm), and 1 meter.  Both rod sets (1.0-inch and 2.125-
inch) must be of the same length.

Sample Liners

Sample liners are made of a heavy-duty clear plastic for convenient inspection of the soil sample.  Lengths
of  24 inches (610 mm), 36 inches (914 mm), 48 inches (1219 mm), and 1 meter are available with an OD
of 1.375 inches (35 mm).  Choose the liner length corresponding to the length of probe rods used (e.g. 36-
inch liners with 36-inch probe rods).

The shorter length of the 24-inch liners helps to recover samples from flowing sands and highly expansive
clays.  These liners are used with 48-inch probe rods, but also require a single 1.0-inch x 24-inch probe rod.

Sample liners with integral core catchers are available in lengths of 36 inches (914 mm), 48 inches (1219
mm), and 1 meter.  Utilize the core catcher liners when sampling flowing sands, non-cohesive soils, extremely
dry soils, or any other materials that fall from the liner during retrieval.  DT21 core catcher liners are used
with the same equipment as open sample liners.  No special tooling or adapters are required.

Cutting Shoes

Three cutting shoes are available for use with the DT21 Dual Tube System (Fig. 3.2).  The DT21 Large
Cutting Shoe (DT4030) and DT21 Small Cutting Shoe (DT4035) thread into the leading end of the 2.125-
inch probe rods and are recovered after sampling.  Dimensions for the large cutting shoe are 1.125 inches
(29 mm) ID and 2.375 inches (60 mm) OD.  The small cutting shoe also has an ID of 1.125 inches (29 mm)
but the OD is only 2.205 inches (56 mm).  To reduce side friction and make driving easier, the large cutting
shoe (DT4030) is oversized to provide a small annulus between the outer casing and soil.  By contrast, the
small cutting shoe (DT4035) is for use in soil conditions where an annulus is undesirable.

The DT21 sampling system may also employ an expendable cutting shoe.  In this arrangement, a DT21
Expendable Cutting Shoe Holder (DT4040) is threaded into the leading end of the outer casing.  A DT21
Expendable Cutting Shoe (DT4045) is then inserted into the holder.  Upon completion of soil sampling, the
outer casing is withdrawn slightly.  The expendable cutting shoe detaches from the holder, leaving an open
casing through which a prepacked screen monitoring well may be installed.  Dimensions for the expendable
cutting shoe are the same as the large cutting shoe (ID = 1.125 in. (29 mm) and OD = 2.375 in. (60 mm)).



Standard Operating Procedure Page 9 Dual Tube 21 Soil Sampler

FIGURE 3.2
Cutting Shoe Options for the DT21 Dual Tube Soil Sampling System
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4.0  OPERATION

4.1 Decontamination

Before and after each use, thoroughly clean all parts of the soil sampling system according to project
requirements.  Parts should also be inspected for wear or damage at this time.  During sampling, a clean
new liner is used for each soil core.

4.2 Operational Overview

The DT21 Soil Sampling System is designed to collect continuous soil cores.  Sampling may begin either
from ground surface or a predetermined depth below ground.  Once sampling begins, consecutive soil
cores must be removed as the outer casing is advanced to greater depths
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When sampling is to begin at the ground surface, the first soil core should be collected using a core catcher
liner to maximize sample recovery (Fig. 4.1-A).  This is especially true when the first core is composed of
dry, loose soil.  Upon removal of the first liner and soil core (Fig. 4.1-B), a new liner is inserted to the
bottom of the outer casing on the end of an inner rod.  A section of outer casing is added to the tool string
(Fig. 4.1-C) and the entire tool string is driven to fill the liner with soil (Fig. 4.1-D).  The filled liner is
removed from the outer casing to retrieve the second soil core (Fig. 4.1-E).  A new liner is then inserted to
the bottom of the outer casing and the process is repeated over the entire sampling interval.

When the sampling interval begins at some depth below ground surface, a DT21 Solid Drive Tip is installed
in the outer casing and the entire assembly is driven from ground surface directly through undisturbed soil
(Fig. 4.2-A).  This enables the operator to reach the top of the sampling interval without stopping to remove
unwanted soil cores.  Once the interval is reached, the solid drive tip is removed (Fig 4.2-B) and sampling
continues as described in the preceding paragraphs (Fig. 4.2-C, Fig. 4.2-D, and Fig. 4.2-E).

NOTE:  Once the first soil core is collected, the DT21 Solid Drive Tip cannot be reinstalled in the
cutting shoe.  Consecutive soil cores must be removed in order for the outer casing to be driven to
greater depths.

Specific instructions for the assembly and operation of the DT21 Dual Tube Soil Sampling System are
given in the following sections.

FIGURE 4.1
Continuous Core Sampling From Ground Suface with Dual Tube 21 System

A. B. C.

D. E.
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FIGURE 4.2
Outer Casing Driven Through Undisturbed Soil to Begin Sampling with DT21 System

A. B. C.

D. E.

4.3 Assembling and Driving the Outer Casing Using a DT21 Solid Drive Tip

If soil sampling is to begin at some depth below ground surface, the outer casing of the DT21 Dual Tube
System can be driven to the top of the sampling interval with a DT21 Solid Drive Tip installed in the
leading end.  The solid drive tip seals the outer casing as it is driven to depth.  Once the desired sampling
interval is reached, the solid drive tip is removed to allow collection of the first soil core.  This section
describes assembling and driving the outer casing using the DT21 Solid Drive Tip.

1. If using a DT21 Large or Small Cutting Shoe (DT4030 or DT4035) install an O-ring (AT2100R) at the
base of the threads as shown in Figure 4.3.  If using an expendable cutting shoe, install an AT2100R O-
ring on the DT21 Expendable Cutting Shoe Holder (DT4040) and two DT4045R O-Rings on the DT21
Expendable Cutting Shoe (DT4045) (Fig. 4.3).

2. Thread the DT21 Cutting Shoe or DT21 Expendable Point Holder into the leading end of a 2.125-inch
OD Probe Rod (AT2136, AT2139, or AT2148).  Completely tighten the cutting shoe or cutting shoe
holder using a machine vise and MC Combination Wrench (AT8590) as shown in Figure 4.4.

3. Install an O-ring (DT4070R) in both grooves of the DT21 Solid Drive Point (DT4070) (Fig.4.5).

4. Thread the solid drive point into the female end of a 1.0-inch OD probe rod of the same length as the
2.125-inch probe rod (outer casing).
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FIGURE 4.3
DT21 Cutting Shoes Utilize O-ring Seals

FIGURE 4.5
Solid Drive Point Utilizes Two O-Rings

DT21 Expendable Cutting
Shoe Holder (DT4040)

DT21 Cutting Shoe,
Large (DT4030)

O-Rings
(DT4045R)

DT21 Cutting Shoe,
Small (DT4035)

O-ring
(AT2100R)

DT21 Expendable Cutting
Shoe (DT4045)

O-ring
(AT2100R)

Figure 4.4.  Place probe rod (outer casing) in vise and
tighten cutting shoe with MC Combination Wrench.

DT21 Solid Drive Tip
(DT4070)

O-Rings
(DT4070R)

FIGURE 4.6
Outer Casing with Solid Drive Tip

Drive Cap
(AT2101)

DT21 Threadless Drive Cap
(DT4020)

Inner Rod
(1.0-inch OD

Probe Rod)

Outer Casing
(2.125-inch OD

Probe Rod)

DT21 Solid Drive Trip
(DT4070)

DT21 Cutting Shoe (shown) or
Expendable Cutting Shoe and

Expendable Cutting Shoe Holder
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5. Lubricate the O-rings on the solid drive point with a small amount of deionized water.  Insert the point
and probe rod into the outer casing until the point partially extends from the bottom of the cutting shoe.

6. Place a DT21 Threadless Drive Cap (DT4020) on top of the inner rod (Fig. 4.6).  This drive cap is
threadless for quick installation/removal, yet still provides protection for the probe rod threads.

7. Thread a Drive Cap (AT2101) onto the 2.125-inch probe rod (outer casing) (Fig. 4.6).

NOTE:  Current AT2101 Drive Caps are manufactured using a process that leaves an angled
surface inside the cap (Fig. 4.7).  This provides room for the Threadless Drive Cap (DT4020).
Older AT2101 Drive Caps were manufactured using a process that leaves a flat surface inside the
cap (Fig. 4.7).  These older drive caps cannot be used with the DT21 Dual Tube System.

8. Place the assembled outer casing section under the direct push machine for driving.  Position the casing
directly under the hammer with the cutting shoe centered between the toes of the probe foot.

9. Lower the hydraulic hammer onto the drive cap and advance the outer casing into the subsurface.

10. Raise the hydraulic hammer and remove the drive cap from the outer casing and the threadless drive cap
from the inner rod string.

11. Place an O-ring (AT2100R) on the outer casing section that extends from the ground (Fig. 4.8).

12. Thread a 1.0-inch probe rod onto the inner rod string.  Place a 2.125-inch probe rod over the inner rods
and thread it onto the outer casing (Fig. 4.9).  Completely tighten the outer casing using a pipe wrench.

FIGURE 4.7
Comparison of AT2101 Drive Caps

Current AT2101
Drive Cap is domed.

Old AT2101
Drive Cap is flat.

FIGURE 4.8
Outer Casing Joints are Sealed with O-Rings

Outer Casing
(2.125-inch OD

Probe Rod

O-ring
(AT2100R)



Standard Operating Procedure Page 14 Dual Tube 21 Soil Sampler

Figure 4.9.  Place a 2.125-inch
probe rod over the 1.0-inch rod
and thread it onto the outer casing
string.

13. Place the threadless drive cap on top of the inner rod.  Thread
the 2.125-inch drive cap over the threadless drive cap and onto
the outer casing.

14. Lower the hydraulic hammer onto the drive cap and advance
the outer casing into the subsurface.

Repeat Steps 10-13 until the leading end of the outer casing is at the top of the proposed sampling
interval.  Continue with Step 15 to remove the DT21 Solid Drive Point for sampling.

15. Raise the hydraulic hammer and retract the probe derrick to provide access to the top of the tool string.

16. Unthread the 2.125-inch drive cap and remove the threadless drive cap from the inner rods.

17. Thread a 1.0-inch OD probe rod onto the inner rod string.  Lift and remove the inner rods from the outer
casing.  The DT21 Solid Drive Point is removed from the leading end of the casing with the inner rods.

NOTE:  Hold the inner rod string with a DT21 Rod Clamp Assembly (DT 4060) while unthreading
the retracted rods (4.10).  Use the probe hammer and Rod Grip Pull System (GH3000K) to pull
the inner rods if they are too heavy to lift comfortably by hand (Fig. 4.11).

The outer casing is now ready for sampling.  Continue with Section 4.4 for more instructions.

4.4 Liner Drive Head Assembly

The main function of the DT21 Liner Drive Head Assembly (DT4050) is to connect a liner to the leading
end of the inner rod string.  This enables the inner rods to hold the liner tight against the cutting shoe to fill
the liner with soil as the outer casing is driven.  The inner rods are then used to retrieve the liner and soil
core from within the outer casing.

Figure 4.11.  Raise the inner rod
string using the probe hammer and a
Rod Grip Pull Sytem if rods are too
heavy to lift by hand.

Figure 4.10.  The DT21 Rod
Clamp Assembly holds the
inner rod string while adding
or removing 1.0-inch rods.
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The liner drive head assembly includes an internal check ball to improve sample recovery (Fig. 4.12)  A
considerable vacuum is created below the filled liner as it is lifted from the bottom of the outer casing.
Because the inner rod string and liner drive head are hollow, atmospheric air can travel through the rods
creating a positive pressure differential above the soil core during retrieval.  The check ball seals the liner
drive head to eliminate air flow into the liner which could otherwise push the soil sample out of the liner.
The check ball also allows air to escape up through the liner drive head and inner rod string when lowering
a new liner down the outer casing and as soil enters the liner during sampling.

Saturated conditions can also challenge sample recovery.  Water enters the outer casing either from the
saturated formation or is deliberately poured from the ground surface to keep flowing sands out of the
casing.  As with air in unsaturated formations, the check ball lets water pass through the liner drive head as
a new liner is lowered to the bottom of the casing and during sampling as the liner is filled with soil.  The
check ball then seals the drive head during retrieval so that water draining from the inner rods does not
wash the sample out the bottom of the liner.  A drain hole located on the side of the liner drive head (Fig.
4.12) allows water to exit the inner rods and travel harmlessly along the outside of the liner.

The liner drive head assembly is made up of five parts as shown in Figure 4.13.  The two 3/8-inch flat head
socket cap screws are used to attach liners to the liner drive head.  The longer 5/8-inch flat head socket cap
screw holds the stainless steel check ball within the liner drive head.  To disassemble the liner drive head
for cleaning, simply unthread the 5/8-inch cap screw and remove the check ball.

Instructions for attaching a liner to the DT21 Liner Drive Head Assembly (DT4050) are given below.

1. Visually inspect the liner drive head assembly to ensure that the check ball moves freely within the
drive head and the drain hole is unobstructed.

2. Place the liner drive head assembly in a machine vise so that either one of the 3/8-inch caps screws is on
top as shown in Figure 4.14.

NOTE:  Only one 3/8-inch cap screw is used to attach a liner to the liner drive head assembly.
Two 3/8-inch cap screws are included on the drive head to provide a backup in case one incurs
thread damage.  Either cap screw may be used to attach the liner.

FIGURE 4.13
Liner Drive Head Assembly Components

FIGURE 4.12
Cross-Section of Liner Drive Head

Liner Drive Head
Drain Hole

Check Ball

3/8-in.
Cap Screw

5/8 in. Cap Screw

3/8-in.
Cap Screw

Liner Drive Head

Check
Ball
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3. Remove the 3/8-inch cap screw using a 3/32-inch hex key.

4. Place the open end of a DT21 Liner against the bottom of the liner drive head.  Align the hole in the
liner with the hole in the liner drive head as shown in Figure 4.15.  Wiggle the free end of the liner back-
and-forth while pushing the liner onto the drive head (Fig. 4.15).

NOTE:  Use the DT21 Liner that matches the length of your probe rods (36 inches, 1 meter, or 48
inches).  The 24-inch DT21 Liners (DT4024K) are to be used with 48-inch probe rods only.  One
1.0-inch x 24-inch probe rod (AT105B) is also required when using the DT4024K liners.

5. Thread the 3/8-inch cap screw through the liner and back into the liner drive head (Fig. 4.16).  Tighten
the cap screw with the 3/32-inch hex key.

The DT21 Liner is now attached to the DT21 Liner Drive Head Assembly (Fig. 4.17).

FIGURE 4.14
Place Liner Drive Head in Vise

FIGURE 4.15
Push Liner Onto Liner Drive Head

Figure 4.16.  Thread cap screw into liner drive head
to secure liner.

Figure 4.17.  Liner attached to liner drive head
and ready for sampling.

Machine Vise

Liner Drive Head
Assembly

Liner drive head
held in vise

Align holes

Move end of liner back and forth while
pushing on to drive head
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4.5 Soil Core Collection

This section describes collection of continuous soil core samples from within the sealed outer casing of the
DT21 Dual Tube Soil Sampling System.  The procedure is written for a sampling series that begins at the
ground surface.  If sampling is to begin after driving the outer casing through undisturbed soil using a DT21
Solid Drive Tip, skip ahead to Step 13 of this section.

1. Select a DT21 Large Cutting Shoe (DT4030), DT21 Small Cutting Shoe (DT4035), or DT21 Expendable
Cutting Shoe (DT4045) and DT21 Expendable Cutting Shoe Holder (DT4040).

If using a large or small cutting shoe, install an O-ring (AT2100R) at the base of the threads as shown in
Figure 4.18.  If using an expendable cutting shoe, install an AT2100R O-ring on the expendable cutting
shoe holder and two DT4045R O-Rings on the expendable cutting shoe (Fig. 4.18).

2. Thread the DT21 Cutting Shoe or DT21
Expendable Point Holder into the leading end of a
2.125-inch OD Probe Rod (AT2136, AT2139, or
AT2148).  Completely tighten the cutting shoe or
cutting shoe holder using a machine vise and MC
Combination Wrench (AT8590) as shown in Figure
4.19.

3. Attach a DT21 Liner Drive Head Assembly
(DT4050) to a new liner as described in Section
4.4.  A core catcher liner (DT4136, DT4139, or
DT4148) is recommended for when the first soil
core begins at ground surface as this configuration
will provide maximum sample recovery.

FIGURE 4.18
DT21 Cutting Shoes Utilize O-ring Seals

DT21 Expendable Cutting
Shoe Holder (DT4040)

DT21 Cutting Shoe,
Large (DT4030)

O-Rings
(DT4045R)

DT21 Cutting Shoe,
Small (DT4035)

O-ring
(AT2100R)

DT21 Expendable Cutting
Shoe (DT4045)

O-ring
(AT2100R)

Figure 4.19.  Place probe rod (outer casing) in vise and
tighten cutting shoe with MC Combination Wrench.
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4. Insert the liner and drive head into the 2.125-inch OD probe rod such that the core catcher contacts the
cutting shoe as shown in Figure 4.20.

5. Place a DT21 Drive Bumper (DT4010K) on top of the liner drive head (Figure 4.20).

6. Thread a Drive Cap (AT2101) onto the 2.125-inch probe rod (outer casing) (Fig. 4.20).

NOTE:  Current AT2101 Drive Caps are manufactured using a process that leaves an angled
surface inside the cap (Fig. 4.21).  Older AT2101 Drive Caps were manufactured using a process
that leaves a flat surface inside the cap (Fig. 4.21).  The older drive caps cannot be used with the
DT21 Dual Tube System.

7. Place the assembled outer casing section under the direct push machine for driving.  Position the casing
directly under the hydraulic hammer with the cutting shoe centered between the toes of the probe foot.

8. Lower the hydraulic hammer onto the drive cap and advance the outer casing into the subsurface using
continuous percussion.

9. Raise the hydraulic hammer and move the probe assembly
back to provide access to the top of the tool string.

10. Remove the drive cap and drive bumper

11. Thread a 1.0-inch probe rod onto the liner drive head.  Rotate
the probe rod and liner assembly two or three revolutions to
shear the soil core at the bottom of the liner.  Lift the probe
rod and filled liner from the outer casing to retrieve the first
soil core.

12. Remove the filled liner from the liner drive head as described
in Section 4.6.  Prepare the soil core for subsampling or
storage as specified by the project plan.

(Continue the procedure to collect the second soil core.)

FIGURE 4.20
Outer Casing with DT21 Liner

Drive Cap
(AT2101)

DT21 Drive Bumper
(DT4010K)

DT21 Liner Drive Head
(DT4050)

Outer Casing
(2.125-inch OD

Probe Rod)

DT21 Cutting Shoe (shown) or
Expendable Cutting Shoe and

Expendable Cutting Shoe Holder

DT21 Liner or DT21 Liner with
Core Catcher (shown)

FIGURE 4.21
Comparison of AT2101 Drive Caps

Current AT2101
Drive Cap is domed.

Old AT2101
Drive Cap is flat.
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13. Place an O-ring (AT2100R) in the groove just below the male threads on the top section of the outer
casing (Fig. 4.22).

14. Thread a 1.0-inch probe rod onto an assembled DT21 Liner Drive Head (DT4050) and DT21 Liner
(Fig. 4.23).

NOTE:  A 1.0-inch x 24-inch Probe Rod (AT105B) is first threaded onto the DT21 Liner Drive
Head Assembly (DT4050) if using a 24-inch DT21 Liner (DT4024K).

FIGURE 4.22
Outer Casing Joints are Sealed with O-Rings

Outer Casing
(2.125-inch OD

Probe Rod

O-ring
(AT2100R)

Figure 4.23.  Thread liner and liner
drive head into 1.0-inch probe rod.

15. Insert the liner and probe rod into the outer casing (Fig. 4.24).

The inner rod will extend past the top of the outer casing if only one section of casing was previously
driven into the ground.  If the casing was driven to a greater depth, continue adding 1.0-inch probe rods
until the last rod extends from the casing.  Use the DT21 Rod Clamp Assembly to hold the inner tool
string while adding rods if desired.

16. Place a 2.125-inch probe rod over the inner rods and thread it onto the outer casing (Fig. 4.25).  Completely
tighten the outer casing using a pipe wrench.

17. Place a DT21 Drive Bumper (DT4010K) on top of the inner rod as shown in Figure 4.26.

18. Thread a Drive Cap (AT2101) onto the 2.125-inch probe rod (Fig. 4.26).  Completely tighten the drive
cap with a pipe wrench. (Refer to note in Step 6 regarding AT2101 Drive Caps.)

19. Lower the hydraulic hammer onto the drive cap and advance the outer casing one liner length into the
subsurface to collect the first soil core.  Apply hammer percussion to the tool string as this helps move
soil through the cutting shoe and into the liner for increased sample recovery.

20. Raise the hydraulic hammer and retract the probe derrick to provide access to the top of the tool string.

21. Unthread the drive cap and remove the drive bumper.
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22. Thread a 1.0-inch probe rod onto the inner rod (Fig. 4.27).  Rotate the inner rods two or three revolutions
to shear the soil core at the bottom of the liner.  Raise the inner rods to retrieve the filled liner.

NOTE:  Hold the inner rod string with a DT21 Rod Clamp Assembly (DT 4060) while unthreading
the retracted rods (Fig. 4.28).  Use the probe hammer and Rod Grip Pull System (GH3000K) to
pull the inner rods if they are too heavy to lift comfortably by hand (Fig. 4.29).

23. Remove the filled liner from the liner drive head as described in Section 4.6.

(Repeat Steps 13-23 to collect consecutive soil core samples.)

Figure 4.27.  Thread a 1.0-inch
probe rod onto inner rod string to
retrieve filled liner.

Figure 4.29.  Raise the inner rod
string with the Rod Grip Pull System
if rods are too heavy to lift by hand.

Figure 4.28.  The DT21 Rod
Clamp Assembly holds the
inner rod string while adding
or removing 1.0-inch rods.

Figure  4.24.   Lower  liner  to
bottom of outer casing on
leading end of inner rods.

Figure 4.25.  Place a 2.125-inch probe
rod over the 1.0-inch probe rod and
thread it onto the outer casing string.

Figure 4.26.  Place a drive bumper
on top of the inner rods and thread
a drive cap onto the outer casing.
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4.6 Removing the DT21 Liner Drive Head from a Filled DT21 Liner

The liner drive head assembly remains attached to the filled liner after retrieval from the outer casing (Fig.
4.30).  In order to decontaminate the drive head for further sampling, it must first be removed from the
filled liner.  This process is easily accomplished using a machine vise and sharp utility knife.

Place the liner drive head in the machine vise such that the 3/8-inch cap screw threaded through the liner is
positioned on top.  Remove the cap screw with a 3/32-inch hex key.

Using a utility knife, score a line from the top of the liner to the bottom of the drive head (Fig. 4.31).  Move
the free end of the liner side-to-side until the top of the liner splits and releases from the drive head (Fig.
4.32).  The soil core may now be prepared for storage or analysis according to project guidelines.

Figure 4.30.  Liner drive head remains
attached to filled liner after retrieval
from outer casing.

Figure 4.31.  Score a line from top of liner
to base of liner drive head using a utility
knife.

Figure 4.32.  Move free end of liner back-
and-forth to split liner and free it from
the liner drive head.

4.7 Dual Tube Soil Sampling Tips

Saturated sands are the most difficult formations to sample with the DT21 system.  Saturated conditions
place positive pressure on the soil outside of the outer casing.  When sampling in noncohesive formations
(e.g. sands) below the water table, it may be necessary to add water to the outer casing to prevent formation
heave.  Adding water to the probe rods puts a positive head on the system and may keep formation material
from flowing into the rods as the liner and soil sample are retracted.  If a small amount of formation
material is still drawn into the outer casing as the soil core is retrieved, the material may be displaced by
slightly raising the outer casing while lowering the next new liner to depth.  Water must be maintained
within the outer casing during this process to overcome the hydraulic head imparted by the formation fluid.

DT21 core catcher liners will provide the best sample recovery in saturated noncohesive formations.
Additionally, 24-inch open (no core catcher) liners may be used to collect samples under these conditions.
The shorter sample interval may enhance sample recovery in sandy materials.  Collecting a shorter sample
will also minimize the vacuum created as the sample is retracted inside the rod bore.  This may help
minimize the heave of noncohesive materials into the rods.

DT21 core catcher liners will help considerably with sample recovery in non-cohesive soils and other
materials that do not fill the liner diameter.  Core catcher liners are not recommended for cohesive or
expansive soils as the core catchers may actually inhibit soil movement into the liner.

Some clay materials will expand during sampling.  Under these conditions, using a shorter sample interval
(24-inch liners) may improve sample recovery by minimizing the wall friction as the material is sampled.
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4.8 Outer Casing Retrieval

The outer casing of the DT21 Dual Tube System may be retrieved in one of three ways:

1. Casing pulled then probe hole sealed from ground surface with granular bentonite.

The outer casing may be pulled from the ground with the probe machine and a Pull Cap (AT2104) or a
Rod Grip Pull System (GH3000K) if the probe hole is to be sealed with granular bentonite from the
ground surface (Fig. 4.33).  This method is used for shallow probe holes in stable formations only.  Such
conditions allow the entire probe hole to be sealed with granular bentonite.

2. Casing pulled with probe hole sealed from bottom-up during retrieval.

Bottom-up grouting should be performed during casing retrieval in unstable formations where side
slough is probable.  Such conditions create void spaces in the probe hole if granular bentonite is installed
from the ground surface.

A GS500 or GS1000 Grout Machine is used to deliver a sealing material (high-solids bentonite slurry or
neat cement grout) to the bottom of the outer casing through flexible tubing.  The grout mix is pumped
through the tubing to seal the void remaining as the outer casing is retrieved (Fig. 4.34).  This is an
advantage of the DT21 Dual Tube System as other soil samplers require a second set of tools to deliver
grout to the bottom of the probe hole.  Contact Geoprobe Systems® for more information on bottom-up
grouting with the GS500 and GS1000 Grout Machines.

3. Casing pulled with Geoprobe Prepacked Screen Well installed during retrieval.

The final option is to install a 1.4-inch OD Geoprobe® Prepacked Screen Monitoring Well in the probe
hole during retrieval of the outer casing.  A DT21 Expendable Cutting Shoe Holder (DT4040) and a
DT21 Expendable Cutting Shoe (DT4045) allow the operator to collect continuous soil cores as the
outer casing is driven to depth.  When sampling is complete, the outer rods are raised and the expendable
cutting shoe is removed from the leading rod.  This leaves an open casing through which a set of
prepacked screens is lowered on the leading end of a PVC riser string (Fig. 4.35).  The well is finished,
complete with grout barrier, bentonite well seal, and a high-solids bentonite slurry/neat cement grout,
during retrieval of the outer casing.

Refer to Geoprobe® 0.5-in. x 1.4-in. OD and 0.75-in. x 1.4-in. OD Prepacked Screen Monitoring Wells
Standard Operating Procedure (Geoprobe® Technical Bulletin No. 962000) for specific information on
well installation.
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Equipment and tool specifications, including weights, dimensions,
materials, and operating specifications included in this brochure are
subject to change without notice.  Where specifications are critical to

your application, please consult Geoprobe® Systems.

Figure 4.33  Outer casing may be
retrieved with a pull cap or rod grip
pull system if the probe hole is sealed
with granular bentonite.

Figure 4.34.  A grout machine and
flexible tubing allow bottom-up
grouting  as  the  outer  casing  is
retrieved.

Figure 4.35.  Geoprobe® prepacked
screens may be installed through the
outer casing when an expendable
cutting shoe is used.
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A. Previously cored or pre-probed hole with sloughed soil.
B. MC Piston Rod Sampler driven through slough to top of sampling interval.
C. Removing stop-pin and piston rod to release point assembly.
D. MC Piston Rod Sampler driven to collect representative soil core.

A.
B.

D.

C.

OPERATION OF MACRO-CORE® PISTON ROD SOIL SAMPLING SYSTEM
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1.0  OBJECTIVE

The objective of this procedure is to collect a representative soil sample at depth and recover it for visual
inspection and/or chemical analysis.

2.0  BACKGROUND

2.1 Definitions

Geoprobe®*:  A brand name of high quality, hydraulically-powered machines that utilize both static force
and percussion to advance sampling and logging tools into the subsurface.
* Geoprobe® is a registered trademark of Kejr, Inc., Salina, Kansas

Macro-Core® Soil Sampler*: A solid barrel, direct push device for collecting continuous core samples of
unconsolidated materials at depth.  Although other lengths are available, the standard Macro-Core® Sampler
has an assembled length of approximately 52 inches (1321 mm) with an outside diameter (OD) of 2.2
inches (56 mm).  Collected samples measure up to 1300 ml in volume in the form of a 1.5-inch x 45-inch
(38 mm x 1143 mm) core contained inside a removable liner.  The Macro-Core® Sampler may be used in an
open-tube or closed-point configuration.
* Macro-Core® is a registered trademark of Kejr, Inc., Salina, Kansas

Liner:  A removable/replaceable, thin-walled tube inserted inside the Macro-Core® sample tube for the
purpose of containing and storing soil samples.  While other lengths are available, the standard Macro-
Core® Liner is 1.75 inches OD x 46 inches long (44 mm x 1168 mm).  Liner materials include stainless
steel, Teflon®, PVC, and PETG.

2.2 Discussion

In this procedure, an assembled Macro-Core® Soil Sampler is driven one sampling interval into the subsurface
and then retrieved using a Geoprobe soil probing machine.  The collected soil core is removed from the
sampler along with the used liner.  After decon, the Macro-Core® sampler is reassembled using a new  liner.
The clean sampler is then advanced back down the same hole to collect the next soil core.  The Macro-
Core® Sampler may be used as an open-tube or closed-point sampler.

The Macro-Core® Soil Sampler is most commonly used as an open-tube sampler (Fig. 2.1A).  In this
configuration, coring starts at the ground surface with a sampler that is open at the leading end.  The
sampler is driven into the subsurface and then pulled from the ground to retrieve the first soil core.  In stable
soils, an open-tube sampler is advanced back down the same hole to collect the next core.

In unstable soils which tend to collapse into the core hole, the Macro-Core® Sampler can be equipped with
a piston rod point assembly (Fig. 2.1B).  The point fits firmly into the cutting shoe and is held in place by a
piston rod and stop-pin.  The MC Piston Rod System prevents collapsed soil from entering the sampler as
it is advanced to the bottom of an existing hole, thus ensuring collection of a reprentative sample.

The Macro-Core® Piston Rod Sampler is not designed to be driven through undisturbed soil.  A probe hole
must be opened above the sampling interval either by removing continuous soil cores with an open-tube
sampler, or by advancing a Macro-Core® Pre-Probe to depth.

Once a hole is opened to the appropriate depth, an assembled MC Piston Rod Sampler is advanced through
any slough material to the top of the next sampling interval.  Extension rods are inserted through the probe



B. Closed-Point SystemA. Open-Tube System

MC Drive Head

MC Sample Tube

MC Liner (Inside)

MC Spacer Ring

MC Cutting Shoe

MC Piston Rod
Point Assembly

MC Stop-Pin Assembly

MC Piston Rod

rod string and threaded onto the MC Stop-Pin Assembly.  When unthreaded, the stop-pin is removed from
the tool string with the extension rods.  (MC Piston rod is removed with stop-pin if MC Stop-Pin Coupler is
utilized).  With the point assembly now released, the tool string is driven into the subsurface to fill the
sampler with soil.  The point assembly is later retrieved from the sampler with the liner and soil core.

Loose soils may fall from the bottom of the sampler as it is retrieved from depth.  The MC Core Catcher
(Fig. 3.1) alleviates this problem.  Excellent results are obtained when the core catcher is used with saturated
sands and other non-cohesive soils.  A core catcher should not be used with tight soils as it may actually
inhibit sample recovery.  Constructed of PVC, the core catcher is suitable for use with all Geoprobe liners.

MC Stop-Pin Coupler
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3.0  REQUIRED EQUIPMENT

The following equipment is used to recover samples using the Geoprobe Macro-Core® Soil Sampler and probing
system.  Although many options are available (sampler length, liner material, etc.), the basic sampler configuration
does not change.  Refer to Figure 3.1 (previous page) to view the major components of the Macro-Core® sampler.

MACRO-CORE® SAMPLER PARTS PART NUMBER

MC Drive Head, for use with 1.0-inch probe rods AT8510
MC Drive Head, for use with 1.25-inch probe rods AT8512
MC Sample Tube, 24-inch, unplated AT8220
MC Sample Tube, 36-inch, unplated AT8320
MC Sample Tube, 1-meter, unplated AT8420
MC Sample Tube, 48-inch, Ni-plated AT8520
MC Sample Tube, 48-inch, unplated AT8522
MC Sampler Tube, 60-inch, unplated MC4889
MC Cutting Shoe, standard AT8530
MC Cutting Shoe, heavy-duty AT8535
MC Cutting Shoe, 0.125 inches undersized AT8537
MC Combination Wrench AT8590
Nylon Brush for MC Sample Tubes BU700

MACRO-CORE® PISTON ROD SYSTEM PARTS PART NUMBER

O-Rings for MC Stop-Pin (pkg. of 25) AT6312R
O-Rings for MC Piston Rod Point (pkg. of 25) DT4070R
MC Stop-Pin Coupler (pkg. of 5) MC9016
MC Cutting Shoe, for use with piston rod point MC9034
MC Drive Head, for use with 1.25-inch probe rods and stop-pin MC9036
MC Piston Rod, 48-inch MC9038
MC Extension Rod Quick Link Connector MC9754
MC Piston Rod Point Assembly MC10068
MC Stop-Pin Assembly MC10069
MC Piston Rod/Stop-Pin Assembly, 48-inch MC10070
MC Piston Rod, 60-inch MC10727
MC Piston Rod, 36-inch MC10728
MC Piston Rod, 24-inch MC10729
MC Piston Rod, 1-meter MC10732
MC Piston Rod/Stop-Pin Assembly, 60-inch MC11881
MC Piston Rod/Stop-Pin Assembly, 36-inch MC12028
MC Piston Rod/Stop-Pin Assembly, 24-inch MC12029
MC Piston Rod/Stop-Pin Assembly, 1-meter MC12030
MC Quick Link Kit MC12131



MACRO-CORE® LINERS AND ACCESSORIES PART NUMBER

MC Stainless Steel Liner Assembly, 48-inch AT7235
MC Teflon® Liner Assembly, 48-inch AT724
MC PETG Liner, thin-wall, 48-inch, (box of 66) AT725K
MC Vinyl End Caps (66 pair) AT726K
MC Heavy-Duty PETG Liner Assembly, 48-inch (box of 66) AT825K
MC PVC Liner Assembly, clear, 24-inch (box of 66) AT922K
MC PVC Liner Assembly, clear, 36-inch (box of 66) AT923K
MC PVC Liner Assembly, clear, 1-meter (box of 66) AT924K
MC PVC Liner Assembly, clear, 48-inch (box of 66) AT925K
MC Liner Cutter Kit AT8000K
MC Liner Cutting Tool* AT8010
MC Liner Cutter Holder* AT8020
MC Liner Cutter Blades (pkg. of 5)* AT8030
MC Liner Circular Cutting Tool AT8050
MC Core Catchers (pkg. of 25) AT8531K
MC Spacer Rings (pkg. of 25) AT8532K
MC PVC Liner Assembly, clear, 60-inch (box of 66) 11984

GEOPROBE TOOLS** PART NUMBER

Drive Cap, for use with 1.25-inch probe rods AT1200
Slotted Drive Cap, for use with 1.25-inch probe rods AT1202
Pull Cap, for use with 1.25-inch probe rods AT1204
Probe Rod, 1.25 inches x 36 inches AT1236
Probe Rod, 1.25 inches x 1 meter AT1239
Probe Rod, 1.25 inches x 48 inches AT1248
Probe Rod, 1.25 inches x 60 inches AT1260
MC Pre-Probe, 2-inch OD AT1247
MC Pre-Probe, 2.5-inch OD AT1242
MC Pre-Probe, 3-inch OD AT1252
Extension Rod, 36-inch AT67
Extension Rod, 48-inch AT671
Extension Rod, 1-meter AT675
Extension Rod Coupler AT68
Extension Rod Handle AT69
Extension Rod Quick Links AT694K
Machine Vise FA300

ADDITIONAL TOOLS

Combination Wrench, 1/2-inch (or) Adjustable Wrench
Pipe Wrenches (2)

  *The items are included in the MC Liner Cutter Kit (AT8000K).
**Geoprobe tools and accessories are also available for use with 1.0-inch OD (outside diameter) probe rods.



4.0  OPERATION

Size and material options have resulted in an extensive list of Macro-Core® part numbers.  To simplify the
instructions presented in this document, part numbers are listed in the illustrations only.  Refer to Pages 6 and 7
for a complete parts listing.

4.1 Decontamination

Before and after each use, thoroughly clean all parts of the soil sampling system according to project
requirements.  A new, clean liner is recommended for each sample if using PETG, PVC, or Teflon® liners.

Stainless Steel Liners from Geoprobe Systems are cleaned at the factory with an agitated detergent bath at
a temperature of approximately 180 degrees F.  After rinsing with 180-degree tap water, the liner is air
dried, wrapped in PVC outer cladding, and capped with vinyl end caps.

Thoroughly clean the sampler before assembly, not only to remove contaminants but also to ensure correct
operation.  Dirty threads complicate assembly and may lead to sampler failure.  Sand is particularly
troublesome as it can bind liners in the sample tube resulting in wasted time and lost samples.

4.2 Field Blank

It is suggested that a field blank be taken on a representative sample liner prior to starting a project and at
regular intervals during extended projects.  Liners can become contaminated in storage.  A field blank will
prove that the liners do not carry contaminates which can be transferred to soil samples.  The following
information is offered as an example method which may be used to take a field blank.  Make the appropriate
modifications for the specific analytes of interest to the investigation.

Example Procedure:
REQUIRED EQUIPMENT

MC Liner .................................................................................... (1)
MC Vinyl End Caps.................................................................... (2)
Distilled Water ................................................................... (100 ml)
VOA Vial (or other appropriate sample container) .................... (1)

1. Place a vinyl end cap on one end of the liner.

2. Pour 100 milliliters of distilled water (or other suitable extracting fluid) into the liner.

3. Place a vinyl end cap on the open end of the liner.

4. From the vertical position, repeatedly invert the liner so that the distilled water contacts the entire inner
surface.  Repeat this step for one minute.

5. Remove one end cap from the liner, empty contents into an appropriate sample container, and cap the
container.

6. Perform analysis on the extract water for the analytes of interest to the investigation.



4.3 Open-Tube Sampler Assembly

1a. (With MC Core Catcher)  Place the open end of an MC Core Catcher over the threaded end of an MC
Cutting Shoe as shown in Figure 4.1.  Apply pressure to the core catcher until it snaps into the machined
groove on the cutting shoe.

NOTE:  AT725K (thin-wall PETG) liners have a swedged end which is generally slipped directly
over the groove in the cutting shoe (Fig. 4.2).  To use a core catcher with these liners, cut
approximately      0.25 inches (6 mm) of material from the swedged end of the liner and proceed
to Step 2.

1b. (Without MC Core Catcher)  Push the base of an MC Spacer Ring onto the threaded end of a cutting
shoe until it snaps into place (Fig. 4.3).

NOTE:  With the exception of AT-725K (thin-wall PETG) liners, all liners must utilize either a
spacer ring or core catcher.  PETG liners have a swedged end which slides directly over the end
of the cutting shoe.  Attach the liner to the cutting shoe (Fig. 4.2) before proceeding to Step 2.

MC Core Catcher
Attached to
MC Cutting Shoe

MC Cutting Shoe
(AT 8530, AT8535,
AT8537, or MC9034)
(AT8535 shown)

MC Core Catcher
(AT8531K)

MC Thin-Wall
PETG Liner
(AT725K)

MC Cutting Shoe
(AT8530, AT8535,
AT8537, or MC9034)
(AT8530 shown)

Swedged PETG
Liner Attached
to MC Cutting Shoe

MC Spacer Ring
Attached to
MC Cutting Shoe

MC Spacer Ring
(AT8532K)

MC Cutting Shoe
(AT8530, AT8535,
AT8537, or MC9034)
(AT853 shown)



MC Liner
(AT7235, AT724, AT725K.
AT825K, AT922K, AT923K.
AT924K, AT925K, or 11984)

MC Cutting Shoe (AT8530, AT8535, AT8537, or MC9034)
with MC Core Catcher (AT8531K, shown)
or MC Spacer Ring (AT-8532K)

MC Sample Tube
(AT 8220, AT8320, AT8420,

AT8520, AT8522, or 4899)

MC Drive Head
(AT8510, AT8512, or MC9036)

Refer to Figure 4.4 for identification of sampler parts and assembly sequence

2. Thread the cutting shoe into one end of an MC Sample Tube (Fig. 4.5).  Tighten shoe with MC
Combination Wrench (Fig. 4.6) until end of sample tube contacts machined shoulder of cutting shoe.

3. Insert a liner into the opposite end of the sample tube (Figure 4.7).  The liner is all ready installed if
using thin-wall PETG liners (AT725K) without an MC Core Catcher.

4. Thread an MC Drive Head into the top of the sample tube (Fig. 4.8) and securely tighten with the MC
Combination Wrench (Fig. 4.9).  Ensure that the end of the sample tube contacts the machined shoulder
of the drive head.

Sampler Assembly is Complete.



Figure  4.5.   Thread  an  MC Cutting  Shoe  (shown with  MC
Core Catcher) into either end of a MC Sample Tube.

Figure 4.6.  Tighten MC Cutting Shoe with MC Combination
Wrench.

Figure 4.7.  Insert liner into opposite end of
MC Sample Tube.

Figure 4.8.  Thread MC Drive Head into top
of MC Sample Tube.

Figure 4.9.  Tighten MC Drive Head with MC Combination Wrench.  A vise is often used to
hold the MC Sample Tube during this step.



4.4 Stop-Pin Coupler

The Stop-Pin Coupler attaches the Stop-Pin to the Piston Rod (Fig. 4.10).  When connected together, these
three parts form the Stop-Pin/Piston Rod Assembly.  All three items may be ordered either individually or
together as one complete assembly.  Refer to Section 3.0 for specific assembly and item part numbers.

It is not always necessary to use the stop-pin coupler with the MC Piston Rod System.  The coupler allows
the piston rod to be removed from the sampler along with the stop-pin so that sample recovery is not
hindered by the weight of the piston rod.  If you find that recovery is not a problem with the formation you
are sampling (such as clays), do not use the stop-pin coupler.

If sampling in formations where sample recovery may be a problem (such as loose sands), the stop-pin
coupler is highly recommended.  Removing the piston rod with the stop-pin significantly reduces the amount
of tooling weight that the soil core must support as the sampler is driven.  Sample compression is also
reduced when the stop-pin coupler is utilized.

Instructions for connecting the stop-pin coupler to the stop-pin and piston rod are given below.

1. Hold a piston rod in vertical position with leading end resting on a solid surface.

2. Place a Stop-Pin Coupler on top of the Piston Rod and tap with a hammer to seat (Fig. 4.11).

3. Snap a Stop-Pin into the coupler using a hammer or 12-inch probe rod and drive cap (Fig. 4.12).

MC Stop-Pin Assembly
(MC10069)

MC Stop-Pin Coupler
(MC9016)

Top of MC Piston Rod
(MC9038)



Place coupler on piston rod and
tap with hammer to seat.

Snap stop-pin into coupler with
hammer or 12" probe rod and
drive cap (shown).

4.5 MC Piston Rod Sampler (closed-point system) Assembly

The MC Piston Rod System seals the leading end of the sampler with a point assembly that is held in place
with a piston rod and stop-pin.  Once advanced to the top of the sampling interval, the stop-pin is removed
with extension rods that are inserted down through the probe rod string.  The piston rod will be extracted
along with the stop-pin if a stop-pin coupler was used.  Refer to Section 4.4 for help in determining when a
stop-pin coupler is needed.

NOTE:  The MC Piston Rod System requires an MC9036 MC Drive Head and an MC9034 MC
Cutting Shoe.  No other Macro-Core® drive heads or cutting shoes are compatible with this system.
The larger 1.25-inch OD Probe Rods are also required to operate MC Piston Rod System.

1. Install an O-ring in the machined groove on the piston rod point (Fig. 4.13).  Lubricate the O-ring with
a small amount of deionized water.

O-Ring
(DT4070R)

MC Piston Rod
Point Assembly

(MC10068) MC Cutting Shoe
(MC9034)

Piston Point Correctly
Installed in Cutting Shoe
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2. Push the piston rod point completely into the cutting shoe as shown in Figure 4.13.

3a. (With MC Core Catcher)  Place the open end of a core catcher over the threaded end of the cutting
shoe as shown in Figure 4.14.  Apply pressure to the core catcher until it snaps into the machined
groove on the cutting shoe.

NOTE:  AT725K (thin-wall PETG) liners have a swedged end that is slipped directly over the
groove in the cutting shoe (Fig. 4.15).  To use a core catcher with these liners, simply cut
approximately 0.25 inches (6 mm) of material from the swedged end of the liner and continue to
Step 4.

3b. (Without Core Catcher)  Push the base of an MC Spacer Ring onto the threaded end of the cutting
shoe until it snaps into place (Fig. 4.16).

NOTE:  With the exception of AT725K (thin-wall PETG) liners, all liners must utilize either a
spacer ring or core catcher.  Thin-wall liners have a swedged end which slides directly over the
end of the cutting shoe.  If using thin-wall liners, attach the liner to the cutting shoe (Fig. 4.15)
before proceeding.



MC Liner
(AT7235, AT724, AT725K.
AT825K, AT922K, AT923K.
AT924K, or AT925K)

MC Piston Rod/Stop-Pin Assemby
(MC10070, MC11881, MC12028,
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Refer to Figure 4.17 for identification of sampler parts and assembly sequence

4. Thread the cutting shoe (with point) into one end of an MC Sample Tube.  Tighten until the end of the
sample tube contacts the machined shoulder of the cutting shoe.

5. Insert an appropriate MC Liner into the sample tube (Fig. 4.18).  The liner is all ready installed if using
thin-wall PETG liners without a core catcher.

6. Thread an MC Drive Head into the top of the sample tube (Fig. 4.19) and securely tighten with the
combination wrench (Fig. 4.20) until the end of the sample tube contacts the machined shoulder of the
drive head.

(continued on Page 16)



Figure 4.18.  Insert liner into opposite
end of MC Sample Tube.

Figure 4.19.  Thread MC Drive Head
into top of MC Sample Tube.

Figure 4.20.  Tighten MC Drive Head with MC Combination Wrench.  A vise is
often used to hold the MC Sample Tube during this step.

7. Insert an MC Piston Rod/Stop-Pin Assembly through the drive head until the stop-pin threads contact
the top of the drive head (Fig. 4.21).  Ensure that an O-ring has been placed on the stop-pin.

The leading end of the piston rod may hangup on the core catcher during assembly.  When this happens,
raise the assembly 6-8 inches above the core catcher and then allow the assembly to fall back down
into the sampler.  This should allow the piston rod to pass through the fingers of the core catcher.

Note:  The MC Stop-Pin Coupler may be omitted under certain sampling conditions.  Refer to Section
4.4 for information regarding when a coupler is needed and instructions for coupler installation.

8. Thread the stop-pin into the drive head (left-hand threads) with an adjustable or 1/2-inch combination
wrench.  Fully tighten the stop-pin and then back it off slightly (~10 degrees).  This avoids locking the
stop-pin threads and allows it to later be unthreaded from the ground surface with extension rods.

Sampler Assembly is Complete.



Always use O-ring
Stop-pin positioned to engage
internal threads of drive head

Stop-pin coupler is optional
(see Section 4.4)

Piston rod passes
through core catcher

Piston rod fits into hole
in point assembly

Tighten stop-pin completely
then backoff ~10 degrees

Point assembly held tightly in
cutting shoe by piston rod

4.6 Pilot Hole

A pilot hole prevents excessive sampler wear in tough soils and saves time when a discrete soil core is
desired.  The pilot hole is created by driving a 2.0-, 2.5-, or 3.0-inch MC Pre-Probe (see Section 3.0 for part
numbers) to the top of the sampling interval.  Soil surfaces containing gravel, asphalt, hard sands, or rubble
should be pre-probed to reduce wear on the cutting shoe and to avoid damage to the sampler.  To save time
when collecting a discrete soil core, pre-probe to the sampling interval rather than coring to depth with the
sampler.



4.7 Open-Tube Sampling

The Macro-Core® Open-Tube Sampler is used to gather continuous soil cores beginning from ground surface.
A representative soil sample is obtained by driving the assembled sampler one sampling interval into the
subsurface through undisturbed soil.  Upon retrieving the sampler, the liner and soil core are removed.  The
sampler is then properly decontaminated, reassembled with a new liner, and inserted back down the same
hole to collect the next soil core.

Instructions for operationg of the Open-Tube Macro-Core® Sampler are given in this section.

1. Thread a Drive Cap (AT1200) onto the drive head of an assembled Open-Tube Macro-Core® Sampler
as shown in Figure 4.23.  (Refer to Section 4.3 for sampler assembly).

2. Raise the probe unit hammer assembly to its highest position by fully extending the probe cylinder.

3. Position the MC Sampler for driving as shown in Figure 4.24.  Place the sampler directly under the
hammer with the cutting shoe centered between the toes of the probe foot.  The sampler should now be
parallel to the probe derrick.  Step back from the unit and visually check sampler alignment.

4. Apply static weight and hammer percussion to advance the sampler until the drive head reaches the
ground surface (Fig. 4.25A)

NOTE: Activate hammer percussion whenever collecting soil.  Percussion helps shear the soil at
the leading end of the sampler so that it moves into the sample tube for increased recovery.

5. Raise the hammer assembly a few inches to provide access to the top of the sampler.

6. Remove the drive cap and thread a Pull Cap (AT1204) onto the sampler drive head.

7. Lower the hammer assembly and hook the hammer latch over the pull cap (Fig. 4.26).  Raise the
hammer assembly to pull the sampler completely out of the ground.

8. Procede to Section 4.9 for instructions on recovering the soil core from the MC Sampler.

To sample consecutive soil cores, advance a clean sampler down the previously opened hole (Fig. 4.25B) to
the top of the next sampling interval (Fig. 4.25C).  Drive the tool string the length of the sampler to collect
the next soil core  (Fig. 4.25D).  Switch to an MC Piston Rod Sampler if excessive side slough is encountered.

NOTE: Use caution when advancing or retrieving the sampler within an open hole.  Low side friction
may allow the sampler and probe rods to drop down the hole when released.  To prevent equipment
loss, hold onto the tool string with a pipe wrench when needed.



A. B. C.

D.

A. Sampler driven to proper depth.
B. Open hole from previous sample.
C. Open-tube sampler driven back down previous hole.
D. Sampler driven to proper depth for sampling second interval.

Figure 4.23.  Thread drive
cap onto  sampler drive
head.

Figure 4.24  MC Sampler positioned for
driving into subsurface.

Figure 4.26.  Hook hammer
latch onto pull cap.



4.8 Closed-Point Sampling with the MC Piston Rod System

Material collapsing from the probe hole sidewall can make it difficult to collect representative soil cores
from significant depths with an open-tube sampler.  To overcome this problem, the Macro-Core® Sampler
can be equipped with a point assembly that is held tightly in the cutting shoe with a piston rod and threaded
stop-pin.  This allows the sealed sampler to pass through the slough material and then opened at the appropriate
sampling interval.  Intructions for sampling with the MC Piston Rod System are given in this section.

NOTE: The MC Piston Rod System is designed for continuous core sampling.  A probe hole must be
opened above the sampling interval either by removing soil with an open-tube Macro-Core® Sampler
or by preprobing to depth.  Never drive the MC Piston Rod System through undisturbed soil.

1. Attach a Slotted Drive Cap (AT1202) to the drive head of an assembled MC Piston Rod Sampler as
shown in Figure 4.27.  (Refer to Section 4.5 for sampler assembly.)

NOTE: The MC Stop-Pin extends slightly from the top of the MC Drive Head.  A slotted drive
cap is therefore required to allow room for the stop-pin (Fig. 4.27).  A standard drive cap may be
used once probe rods are added to the tool string.

2. Raise the probe unit hammer assembly to its highest position by fully extending the probe cylinder.

3. Place the leading end of the MC Sampler into the previously opened hole (Fig. 4.28A).

4. Advance the sampler down the open hole for the full stroke of the probe machine.

NOTE: Use caution when advancing the sampler down an open hole.  Low side friction may
allow the sampler and probe rods to drop down the hole when released.  To prevent equipment
loss, hold onto the tool string with a pipe wrench when needed.

5. Remove the slotted drive cap and thread a probe rod onto the MC Drive Head.  Thread a standard Drive
Cap (AT1200) onto the probe rod.

6. Continue advancing the sampler and adding probe rods to the tool string until the desired sampling
interval is reached (Fig. 4.28B).

7. Raise the hammer assembly and retract the probe derrick to gain access to the top probe rod.

8. Remove the drive cap and insert extension rods down the inside of the probe rod string.  A male
Extension Rod Quick Link and an MC Extension Rod Quick Link Connector should be placed on the
leading end of the extension rod string (Fig. 4.29) if an MC Stop-Pin Coupler was used during assembly.
Nothing is placed on the leading extension rod if a stop-pin coupler was not used.

Use Extension Rod Couplers or Extension Rod Quick Links (Fig. 4.30) to connect extension rods
together until the leading rod contacts the stop-pin .  Use an Extension Rod Jig (Fig. 4.30) to hold the
down-hole rods while adding more rods to the string.

9. Attach an Extension Rod Handle (Fig. 4.30) to the rod string and slowly rotate the handle clockwise to
engage the stop-pin threads.  The rods will become harder to turn when the stop-pin threads are fully
engaged.  Pull up on the rod string to ensure that it is connected to the stop-pin.  Continue rotating and
periodically lifting the extension rods until the stop-pin is completely unthreaded from the drive head.



A. Previously cored or pre-probed hole with sloughed soil.
B. MC Piston Rod Sampler driven through slough to top of

sampling interval.
C. Removing stop-pin and piston rod to release point assembly.
D. MC Piston Rod Sampler driven to collect representative soil core.

A.
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D.

C.

Stop-Pin Extends Slightly
Past Top of Drive Head

Slotted Drive Cap
(AT1202)

MC Drive Head
(MC9036)



NOTE: If  the  stop-pin  is  excessively  difficult  to  unthread,  pull  the  entire  tool  string  up
approximately 2 inches.  This should relieve the force exerted on the point assembly and make
releasing the stop-pin much easier.

10. Lift and remove extension rods until the stop-pin is visible above the drive head (Fig. 4.28-C).  The
stop-pin and piston rod will both be removed from the sampler if a stop-pin coupler was used during
assembly (Fig. 4.31-A).  Only the stop-pin will be connected to the last extension rod if a coupler was
not used (Fig. 4.31-B).  Remove the extension rod and stop-pin if the piston rod is not attached.

11. If the piston rod is attached to the stop-pin, carefully unhook the extension rod and male quick link
from the MC Extension Rod Quick Link Connector (Fig. 4.31-A).  Take care not to deform the stop-
pin coupler when removing the extension rod.  Now remove the piston rod from inside the tool string.

12. Thread the Drive Cap (AT1200) onto a probe rod and then attach the probe rod to the tool string.

13. Completely raise the probe unit hammer assembly and reposition the probe derrick over the tool string.

14. Apply static weight and hammer percussion to advance the tool string the length of the sampler and
collect the soil core (Fig. 4.28-D).

NOTE: Activate hammer percussion whenever collecting soil.  Percussion helps shear the soil at
the leading end of the sampler so that it moves into the sample tube for increased recovery.

15. Raise the hammer assembly a few inches to provide access to the top of the tool string.

16. Remove the drive cap and thread a Pull Cap (AT1204) onto the top probe rod.

17. Lower the hammer assembly and hook the hammer latch over the pull cap.  Raise the hammer assembly
to pull the first probe rod out of the ground.  Remove the rod and place the pull cap on the next rod of
the tool string.  Continue pulling probe rods until the MC Sampler is brought to the ground surface.

NOTE: Use caution when retrieving the MC Sampler from depth.  Low side friction may allow
the sampler and probe rods to drop down the hole when released.  To prevent equipment loss,
hold onto the tool string with a pipe wrench when needed.

18. Procede to Section 4.9 for instructions on recovering the soil core from the MC Sampler.

Figure 4.29.  Use an MC Extension Rod Quick Link
Connector if  stop-pin coupler was used in sampler.



Female Extension Rod Quick Link Male Extension Rod Quick Link

Extension Rod Quick Links (AT694K) includes
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4.9 Soil Core Recovery

The soil sample is easily removed from the Macro-Core® Sampler by unthreading the cutting shoe and
pulling out the liner.  A few sharp taps on the cutting shoe with the combination wrench will often loosen
the threads sufficiently to allow removal by hand.  If needed, the exterior of the cutting shoe features a
notch for attaching the combination wrench to loosen tight threads (Fig. 4.32).  With the cutting shoe
removed (Fig. 4.33), simply pull the liner and soil core from the sample tube (Fig. 4.34).

If the closed-point sampler is used, the MC Piston Rod Point Assembly is now retrieved from the end of
the liner (Fig. 4.35).  Secure the soil sample by placing a vinyl end cap on each end of the liner.

Undisturbed soil samples can be obtained from Teflon®, PVC, and PETG liners by splitting the liner.
Geoprobe offers two tools for cutting sample liners.  The MC Liner Cutter Kit (AT8000K) is used to make
longitudinal cuts in the liner and includes a tool that holds the liner for cutting (Fig. 4.36).  The MC Liner
Circular Cutting Tool (AT8050) is used to segment the liner by cutting around the outside circumference
of the liner (Fig. 4.37).

Figure 4.32. Loosening the  MC Cutting
Shoe with the MC Combination Wrench.

Figure 4.33. Removing MC Cutting
Shoe and liner from MC Sampler Tube.

Figure 4.34. Macro-Core® liner filled
with soil core.

Figure  4.35. MC  Piston  Rod  Point
Assembly is retrieved from top of liner.

Figure 4.36. MC Liner Cutter makes
two longitudinal cuts in polymer liners.

Figure 4.37. MC Circular Cutting Tool
cuts around the outside of MC liner.

4.10 MC Piston Rod Sampler Tips

Macro-Core® Samplers are available in lengths of 24 inches, 36 inches, 1 meter, 48 inches, and 60 inches.
This means that MC Sample Tubes, MC Liners, MC Piston Rods and MC Piston Rod/Stop-Pin Assemblies
are also available in these five sizes.  Keep this in mind when ordering Macro-Core® parts to ensure that
the items you receive are of the appropriate length.

During development of the MC Piston Rod System, it was common for operators to remove the MC Piston
Rod/Stop-Pin assembly from inside the probe rods with the last extension rod still threaded onto the stop-



4.11 Tips to Maximize Sampling Productivity

The following suggestions are based on the collective experiences of Geoprobe operators:

1. Organize your truck or van.  Assign storage areas to all tools and equipment for easy location.  Transport
sample tubes, piston rods, extension rods, probe rods, and liners in racks.  Above all, minimize the
number of items lying loose in the back of the vehicle.

2. Take three or four samplers to the field.  This allows the collection of several samples before stopping
to clean and decontaminate the equipment.  A system is sometimes used where one individual operates
the probe while another marks the soil cores and decontaminates the used samplers.

3. A machine vise is recommended.  With the sampler held in a vise, the operator has both hands free to
remove the cutting shoe (Fig. 4.38), drive head, and sample liner (Fig. 4.39).  Cleanup is also easier
with both hands free.  Geoprobe offers an optional Machine Vise (FA300) that mounts directly on the
probe derrick (Fig. 4.40).

4. Extension Rod Quick Links (Fig. 4.41) are real time savers.  A good method for deploying extension
rods is to assemble sections of up to three rods using threaded connnectors.  Each section is then
connected with Quick Links so that up to three rods can be added or removed from the string at once.

pin.  The MC Stop-Pin Coupler is not designed to withstand the considerable side load placed on it by the
extension rod and is easily damaged if the extension rod is allowed to swing around unsupported.  The MC
Quick Link Connector was developed to prevent damage to the coupler by allowing the last extension rod
to be disconnected from the piston rod/stop-pin assembly before removing the assembly from the probe
rods.  Always use the quick link connector whenever the sampler is assembled with a stop-pin coupler.

Figure 4.38.  Removing MC Cutting Shoe
with sample tube held in machine vise.

Figure 4.39.  Removing filled liner with
sample tube held in machine vise.

Figure 4.40.  Machine vise
mounted directly on Geoprobe
Soil Probing Unit.

Figure 4.41.  Using Extension
Rod Quick Links to connect
Extension Rods.



Extension
Rod Sections

(Placed on Plastic)

Box of New Liners
Clean Sample Tubes

DECON
AREA

Cleaning Water
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Filled and Capped Liners
(Placed on Plastic)

"Used" Probe Rods Removed
From Tool String As Full Sampler
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Advance Next Sampler.

"New" (Undriven)
Probe Rods

5. When releasing the stop-pin, a pair of locking pliers can be used to turn the extension rods.  Locking
pliers may be quicker and easier to install than the extension rod handle.

6. Organize your worksite.  Practice with the sampler to identify a comfortable setup and then use this
layout whenever sampling.  An example layout is shown in Figure 4.42.

A collapsible table or stand is handy to hold decontaminated sampler tubes and liners.  Equipment
may also be protected from contamination by placing it on a sheet of plastic on the ground.

Instead of counting probe rods for each trip in-and-out of the probe hole, identify separate locations
for "new" rods and "used" rods.  Collect the first sample from the open hole using "new" rods.  As
each probe rod is removed during sampler retrieval, place it in the "used" rod location.  Now advance
a clean sampler back down the same hole using all of the rods from the "used" location.  Add one
"new" rod to the string and then drive the tools to collect the next soil core.  Once again, remove each
probe rod and place it in the "used" rod location as the sampler is retrieved.  Repeat this cycle using all
the "used" rods to reach the bottom of the probe hole, and one "new" rod to fill the sampler.

7. Cleanup is very important from the standpoint of operation as well as decontamination.  Remove all
dirt and grit from the threads of the drive head, cutting shoe, and sample tube with a nylon brush
(BU700).  Without sufficient cleaning, the cutting shoe and drive head will not thread completely
onto the sample tube.  The threads may be damaged if the sampler is driven in this condition.
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Ensure that all soil is removed from inside the sample tube.  Sand particles are especially troublesome
as they can bind liners in the sampler.  Full liners are difficult to remove under such conditions.  In
extreme cases the soil sample must be removed from the liner before it can be freed from the sample
tube.

8. Although MC Drive Heads are available for open-tube sampling with 1.0-inch OD probe rods, 1.25-
inch rods are recommended for the Macro-Core® Sampler.  The larger rod diameter limits downhole
deflection of the tool string and ultimately provides a more durable system.  The double-lead thread
design also makes the 1.25-inch rods thread together faster than previous 1-inch probe rods.

9. The Heavy-Duty MC Cutting Shoe (AT8535) is machined with more material at the critical wear
areas.  It can be used in place of the Standard MC Cutting Shoe (AT8530) and is designed to lengthen
service life under tough probing conditions.

Expansive clays and coarse sands can "grab" and collapse liners as the sample tube is filled with soil.
A 1/8-inch Undersized MC Cutting Shoe (AT8537) helps alleviate this problem.  The smaller core
(1.375 inches OD) allows expanding clays and coarse sands to travel past the liner without binding.

The standard, heavy-duty, and undersized cutting shoes will not accept the MC Piston Rod Point
Assembly (MC10068).  Only the MC9034 cutting shoe is compatible with the MC Piston Rod System.

10. Maximize the thread life of the sample tube by varying the ends in which the drive head and cutting
shoe are installed.  The dynamic forces developed while driving the sampler are such that the threads
at the drive head wear more quickly than at the cutting shoe.  Regularly switching ends will maintain
relatively even wear on the sample tube.

Equipment and tool specifications, including weights, dimensions,
materials, and operating specifications included in this brochure are
subject to change without notice.  Where specifications are critical to

your application, please consult Geoprobe Systems
1-800-436-7762.
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E.4000 
SAMPLING OF POTENTIAL LEAD-BASED PAINT 

 
Last Review or Revision:  June 2010 
 
I. PURPOSE 
 
The purpose of this standard operating procedure (SOP) is to provide information on the 
hazards of lead-based paint (LBP) and describe procedures for identificationand proper LBP 
sampling techniques.  The following procedures for sampling potential LBP using a direct 
reading instrument and paint chip collection are designed to provide standardization with 
respect to location and number of samples collected and method of labeling sample 
locations. In addition, this procedure should ensure that potential LBP samples are collected 
in a manner which allows for accurate analysis of the material.  Finally, this procedure will 
help to ensure that sampling personnel are protected against potential lead dust releases 
through controlled sampling techniques or appropriate use of personal protective equipment. 
 
The objective of sampling coated (i.e., painted, pigmented or stained) surfaces for LBP 
(LBP) is to characterize materials and components that contain lead in surface coatings and 
compare them to established limits such as the Environmental Protection Agency (EPA) or 
Housing Urban Development (HUD) standards and guidelines such as at quantities greater 
than 1.0 milligram per square centimeter (mg/cm2) or 0.5% by weight or other regulated 
quantity as specified by state or local authority.  By characterizing the locations and 
quantities of LBPs, exposure hazards can be greatly reduced.  
 
 
II. BACKGROUND AND REFERENCE 
 
Lead is a toxic heavy metal which may cause blood, kidney and nervous system disorders if 
inhaled or ingested.  Metallic lead and lead contained in dusts are not readily absorbed 
through the skin. However, skin contact with potentially contaminated site materials should 
be avoided.    
 
The United States EPA and HUD have established an action level for LBP of 1.0 milligram 
per square centimeter (mg/cm2) or 0.5% by weight.  Coatings with quantities equal to or 
greater than these values are considered LBP.   The Occupational Safety and Health 
Administration (OSHA) does not establish a LBP quantity but regulates the amount of lead 
that can become airborne and either inhaled or ingested by setting limits for air 
concentrations of 0.05 milligram per cubic meter (mg/m3) of air over a work shift and blood 
values of 50 micrograms per deciliter of blood.  
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Lead was a common ingredient in paint until 1978 when the Consumer Product Safety 
Commission (CPSC) banned the sale of LBP for use in residences in quantities greater than 
0.06% by weight.  However, some industrial paints still contain lead today and are used in 
several applications.  Lead can be introduced into the air by sanding or abrading surfaces 
containing LBP, and inhalation or ingestion of the dust is possible.  Ingestion of lead can 
occur when children consume deteriorated paint chips, children place exposed toys or body 
parts into their mouths or when industrial workers exposed to lead-containing dust eat or 
smoke without washing their hands.  
 
The lead content of paint can be determined with direct-reading instrumentation or by 
analysis of a bulk paint chip sample.  An X-ray fluorescence (XRF) type analyzer is 
recommended to obtain direct readouts of lead content in coated surfaces.  The XRF 
analyzes for lead by atomic absorption spectroscopy (AAS).  Results are in milligrams of 
lead per square centimeter.  Paint chip sample analysis is performed by inductively coupled 
plasma-atomic emission spectrometry (ICP-AES) in accordance with EPA SW-846 Method 
6010B.  Results are typically reported as lead percent per paint chip weight. 
 
When sampling for LBP in buildings classified under the United States Department of 
Housing and Urban Development (HUD) or other child occupied-facilities (i.e., publicly and 
privately owned-housing, public buildings, daycares, etc.), procedures stated in the most 
current revision of the Department of Housing and Urban Development Guidelines for the 
Evaluation and Control of Lead-Based Paint Hazards Housing, June 1995 revision will be 
used.   
 
Lead is also regulated by the Occupational Safety and Health Administration (OSHA) and 
the EPA.  Occupational exposure to lead occurring in the course of construction work, 
including maintenance activities, painting, renovation and demolition, is subject to OSHA 
standard (29 CFR 1926.62), Lead Exposure in Construction.  Construction work covered by 
29 CFR 1926.62 includes any repair or renovation activities or other activities that disturb in-
place, lead-containing materials.  Employers must assure that no employee will be exposed 
to lead at concentrations greater than 0.05 mg/m3 averaged over an eight-hour period 
without adequate protection. 
 
The Resource Conservation and Recovery Act (RCRA) provides the EPA with the authority 
to regulate the waste status of demolition or renovation debris, including lead-containing 
materials.  Specific notification and testing requirements must be addressed prior to 
transporting, treating, storing or disposing of hazardous wastes.  Lead containing wastes are 
considered hazardous waste under RCRA if Toxicity Characteristic Leachate Procedure 
(TCLP) results exceed 5 milligrams per liter (mg/L).  EPA exempts from most RCRA 
requirements those generators whose combined hazardous waste generation is less than 
100 kilograms (kg) per month. 
 
 
III. EQUIPMENT 
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LBP analysis can be conducted by using a direct reading XRF analyzer or by collecting paint 
chip samples.  Equipment necessary to conduct both methods is listed below. 
 
For direct reading sampling:  

 X-ray fluorescence (XRF) analyzer and accessories 
 XRF result field log (optional if downloading software is used) 

 
For paint chip sampling:  

 Heating tool and extension cord 
 Tape measure or template  
 Chisel  
 Chipping hammer or scraper (lead paint samples from metal structures) 
 Face shield or chipping goggles 
 Sample containers (preferably sturdy, clear plastic vials) 
 Sample labels 
 Laboratory chain of custody for paint chip sample analysis 

 
 
IV. CERTIFICATION 
 
Individuals conducting LBP inspection services should have the certifications listed below.  
Copies of these certifications and licenses should be taken to the site. 

 EPA lead inspector and risk assessor certification 
 As applicable, local- or State-licensed lead inspector/risk assessor (required for HUD 

projects) 
 Manufacturer training certification for the XRF analyzer  

 
 
V. HEALTH AND SAFETY 
 
The OSHA personal exposure limit (PEL) for lead is 0.05 milligram per cubic meter (mg/m3) 
and the action level is 0.03 mg/m3.  The primary route of exposure of lead is through 
inhalation of contaminated dusts or by accidental ingestion; however, collection of small 
sample volumes required for analysis is not expected to generate significant dust.  Although, 
if painted surfaces are being disturbed and dust is generated in the vicinity, personnel will 
take protective measures as indicated below.  Project activities may be conducted in Level 
D personal protective equipment modified as specified below. 
 

 Lead sampling activities will be performed in Level D personal protective equipment 
to include standard work uniform, safety footwear and hard hat if overhead 
hazards are present.  
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 Protective goggles or a full face shield will be worn during chipping hammer 
operations.  

 Protective gloves should also be worn during lead chip sampling to prevent abrasion 
and contact with site materials. Half face disposable dust/fume/mist respirators 
(3M 9920 "surgical style" masks) or half-face air purifying respirators equipped 
with HEPA filter cartridges will be worn if dusty conditions develop on-site. 

 
Due to the potential of accidental ingestion when working in areas with lead dust, do not 
smoke or eat with soiled hands.  Wash thoroughly before eating, drinking or smoking. 
Shower thoroughly as soon as possible upon leaving the site. 
 
The XRF analyzer contains a radioactive source and should be transported and used 
according to the manufacturer’s instructions.  Personnel utilizing the equipment shall have 
the proper training and certifications required for use of the equipment. 
 
 
VI. PROCEDURES FOR XRF ANALYSIS 
 
1.  Identify areas with coated or prepared surfaces.  This includes building materials, 
components and fixtures finished with a coating such as paint, stain and varnish.  Wallpaper 
can mask prepared surfaces and should be included in the survey.  Some ceramic tiles have 
a lead-containing glaze and should also be assessed, particularly where required by state or 
local regulatory agencies. 
 
2.  Select appropriate materials and locations to be sampled. When sampling painted 
interior surfaces, representative samples must be obtained per client instruction or in 
general compliance with the most current revision of the Department of Housing and Urban 
Development Guidelines for the Evaluation and Control of Lead-Based Paint Hazards 
Housing, June 1995revision. 
 
3.  Calibrate the XRF unit according to the manufacturer’s instructions before and after the 
survey.  This involves taking calibration sample readings from a known source provided by 
the manufacturer. 
 
4. Conduct XRF sampling on selected surfaces.  Document descriptions of each surface 
sampled on the XRF result field log or using the manufacture’s software.  Record results on 
the XRF result field log if software is not used.   
 
If results yield 1.0 mg/cm2 (inconclusive), then a paint chip sample should be collected using 
the applicable procedures indicated in the following section.   
 
If results indicate the presence of lead in quantities greater than 1.0 mg/cm2, it is 
recommended that a photograph depicting the material and location be taken. 
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VII. PROCEDURES FOR PAINT CHIP SAMPLING 
 
1.  Identify areas with prepared surfaces.  This includes building materials, components and 
fixtures finished with a coating such as paint, stain and varnish.  Wallpaper can mask 
prepared surfaces and these areas should be included in the survey.   
 
2.  Select appropriate materials and locations to be sampled. When sampling painted 
interior surfaces, representative samples must be obtained per client instruction or in 
general compliance with the most current revision of the Department of Housing and Urban 
Development Guidelines for the Evaluation and Control of Lead-Based Paint Hazards 
Housing, June 1995revision. 
 
3.  A heating tool and chisel is recommended to collect representative samples of painted 
surfaces, but a knife, chipping hammer or paint scraper may also be used.  Minimum force 
should be used to prevent the generation of dusts and particles.  Wear protective goggles, 
abrasion resistant gloves and/or particulate respirator as appropriate to the task.  
 
Check with the analytical laboratory you will use to determine minimum sample size 
required. A two square inch (2 in2) sample is recommended for each sample. The sample 
size should be documented on the sample log.  Some laboratories conducting toxic 
characteristic leaching procedures (TCLP) analysis may request up to ten grams (10 g) per 
sample.  Lead-based paint samples must be removed down to the bare substrate to ensure 
each layer of paint has been collected.  Use a brush or mini-vacuum to clean up residual 
material and place it in the sample container. 
 
4.  Assign a sample number to each sample collected.  Affix a label or mark the sample 
container indelibly with a sample identification number.  Seal the sample container securely. 
Document descriptions and locations of each surface sampled on a field log. It is 
recommended that a photograph depicting the material and location be taken. 
 
5.  Send results and chain or custody to an American Industrial Hygiene Association (AIHA) 
accredited laboratory for analysis. 



 
STANDARD OPERATING PROCEDURE for EPA  Brownfield Grant Projects 

 
E.4010 

(Formerly E.590) 
 

AIRBORNE LEAD AND PARTICULATE MATTER MONITORING 
SAMPLE COLLECTION 

 
 
Last Revision/Review: March 2014 
Reviewer / Office:  DEK/Corporate 
 
Objective and Application 
Indoor air sampling requires the participation / review of a Terracon industrial hygienist (IH) in 
selecting methods and scoping work.  Engaging an IH is encouraged for any airborne 
contaminants.  For direction to local or regional assistance, contact the Chair of the Industrial 
Hygiene Practice Resource Group on the Terracon Environmental Services Webpage. Click 
here if viewing electronically. 
 
The following procedure is for collection of samples for measurement of total airborne 
particulate matter and airborne lead particulate.  The methods will provide representative 
samples for laboratory analysis using NIOSH Method 7300. 
 
Equipment 
The following equipment and supplies will be needed for this testing: 
 
 Air monitoring cassettes containing mixed cellulose ester filters with a 0.8 µm pore size pre-

weighed and numbered by the laboratory. 
 Rotometer or other flowmeter accurate to the 0.1 L/min.  Flowmeters used for calibration of 

air sample pumps will be calibrated against a primary standard on a quarterly basis. 
 Air monitoring pump (battery operated or ac powered depending on application) capable of 

provided a 1 to 4 L/min flow rate through the sample filter. 
 Vinyl tubing to connect pump to cassette. 
 Cassette stand or other means to fix cassette in place as appropriate to testing location. 
 Chain of Custody. 
 
Procedures 
Select a location for sample that is subject to full ambient air flow but not subject to vibration that 
could dislodge particulates from the surface of the filter.  A location protected from precipitation 
should be selected, if available.  Excessive moisture will interfere with sample analysis and 
could effect the flow rate. 
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Label cassette and record laboratory identification number on chain of custody.  Assemble 
sampling pump, tubing and stand in sample collection location.  The base of the cassette should 
be a press fit into the interior of the tubing.  The joint between the tubing and cassette may be 
reinforced with tape if site conditions make this necessary.  Cassette must be tilted downward at 
a 45º angle from horizontal.  Cassette and pump should be placed so that the sample does not 
have to be moved after sample calibration. 
 
A short section of vinyl tubing should be used to connect the flowmeter to the inlet port of the 
cassette.  An adapter fitting may be needed to connect the tubing to the cassette.  If a rotometer 
is used for flow calibration, the instrument must be held upright for accurate readings.  Turn on 
the pump and measure the flow rate.  Using the flow control on the pump, adjust the flow to the 
desired reading between 1.0 and 4.0 L/min.  Record the sampling start time and beginning flow 
rate. 
 
After completion of the sample collection, inspect the pump and cassette for any problems that 
may affect the sample validity (wet filter, stand blown over, etc.) and record any problems noted.  
Measure the flow rate using the procedure described above.  The average of the two flow rates 
will be used by the laboratory to calculate the sample volume.  Turn off the pump and cap the 
inlet and outlet ports on the filter cassette.  Record the sampling completion time and ending 
flow rate. 
 
Documentation 
 
In addition to chain of custody documentation, the following must be provided to the laboratory 
performing sample analysis: 
 
 Average flow rate (average of beginning and ending readings) 
 Sample duration 
 Filter number 
 Requested analytical method 
 
The following additional information must be collected for Terracon’s project files: 
 
 Sample date 
 Sample times 
 Sample location 
 Activities performed by during the sampling 
 Wind orientation (upwind, downwind, etc.) 
 Weather conditions 
 
Attached or Referenced Supporting Information 
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 Industrial Hygiene Technical Manual – Chapter II: Standard Methods for Sampling Air 
Contaminants 

 
 NIOSH Method 7300 – Elements by ICP 
 



 
STANDARD OPERATING PROCEDURE for EPA Brownfield Grant Projects 

 

 
E.4020 

AVIAN PATHOGEN SAMPLING - AIRBORNE 
(Bat and Pigeon Droppings) 

 
 
Last Revision/Review: March 2014 
Reviewer / Office:  DEK/Corporate 
 
Objective and Application 
Indoor air sampling requires the participation / review of a Terracon industrial hygienist (IH) in 
selecting methods and scoping work.  Engaging an IH is encouraged for any airborne 
contaminants.  For direction to local or regional assistance, contact the Chair of the Industrial 
Hygiene Practice Resource Group on the Terracon Environmental Services Webpage. Click 
here if viewing electronically. 
 
The following procedure is for collection of samples for measurement of total airborne 
particulate matter and airborne lead particulate.  The methods will provide representative 
samples for laboratory analysis using NIOSH Method 7300. 
 
Equipment 
The following equipment and supplies will be needed for this testing: 
 
 Air monitoring cassettes containing mixed cellulose ester filters with a 0.8 µm pore size pre-

weighed and numbered by the laboratory. 
 Rotometer or other flowmeter accurate to the 0.1 L/min.  Flowmeters used for calibration of 

air sample pumps will be calibrated against a primary standard on a quarterly basis. 
 Air monitoring pump (battery operated or ac powered depending on application) capable of 

provided a 1 to 4 L/min flow rate through the sample filter. 
 Vinyl tubing to connect pump to cassette. 
 Cassette stand or other means to fix cassette in place as appropriate to testing location. 
 Chain of Custody. 
 
Procedures 
Select a location for sample that is subject to full ambient air flow but not subject to vibration that 
could dislodge particulates from the surface of the filter.  A location protected from precipitation 
should be selected, if available.  Excessive moisture will interfere with sample analysis and 
could effect the flow rate. 
 
  
Label cassette and record laboratory identification number on chain of custody.  Assemble 
sampling pump, tubing and stand in sample collection location.  The base of the cassette should 
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be a press fit into the interior of the tubing.  The joint between the tubing and cassette may be 
reinforced with tape if site conditions make this necessary.  Cassette must be tilted downward at 
a 45º angle from horizontal.  Cassette and pump should be placed so that the sample does not 
have to be moved after sample calibration. 
 
A short section of vinyl tubing should be used to connect the flowmeter to the inlet port of the 
cassette.  An adapter fitting may be needed to connect the tubing to the cassette.  If a rotometer 
is used for flow calibration, the instrument must be held upright for accurate readings.  Turn on 
the pump and measure the flow rate.  Using the flow control on the pump, adjust the flow to the 
desired reading between 1.0 and 4.0 L/min.  Record the sampling start time and beginning flow 
rate. 
 
After completion of the sample collection, inspect the pump and cassette for any problems that 
may affect the sample validity (wet filter, stand blown over, etc.) and record any problems noted.  
Measure the flow rate using the procedure described above.  The average of the two flow rates 
will be used by the laboratory to calculate the sample volume.  Turn off the pump and cap the 
inlet and outlet ports on the filter cassette.  Record the sampling completion time and ending 
flow rate. 
 
Documentation 
 
In addition to chain of custody documentation, the following must be provided to the laboratory 
performing sample analysis: 
 
 Average flow rate (average of beginning and ending readings) 
 Sample duration 
 Filter number 
 Requested analytical method 
 
The following additional information must be collected for Terracon’s project files: 
 
 Sample date 
 Sample times 
 Sample location 
 Activities performed by during the sampling 
 Wind orientation (upwind, downwind, etc.) 
 Weather conditions 
 
Attached or Referenced Supporting Information 
 
 Industrial Hygiene Technical Manual – Chapter II: Standard Methods for Sampling Air 

Contaminants 
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 NIOSH Method 7300 – Elements by ICP 
 



 
 

E.410 
SUBSURFACE SAMPLING – GENERAL PUSH-PROBE TECHNOLOGY 

 
 
Last Revision or Review:  June 2010 
  

1. OBJECTIVE 
 
Geoprobe equipment is a proprietary system capable of performing both sampling and onsite 
analysis functions.  The proprietary name Geoprobe has become synonymous with pushprobe 
technology, where the samplers or monitoring technology are advanced to depth by hydraulic 
push.  The push may be assisted by inducing a vibration to the sampler.  
 
Generally, sampling is accomplished using hydraulically pushed probes and analysis is 
accomplished using a gas chromatograph (GC).  This equipment was originally developed to 
screen for the subsurface presence of volatile organic compounds (VOCs) in unsaturated zone 
soil gas.  It may also be used to obtain soil and ground water samples and to screen such 
samples for VOCs or semivolatile organic compounds (SVOCs).  However, the analytes of 
primary interest in Geoprobe work are generally VOCs. 
 
Geoprobe equipment offers a relatively high degree of mobility for sampling and the ability to 
produce screening level analytical results while still mobilized to a site.  The cost-effectiveness 
of this approach is reduced when soil or ground water samples are of interest, the analytes 
involved are SVOCs, or a higher degree of analytical quality is necessary. 
 
The purpose of this document is to provide Terracon Geoprobe operators with a standard field 
procedure for general application.  It may be supplemented by the generation of written site-
specific sampling and analysis plans (SAPs) prepared prior to field work.  Project Managers are 
generally responsible for providing Geoprobe operators with a SAP sufficiently in advance of 
proposed site work to allow for proper mobilization (including procurement of any necessary 
sampling equipment, sample containers, analytical standards, reagents, personal protective 
equipment, or other necessary equipment) and are required to consult with Geoprobe operators 
in the development of such SAPs. 
 
2. SAFETY AND HEALTH 
 
All Terracon field work is carried out under the provisions of a safety and health plan.  Most 
Geoprobe work is covered by generic safety and health plans pertinent to intrusive work where 
petroleum hydrocarbons are anticipated or where there is a potential to encounter low 
concentrations of either petroleum hydrocarbons or chlorinated compounds.  For any project 
involving greater potential hazard (e.g., work inside spaces with restricted ventilation and the 
potential to encounter high concentrations of volatile compounds, work involving the potential to 
encounter high concentrations of chlorinated compounds, or solvent extraction prior to analysis), 
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the Project Manager will ensure that a site-specific safety and health plan is obtained from the  
Corporate Safety and Health Manager prior to mobilization. 
 

3. EQUIPMENT 
 
Geoprobe equipment may vary from unit to unit.  But should carry the equivalent of the following 
equipment mounted in mobile one ton van: 
 
 1. Geoprobe components - 
 
  a. GW-40 hydraulically powered probe. 
  b. 1 inch nominal diameter 3 feet length probe rods. 
  c. Soil piston samplers and acetate liners. 
 
 2. GC components1 - 
 
  a. Shimadzu GC-14A laboratory quality GC. 
  b. Shimadzu electron capture detector (ECD). 
  c. Shimadzu flame ionization detector (FID). 
  d. Photoionization detector (PID). 
  e. 30 m x 0.53 mm ID Supelco 3 mm Vocol capillary column. 
  f. Shimadzu gas flow controller. 
  g. Compressed air (service to FID). 
  h. Compressed hydrogen (service to FID). 
  i. Ultrapure compressed nitrogen or helium (carrier gas). 
  j. Regulators for compressed gas bottles. 
  k. Various size glass syringes (1 uL to 5 mL). 
  l. Appropriate analytical standards. 
  m. 40 mL nominal volatile organic analysis (VOA) vials. 
 
 3. Data system components - 
 
  a. APEX CSI dual channel A to D converter. 
  b. Sager NP 700 486-66 laptop computer. 
  c. APEX data system program (Version 2.1). 
 
 4. Miscellaneous equipment - 
 
  a. Scale. 
  b. Oven. 
  c. Fire extinguisher. 
                                                 
     1Current equipment is listed.  Equipment may change as appropriate for the analytes of concern and to reflect new technological 
developments.  For example, the PID is currently out of service and is expected to be replaced in the future.  Therefore, specific 
information regarding it is not listed.  The standard column currently in use is listed.  However, other columns may be more appropriate 
for the analyte(s) of concern in a specific project. 
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  d. Various tools. 
  e. Clean distilled and/or deionized water (hereinafter referred to as distilled) water. 

4. METHODS 
 
 A. Sample Collection and Holding 
 
 The Geoprobe van, the working end of the hydraulic system (i.e., those portions of the 
system in contact with probe rods), all used probe rods, and all used sample contacting 
equipment will be cleaned prior to coming onsite for the first time in a project.  Hydraulic lines 
will also be checked and tightened, if necessary, to ensure that no leaks are occurring.  Clean 
probe rods will be used for each probe and used probe rods will be kept segregated from clean 
probe rods from the time they have been used until they have been cleaned.  The working end 
of the hydraulic system will also be checked between probes and cleaned as necessary to 
reduce potential cross-contamination (see Section 4.D below regarding cleaning procedures). 
 
  1.  Soil Gas Samples (Onsite Analysis) 
 
   a. Soil gas samples provide semiquantitative information concerning 
concentrations of VOCs in soil gas at the time of sampling.  These may be influenced by the 
proximity of sources of VOC contamination (e.g., vertical contamination in the unsaturated zone 
soil profile or contaminated ground water) as well as a variety of other factors (e.g., soil and 
VOC characteristics and ambient temperature). 
 
   b. Soil gas samples will be taken at a depth of at least 6 feet below ground 
level (BGL).  When attempting to characterize contaminated ground water plumes, soil gas 
samples will be taken within 3 feet of ground water. 
 
   c. Soil gas probes will be placed into the ground in a manner that will maintain 
a seal between the probe and the surrounding soil. 
 
   d. The suitability of each sampling location will be determined by testing the air 
permeability of the soil from which the sample is to be taken.  An amount of air equal to five to 
10 times the internal volume of the probe will be extracted prior to sampling.  If this volume 
cannot be drawn within 10 minutes, soil gas cannot be used to test for VOC contamination at 
that location. 
 
   e. The sample will be collected for analysis without opening the system to 
outside air. 
 
   f. The sampling stream will be completely free of elastomers and each 
component of the sampling stream shall be new and clean or have been cleaned prior to each 
use.  The cleanliness of the sampling stream shall be verified by running analytical blanks as 
specified in this document. 
 
   g. Soil gas samples will be analyzed immediately after the sample has been 
obtained. 
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  2. Soil Samples (On/Offsite Analysis) 
 
   a. Currently accepted standard procedures for sample collection, sample 
preparation, and analysis of VOC contaminated soil samples necessarily involve substantial 
losses.  Therefore, results for such samples should only be considered semiquantitative.  
Additionally, quantitative comparison of results should take into account whether they are based 
on dry or wet sample weight.  Generally, commercial analytical laboratories report on a wet 
weight basis.  However, results may be reported on a dry weight basis under certain 
circumstances. 
 
   b. Soil samples will be obtained using any standard Geoprobe sampler.  
Typically these consist of various size piston samplers.  Preference is given to the use of large 
bore samplers with removable acetate liners.  These are capable of recovering cores 24 inches 
long and 1-1/8 inches in diameter.  Standard thin-walled samplers (Shelby tubes) may also be 
utilized. 
 
   c. A variety of containers are appropriate for the collection and storage of soil 
samples.  These include the acetate liners noted above.  When such liners are used, the ends 
must be sealed during storage prior to analysis and aliquots to be analyzed should be obtained 
from as near the center of the sample as possible.  Soil samples to be sent offsite for analysis 
should be collected in clean, 4 ounce glass containers with Teflon-lined lids.  Soil should be 
placed in these containers rapidly, with as little matrix disturbance as possible, and in a manner 
that minimizes headspace.  The container should be tightly sealed immediately after the sample 
is placed in it.  All soil samples should be preserved by cooling to 4 oC if they are not analyzed 
immediately after collection.  Geoprobe analysis of soil samples for VOCs must be completed 
within 24 hours of sample collection. 
 
   d. Soil samplers will be cleaned prior to initial use at a site.  They will also be 
cleaned prior to each subsequent use.  The cleanliness of soil samplers shall be verified by 
running analytical blanks as specified in this document. 
 
  3. Ground Water Samples (On/Offsite Analysis) 
 
   a. Ground water samples obtained using Geoprobe equipment can be 
expected to contain substantial concentrations of sediments.  Therefore, they should be 
considered equivalent in character to borehole water samples. 
 
   b. Ground water samples will normally be collected by vacuum extraction 
using the same probe rods and tubing utilized for soil gas sample collection.  The Geoprobe 
may also be used to install small diameter slotted well points or push screen point samplers.  
Additionally, ground water samples may be obtained through probe rods or from slotted well 
points using stainless steel mini-bailers. 
 
   c. Ground water samples will be placed in clean, glass 40 mL VOA vials with 
open caps and Teflon septums.  The sample shall be placed into these vials rapidly, with as little 
turbulence as possible, and in a manner that eliminates headspace.  The container should be 
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tightly sealed immediately after the sample is placed in it.  All ground water samples should be 
preserved by cooling to 4 oC if they are not analyzed immediately after collection.  Geoprobe 
analysis of ground water samples for VOCs must be completed within 24 hours of sample 
collection. 
 
   d. The sampling stream will be completely free of elastomers and each 
component of the sampling stream shall be new and clean or have been cleaned in accordance 
with the procedures specified in this document prior to each use.  When reusable equipment is 
used (e.g., stainless steel mini-bailers), it will be cleaned prior to initial use and each 
subsequent use.  The cleanliness of the sampling stream shall be verified by running analytical 
blanks as specified in this document. 
 
 Probe holes will generally be abandoned by backfilling with bentonite pellets immediately 
after rods and samplers have been withdrawn.  In the event more restrictive project, local, or 
state requirements exist, they will be identified prior to field work and complied with. 
 
 B. Sample Preparation and Analysis (Onsite Analysis) 
 
Manufacturer instructions will be complied with in the operation of the GC and ancillary 
equipment for the analysis of environmental samples.  Information from the scientific literature 
will also be relied on for guidance.  Selection of columns, GC operating parameters, and 
detectors will be consistent with and appropriate for the types of analytes of concern. 
 
   
  1. Soil Gas Samples 
 
   Soil gas samples are obtained with a glass syringe and run by direct injection 
into the GC.  No other sample preparation is required.  The volume of the injection can be 
varied to keep the response within the range of the calibration curve and bracketed by 
standards.  Soil gas samples must be run at the time they are obtained.  They may not be held 
for subsequent analysis. 
 
 
 
  2. Soil and Ground Water Samples 
 
   a. VOCs 
 
    1) VOCs must be extracted from the soil or ground water matrix for 
analysis by GC.  This may be accomplished by purge and trap or headspace procedures.  The 
normal Geoprobe procedure will be heated headspace.  Research indicates that results by 
either approach can be expected to correlate well in the case of water samples that do not 
contain substantial concentrations of sediments.  Data pertaining to the effect of sediments is 
lacking; however, purge and trap would be expected to be a more effective extraction procedure 
than headspace in the case of VOCs that are more likely to be adsorbed (i.e., having higher log 
octanol/water partition coefficients).  Differences in the efficiency of extraction procedures for 
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specific VOCs should be considered when comparing Geo-probe and analytical laboratory 
results for split samples. 
 
    2) Soil Heated Headspace Analysis 
 
     a) Weigh a clean, dry, 40 mL VOA vial (with the top off).  Record this 
weight to the nearest 0.1 g.  The approximate mean weight of such vials is 24.1 g. 
 
     b) Place approximately 5 g of the soil sample in the vial and obtain 
their combined weight.  Record this weight to the nearest 0.1 g and proceed to the next step 
(the combined weight minus the empty vial's weight is the weight of the sample).  In the case of 
heavily contaminated samples, the mass of sample used can be reduced to keep the response 
within the range of the calibration curve and bracketed by standards. 
 
     c) Using a graduated cylinder, add 20 mL of clean, distilled water 
into the vial with the sample and cover it snugly by screwing on the vial's open top cap and 
Teflon seal. 
 
     d) Shake the sample to attempt to break the soil up. 
 
     e) Heat the sample in an oven at 60 oC for 15 minutes to facilitate 
volatilization of VOCs from the sample into the vial headspace. 
 
     f) Using a clean glass syringe, obtain a headspace gas sample 
through the Teflon seal for direct injection into the GC.  The volume of the injection can be 
varied to keep the response within the range of the calibration curve and bracketed by 
standards. 
 
    3) Ground Water Heated Headspace Analysis 
 
     a) Using a clean graduated cylinder, place 20 mL2 of the ground 
water sample into a clean 40 mL VOA vial and cover it snugly by screwing on the vial's open top 
cap and Teflon seal. 
 
     b) Heat the sample in an oven at 60 oC for 15 minutes to facilitate 
volatilization of VOCs from the sample into the vial headspace. 
 
     c) Using a clean glass syringe, obtain a headspace gas sample 
through the Teflon seal for direct injection into the GC.  The volume of the injection can be 
varied to keep the response within the range of the calibration curve and bracketed by 
standards. 
 

                                                 
     2The intention is to fill the vial to a volume exactly the same as that used for standards and approximately half full.  Since the actual 
volume of these vials is approximately 44 mL, this will make the volumetric concentration of headspace gas slightly less than that of the 
ground water sample, if all VOCs can be driven from the aqueous to the gaseous phase.  However, aqueous phase samples and 
standards having the same contaminant concentrations should produce equal gas phase concentrations. 
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   b. Various chemical extraction methods are available which may be used for 
SVOCs.  Selection of an appropriate method will be made on a case-by-case basis.  Whenever 
such a method is used, quality assurance (QA) measures will be utilized to evaluate its 
effectiveness (e.g., submittal of duplicate samples for laboratory confirmation or analysis of soil 
media certified performance evaluation samples) and appropriate provisions will be incorporated 
within the project safety and health plan. 
 

  3. Temperature Programs 
 
 The temperature program utilized must be appropriate for the analyte(s) of concern.  
Standard programs are as follows: 
 
  a. Chlorinated Solvents 
 
   1) Injector   225 oC 
    2) Initial column3  35 oC for 2 minutes 
    3) Column ramp rate  10 oC/minute 
    4) Final column   100 oC for 2 minutes 
    5) ECD and PID  250 oC 
 
   b. Petroleum Hydrocarbons 
 
   1) Injector   225 oC 
    2) Initial column  60 oC for 2 minutes 
    3) Column ramp rate  10 oC/minute 
    4) Final column 
     1) BTEX/Gas TPH 150 oC for 2 minutes 
     2) Diesel TPH  200 oC 
    5) FID and PID  250 oC 
 

  4. Compressed Gas Flow Rates 
 
 The standard column nitrogen gas flow rate is 10 mL/minute.  The standard FID gas flow 
rates are 20 mL/minute for air and 4 mL/minute for hydrogen. 
 
 C. Analytical Quality Control and Assurance 
 
Quality control (QC) and assurance (QA) terms have been variously defined.  In this procedure 
they are defined as follows:  QC consists of those activities performed for the purpose of 
controlling analytical quality; and QA consists of those activities performed for the purpose of 
providing assurance that analytical quality is in fact being achieved.  By these definitions, QC 
activities include training of personnel, utilization of standard procedures, maintaining clean 
conditions through the use of new or properly cleaned equipment and reagents, maintenance of 
equipment, calibration activities, and documentation.  QA activities include analysis of blanks, 

                                                 
     3When ambient air temperature exceeds 75 oF the initial column temperature will be 45 oC. 
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analysis of known concentrations or spikes (including surrogates), analysis of replicate samples, 
analysis of evaluation samples, and audits.  QA activities provide evidence that the analytical 
process is under control and capable of producing suitably unbiased, accurate, and precise 
results. 
 

  1. Quality Control 
 
A primary QC requirement is that GC operators be properly trained and knowledgeable.  
However, operator training will not be otherwise addressed in this document.  The purpose of 
this procedure is to help ensure that standard methods are available and implemented.  
Equipment cleaning procedures are specified in Section 4.D of this document.  In general, 
maintenance of all equipment will be performed as specified in manufacturer instructions.  
Documentation requirements are specified in Section 5 below.  Minimum calibration 
requirements are as follows: 
 
   a. Standards for calibration will be prepared from pure standard materials or 
purchased as certified solutions.  Standards will be prepared in methanol.  Standards will be 
stored with minimal headspace, at 4 oC, and protected from light.  All standards must be 
replaced after six months, or sooner if comparison with check standards or other QA measures 
indicate a problem. 
 
   b. Initial calibration.  When new equipment has been placed in operation, an 
initial calibration curve will be generated.  A minimum of three standard levels will be used for 
initial instrument calibration when either an FID or PID is in use.  When an ECD is used, a 
minimum of five standard levels will be used. 
 
   c. Continuing calibration.  The calibration curve will be verified each working 
day by the injection of one or more calibration standards prior to analysis of any samples.  If the 
response for analytes is within the range of 80 to 120 percent of that predicted, sample analysis 
may continue with the same calibration curve.  If recovery is outside of that range, a new 
calibration curve will be prepared for the analyte involved by running two additional standards.  
Calibration standards will be run at a frequency of at least one for every 10 samples.  When an 
ECD is in use, this frequency will be increased to one for every five samples.  When a new 
calibration curve is required, results for all samples which have been run since the last 
satisfactory continuing calibration will be appropriately qualified to indicate that circumstance. 
 
   d. The type of calibration standard will be appropriate to the type of sample 
being analyzed.  Gas phase standards will be used when analyzing soil gas and aqueous phase 
standards will be used to produce headspace gas for injection when analyzing soil and ground 
water samples.  The working range will generally be defined by initial calibration standards of 
the following concentrations - 
 
    1) Gas phase:  15, 30, and 60 ug/L for all detectors.  These 
concentrations will be achieved by varying injection volumes from a single concentration 
standard. 
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    2) Aqueous phase:  5, 25, and 100 ug/L for FID and PID and 1, 5, 10, 25, 
and 50 ug/L for ECD.  These concentrations will be achieved by a combination of varying the 
mass of standard injected into distilled water and/or injection volumes. 
 
   e. The calibration curve will be linear and pass through the origin.  
Additionally, the calculated correlation coefficient for it shall be 0.95 or greater. 
 
   f. Other combinations of calibration standards may be used if information on 
site conditions indicates they would produce equivalent or better results. 
 
 Additional QC requirements are as follows: 
 
   a. Glass syringes may be used on one sample per day.  After use, they must 
be cleaned prior to reuse.  Cleaning is accomplished by washing as necessary, rinsing with 
hexane and methanol, and baking at a temperature of at least 60 oC for at least 15 minutes. 
 
   b. The GC sample injector port septum will be replaced regularly, depending 
on use, to prevent possible gas leakage. 
 
   c. When pulling gas or aqueous phase samples from probes, tubing will be 
connected to the vacuum pump via an adaptor which does not come into contact with the 
sample stream.  The adaptor will be replaced periodically as necessary to ensure cleanliness 
and a good fit.  At the end of each working day, adaptors which have been used will be cleaned 
with a detergent solution, rinsed with control water, and baked at a temperature of at least 60 oC 
for at least 15 minutes prior to being reused. 
 

  2. Quality Assurance 
 
   a. Method Blanks 
 
Method blanks will be run for the purpose of evaluating process bias.  The following method 
blanks will be performed: 
 
    1) A method blank will be run at the beginning and, generally, near the 
end of each day of operation.  However, the second method blank will not be run if cleaning of 
sample contacting equipment has not been performed or if results for a site are predominantly 
low or below detection limits.  The method blank will include final rinse water from cleaning of 
probe rods and/or sample contacting equipment and aliquots of any reagents used in sample 
preparation.  Distilled or "control water" will be substituted for final rinse water if the latter is 
unavailable. 
 
    2) If analytes are detected in a method blank, the source of the 
contamination will be identified and measures instituted to eliminate it.  Results for any project 
samples which have already been run since the last clean method blank will also be evaluated 
to determine the impact of this circumstance.  If the analytes involved were detected in them, 
they will be rerun.  Otherwise, they will not be rerun. 
 
   b. Known Concentrations or Spikes 
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Continuing calibration standards will be utilized as known concentrations for the purpose of 
evaluating process accuracy and bias.  Surrogates and matrix spikes will not normally be 
analyzed.  If surrogates or matrix spikes are analyzed, the acceptance range is 80 to 120 
percent recovery.  Results within this range indicate an acceptable level of accuracy.  If results 
are outside of this range, data must be appropriately qualified to indicate that circumstance and 
corrective action taken to regain process control. 
 
   c. Replicates 
 
For every 10 samples (or at least once per day), a replicate shall be run for the purpose of 
evaluating process precision.  Replicates shall be carefully prepared to minimize sampling 
variation as a source of error.  All available site information shall be utilized to ensure that 
detectable concentrations of analytes are present in replicates.  If detectable concentrations of 
analytes are not present in samples, a replicate of at least one continuing calibration standard 
per day shall be run.  Results of 25 percent or less relative percent difference (RPD) indicate an 
acceptable level of precision.  The RPD for comparison with this criterion is calculated as the 
absolute difference between replicate results divided by their mean.  If results exceed this RPD, 
data must be appropriately qualified to indicate that circumstance and corrective action taken to 
improve process control. 
 
   d. Performance Evaluation Samples 
 
The Geoprobe QA Officer will ensure that at least one certified performance evaluation sample 
(water media) per quarter shall be run on a single blind basis.  The nature of such samples shall 
take the general sample load into consideration.  When target compounds are predominantly 
volatile petroleum hydrocarbons, most performance evaluation samples will consist of the 
compounds benzene, toluene, ethylbenzene, and xylenes (BTEX).  At least once a year, a 
performance evaluation sample (water media) for selected volatile halocarbons will also be run. 
 
   e. QA Audits 
 
QA audits will be performed by the Geoprobe QA Officer on an on-call and project-specific 
basis.  The file on at least one completed Geoprobe project involving onsite GC analysis will be 
randomly selected for audit each quarter.  At or about the same time, the Geoprobe QA Officer 
will visually inspect the Geoprobe van and all onboard associated equipment. 
 
The Geoprobe QA Officer will prepare a report following each calendar year for submittal to all 
Southern Division Office Managers.  It will include the following information for that period: 
 
 1. Performance evaluation sample results. 
 2. Routine project file audit results. 
 3. On-call project-specific audit results. 
 4. Geoprobe van visual inspection results. 
 
 D. Equipment Cleaning 
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 Cleaning of field equipment will be performed in accordance with ASTM Standard D 5088-
90.  At a minimum, this means that probe rods and sample contacting equipment will be washed 
with a detergent solution and rinsed with "control water".  Control water is defined as water 
having a known chemistry.  Water from any public water supply operating in compliance with the 
Safe Drinking Water Act should meet this requirement.  It will generally not be necessary to 
document the quality of control water unless there are unresolved method blank detections.  
Trihalomethanes are the volatile contaminants most likely to be encountered in control water.  
Where more rigorous cleaning procedures are necessary, they will be specified in the site-
specific SAP. 
 

5. DOCUMENTATION 
 
A separate project file (alpha identifier) will be maintained for Geoprobe projects.  This file will 
include the following minimum documents: 
 
 1. That portion of the project SAP covering Geoprobe work. 
 2. The site-specific safety and health plan for all work requiring one. 
 3. A short narrative project report to include - 
  a. A summary of field work performed. 
  b. A summary of field methods actually used if there were any substantial 
deviations from or changes to the SAP. 
   c. Reasons for any changes to the SAP. 
  d. A site diagram with sufficient detail or information to approximately identify the 
location of all probes performed and/or samples obtained. 
  e. The identity of onsite Terracon project personnel. 
   f. The identity of onsite client project personnel. 
   g. The identity of onsite regulatory or other significant personnel. 
 4. Results for each sample run (including calibration and QA samples).  Results include 
the chromatogram obtained and output values determined for analytes (i.e., retention time, area, 
peak height, and concentration).  The source of calibration should be identified for all samples. 
 5. The initial calibration curve, results of continuing calibration standards, and any 
subsequent calibration curves. 
 6. Results for all QA samples including calculated recovery and relative percent 
difference (RPD) values. 
 7. Other relevant project data. 
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E.450 

SUBSURFACE SOIL SAMPLING – XITECH SAMPLER 
 
 
Last Revision or Review:  June 2010 
 
Objective and Application 
To provide standard procedure to obtain a sample of soil or other materials in-situ that is 
reasonably representative of the physical and chemical nature of the materials as they reside in 
the subsurface.   
 
This is done by pressing a thin-walled metal tube and liner into the soil/fill, removing the soil-
filled tube and removing the soil from the internal liner. 
 
The application is appropriate to cohesive soils with high clay content sufficient to remain stable 
within the sampler.  The method is not appropriate for unconsolidated materials or highly 
weathered bedrock. 
 
Equipment 
 Xitech hand auger assembly 
 Xitech slide hammer assembly 
 Xitech probe extensions 
 Internal sampler liners (plastic or brass) 
 Disposable chemical-resistant gloves. 
 Work gloves as appropriate. 
 Laboratory prepared sample containers. 
 Roll of plastic sheeting. 
 Plastic trash bag for collecting expended supplies. 
 Field documentation forms or project logbook. 
 Chain-of-Custody forms for samples intended for laboratory analysis. 
 Marking pencils or indelible markers that will not leave residues which can cause 

interference with laboratory testing procedures. 
 
Procedures 
Select the location.  Identify it with a unique designation for the project.  Diagram or otherwise 
describe the location on site diagrams or in the logbook relative to a fixed benchmark that will 
allow the specific location to be re-visited in the future, if necessary.  If appropriate, estimate the 
vertical elevation of the sample and record.   
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If the sample is constructed of multiple aliquots to represent averaging of conditions in 
soils/tailings/spoils, diagram or otherwise describe the area represented by the constructed 
sample.  Diagram or otherwise accurately describe sub-sample locations on forms or in the 
logbook relative to a fixed benchmark that will allow the specific sub-sample locations to be re-
visited in the future, if necessary.  If appropriate, estimate the vertical elevation of the sub-
samples and record.   
 
At each location before collecting the soil sample, clean the Xitech sampling equipment using 
the appropriate procedure as required by the project.  If using brass liners, clean the liners 
before each use.  If using plastic liners, use a clean liner prior to collecting each sample.  Use a 
clean pair of disposable chemical-resistant gloves before handling soil samples.   
 
Assemble the Xitech hand auger assembly by attaching the tee-handle onto the auger drill 
head. Rotate the auger drill head into the soil.  When the containment chamber becomes full, 
remove the auger drill head and manually clear the chamber. Attach extensions to the hand 
auger assembly as necessary to reach the desired depth. 
 
When the desired depth has been reached, remove the hand auger drill head and attach the 
probe head.  Slip a liner (brass or plastic) into the sampler housing and secure using the locking 
pin.  Remove the hand auger tee-handle and attach the slide hammer assembly.  Lower the 
probe with liner into the augered hole and hammer the assembly six (6) inches into the soil.  
Hammer upward (if necessary) to retrieve the core.   
 
Place the sample directly into the laboratory prepared sample container(s) and complete the 
sample label and Chain-of-Custody as instructed by the project manager. 
 
If intended for laboratory analysis, preserve the sample as required by project plans. 
 
Attached Supporting Documents 
 
 Soil Sampling Section from Owners Manual for Xitech Instruments, Inc. Soil Gas Sampler, 

Model Vista 4000. 



 
 

E.460 
SUBSURFACE SOIL SAMPLING – SHELBY TUBE APPARATUS 

 
 
Last Review or Revision:  June 2010 
 
Objective and Application 
To provide standard procedure to obtain a sample of soil or other materials in-situ that is 
reasonably representative of the physical and chemical nature of the materials as they reside in 
the subsurface.   
 
This is done by pressing a thin-walled metal tube into the soil/fill, removing the soil-filled tube 
and sealing the tube sampler against disturbance. 
 
The application is appropriate to cohesive soils with high clay content sufficient to remain stable 
within the sampler.  The method is not appropriate for unconsolidated materials or highly 
weathered bedrock. 
 
Equipment 
 
The apparatus will be generally consistent with ASTM D1587 and will be commercially 
manufactured.   
 
The materials of the apparatus will be compatible, physically and chemically with the materials 
to be sampled.   
 
The equipment will be used with proper accessories and equipment compatible with the 
drilling/sampling platforms specified under TSOP E.300.   
 
The samplers will be maintained consistent with the manufacturer’s recommendations.   
 
Procedures 
The procedure for applying the equipment will be determined by the Project Manager using as 
guidance ASTM D1584.  The guidance is not intended to replace education or experience and 
will be used in conjunction with professional judgment.   
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Attached Supporting Documents 
 
 ASTM D6169-98 Standard Guide for Selection of Soil and Rock Sampling Devices Used 

With Drill Rigs for Environmental Investigations. 
 
 ASTM D1587 Standard Practice for Thin-Walled Tube Geotechnical Sampling of Soils. 
 
 E.460.A Thin Wall Tube Sampler, Soil Sampling, Core Rotary Tools and Accessories – 

Catalog 747, Mobile Drilling Company, Inc. 
 
Other References 
 
1. A Well Drilling Methods Primer - An Overview of the Various Major Well Construction 

Methods, Water Well Journal, November 1981. 
 
2. Central Mine Equipment Manuals:CME550/CME750, specific to limits, use and supporting 

equipment of the drilling platform, most current. 
 
3. Drilling Safety Guide, National Drilling Federation, Diamond Core Drill Manufacturers 

Association, and National Drilling Contractors Association, 1989. 
 



  
 

 
E.465 

SUBSURFACE SOIL SAMPLING – SPLIT BARREL 
 
 
Last Review or Revision:  June 2010 
 
Objective and Application 
To provide standard procedure to obtain a sample of soil or other materials in-situ that is 
reasonably representative of the physical and chemical nature of the materials as they reside in 
the subsurface.   
 
This is done by drilling inside a hollow-stem auger, pressing or pounding a split-barreled metal 
tube into the soil/fill, removing the soil-filled tube from the ground, and obtaining the soil sample 
by removing the two halves of the barrel. 
 
The application is appropriate to cohesive soils with high clay content sufficient to remain stable 
within the sampler.  The method is not appropriate for consolidated materials or highly 
weathered bedrock.  For unconsolidated materials, placement of a catcher within the shoe of 
the split barrel sampler is necessary to ensure retention of the unconsolidated material with the 
sampler. 
 
Equipment 
 
The apparatus will be generally consistent with ASTM D1586 and will be commercially 
manufactured.   
 
The materials of the apparatus will be compatible, physically and chemically with the materials 
to be sampled.   
 
The equipment will be used with proper accessories and equipment compatible with the 
drilling/sampling platforms specified under TSOP E.300.   
 
The samplers will be maintained consistent with the manufacturer’s recommendations.   
 
Procedures 
The procedure for applying the equipment will be determined by the Project Manager using as 
guidance ASTM D1584.  The guidance is not intended to replace education or experience and 
will be used in conjunction with professional judgment.   
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Attached Supporting Documents 
 
 ASTM D1586 Standard Test Method for Penetration Test and Split-Barrel Sampling of 

Soils. 
 
 E.465.A Split Barrel Sampler, Soil Sampling, Core Rotary Tools and Accessories – 

Catalog 747, Mobile Drilling Company, Inc. 
 
Other References 
 
1. A Well Drilling Methods Primer - An Overview of the Various Major Well Construction 

Methods, Water Well Journal, November 1981. 
 
2. Central Mine Equipment Manuals:CME550/CME750, specific to limits, use and supporting 

equipment of the drilling platform, most current. 
 
3. Drilling Safety Guide, National Drilling Federation, Diamond Core Drill Manufacturers 

Association, and National Drilling Contractors Association, 1989. 
 
4. ASTM D6169-98 Standard Guide for Selection of Soil and Rock Sampling Devices Used 

With Drill Rigs for Environmental Investigations. 
 



 
 

 
E.468 

SAMPLE HANDLING - SOIL (LEVEL D) 
 
Last Review or Revision: June 2010 
 
1. OBJECTIVE 
 
 To obtain a representative soil or sediment sample for chemical analysis.  This includes the 

documentation of sampling methods, and protocols used for sample collection, processing, 
handling and shipment. 

 
2. EQUIPMENT 
 

 Monitoring equipment (HNU, OVA, OVM, TGI, TIP, FID  color metric detector tubes) as 
specified by Project Manager; 

 
 Sampling Device (split barrel sampler, hand auger, hand trowel, shovel, posthole 

digger, tube sampler, or other appropriate sampling device); 
 
 Decontamination Equipment; 
 
 Laboratory prepared sample containers; 
 
 Forms including "Soil Sampling Information Sheet", chain-of-custody, etc; 
 
 Indelible ink pen; 
 
 Stainless steel bowl; 
 
 Plastic sheet; 
 
 Site map; 
 
 Measuring wheel; 

 
 Engineers tape marked in units of feet, tenths of a foot (0.1 ft.), and hundredths of a foot 

(0.01 ft.); 
 
 Tool box; 
 
 Disposable chemical-resistant gloves; and 
 
 Chem-wipes. 
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3. PROCEDURES. 
 
 a) Surficial soil/sampling 
 

 Determine sample location (set grid, if necessary) 
 
 Determine the proper sampling device based on soil type, depth, sample type, 

etc. 
 
 Collect each sample at the specified depth consistently for each sample. 

 
 b) Direct Sampling 
 

 Transfer sample directly from the sampling device to the sample container. 
 
 If evaluating for organic vapors, transfer half of sample to glass mason jar or 

plastic bag (zip top) for field testing.  The sample should be split so as to obtain 
a sample for screening that is representative of the sample for testing.  This can 
be accomplished by slicing the sample (if cohesive) lengthwise or by using 
other mechanical means.  Care should be taken so as not to over-agitate the 
sample, especially if volatile organic compound testing is required. 

 
 Document visual and physical characteristics 

 
 c) Composite sampling (non-volatile only)  
 

 Decreases analytical cost but also decreases ability to detect low level 
contamination 

 
 Transfer equal volume/weight of sample from each location/depth to a stainless 

steel mixing bowl 
 
 Use a hand trowel or spoon to mix the soil sample 
 
 If the sample size is very large, composite on a large sheet of clean plastic or 

stainless steel cookie sheet pan, or mix equal volumes from numerous 
composite samples. 

 
 If soils are cohesive, break up clumps. 
 
 Spread soil uniformly on plastic sheet or in bottom of stainless steel bowl or 

stainless steel tray and divide into quarters. 
 
 Obtain equal quantity of soil from each sample for transfer to sample container 

(without mixing or break up). 
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 d) Decontamination 
 

 Decontamination procedures should be specified by the project manager. 
 
 Decontamination procedures for UST sites includes an Alconox detergent 

scrub followed by a clean water rinse. 
 
 Decontamination fluids are to be replaced between sample locations (each 

boring) to reduce the potential for cross contamination. 
 
 e) Sample preservation - store in cooler with ice. 
 
 f) Sample documentation 
 

 Complete the "Soil Sampling Information Sheet" and chain-of-custody form.  
Date to be recorded includes sampling location, methodology, depth, visual and 
physical characteristics, time and date. 

 
 
4. ATTACHED SUPPORTING DOCUMENTATION 
 

a) ASTM D4220 Practice For Preserving and Transporting Soil Samples 
 
5. OTHER REFERENCES 
 
 a)  Laboratory- or program-specific requirements for handling, preservation, and 

transport of samples for chemical analyses. 
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EXAMPLE SOIL SAMPLING INFORMATION SHEET 
 
 
PROJECT NAME _____________________________ PROJECT NO. ______________ 
 
PROJECT LOCATION ________________________________________________________ 
 

 
SAMPLE POINT ______________ DATE ____________ TIME __________________ 
SAMPLE POINT DESCRIPTION ___________________________________________ 
SAMPLE METHOD _____________________________________________________ 
SAMPLE INTERVAL ____________________________________________________ 
SAMPLE DESCRIPTION _________________________________________________ 
SAMPLE APPEARANCE _________________________________________________ 
ORGANIC VAPOR READING _____________________________________________ 
SAMPLING PROBLEMS _________________________________________________ 
CLEANING PERFORMED IN FIELD ________________________________________ 
COMMENTS __________________________________________________________ 
 

 
 

 
SAMPLE POINT ______________ DATE ____________ TIME __________________ 
SAMPLE POINT DESCRIPTION ___________________________________________ 
SAMPLE METHOD _____________________________________________________ 
SAMPLE INTERVAL ____________________________________________________ 
SAMPLE DESCRIPTION _________________________________________________ 
SAMPLE APPEARANCE _________________________________________________ 
ORGANIC VAPOR READING _____________________________________________ 
SAMPLING PROBLEMS _________________________________________________ 
CLEANING PERFORMED IN FIELD ________________________________________ 
COMMENTS __________________________________________________________ 
 

 
 
FORM COMPLETED BY: __________________________ DATE ______________________ 
 
 
 



 
 

 
E.470 

SAMPLE HANDLING – GROUNDWATER (LEVEL D) 
 
Last Review or Revision: June 2010 
 
 
OBJECTIVE 
To collect a representative groundwater sample from the sampling point for chemical analysis.  
This includes the documentation of sampling methods, sampling supplies, and protocol to reduce 
potential for alteration and or cross-contamination during the sampling event. 
 
EQUIPMENT 

 Monitoring equipment specified by project manager; 
 

 Electronic water level indicator, phase level indicator, etc.; 
 
 Decontamination equipment; 
 
 Proper forms, labels and indelible ink pen; 
 
 pH, temperature, and specific conductance meter; 
 
 Sample containers and packing material, tape, and labels;  
 
 Filtration device and filters (and fixing agents as appropriate); 
 
 Cooler with ice pack and packing media; 
 
 Bucket (calibrated in gallons or liters) 
 
 Sampling device 

 
  Bailers, pumps, etc. 

 
 Keys for locking cap on well; 
 
 Rope - steel, nylon, teflon, or polypropylene; 
 
 Deionized (DI) water; 
 
 Chemical-resistant gloves 
 
 Knife; and  
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 Site map. 

 
PROCEDURES 
 a) Preparation 
 

 Meet with Project Manager; 
 
 Obtain the bottles, forms, and equipment necessary to complete the sampling 

event; 
 
 Calibrate all field equipment i.e., pH and conductivity meters; 
 
 Establish sampling well sequence (generally least impacted to most impacted). 

 
 b) Field Activities 
 

 Water levels - collect and record water levels (and well depth, if requested 
by P.M.) 

 
 c) Contamination minimization 
 

 Use plastic sheet if necessary 
 
 Use proper bailing techniques (hand over 

hand) to prevent rope from touching the 
ground or low flow sampling techniques with 
dedicated disposable tubing 

 
 d) Sample Collection 
 
  1) Preservation 
 

 Use containers with proper preservative if necessary. 
 
 Routine preservatives are listed in the attached documentation (Check 

with Project Manager and/or lab). 
 
  2) Filtration 
 

 Metals only - (Do not filter samples for VOC analyses). 
 
 Field filter samples collected for dissolved metals analyses immediately 

after collecting the sample (if required and/or allowed by local or state 
regulations). 

 
 Filter the sample prior to adding preservative or transferring to sample 

container containing a preservative(if required and/or allowed by local or 
state regulations). 
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 Discard the filter, tubing and transfer container. 

 
  3) Collection 
 

 Minimize disturbances that may aerate the sample (i.e., lower bailer 
slowly into water, pour slowly into sample container, use low flow 
sampling procedures, etc.). 

 
 Pour water from the top of the bailer or insert the bottom emptying 

device for sample transfer. 
 
 Transfer the groundwater sample directly to 

the laboratory prepared sample container or 
the filter cup. 

 
 Samples collected for VOCs should always 

be collected from a recently filled bailer full 
of water as soon as it is brought to the 
surface. 

 
 Collect samples for VOCs by forming a positive meniscus on the sample 

vial and capping immediately. 
 
 VOC samples must be free of air bubbles. 
 
 Do not over-fill sample containers which contain a preservative. 
 
 Place samples in cooler with ice or blue-ice. 

 
  4) Filtration Procedures 
 

 Set up filtering apparatus according to the manufacturer's directions. 
 
 Use a 0.45 micron membrane filter (may need a pre-filter to prevent 

clogging if the sample is turbid). 
 
 Flush a minimum of 250 ml of D.I. water (or larger volume if 

recommended by manufacturer specifications) through the filtering 
apparatus and filter prior to filtering the sample. 

 
 Pump the sample through the filter and discard the initial 100-200 ml (if 

you have sufficient volume). 
 
 Collect and transfer the remaining sample volume to the sample 

container. 
 

  5) Data Documentation 
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 Record all pertinent sampling information on the sampling container 
label, sampling information form, chain-of-custody, and shipping form. 

 
 Pertinent data will vary based on the parameter and the form; however, 

the following data must be recorded.  Time, date, job number, project 
name, sampling location, samplers name, sampling methodology, 
parameters to be analyzed, stabilization data, and general observations. 

 
 Make all entries in the chain-of-custody form prior to leaving the site. 

Ensure that the chain-of-custody protocol required for the project is 
maintained. 

 
 If samples must be shipped, the chain-of-custody form must be 

enclosed with the samples and the container sealed with Terracon 
security labels.  Obtain a post office receipt, bill of lading or similar 
document from the shipper to be included as part of the chain-of-
custody documentation.  Return one copy of the chain-of-custody 
documentation to the project manager. 

 
  6) Equipment Cleaning 
 

 Clean all equipment used as specified by the Project Manager and 
according to cleaning procedures prior to collecting a sample from the 
next sample location. 

 
  7) Sample Packaging and Shipment 
 

 Carefully package the samples in a cooler with ice.  Take care to wrap 
the sample containers in packing materials and place in sealed Zip top 
bags.   

 
 Ship the samples via overnight courier as specified by the Project 

Manager.  Be sure to secure all address labels with clear packing tape. 
 
Attached Supporting Documents 
 
 Typical Chemical Analysis Methods and Preservatives. 
 
Other Supporting Documents 
 
 ASTM D4448-85a Standard Guide for Sampling Groundwater Monitoring Wells. 
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 Typical Chemical Analysis Methods and Preservatives 
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X X X X 14* 40 mL GV

X X X X 7** 8 oz. CW M
X X X 7** 2 Liter AWM

X X X X 7** 8 oz. CW M
X X X X 7** 2 Liter AWM

X X X X 180 4 oz. CW M
X X X X 180 500 mL HDPE

NIOSH 1501 Benzene, Toluene X X X X 14 Carbon Filter
X X X X 14* 4 oz. CW M

X X X X 14* 250 mL HDPE

 * = Preserve within 2 days then analyze within 14 days
 ** = Extraction to occur within 7 days and analysis within 40 days after extraction
CWM = clear wide mouth
HDPE = High-density polyethylene bottles
GV = Glass vial
AWM = Amber wide mouth 
AJ = Amber Jug

Holding 
Time 
(Days)

Container     
Type

EPA 8260B

Laboratory Quantity
Sample Matrix

EPA 6010

EPA 8082

Preservative

Sample Quantity (Minimum)

Field Recovery 
Quantity

Pilot Chemical    
Group

Analytical        
Test Method

EPA 9040A

VOCs

SVOCs

Metals

PCBs

pH

EPA 8270C



 
 

 
E.480 

SURFACE WATER SAMPLING 
 
Last Review or Revision: June 2010 
 
OBJECTIVE 
To collect a representative surface water sample from the sampling point for chemical analysis.  
This includes the documentation of sampling methods, sampling supplies, and protocol to reduce 
potential for alteration and or cross-contamination during the sampling event. 
 
This TSOP describes the procedure and equipment for collecting surface samples of water or 
other liquids using a dipper or equivalent.  A pond sampler or dipper with extension handle 
allows the operator to sample streams, ponds, waste pits, and lagoons as far as 15 ft from the 
bank or other secure footing.  The dipper is useful in filling a sample bottle without 
contaminating the outside of the bottle.  This TSOP can be used to describe the sampling 
procedures to be used from a boat or from within the stream using hip-waders, however specific 
safety precautions should be implemented in these situations.  See the project manager if 
sampling will not be conducted from the shore or other stable surface (boat dock, etc.).   
 
EQUIPMENT 

 Sampling and monitoring equipment specified by project 
manager; 

 Disposable chemical-resistant gloves; 
 Cleaning equipment; 
 Proper forms, labels and indelible ink pen; 
 Sample containers and packing material, tape, and labels;  
 Cooler with ice pack and packing media; 
 Dipper or equivalent sampling device; and 
 Site map. 

 
PROCEDURES 
 
1. Clean sampling equipment in accordance with E.2410.  
2. Locate sampling site at the designated point in the stream.  
3. Attach extensions to the dipper as required to reach the distance from the shore specified by 

the project manager. 



TSOP E.480 Terracon 
           

 2

4. Submerge the container end of the dipper at sampling point such that mouth of dipper is at 
the depth specified by the project manager.  If no depth has been specified, submerge the 
dipper about 2 to 3 inches below the water surface, if possible.   

5. Allow the dipper to fill; rinse the dipper by shaking and discharging this water.  Repeat this 
procedure three times.  

6. Collect sample and transfer into a holding container or directly to the laboratory sample 
container.  If a holding container is used for ease of transfer or to create a composite sample 
from multiple sampling locations, transfer water from the holding container into sampling 
bottles.  

7. Fill out appropriate field form(s) documenting sample location, time, and other pertinent 
information before leaving sampling site.  

 
OTHER SUPPORTING DOCUMENTS 
ASTM D5358-93 Standard Practice for Sampling with a Dipper or Pond Sampler. 



 
 

 
E.50 

Sampling – Environmental Representativeness 
 
LAST REVIEW OR REVISION: June 2010  

OBJECTIVE AND INTENT: 
The information value of data depends heavily upon the interaction among sampling and 
analytical designs in relation to the intended use of the data, the site-specific context 
surrounding that intended use, and the associated quality control. The environmental condition 
of the site will be determined by the chemical data from samples collected in the field.  

 
The term "representative data" means that there is 
some stability in the samples and assurance of a 
reasonable data density for the site being sampled. 
“Reasonable” data density varies depending on the 
intended use of the information. Project decisions 
which are very general in nature or used only for 
preliminary decision-making may have a very limited 
data density to represent the site, but the decisions 
which can be made from the data are also limited.  
Project decisions made from data for enforcement or 
litigation are much more concerned with sampling 
density and how well the information represents the 
site.  
 
The procedures, handling and documentation by 

Terracon staff should routinely and consistently be as uniform as is practicable so that any 
sample from any media best represents the environmental condition. 
 
This procedure is provided as supporting guidance and direction to Terracon field and design staff 
to provide quality samples representative of  the intended project decision.   

APPLICATION 
 
Sampling is the selection of a representative portion of a larger population, universe or body.  
Through examination of a sample, the characteristics of the larger body can be inferred. The 
characteristics to be inferred will directly affect the method and procedure to select a representative 
sample. 
 
Technical information derived from soil and groundwater samples differ greatly for purposes of 
geotechnical and environmental engineering, although the physical procedures of sample 

A Quick Look – USEPA CLU-IN 2001
 
Data quality is the function of the data's 
information content and its ability to 
represent the true state of a site. 
 
Data representativeness is the measure 
of the degree to which samples can be 
used to estimate the characteristics of 
the true state of a hazardous waste site.
 
Brownfields are considered an  
application in which data quality and 
representativness will play an important 
role. 
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collection or measurement are often the same.  The proper application of any one or more physical 
procedures to collect the sample will be dependent on the characteristic condition the sample is 
intended to represent. Environmental and geotechnical characteristics can often be determined 
from the same sample, other times they cannot. Combined use must be carefully considered by 
the Terracon Project Manager before application. 
 
In general, any representative environmental sample is intended to reflect the in-situ, or 
undisturbed, chemically-impacted condition measured relative to the project decision and must 
consider; 
 
 The media of the sample and it’s physical properties 
 The contaminant of concern and it’s physical properties 
 The contaminant of concern and it’s chemical properties 
 The spatial boundaries to be represented by the sample 
 

EQUIPMENT 
 
Equipment will be as specified by the Project Manager, specific to the requisite Terracon Standard 
Operating Procedure (TSOP). 

PROCEDURES 
 
Procedures will be as specified by the Project Manager, specific to the requisite Terracon Standard 
Operating Procedure (TSOP).   
 
However, Terracon personnel shall be cognizant of and maintain the following general “rules of 
thumb” when reviewing TSOPs provided by Managers and when field procedures raise changed 
conditions which require communication of the new conditions back to the Project Manager; 
 
 Volatile chemicals of concern dictate the least amount of disturbance and handling to preserve 

the representative characteristic; the lower the concentration of concern in the sampled body 
the more important the issue of disturbance becomes. 

 
 Non-volatile chemicals of concern dictate a greater amount of disturbance and handling to 

preserve the representative characteristic; this may allow more extensive methods to physically 
select a representative sample and may allow the construction of composite samples in some 
regulatory programs. 

 
 A decreasing  sensitivity to disturbance is generally associated with sampled media as follows; 
 

 Water 
 Granular soils or other materials 
 Bedrock or other consolidated materials 
 Clay soils or other materials with high clay or organic contents 
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 Samples taken by mechanical samplers should represent both the vertical and horizontal 
spatial boundaries of the media collected. 

 
 Samples taken by mechanical samplers should represent the media that is least influenced by 

the sampling method.  For example, in a split spoon sampler the interior of the sample 
recovered is more representative than the exterior edge which contacted and is disturbed by 
the steel split spoon shell during penetration. 

DOCUMENTATION 
 
Documentation will be as specified by the Project Manager, specific to the requisite TSOP. 

ATTACHED SUPPORTING DOCUMENTS 
 
SOP 2001, Rev 0.0 EPA ERT GENERAL FIELD SAMPLING GUIDELINES  
 

OTHER SUPPORTING DOCUMENTS 
 
TSOP E.30 Chain-of-Custody Documentation 
TSOP E.100 Surface & Near Surface Soil Sampling – Grab 
TSOP E.100 Series Surface/Near Surface Sampling Terracon Procedures 
TSOP E.300 Series Drilling Terracon Procedures 
TSOP E.400 Series Subsurface Sampling Terracon Procedures 
 



 
 

 
E.500 

pH FIELD SCREENING - SOIL 
 
 
Last Review or Revision:  June 2010 
 
Objective and Application 
To provide a qualitative and limited quantitative field screening of soil samples to aid in the 
evaluation of soil for acidity or causticity.  This procedure is applicable for sites where moderately 
low or high pH soils are expected, such as coal pile storage.   
 
Equipment 
 Disposable chemical resistant gloves, 
 Sterile container or clean zip top bag, 
 ColorPHast or equivalent litmus strips, and 
 Deionized water. 
 
Note regarding the ColorPHast or equivalent litmus strips:  These litmus strips are commonly 
available to cover a range of possible pHs.  Typical ranges used for this procedure are 0-6, 5-
10, and 7.5-14 standard units.  Other ranges are also available.  Before field mobilization, 
discuss the anticipated pH range of the soils to be tested and mobilize strips for the appropriate 
range.  Strips should be stored in a dry location; it may be necessary to package the strips in a 
watertight zip top bag or equivalent before mobilization into the field.   
 
Procedures 
For each soil sample to be screened for pH, place a small (1oz.) amount of soil in a sterile 
container or clean zip top bag.  Add an approximately equal amount of deionized water.  Mix the 
solution until a slurry results or until all of the soil has been wetted.  Place a litmus strip in the 
solution and allow the strip to become fully wetted.  A test time of about 30 seconds is usually 
sufficient.   
 
Compare the color of the test strip to the pH indicator 
chart on the front of the ColorPHast package.  The 
precision of the indicator chart will vary depending on 
the range of the strips used.  The example shown 
indicates that for strips covering the 0-14 standard units 
range, a precision of 1 standard unit is available.  
Intermediate pH values may be estimated by 
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interpolating between the colors shown on the chart.    
 
Documentation 
Record the pH of the sample on forms provided by the Project Manager or in the field log book. 
Pertinent data will vary based on the parameter and the form; however, the following data must be 
recorded.  Time, date, job number, project name, sampling location, samplers name, and general 
observations. 
 
Other Supporting Documents 
ASTM D4972-01 Standard Test Method for pH of Soils. 
 
 



 
 

 
E.530 

pH FIELD SCREENING - WATER 
 
 
Last Revision or Review:  June 2010 
 
Objective and Application 
To provide a qualitative and limited quantitative field screening of water samples to aid in the 
evaluation of water for acidity or causticity.  This procedure is applicable for sites where moderately 
low or high pH water is expected. 
 
Equipment 
 Disposable chemical-resistant gloves, 
 Sterile container or clean zip top bag, 
 Corning Checkmate M90 equipped with pH sensor, 
 Corning Checkmate M90 pH buffers (4, 7, and 10 standard units), 
 ColorPHast or equivalent litmus strips (to be used if pH meter is not being used or as a 

check of field equipment), and 
 Deionized water. 
 
Note regarding the ColorPHast or equivalent litmus strips:  These litmus strips are commonly 
available to cover a range of possible pHs.  Typical ranges used for this procedure are 0-6, 5-
10, and 7.5-14 standard units.  Other ranges are also available.  Before field mobilization, 
discuss the anticipated pH range of the water to be tested and mobilize strips for the appropriate 
range.  Strips should be stored in a dry location; it may be necessary to package the strips in a 
watertight zip top bag or equivalent before mobilization into the field.   
 
Procedures 
 Install the pH sensor onto the Corning Checkmate M90 meter. 
  

1. Locate the pins of the pH sensor and push firmly into the meter.   
2. Remove the sensor wetting cap and slide the vent sleeve to expose the fill hole. 

 
 Calibrate the pH meter at least daily in accordance with the manufacturer’s specifications.  

The following procedure will calibrate the Corning Checkmate M90 for pH measurements. 
 

1. Place the sensor in the calibrating medium (pH 7 buffer).   
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2. Press cal – cal 1 is displayed.  After endpointing the display automatically updates to the 
calibrated value shown, or the temperature compensated value. 

3. Place the sensor in the second calibrating medium (pH 4 or 10 buffer).  If samples are 
anticipated to be acidic, use the pH 4 buffer.  If samples are anticipated to be basic, or 
caustic, use the pH 10 buffer. 

4. Press cal – cal 2 is displayed.  After endpointing the display automatically updates to the 
calibrated value shown, or the temperature compensated value. 

 
 For each water sample to be screened for pH, place a small amount of sample in a sterile 

container or clean zip top bag.  Place the sensor into the sample.  Automatic endpoint 
detection freezes the display when plateau is reached.   

 
 ColorPHast or equivalent litmus strips can be 

used to verify the results of the Corning Checkmate 
M90 meter and to check if the meter requires re-
calibration.  Place a litmus strip in the sample and 
allow the strip to become fully wetted.  A test time of 
about 30 seconds is usually sufficient.  Compare 
the color of the test strip to the pH indicator chart on 
the front of the ColorPHast package.  The 
precision of the indicator chart will vary depending on the range of the strips used.  The 
example shown indicates that for strips covering the 0-14 standard units range, a precision 
of 1 standard unit is available.  Intermediate pH values may be estimated by interpolating 
between the colors shown on the chart.    

 
Documentation 
Record the pH of the sample on forms provided by the Project Manager or in the field log book. 
Pertinent data will vary based on the parameter and the form; however, the following data must be 
recorded.  Time, date, job number, project name, sampling location, samplers name, and general 
observations. 
 
Attached Supporting Documentation 
Corning Checkmate M90 (or equivalent) Operating Instructions 
 
Corning Checkmate M90 (or equivalent) Sensor Information 



 
 

 
E.540 

CONDUCTIVITY FIELD SCREENING - WATER 
 
 
Last Revision or Review:  June 2010 
 
Objective and Application 
To provide a qualitative and limited quantitative field screening of water samples to aid in the 
evaluation of water for the relative presence of ions in the sample.   
 
Equipment 
 Disposable chemical-resitant gloves, 
 Sterile container or clean zip top bag, 
 Corning Checkmate M90 (or equivalent) equipped with conductivity sensor, 
 Corning Checkmate M90 (or equivalent) conductivity standard A or B (1413 uS or 12.88 

mS), and 
 Deionized water. 
 
Procedures 
 Install the conductivity sensor onto the Corning Checkmate M90 meter. 
  

1. Locate the pins of the conductivity sensor and push firmly into the meter.   
2. Remove the sensor wetting cap and slide the vent sleeve to expose the fill hole. 

 
 Calibrate the conductivity meter at least daily in accordance with the manufacturer’s 

specifications.  The following procedure will calibrate the Corning Checkmate M90 for 
conductivity measurements. 

 
1. Hold the sensor in free air.   
2. Press cal – cal 1 is displayed.  After endpointing the display automatically updates to the 

calibrated value shown, or the temperature compensated value. 
3. Place the sensor in the second calibrating medium (conductivity standard A or B). 
4. Press cal – cal 2 is displayed.  After endpointing the display automatically updates to the 

calibrated value shown, or the temperature compensated value. 
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 For each water sample to be screened for conductivity, place a small amount of sample in a 
sterile container or clean zip top bag.  Place the sensor into the sample.  Automatic endpoint 
detection freezes the display when plateau is reached.   

 
Documentation 
Record the conductivity of the sample on forms provided by the Project Manager or in the field log 
book. Pertinent data will vary based on the parameter and the form; however, the following data 
must be recorded.  Time, date, job number, project name, sampling location, samplers name, and 
general observations. 
 
Attached Supporting Documentation 
Corning Checkmate M90 (or equivalent) Operating Instructions 
 
Corning Checkmate M90 (or equivalent) Sensor Information 
 
 



 
 

 
E.550 

Field Surface Screening – Soil / Photoionization Detector 
 
Last Review or Revision: June 2010 
 
Objective 
 
To provide a qualitative and limited quantitative field screening of soil samples to aid in the 

evaluation of soil for the presence of volatile or semi-volatile organic chemicals.   
 
The procedure is premised on the physical property of volatile compounds to move from the soil 

matrix of a freshly obtained soil sample (e.g., split spoon sample, grab sample) to the 
airborne state as vapor. The measurement of ambient air in close proximity to the surface 
of the soil will produce an indication of contaminants moving from the soil matrix to air.  The 
relative strength of contaminants in ambient air around the sample will be considered an 
indication of the relative concentration of chemicals in the soil sample.   

 
The procedure is semi-quantitative but valid only for the most preliminary qualitative decision-

making. The procedure is highly susceptible to external air changes in wind velocity, 
ambient dilution by moving air and ambient influence by contaminants in moving air.  The 
rate and degree of volatilization is susceptible to smearing of the exterior of the sample by 
the sampler wall in clay soils.  

 
Measurements cannot be used as the sole indicator of soil contamination or in lieu of prescribed 

laboratory chemical testing for purposes of regulatory compliance. This procedure is only to 
be used for sites involving volatile or semi-volatile organic compounds, including 
tetrachloroethylene (perchloroethylene or PCE).  This procedure is not to be used for 
purposes of health and safety monitoring. 

 
Equipment 
 
 Calibration gas from manufacturer 
 Photoionization detector equipped with 10.0 eV lamp or greater. 
 Forms and indelible ink pen 
 Disposable chemical-resistant gloves 

 
Procedures 
 
On a daily basis, the unit should be gas calibrated to a manufacturer’s gas standard and the results 
recorded in the field logbook.  If the unit does not calibrate, return it to the local Terracon equipment 
evaluation for evaluation and, if necessary, repair. 
 
Immediately prior to making a field measurement the unit should be operated for approximately 1 
minute and any background concentrations noted or zeroed out relative to measurements. 
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The opened sampler should be placed on disposable plastic material or a surface that can be 
cleaned between tests to avoid inadvertent contribution of ionizable vapor from previous tests. 
 
Using a clean stainless steel knife or other cutting tool, slice through the sample to expose fresh 
soil material not smeared by the sampler or excavating equipment.  Immediately begin the test 
procedure as follows. 
 
 Place the tip of the PID probe between ½ and 1 inches from the surface of the exposed 

soil.   
 
 Maintaining the proper and constant distance of the probe tip from the sample move the 

probe very slowly over the surface of sample material, giving good coverage to all portions 
of the sample.  

 
 Total test time should be in excess of 1 minute for volatile chemicals of concern and in 

excess of 3 minutes for semi-volatile chemicals of concern. 
 
 Record the highest reading obtained as parts per million (ppm) calibration gas equivalents 

(i.e., TEI580 calibrated to isobutylene would be expressed as ppmi).  Record unusual 
fluctuations and any noticeable physical correlation to the sample (i.e., “highest readings at 
½-1 feet below ground surface over a sand seam in the split spoon sample”). 

 
Sample Disposal 
 
Soil samples should be returned to the site and included in auger soil or excavation soil for proper 
disposal. 
 
Documentation 
 
Record the highest reading in calibration gas equivalents on forms provided by the Project 
Manager or in the field log book.  Pertinent data will vary based on the parameter and the form; 
however, the following data must be recorded;  date, job number, project name, sampling location, 
sample interval (if appropriate) sample identification, samplers name, and general observations. 
 
Attached Supporting Documents 
 
 Thermo Environmental Instruments, Inc. OVM/Datalogger Model 580B Operating Manual 

 
 



 
 

 
E.552 

Field Headspace Screening – Soil / Photoionization Detector 
 
LAST REVIEW OR REVISION: June 2010 

OBJECTIVE 
 
To provide a qualitative and limited quantitative field screening of soil samples to aid in the 

evaluation of soil for the presence of volatile or semi-volatile organic chemicals.   
 
The procedure is premised on the physical property of volatile compounds to move from the soil 

matrix to the airborne state as vapor.   The amount of airborne material as vapor will be a 
relative concentration between samples if the volume of sample, volume of air, temperature 
and period of testing remain reasonably constant.  The measurement is semi-quantitative 
for qualitative decision-making.  

 
Measurements cannot be used as the sole indicator of soil contamination or in lieu of prescribed 

laboratory chemical testing for purposes of regulatory compliance. This procedure is only to 
be used for sites involving volatile organic compounds, including tetrachloroethylene 
(perchloroethylene or PCE).  This procedure is not to be used for purposes of health and 
safety monitoring. 

 

EQUIPMENT 
 
 Calibration gas from manufacturer 
 Photoionization detector equipped with 10.0 eV lamp or greater. 
 Test chamber, reusable or disposable, examples: 
 

 Mason jar with aluminum foil 
 Mason jar equipped with charcoal filter 
 Ziploc bags or other sealable container of at least 500 cubic centimeters to provide a                        

fixed headspace volume for constancy between tests 
 Rigid, disposable concrete test cylinder mold with plastic cap 

 
 Forms and indelible ink pen 
 Disposable chemical-resistant gloves 

PROCEDURES 
 
On a daily basis, the unit should be gas calibrated to a manufacturer’s gas standard and the results 
recorded in the field logbook.  If the unit does not calibrate, return it to the local Terracon equipment 
evaluation for evaluation and, if necessary, repair. 
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Immediately prior to making a field measurement the unit should be operated for approximately 1 
minute and any background concentrations noted or zeroed out relative to measurements. 
 
Prior to site testing an empty, unused test chamber should be sealed containing nothing but 
ambient air and allowed to stabilize for 1 minute.  Test the chamber headspace to identify 
background contaminants contributed by the chamber itself.  If anything is detected, change to 
another type of chamber which is inert relative to contributing ionizable materials to the headspace. 
 
 Transfer soil sample representative of the condition to be measured from the sampling 

device to testing chamber (e.g., mason jar covered by aluminum foil, disposal concrete 
cylinder mold,  Ziploc bag, or other sealable container).   

 
 Sample material should be representative of the vertical and  horizontal cross-section of the 

sampled interval.   
 
 The volume of soil should remain as constant as is practical for all site tests. 
 
 The soil volume should not exceed 25% of the total volume of the air-filled testing chamber.  
 
 Immediately seal the chamber after transfer and allow the sample to equilibrate for a 

minimum of 15 minutes at ambient  temperatures above 50 F. 
 
 Insert probe into sealed container for reading for 1 minute for volatile compounds of 

concern and 3 minutes for semi-volatile compounds of concern to account for varied 
response times. 

  
 Record highest reading obtained as parts per million (ppm) calibration gas equivalents (i.e., 

TEI580 calibrated to isobutylene would be expressed as ppmi) . 
 

SAMPLE DISPOSAL 
 
Soil samples should be returned to the site and included in auger soil or excavation soil for proper 
disposal. 

DOCUMENTATION 
 
Record the highest reading in calibration gas equivalents on forms provided by the Project 
Manager or in the field log book.  Pertinent data will vary based on the parameter and the form; 
however, the following data must be recorded;  date, job number, project name, sampling location, 
sample interval (if appropriate) sample identification, samplers name, and general observations. 

OTHER SUPPORTING DOCUMENTS 
 
 Thermo Environmental Instruments, Inc. OVM/Datalogger Model 580B Operating Manual 

 



 
 

 
E.554 

Field Screening – Air / Photoionization Detector 

LAST REVIEW OR REVISION: June 2010 

OBJECTIVE AND APPLICATION 
 
To provide a qualitative and limited quantitative field screening of ambient air to aid in the 

evaluation of air quality relative to monitoring health and safety of workers involved in 
environmental field activities involving known or potential volatile or semi-volatile organic 
chemicals of concern.   

 
The procedure is premised on the physical property of volatile compounds to move to the airborne 

state as vapor.   The amount of airborne material as vapor will be a relative concentration 
dependent on air currents and dilution. The measurement is semi-quantitative for qualitative 
decision-making.  

 
The intent is to monitor airborne concentrations of chemicals of concern in the breathing zone of 

workers.  Unless otherwise specified by the health and safety plan, the breathing zone will 
be considered the height above ground surface generally corresponding from knees-to-chin 
to provide for upright, squatting and bending during field activity by workers. 

 
This procedure is to be used primarily for purposes of health and safety monitoring.  These 

readings are not a representative screening indication of the levels of chemicals of concern 
in soils or other media.  

 
This procedure, though it may be used in combination with, does not replace similar methods and 

equipment used for confined space entry procedures.  Use of this procedure as part of 
confined space entry testing must be discussed with the Corporate Health and Safety 
Manager and approved prior to such use. 

 

EQUIPMENT 
 
Equipment will only be operated by personnel trained and qualified as competent on use of the 
machine prior to field use and under the direction of an experienced operator.  The following 
equipment will be used. 
 
 Calibration gas from manufacturer. 
 Photoionization detector equipped with 10.0 eV lamp or greater. 
 Charger unit and source of 110v power when needed, not in the form of a generator. 
 Forms and indelible ink pen 
 Disposable chemical-resistant gloves 
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PROCEDURES 
 
On a daily basis, the unit should be gas calibrated to a manufacturer’s gas standard and the results 
recorded in the field logbook.  If the unit does not calibrate, return it to the local Terracon equipment 
evaluation for evaluation and, if necessary, repair. 
 
Immediately prior to making a field measurement the unit should be operated for approximately 1 
minute remote from activities engaged in sampling or disturbing contaminants.  Any background 
concentrations should be noted or zeroed out relative to test measurements. 
 
Readings will be taken in the breathing zone.  Measurements can be taken continuously 
unattended (i.e., attached to the drill rig or excavator during equipment operations) or on an 
attended periodic basis specified by the project manager. 
 
For continuous unattended readings the unit will placed secure from damage or interference from 
machinery exhausts at an elevation consistent with the breathing zone and in close proximity to 
workers. The unit will be operated in a mode which will record the maximum reading without having 
to continuously view the readout. The unit will be operated in alarm mode set at the first response 
level specified in the project health and safety plan.  The maximum will be checked periodically by 
the operator, but on intervals never exceeding 30 minutes.  
 
For periodic attended readings the unit will be handheld.  The operator will hold the unit probe in 
the breathing zone, moving slowly through the zone in close proximity to workers without interfering 
with their activity. The reading will be made for no less than 3 minutes to account for response 
times of ionizable semi-volatile compounds of concern to account for varied response times. 
  
Record readings obtained as parts per million (ppm) calibration gas equivalents (i.e., TEI580 
calibrated to isobutylene would be expressed as ppmi) . 
 

DOCUMENTATION 
 
Record readings in calibration gas equivalents on the Acknowledgment Of Instruction Form of the 
project health and safety plan.  Alternatively, they may be recorded on forms or the project field log 
book provided by the Project Manager.  Copies of these records will be attached to and filed with 
the file copy of the health and safety plan.   
 
Readings will clearly be recorded and labeled as separate from readings made for the purpose of 
field screening soils for environmental impacts.   
 

OTHER SUPPORTING DOCUMENTS 
 
 Thermo Environmental Instruments, Inc. OVM/Datalogger Model 580B Operating Manual 

 



 
 

 
E.560 

SVOC Field Screening – Soil / Ultraviolet Fluorescence 
 
LAST REVIEW OR REVISION: June 2010 
 

OBJECTIVE AND APPLICATION 
 
To provide a qualitative field screening of soil samples to aid in the evaluation of soil for the 
presence of semi-volatile organic compounds. 
 
The procedure is premised on the physical property of long-chain hydrocarbons in petroleum 
materials to be reactive through fluorescence in response to mild radiation as ultraviolet light.  The 
screening has it’s basis in oil field petrology where core samples are bombarded with ultraviolet 
light to observe for fluorescence caused by the presence of crude oils not readily visible to the 
human eye. 
 
The procedure is qualitative and sensitive to the ability of the operator to visually discern, describe 
and record relative degrees and amounts of relative fluorescence.  
 
Measurements should consider the presence of naturally fluorescing minerals and other natural 
materials found in soil matrices. 
 
Measurements cannot be used as the sole indicator of soil contamination or in lieu of prescribed 
laboratory chemical testing for purposes of regulatory compliance. This procedure is only to be 
used for sites involving semi-volatile organic compounds.  This procedure is not to be used for 
purposes of health and safety monitoring. 

EQUIPMENT 
 
Equipment will only be operated by personnel trained and qualified as competent on use of the 
machine prior to field use and under the direction of an experienced operator. 
 

 Chromato-vue CC-60 Ultraviolet Illumination System (fluorometer) or equivalent 
equipped with mid- and high-range ultraviolet spectrum lamps. 

 
 Commercial grade trichloroethylene in a low volume, low pressure handheld spray 

bottle (optional) 
 

 Forms and indelible ink pen 
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 Disposable chemical-resistant gloves 
 

PROCEDURES 
 

 Place an aliquot of the soil sample to be screened in the viewing chamber. 
 

 Using the switch on the side of the viewing chamber to change wavelengths, view the   
sample under ultraviolet light at wavelengths of 254 and 365 nanometers. 

 
 Qualitatively record the relative distribution and intensity of observable fluorescence in the 

sample viewed under each wavelength.  Record the intensity of the fluorescence 
according to the following scale: 

 
 FR 0 Not Visible by the observer except as random “pinpoints” of fluorescence resulting 

minerals in the soil. 
 
 FR 1 Slight Fluorescence, faint fluorescence distributed visually without distinct pattern 

of segregation or generally over less than 1% of the exposed sample area viewed. 
 
 FR 2 Fluorescent, faint to moderate fluorescence distributed visually with distinct pattern 

of segregation or generally over more than 5% of the exposed sample area 
viewed. 

 
 FR 3 Highly Fluorescent, Fluorescent, strong and definitive fluorescence distributed 

visually with distinct pattern of segregation or generally over more than 10% of the 
exposed sample area viewed. 

 
 

 If directed by the project manager, also record the visually estimated area of the sample 
surface which fluoresces relative to the total sample exposed as a percentage.  

 
 If specified by the Project Manager, moisten the sample with a mist of trichloroethylene 

solvent and view a second time, again recording the relative distribution and intensity of 
fluorescence. 

SAMPLE DISPOSAL 
 
Soil samples should be returned to the site and included in auger soil or excavation soil for proper 
disposal.  If the trichloroethylene option is used, samples may require disposal as waste.  Consult 
with your project manager before using the trichloroethylene option. 
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DOCUMENTATION 
 
Record the intensity and fluorescence readings on forms provided by the Project Manager or in the 
field log book.  Pertinent data will vary based on the parameter and the form; however, the 
following data must be recorded.  Time, date, job number, project name, sampling location, 
samplers name, and general observations. 

OTHER SUPPORTING DOCUMENTS 
 

 Chromato-vue CC-60 Ultraviolet Illumination System, Operations Manual, UVP, Inc. 



 
 

 
E.570 

TEMPERATURE FIELD SCREENING - WATER 
 
 
Last Revision or Review:  June 2010  
 
Objective and Application 
To provide a qualitative and limited quantitative field screening of water samples to aid in the 
evaluation of water temperature.   
 
Equipment 
 Disposable chemical-resistant gloves, 
 Thermometer, 
 Sterile container or zip top bag, and 
 Deionized water. 
 
Procedures 
The sample containment area of the temperature meter or the measuring end of the 
thermometer should be cleaned with deionized water before each use. 
 
As the temperature of the water sample will begin to normalize to ambient temperature as soon 
as the sample is removed from its point of origin (monitoring well, stream, etc.), temperature 
should be the first field measurement obtained.  For each water sample to be tested, place a 
minimum of 100 milliliters (mL) of sample in the sterile container or zip top bag.  If less than 100 
mL is used, the temperature of the water sample may not stabilize prior to reaching ambient 
temperatures.  Insert the measuring end of thermometer into the water sample.  The 
thermometer should not rest against the sides of the sterile container while taking the 
measurement.  Allow the thermometer readings to stabilize, and record the final temperature.   
 
Documentation 
Record the temperature of the sample on forms provided by the Project Manager or in the field log 
book.  Pertinent data will vary based on the parameter and the form; however, the following data 
must be recorded.  Time, date, job number, project name, sampling location, samplers name, and 
general observations. 
 
Other Supporting Documentation 
ASTM E1 Standard Specification for ASTM Thermometers. 



 
 

 
E.580 

TURBIDITY FIELD SCREENING - WATER 
 
 
Last Revision or Review:  June 2010 
 
Objective and Application 
To provide a qualitative and limited quantitative field screening of water samples to aid in the 
evaluation of water for turbidity, or the presence of visible suspended solids.   
 
Equipment 
 Disposable chmical-resistant gloves. 
 LaMotte Turbidimeter Model 2008 or equivalent. 
 Deionized water. 
 
Procedures 
Before testing water samples, calibrate the turbidity meter according to the manufacturer’s 
recommendation.  Calibration should occur as often as specified by the Project Manager, but at 
a minimum should be conducted at the manufacturers specified intervals, and at a minimum on 
a daily basis.  The specialized sample containers supplied with the meter should be cleaned 
with deionized water prior to each use. 
 
For each water sample to be tested, place a small amount of sample in the sample container 
supplied with the turbidity meter.  Agitate the sample if needed to suspend any settled solids.  
Allow the turbidity readings to stabilize.  Warning – do not allow the sample to remain still long 
enough for suspended solids to begin settling out of suspension; this could result in the meter 
underestimating the turbidity of the sample.  Record the turbidity measured by the meter.   
 
Documentation 
Record the turbidity of the sample on forms provided by the Project Manager or in the field log 
book.  Pertinent data will vary based on the parameter and the form; however, the following data 
must be recorded.  Time, date, job number, project name, sampling location, samplers name, and 
general observations. 
 
Attached Supporting Information 
LaMotte Turbidimeter Model 2008 Operating Manual 
 
Understanding Turbidity Measurement, HACH Technical Center for Applied Analytical Chemistry 
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Other Supporting Information 
ASTM D1889-00 Standard Test Method for Turbidity of Water 



 
 

 
E.600 

H2S FIELD SCREENING – FIELD DETECTOR 
 
Last Revision or Review:  June 2010 
 
Objective 
To provide a qualitative and limited quantitative field screening of soil samples to aid in the 
evaluation of soil for the presence of hydrogen sulfide vapors.   
 
Equipment 

 Monitoring equipment 
 Hydrogen sulfide field detector. 
 Monitoring vessel 

    Mason jar with aluminum foil 
    Mason jar equipped with charcoal filter 
    zip top bags 

 Forms and indelible ink pen 
 Disposable chemical-resistant gloves 
 

Procedures 
 a) Backhoe 

 Evaluate soil in bucket of backhoe as it is removed from excavation 
 Remove surficial soil and expose new soil surface - may want to create a 

depression using your gloved hand. 
 Insert probe into depression or within 1/2 - 1 inch of surface. 
 Allow probe to stabilize if possible - may want to record range due to large 

fluctuations. 
 If soil is cohesive (silt & clay), break apart and expose the probe to fresh 

surface. 
 b) Split Barrel Sampler/CHSS or other field extractable samplers 

 Insert or wave probe over exposed soil collected using split barrel sampler 
immediately upon recovery. 

 If soil is cohesive, break apart and expose the probe to fresh surface. 
 Check observable sand seams and wherever there is a change in strata. 

 c) Specific (pseudo quantitative) 
 Transfer soil sample from sampling device to testing chamber (mason jar, 

aluminum foil covered, zip top bag). 
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 Insert probe into ziptop bag or mason jar, through aluminum foil, or attach to 
modified mason jar for reading 

 Record highest reading obtained. 
 
Sample Disposal 
Soil samples should be returned to the site and included in auger soil or excavation soil for proper 
disposal. 
 
Documentation 
Record the highest reading obtained on forms provided by the Project Manager or in the field log 
book.  Pertinent data will vary based on the parameter and the form; however, the following data 
must be recorded.  Time, date, job number, project name, sampling location, samplers name, and 
general observations. 
 



 
 

 
E.605 

METHANE MONITORING – FIELD DETECTOR 
 
Last Review or Revision:  June 2010 
 
Objective 
To provide a qualitative and limited quantitative field screening of soil samples to aid in the 

evaluation of soil for the presence of methane.   
 
Equipment 

 Monitoring equipment 
 
 Methane gas field detector. 
 
 Monitoring vessel 

 
    Mason jar with aluminum foil 
 
    Mason jar equipped with charcoal filter 
 
    Ziptop bags 
 

 Forms and indelible ink pen 
 
 Disposable chemical-resistant gloves 
 

Procedures 
 a) Backhoe 
 

 Evaluate soil in bucket of backhoe as it is removed from excavation 
 
 Remove surficial soil and expose new soil surface - may want to create a 

depression using your gloved hand. 
 
 Insert probe into depression or within 1/2 - 1 inch of surface. 
 
 Allow probe to stabilize if possible - may want to record range due to large 

fluctuations. 
 
 If soil is cohesive (silt & clay), break apart and expose the probe to fresh 

surface. 
 
 b) Split Barrel Sampler/CHSS or other field extractable samplers 
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 Insert or wave probe over exposed soil collected using split barrel sampler 
immediately upon recovery. 

 
 If soil is cohesive, break apart and expose the probe to fresh surface. 
 
 Check observable sand seams and wherever there is a change in strata. 

 
 c) Specific (pseudo quantitative) 
 

 Transfer soil sample from sampling device to testing chamber (mason jar, 
aluminum foil covered, ziptop bag). 

 
 Insert probe into ziptop bag or mason jar, through aluminum foil, or attach to 

modified mason jar for reading 
 
 Record highest reading obtained. 

 
Sample Disposal 
Soil samples should be returned to the site and included in auger soil or excavation soil for proper 
disposal. 
 
Documentation 
Record the highest reading obtained on forms provided by the Project Manager or in the field log 
book.  Pertinent data will vary based on the parameter and the form; however, the following data 
must be recorded.  Time, date, job number, project name, sampling location, samplers name, and 
general observations. 
 
 

 



 
 

 
E.610 

RADIOACTIVITY – FIELD DETECTOR 
 
Last Revision or Review:  June 2010 
 
Objective & Application: To provide a quantitative field screening for low-level radiation.  
 
Use of the radioactivity field detector will be required where the potential exists for low-level 
radiation to be present at a project site.  If radioactive waste may be present at the project site, the 
Project Manager, in conjunction with the Terracon Corporate Health and Safety Manager, will 
develop site-specific procedures.  Terracon personnel conducting field testing for radioactive 
materials require special radiological safety and nuclear gauge training.  Once a site has been 
“cleared” for the potential of radiation hazards, non-trained personnel will be allowed on-site.  The 
unit will only be calibrated and used by Terracon technicians certified with training in use of 
nuclear testing equipment, both gauge operation/calibration and radiological safety.  Training 
will be to requirements of 49CFR172, Subpart H. 
 
Equipment: 
 Victoreen Model 190 Survey Meter or equivalent 
 Marking tape or stakes 
 Measuring wheel or tape 
 
Procedures: 
Grid the area to be screened into quadrants.  Use the measuring device to locate the grid 
nodes, and mark the area using tape or stakes. 
 
Collect radiation readings at several monitoring points within each quadrant.   
 
Collect radiation readings from the ground surface to a height of approximately one (1) meter 
above the ground.  For comparison, background radiation readings should also be obtained in a 
similar manner from at least three (3) monitoring locations near the project site. 
 
Documentation: 
Record pertinent data in the field log book or on the supplied forms.  Pertinent data will vary based 
on the project; however, the following data must always be recorded; time, date, job number, 
project name, sampling location, samplers name, and general observations. 
 



 
 

 
E.620 

POLYCHLORINATED BIPHENYL FIELD SCREENING – CLOR-N-OIL 
FIELD DETECTOR 

 
Last Review or Revision:  June 2010 
 
Objective 
To provide a qualitative and limited quantitative field screening of electrical transformer oils to aid in 

the evaluation of the oil for the presence of polychlorinated biphenyls (PCBs).   
 
Equipment 
 Clor-N-Oil PCB Screening Kit or equivalent 
 Disposable chemical-resistant gloves 

 
Procedures 
 Remove contents of Clor-N-Oil PCB Screening kit.  Check contents to ensure that all items are 

present and intact.  Place the two (2) plastic tubes into the holder at the front of the box. 
 
 Unscrew the black dispenser cap from Tube #1.  Using the plastic pipette, transfer exactly 10 

ml (up to the black line) of transformer oil to be tested into the tube.  Replace the black 
dispenser cap securely. 

 
 Break the bottom (colorless) ampule in the tube by compressing the sides of the tub.  Mix 

thoroughly by shaking the tube vigorously for 10 seconds.  (Make sure that the colorless 
ampule is broken first, the gray one second).  Allow the reaction to proceed for an additional 50 
seconds (total of one minute), while shaking intermittently several times. 

 
 Remove the caps from both tubes and pour the clear buffer solution from Tube #2 (white cap) 

into Tube #1.  Replace the black cap tightly on Tub #1 and shake vigorously for 10 seconds.  
Vent the tube by partially unscrewing the dispenser cap.  Close securely and shake well for an 
additional 10 seconds.  Vent again, tighten cap, and stand tube upside down on its cap.  The oil 
mixture should no longer appear gray.  Allow the phases to separate for a full two minutes.  If 
the oil layer is below the buffer layer, discontinue the test at this point as the oil is primarily pure 
PCB (Askarel).  If the oil layer is above the water layer, continue the test. 

 
 Place the plastic filtration funnel into Tube #2.  Position Tube #1 over funnel and open nozzle 

on dispenser cap.  Dispense 5 mls of the clear solution through the filter into Tube #2 (up to the 



TSOP E.620 Terracon 
           
 

 2

5 ml line) by squeezing the sides of Tube #1.  Do not allow any of the oil to pass through the 
filter.  Close the nozzle on the dispenser cap on Tube #1 and remove the filter funnel from 
Tube #2.  Replace the cap on tube #2 Break the bottom (colorless) ampule and shake for 10 
seconds.  Break the top (colored) ampule and shake for 10 seconds. 

 Observe the resultant color immediately and compare to the color chart below for chlorine 
determination.  If the solution appears purple, the oil sample contains less than 20 ppm PCB.  If 
it appears yellow or colorless, it MAY contain more than 20 ppm PBC and should be tested 
further by a PCB specific method.  Disregard any color that may develop in a thin layer of oil 
that might form on tip of the solution. 

 
Sample Disposal 
 Open the “Disposal Ampule” container and drop the ampule into Tube #2.  Replace the cap on 

the test tube.  Crush the ampule by squeezing the sides of the tube.  Shake for five (5) 
seconds.  This reagent immobilizes the mercury so that the kit passes the EPA’s TCLP test. If 
the test indicates that the oil does not contain PCBs, the kit may be disposed as regular waste. 
If the test indicates that the oil contains PCBs, check with the Project Manager for proper 
disposal in accordance with local regulations.   

 
Attached Supporting Documents 
 Instructions for Clor-N-Oil 20 PCB Screening Kit, Dexsil Corporation. 
 
Documentation 
Record the results of the colormetric test on forms provided by the Project Manager or in the field 
log book.  Pertinent data will vary based on the parameter and the form; however, the following 
data must be recorded.  Time, date, job number, project name, sampling location, samplers name, 
test results, and general observations. 
 
 

 



 
 

 
E.630 

X-RAY FLUORESCENCE (XRF) 
FIELD MEASUREMENT FOR AIRBORNE DUST 

 
Last Revision or Review:  June 2010 
 
Objective & Application: To provide a quantitative field screening of airborne dust for the 
presence of inorganic metals and other relevant compounds within the capabilities of the 
commercial unit known as Spectrace9000.  XRF technology has been evaluated by the USEPA, 
which has developed an operating procedure for their Emergency Response section.  That 
guidance was used in developing this TSOP. 
 
The unit is suitable for field analysis in the hands of trained technical staff.  Terracon use of the unit 
requires special radiological safety and nuclear gauge training.  The unit will only be calibrated 
and used by Terracon technicians certified with training in use of nuclear testing equipment, 
both gauge operation/calibration and radiological safety.  Training will be to requirements of 
49CFR172, Subpart H. 
 
Equipment: 
 Spectrace 9000 Portable XRF Analyzer or equivalent 
 Thin filter media (for sample collection/viewing/testing) 
 Stable platform and reliable 110v power source for temporary laboratory setting 
 Spare battery pack for mobile field use 

 
Procedures: 
 Connect the battery.  To connect the battery, set the electronics unit on its face and use the 

flat blade screwdriver provided to loosen the two ¼-turn fasteners on the back.  Remove the 
battery pack.  Inside, find the cord with the red cap (it covers a three-pronged plug).  Remove 
the cap and plug it into the battery pack.  Put the pack back into the unit-it can only fit one 
way.  Tighten the fasteners.   

 
 Carefully plug the right angle end of the probe cable into the electronics unit and the other end 

into the probe handle.   
 
 Press the ON key.  In two or three seconds, the display announces the version number of the 

software.  Set the correct date and time according to the manufacturer’s instructions. 
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Field Lab Screening 
It is often preferable to establish a field laboratory during environmental explorations.  This 
allows the unit to be used to screen multiple samples as part of other sampling activities.  The 
platform should be stable, clean and protected from weather.  Mobile vehicles and field vans 
are acceptable.  A source of 110v power is preferred – DO NOT use the unit with a field 
generator, power fluctuations can severely damage or destroy the electronics of the test unit. 

 
 Prior to collecting dust samples onto the sterile filter media, screen each clean filter with 

the Spectrace9000 or equivalent prior to sample collection.  This will establish a baseline 
metals concentration for each filter prior to sampling. 

 
 Air samples obtained in the field will be collected by impacting airborne dust onto sterile 

filter media per instructions from the Project Manager.  Place the filter media containing 
the sample onto the probe for analysis.  

 
 Download the test results to a laptop computer as directed by the manufacturer in the 

operating manual. 
 
Documentation: 
Record pertinent data in the field log book or on the supplied forms.  Pertinent data will vary based 
on the project; however, the following data must always be recorded; time, date, job number, 
project name, sampling location, samplers name, and general observations. 
 
Attached Supporting Documents: 
Spectrace 9000 Portable XRF Analyzer Operations Manual, provided by manufacturer. 
 
SPECTRACE 9000 Field Portable X-Ray Fluorescence Operating Procedures, EPA Emergency 
Response Team (EPA/ERT) SOP#1713, 1995. 



 
 

 
E.634 

X-RAY FLUORESCENCE (XRF) 
FIELD MEASUREMENT FOR LEAD PAINT 

 
Last Revision or Review:  June 2010 
 
Objective & Application: To provide a quantitative field screening of painted surfaces to aid in 
the evaluation of the paint for the presence of lead and other relevant compounds within the 
capabilities of the commercial unit known as Spectrace9000 or equivalent.  XRF technology has 
been evaluated by the USEPA, which has developed an operating procedure for their 
Emergency Response section.  That guidance was used in developing this TSOP. 
 
The unit is suitable for field analysis in the hands of trained technical staff.  Terracon use of the unit 
requires special radiological safety and nuclear gauge training.  The unit will only be calibrated 
and used by Terracon technicians certified with training in use of nuclear testing equipment, 
both gauge operation/calibration and radiological safety.  Training will be to requirements of 
49CFR172, Subpart H. 
 
Equipment: 
 Spectrace 9000 Portable XRF Analyzer or equivalent 
 Stable platform and reliable 110v power source for temporary laboratory setting 
 Spare battery pack for mobile field use 
 Tamper/leveler for use in preparing soil/fill for in-situ measurements 
 Ziploc disposable plastic bags for storing ex-situ samples in temporary laboratory setting  

 
Procedures: 
 Connect the battery.  To connect the battery, set the electronics unit on its face and use the 

flat blade screwdriver provided to loosen the two ¼-turn fasteners on the back.  Remove the 
battery pack.  Inside, find the cord with the red cap (it covers a three-pronged plug).  Remove 
the cap and plug it into the battery pack.  Put the pack back into the unit-it can only fit one 
way.  Tighten the fasteners.   

 
 Carefully plug the right angle end of the probe cable into the electronics unit and the other end 

into the probe handle.   
 
 Press the ON key.  In two or three seconds, the display announces the version number of the 

software.  Set the correct date and time according to the manufacturer’s instructions. 
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 Ideally, the sample should be flat, larger than one inch in diameter, and should be placed in 
contact with the face of the probe.  Most times, it is easier to take the analyzer to the sample 
(in-situ) than it is to bring the sample to the analyzer (ex-situ). 

 
 To measure the lead concentrations in the area to be sampled, place the probe end over the 

sample area, keeping the sample window in contact with the sample media.  Push the CONT 
or probe button to take a measurement.  Depending on the instrument settings, the test will 
run for thirty to two hundred (30-200) seconds. 

 
Documentation: 
Record pertinent data in the field log book or on the supplied forms.  Pertinent data will vary based 
on the project; however, the following data must always be recorded; time, date, job number, 
project name, sampling location, samplers name, and general observations. 
 
Other Supporting Documents (See E.630 for reproduction): 
Spectrace 9000 Portable XRF Analyzer Operations Manual, provided by manufacturer. 
 
SPECTRACE 9000 Field Portable X-Ray Fluorescence Operating Procedures, EPA Emergency 
Response Team (EPA/ERT) SOP#1713, 1995. 



 
 

 
E.638 

X-RAY FLUORESCENCE (XRF) 
FIELD MEASUREMENT FOR SOILS/FILLS 

 
Last Revision or Review:  June 2010 
 
Objective & Application: To provide a quantitative field screening of soil samples to aid in the 
evaluation of soils/fills for the presence of inorganic metals and other relevant compounds within 
the capabilities of the commercial unit known as Spectrace9000 or equivalent. The unit can be 
used to test in-situ surface materials or to test representative surface or subsurface samples in 
a temporary laboratory setting. XRF technology has been evaluated by the USEPA, which has 
developed an operating procedure for their Emergency Response section.  That guidance was 
used in developing this TSOP. 
 
The unit is suitable for field analysis in the hands of trained technical staff.  Terracon use of the unit 
requires special radiological safety and nuclear gauge training.  The unit will only be calibrated 
and used by Terracon technicians certified with training in use of nuclear testing equipment, 
both gauge operation/calibration and radiological safety.  Training will be to requirements of 
49CFR172, Subpart H. 
 
Equipment: 
 Spectrace 9000 Portable XRF Analyzer or equivalent 
 Sample cups (for lab viewing/testing) 
 Mylar film (for lab viewing/testing) 
 Stable platform and reliable 110v power source for temporary laboratory setting 
 Spare battery pack for mobile field use 
 Tamper/leveler for use in preparing soil/fill for in-situ measurements 
 Ziploc disposable plastic bags for storing ex-situ samples in temporary laboratory setting  
 Disposable chemical-resistant gloves 

 
Procedures: 
 Connect the battery.  To connect the battery, set the electronics unit on its face and use the 

flat blade screwdriver provided to loosen the two ¼-turn fasteners on the back.  Remove the 
battery pack.  Inside, find the cord with the red cap (it covers a three-pronged plug).  Remove 
the cap and plug it into the battery pack.  Put the pack back into the unit-it can only fit one 
way.  Tighten the fasteners.   
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 Carefully plug the right angle end of the probe cable into the electronics unit and the other end 
into the probe handle.   

 
 Press the ON key.  In two or three seconds, the display announces the version number of the 

software.  Set the correct date and time according to the manufacturer’s instructions. 
 

Field Screening (In-Situ) 
 

 For screening in-situ samples in the field, the sample cups and mylar film are not required.  
Ideally, the sample should be flat, larger than one inch in diameter, and should be placed 
in contact with the face of the probe.  Most times, it is easier to take the analyzer to the 
sample (in-situ) than it is to bring the sample to the analyzer (ex-situ). 

 
 Best results are obtained on reasonably dry, flat, compacted surfaces of fine-grained soils.  

Whenever possible, flatten and compact the area to be measured an appropriate 
decontaminated tool.  In-situ density does not overly affect the reading, it is permissible to 
tamp the area flat with a leveling tool. 

 
 Good results can be obtained at moisture contents up to about 25%.  Coarse-grained soil 

conditions may not permit a truly representative sample and may adversely affect the 
analytical results.  Such samples should be prepared before analysis (ex-situ).   

 
 To measure the metals concentrations in the area to be sampled, place the probe end 

over the sample area, keeping the sample window in contact with the sample media.  
Push the CONT or probe button to take a measurement.  Depending on the soil matrix 
and the measurements being taken, the test will run for thirty to two hundred (30-200) 
seconds. 

 
Field Lab Screening (Ex-Situ) 
It is often preferable to establish a field laboratory during environmental explorations.  This 
allows the unit to be used to screen multiple samples as part of other drilling and sampling 
activities.  The platform should be stable, clean and protected from weather.  Mobile vehicles 
and field vans are acceptable.  A source of 110v power is preferred – DO NOT use the unit 
with a field generator, power fluctuations can severely damage or destroy the electronics of 
the test unit. 

 
 Samples obtained in the field will require transfer to the sample cups to prior to laboratory 

measurement with the unit.  To load a sample cup, fill the cup nearly full with the sample.  
If the sample is powdered, tap the cup a little to settle the contents and, if necessary, add 
more sample until the cup is at least ¾ full.  Tear off a square piece of the mylar film.  Lay 
it over the open cup approximately centered.  Examine the sample cup ring.  One inside 
edge is rather sharp and the other inside edge is smooth and rounded.  Place the ring over 
the cup with the rounded edge down.  Press the ring down slowly and evenly until it is 
flush with the end of the cup.  The ring will slide down and snap into position leaving the 
film taut and wrinkle-free.  If wrinkles do occur, they can be removed by pulling on the 
excess film or starting over with a new piece of film.   
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 Turn the filled and sealed sample cup upside down and tap the cup on the bench to 
thoroughly settle and compact the contents.  

  
 The sample is now ready to be placed film side down on the probe for analysis.  The 

30mm adapter ring should be placed in the large hole n the shield cup base.  This adapter 
ring locates the sample cup reproducibly over the probe aperture.   

 
 To measure the metals concentrations in the area to be sampled, place the probe end 

over the sample area, keeping the sample window in contact with the sample media.  
Push the CONT or probe button to take a measurement.  Depending on the soil matrix 
and the measurements being taken, the test will run for thirty to two hundred (30-200) 
seconds. 

 
 Download the test results to a laptop computer as directed by the manufacturer in the 

operating manual. 
 
Documentation: 
Record pertinent data in the field log book or on the supplied forms.  Pertinent data will vary based 
on the project; however, the following data must always be recorded; time, date, job number, 
project name, sampling location, samplers name, and general observations. 
 
Other Supporting Documents (See E.630 for reproduction): 
Spectrace 9000 Portable XRF Analyzer Operations Manual, provided by manufacturer. 
 
SPECTRACE 9000 Field Portable X-Ray Fluorescence Operating Procedures, EPA Emergency 
Response Team (EPA/ERT) SOP#1713, 1995. 
 



 
 

 
E.700 

 WELL CONSTRUCTION - TEMPORARY 
 
Last Review or Revision:  June 2010 
 
Objective 
To provide standard procedures for the design and installation of temporary monitoring wells that 

will result in reliable construction and provide for the collection of representative 
groundwater samples.   

 
Background 
The standard practice for design and installation of monitoring wells is contained in ASTM D 5092 - 

90  "Design and Installation of Groundwater Monitoring Wells in Aquifers."  Terracon 
procedures incorporate the provisions of ASTM D 5092 that describe the specific 
procedures to be used in installing monitoring wells in unconsolidated formations for 
subsurface characterization of sites.  The ASTM standard should be referred to when 
installation of monitoring wells is required outside of the temporary monitoring wells 
described here.   

 
Equipment 
The augers required for 2-inch diameter monitoring wells are 4-1/4-inch inside diameter hollow 

stem augers.  For 4-inch wells the 6-1/4-inch inside diameter hollow stem augers are 
recommended.  Flight augers are not recommended for installation of monitoring wells 
unless aquifer conditions are well known and will allow installation of screen and riser pipe 
without formation cave-in. 

 
Monitoring Well Material 
 a) Riser Pipe 
 

The riser pipe used is threaded, flush jointed Tri-Loc (or equivalent) Schedule 40 
PVC pipe.  This riser pipe has been found to provide a reliable and 
durable well.   

 
 b) Screen 
 

 Slot openings generally used for monitoring wells are 0.010 and 0.020 inch.  The 
slot opening commonly used is 0.010 which will be effective with the 
use of gravel pack #20-40.  If a larger slot opening is desired (.020), 
a gravel pack of #10-20 is recommended.  

 
 c) Gravel Pack 
 

The standard gravel pack used is graded as #20-40 which is suited for use with a 
slot size of .010.  Gravel pack should extend approximately two feet 
above the slotted screen.  Gravel pack grading should be specified 
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by the Project Manager or the Drilling Coordinator of the NE 
Division. 

      
 d) Bentonite 
 
  Bentonite pellets (1/4-inch size) are used to provide a relatively impermeable layer 

above the screen and gravel pack.  One 5-gallon bucket of bentonite pellets should 
provide a two foot layer in the annulus of a boring created with 4 1/4-inch inside 
diameter augers and containing 2-inch monitoring well pipe. 

 
 e) Surface Security Materials 
 
  The well is secured with an expansion cap utilizing a keyed alike lock.  A 

commercial flush mount protector or above-grade metal protector is used based on 
surface use conditions or client requirements. 

  
Procedures 
 a) Background 
 
  Personnel involved in drilling operations must be familiar with the drilling procedures 

in ASTM D 5092.  The Project Manager will specify the sampling interval, 
decontamination requirements, screen slot size, gravel pack size, and completion 
and survey requirements. 

 
 b) Mobilization 
 
  The project manager will prepare the mobilization sheets for the required drilling 

operation.  The mobilization sheets should summarize types and quantities of well 
materials, drilling supplies, appropriate equipment, boring depths and boring 
locations.  The enclosed tables should be referred to for calculating the volumes of 
gravel pack, bentonite, and grout required. 

 
 c) Field Operations 
 
  The field crews will review the mobilization sheets for adequacy.  Unless otherwise 

specified the field crew will determine the specific use of equipment such as grout 
trailer, ready mix etc.  The field crews will complete the monitoring wells as 
specified and complete forms for describing boring logs and well details.  Any 
deviation from standard procedures or unusual observations should be noted by the 
field crews and reported to the project manager. 

 
 d) Well Security 
 
 The well is secured in accordance with the project manager’s instructions and 

TSOPs E.900, E.905, E.910, or E.920.  The proper well security materials to be 
used in completing the top of a monitoring well should be specified by the project 
manager and based on the expected ground surface use, regulatory requirements, 
and client desires.  Care should be taken in installation of monitoring wells that will 
be subjected to vehicle traffic. 
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 e) Well Documentation. 
 
  The well will be plugged and abandoned in accordance with TSOP E.1700. 
 
e) Plugging and Abandonment. 
 
  The attached field boring log and monitoring well completion sheets are to be 

completed for each monitoring well. 
 
 
Attached Supporting Documents 
 
 Volume of Soil Boring, Annulus around 2” and 4” Casings, and Grout Mixtures 
 
 Terracon Form 130 – Log of Boring No., Monitoring Well Details, and Boring Elevations. 
 
 ASTM D 5092-90 Design and Installation of Groundwater Monitoring Wells 
 
 Brainard Kilman Field Facts 
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VOLUME OF SOIL BORING 

CUBIC FEET PER LINEAR FOOT   GALLONS PER LINEAR FOOT  
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 
    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0.028  0.088  0.201  0.29  0.37 0.57  1 0.17 0.66 1.5  2.14  2.78 4.29 
2 0.06  0.18  0.4  0.6  0.7 1.1  2 0.3 1.3 3.0  4.3  5.6 8.6 
3 0.08  0.26  0.6  0.9  1.1 1.7  3 0.5 2.0 4.5  6.4  8.3 12.9 
4 0.11  0.35  0.8  1.2  1.5 2.3  4 0.7 2.6 6.0  8.6  11.1 17.2 
5 0.14  0.44  1.0  1.5  1.9 2.9  5 0.9 3.3 7.5  10.7  13.9 21.5 
6 0.17  0.53  1.2  1.7  2.2 3.4  6 1.0 4.0 9.0  12.8  16.7 25.7 
7 0.20  0.62  1.4  2.0  2.6 4.0  7 1.2 4.6 10.5  15.0  19.5 30.0 
8 0.22  0.70  1.6  2.3  3.0 4.6  8 1.4 5.3 12.0  17.1  22.2 34.3 
9 0.25  0.79  1.8  2.6  3.3 5.1  9 1.5 5.9 13.5  19.3  25.0 38.6 

10 0.28  0.88  2.0  2.9  3.7 5.7  10 1.7 6.6 15.0  21.4  27.8 42.9 
11 0.31  0.97  2.2  3.2  4.1 6.3  11 1.9 7.3 16.5  23.5  30.6 47.2 
12 0.34  1.06  2.4  3.5  4.4 6.8  12 2.0 7.9 18.0  25.7  33.4 51.5 
13 0.36  1.14  2.6  3.8  4.8 7.4  13 2.2 8.6 19.5  27.8  36.1 55.8 
14 0.39  1.23  2.8  4.1  5.2 8.0  14 2.4 9.2 21.0  30.0  38.9 60.1 
15 0.42  1.32  3.0  4.4  5.6 8.6  15 2.6 9.9 22.5  32.1  41.7 64.4 
16 0.45  1.41  3.2  4.6  5.9 9.1  16 2.7 10.6 24.0  34.2  44.5 68.6 
17 0.48  1.50  3.4  4.9  6.3 9.7  17 2.9 11.2 25.5  36.4  47.3 72.9 
18 0.50  1.58  3.6  5.2  6.7 10.3  18 3.1 11.9 27.0  38.5  50.0 77.2 
19 0.53  1.67  3.8  5.5  7.0 10.8  19 3.2 12.5 28.5  40.7  52.8 81.5 
20 0.56  1.76  4.0  5.8  7.4 11.4  20 3.4 13.2 30.0  42.8  55.6 85.8 
22 0.62  1.94  4.4  6.4  8.1 12.5  22 3.7 14.5 33.0  47.1  61.2 94.4 
24 0.67  2.11  4.8  7.0  8.9 13.7  24 4.1 15.8 36.0  51.4  66.7 103.0 
25 0.70  2.20  5.0  7.3  9.3 14.3  25 4.3 16.5 37.5  53.5  69.5 107.3 
26 0.73  2.29  5.2  7.5  9.6 14.8  26 4.4 17.2 39.0  55.6  72.3 111.5 
28 0.78  2.46  5.6  8.1  10.4 16.0  28 4.8 18.5 42.0  59.9  77.8 120.1 
30 0.84  2.64  6.0  8.7  11.1 17.1  30 5.1 19.8 45.0  64.2  83.4 128.7 
32 0.90  2.82  6.4  9.3  11.8 18.2  32 5.4 21.1 48.0  68.5  89.0 137.3 
34 0.95  2.99  6.8  9.9  12.6 19.4  34 5.8 22.4 51.0  72.8  94.5 145.9 
35 0.98  3.08  7.0  10.2  13.0 20.0  35 6.0 23.1 52.5  74.9  97.3 150.2 
36 1.01  3.17  7.2  10.4  13.3 20.5  36 6.1 23.8 54.0  77.0  100.1 154.4 
38 1.06  3.34  7.6  11.0  14.1 21.7  38 6.5 25.1 57.0  81.3  105.6 163.0 
40 1.12  3.52  8.0  11.6  14.8 22.8  40 6.8 26.4 60.0  85.6  111.2 171.6 
45 1.3  4.0  9.0  13.1  16.7 25.7  45 7.7 29.7 67.5  96.3  125.1 193.1 
50 1.4  4.4  10.1  14.5  18.5 28.5  50 8.5 33.0 75.0  107.0  139.0 214.5 
55 1.5  4.8  11.1  16.0  20.4 31.4  55 9.4 36.3 82.5  117.7  152.9 236.0 
60 1.7  5.3  12.1  17.4  22.2 34.2  60 10.2 39.6 90.0  128.4  166.8 257.4 
65 1.8  5.7  13.1  18.9  24.1 37.1  65 11.1 42.9 97.5  139.1  180.7 278.9 
70 2.0  6.2  14.1  20.3  25.9 39.9  70 11.9 46.2 105.0  149.8  194.6 300.3 
75 2.1  6.6  15.1  21.8  27.8 42.8  75 12.8 49.5 112.5  160.5  208.5 321.8 
80 2.2  7.0  16.1  23.2  29.6 45.6  80 13.6 52.8 120.0  171.2  222.4 343.2 
85 2.4  7.5  17.1  24.7  31.5 48.5  85 14.5 56.1 127.5  181.9  236.3 364.7 
90 2.5  7.9  18.1  26.1  33.3 51.3  90 15.3 59.4 135.0  192.6  250.2 386.1 
95 2.7  8.4  19.1  27.6  35.2 54.2  95 16.2 62.7 142.5  203.3  264.1 407.6 

100 2.8  8.8  20.1  29.0  37.0 57.0  100 17.0 66.0 150.0  214.0  278.0 429.0 
125 3.5  11.0  25.1  36.3  46.3 71.3  125 21.3 82.5 187.5  267.5  347.5 536.3 
150 4.2  13.2  30.2  43.5  55.5 85.5  150 25.5 99.0 225.0  321.0  417.0 643.5 
175 4.9  15.4  35.2  50.8  64.8 99.8  175 29.8 115.5 262.5  374.5  486.5 750.8 
200 5.6  17.6  40.2  58.0  74.0 114.0  200 34.0 132.0 300.0  428.0  556.0 858.0 
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VOLUME OF ANNULUS AROUND 2" CASING 

CUBIC FEET PER LINEAR FOOT  GALLONS PER LINEAR FOOT 
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 

    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0  0.065  0.178  0.26  0.34 0.54  1 0 0.491 1.33  1.91  2.55 4.06 
2 0  0.13  0.4  0.5  0.7 1.1  2 0 1.0 2.7  3.8  5.1 8.1 
3 0 0.20  0.5  0.8  1.0 1.6  3 0 1.5 4.0  5.7  7.7 12.2 
4 0 0.26  0.7  1.0  1.4 2.2  4 0 2.0 5.3  7.6  10.2 16.2 
5 0 0.33  0.9  1.3  1.7 2.7  5 0 2.5 6.7  9.6  12.8 20.3 
6 0 0.39  1.1  1.6  2.0 3.2  6 0 2.9 8.0  11.5  15.3 24.4 
7 0 0.46  1.2  1.8  2.4 3.8  7 0 3.4 9.3  13.4  17.9 28.4 
8 0 0.52  1.4  2.1  2.7 4.3  8 0 3.9 10.6  15.3  20.4 32.5 
9 0 0.59  1.6  2.3  3.1 4.9  9 0 4.4 12.0  17.2  23.0 36.5 

10 0 0.65  1.8  2.6  3.4 5.4  10 0 4.9 13.3  19.1  25.5 40.6 
11 0 0.72  2.0  2.9  3.7 5.9  11 0 5.4 14.6  21.0  28.1 44.7 
12 0 0.78  2.1  3.1  4.1 6.5  12 0 5.9 16.0  22.9  30.6 48.7 
13 0 0.85  2.3  3.4  4.4 7.0  13 0 6.4 17.3  24.8  33.2 52.8 
14 0 0.91  2.5  3.6  4.8 7.6  14 0 6.9 18.6  26.7  35.7 56.8 
15 0 0.98  2.7  3.9  5.1 8.1  15 0 7.4 20.0  28.7  38.3 60.9 
16 0 1.04  2.8  4.2  5.4 8.6  16 0 7.9 21.3  30.6  40.8 65.0 
17 0 1.11  3.0  4.4  5.8 9.2  17 0 8.3 22.6  32.5  43.4 69.0 
18 0 1.17  3.2  4.7  6.1 9.7  18 0 8.8 23.9  34.4  45.9 73.1 
19 0 1.24  3.4  4.9  6.5 10.3  19 0 9.3 25.3  36.3  48.5 77.1 
20 0 1.30  3.6  5.2  6.8 10.8  20 0 9.8 26.6  38.2  51.0 81.2 
22 0 1.43  3.9  5.7  7.5 11.9  22 0 10.8 29.3  42.0  56.1 89.3
24 0 1.56  4.3  6.2  8.2 13.0  24 0 11.8 31.9  45.8  61.2 97.4 
25 0 1.63  4.5  6.5  8.5 13.5  25 0 12.3 33.3  47.8  63.8 101.5 
26 0 1.69  4.6  6.8  8.8 14.0  26 0 12.8 34.6  49.7  66.3 105.6 
28 0 1.82  5.0  7.3  9.5 15.1  28 0 13.7 37.2  53.5  71.4 113.7 
30 0 1.95  5.3  7.8  10.2 16.2  30 0 14.7 39.9  57.3  76.5 121.8 
32 0 2.08  5.7  8.3  10.9 17.3  32 0 15.7 42.6  61.1  81.6 129.9 
34 0 2.21  6.1  8.8  11.6 18.4  34 0 16.7 45.2  64.9  86.7 138.0 
35 0 2.28  6.2  9.1  11.9 18.9  35 0 17.2 46.6  66.9  89.3 142.1 
36 0 2.34  6.4  9.4  12.2 19.4  36 0 17.7 47.9  68.8  91.8 146.2 
38 0 2.47  6.8  9.9  12.9 20.5  38 0 18.7 50.5  72.6  96.9 154.3 
40 0 2.60  7.1  10.4  13.6 21.6  40 0 19.6 53.2  76.4  102.0 162.4 
45 0 2.9  8.0  11.7  15.3 24.3  45 0 22.1 59.9  86.0  114.8 182.7 
50 0 3.3  8.9  13.0  17.0 27.0  50 0 24.6 66.5  95.5  127.5 203.0 
55 0 3.6  9.8  14.3  18.7 29.7  55 0 27.0 73.2  105.1  140.3 223.3 
60 0 3.9  10.7  15.6  20.4 32.4  60 0 29.5 79.8  114.6  153.0 243.6 
65 0 4.2  11.6  16.9  22.1 35.1  65 0 31.9 86.5  124.2  165.8 263.9 
70 0 4.6  12.5  18.2  23.8 37.8  70 0 34.4 93.1  133.7  178.5 284.2 
75 0 4.9  13.4  19.5  25.5 40.5  75 0 36.8 99.8  143.3  191.3 304.5 
80 0 5.2  14.2  20.8  27.2 43.2  80 0 39.3 106.4  152.8  204.0 324.8 
85 0 5.5  15.1  22.1  28.9 45.9  85 0 41.7 113.1  162.4  216.8 345.1 
90 0 5.9  16.0  23.4  30.6 48.6  90 0 44.2 119.7  171.9  229.5 365.4 
95 0 6.2  16.9  24.7  32.3 51.3  95 0 46.6 126.4  181.5  242.3 385.7 

100 0 6.5  17.8  26.0  34.0 54.0  100 0 49.1 133.0  191.0  255.0 406.0 
125 0 8.1  22.3  32.5  42.5 67.5  125 0 61.4 166.3  238.8  318.8 507.5 
150 0  9.8  26.7  39.0  51.0 81.0  150 0 73.7 199.5  286.5  382.5 609.0 
175 0  11.4  31.2  45.5  59.5 94.5  175 0 85.9 232.8  334.3  446.3 710.5 
200 0  13.0  35.6  52.0  68.0 108.0  200 0 98.2 266.0  382.0  510.0 812.0 
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VOLUME OF ANNULUS AROUND 4" CASING 

CUBIC FEET PER LINEAR FOOT  GALLONS PER LINEAR FOOT 
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 

    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0  0  0.11  0.2  0.26 0.46  1 0 0 0.84  1.48  1.95 3.46 
2 0 0 0.2  0.4  0.5 0.9  2 0 0 1.7  3.0  3.9 6.9 
3 0 0 0.3  0.6  0.8 1.4  3 0 0 2.5  4.4  5.9 10.4 
4 0 0 0.4  0.8  1.0 1.8  4 0 0 3.4  5.9  7.8 13.8 
5 0 0 0.6  1.0  1.3 2.3  5 0 0 4.2  7.4  9.8 17.3 
6 0  0  0.7  1.2  1.6 2.8  6 0 0 5.0  8.9  11.7 20.8 
7 0 0 0.8  1.4  1.8 3.2  7 0 0 5.9  10.4  13.7 24.2 
8 0 0 0.9  1.6  2.1 3.7  8 0 0 6.7  11.8  15.6 27.7 
9 0 0 1.0  1.8  2.3 4.1  9 0 0 7.6  13.3  17.6 31.1 

10 0 0 1.1  2.0  2.6 4.6  10 0 0 8.4  14.8  19.5 34.6 
11 0  0  1.2  2.2  2.9 5.1  11 0 0 9.2  16.3  21.5 38.1 
12 0 0 1.3  2.4  3.1 5.5  12 0 0 10.1  17.8  23.4 41.5 
13 0 0 1.4  2.6  3.4 6.0  13 0 0 10.9  19.2  25.4 45.0 
14 0 0 1.5  2.8  3.6 6.4  14 0 0 11.8  20.7  27.3 48.4 
15 0 0 1.7  3.0  3.9 6.9  15 0 0 12.6  22.2  29.3 51.9 
16 0  0  1.8  3.2  4.2 7.4  16 0 0 13.4  23.7  31.2 55.4 
17 0 0 1.9  3.4  4.4 7.8  17 0 0 14.3  25.2  33.2 58.8 
18 0 0 2.0  3.6  4.7 8.3  18 0 0 15.1  26.6  35.1 62.3 
19 0 0 2.1  3.8  4.9 8.7  19 0 0 16.0  28.1  37.1 65.7 
20 0 0 2.2  4.0  5.2 9.2  20 0 0 16.8  29.6  39.0 69.2 
22 0  0  2.4  4.4  5.7 10.1  22 0 0 18.5  32.6  42.9 76.1 
24 0 0 2.6  4.8  6.2 11.0  24 0 0 20.2  35.5  46.8 83.0 
25 0 0 2.8  5.0  6.5 11.5  25 0 0 21.0  37.0  48.8 86.5 
26 0 0 2.9  5.2  6.8 12.0  26 0 0 21.8  38.5  50.7 90.0 
28 0 0 3.1  5.6  7.3 12.9  28 0 0 23.5  41.4  54.6 96.9 
30 0  0  3.3  6.0  7.8 13.8  30 0 0 25.2  44.4  58.5 103.8 
32 0 0 3.5  6.4  8.3 14.7  32 0 0 26.9  47.4  62.4 110.7 
34 0 0 3.7  6.8  8.8 15.6  34 0 0 28.6  50.3  66.3 117.6 
35 0 0 3.9  7.0  9.1 16.1  35 0 0 29.4  51.8  68.3 121.1 
36 0 0 4.0  7.2  9.4 16.6  36 0 0 30.2  53.3  70.2 124.6 
38 0  0  4.2  7.6  9.9 17.5  38 0 0 31.9  56.2  74.1 131.5 
40 0 0 4.4  8.0  10.4 18.4  40 0 0 33.6  59.2  78.0 138.4 
45 0 0 5.0  9.0  11.7 20.7  45 0 0 37.8  66.6  87.8 155.7 
50 0 0 5.5  10.0  13.0 23.0  50 0 0 42.0  74.0  97.5 173.0 
55 0 0 6.1  11.0  14.3 25.3  55 0 0 46.2  81.4  107.3 190.3 
60 0  0  6.6  12.0  15.6 27.6  60 0 0 50.4  88.8  117.0 207.6 
65 0 0 7.2  13.0  16.9 29.9  65 0 0 54.6  96.2  126.8 224.9 
70 0 0 7.7  14.0  18.2 32.2  70 0 0 58.8  103.6  136.5 242.2 
75 0 0 8.3  15.0  19.5 34.5  75 0 0 63.0  111.0  146.3 259.5 
80 0 0 8.8  16.0  20.8 36.8  80 0 0 67.2  118.4  156.0 276.8 
85 0  0  9.4  17.0  22.1 39.1  85 0 0 71.4  125.8  165.8 294.1 
90 0 0 9.9  18.0  23.4 41.4  90 0 0 75.6  133.2  175.5 311.4 
95 0 0 10.5  19.0  24.7 43.7  95 0 0 79.8  140.6  185.3 328.7 

100 0 0 11.0  20.0  26.0 46.0  100 0 0 84.0  148.0  195.0 346.0 
125 0 0 13.8  25.0  32.5 57.5  125 0 0 105.0  185.0  243.8 432.5 
150 0 0 16.5  30.0  39.0 69.0  150 0 0 126.0  222.0  292.5 519.0 
175 0 0 19.3  35.0  45.5 80.5  175 0 0 147.0  259.0  341.3 605.5 
200 0 0 22.0  40.0  52.0 92.0  200 0 0 168.0  296.0  390.0 692.0 
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GROUT MIXTURES 

PORTLAND CEMENT GROUT  BENTONITE GROUT 
        
        

CUBIC CEMENT BENTONITE WATER  CUBIC BENTONITE WATER 
FEET 94 lb. sack lbs. gallons  FEET 50 lb sack gallons 

1 0.6339  3.17 5.07  1 0.444  6.22 
1.577 1.0  5.0 8.0  2 0.9  12.4 

2 1.27  6.3 10.1  2.25 1  14 
3 1.90  9.5 15.2  3 1.3  18.7 
4 2.54  12.7 20.3  4 1.8  24.9 
5 3.17  15.9 25.4  5 2.2  31.1 
6 3.80  19.0 30.4  6 2.7  37.3 
7 4.44  22.2 35.5  7 3.1  43.5 
8 5.07  25.4 40.6  8 3.6  49.8 
9 5.71  28.5 45.6  9 4.0  56.0 

10 6.34  31.7 50.7  10 4.4  62.2 
11 6.97  34.9 55.8  11 4.9  68.4 
12 7.61  38.0 60.8  12 5.3  74.6 
13 8.24  41.2 65.9  13 5.8  80.9 
14 8.87  44.4 71.0  14 6.2  87.1 
15 9.51  47.6 76.1  15 6.7  93.3 
16 10.14  50.7 81.1  16 7.1  99.5 
17 10.78  53.9 86.2  17 7.5  105.7 
18 11.41  57.1 91.3  18 8.0  112.0 
19 12.04  60.2 96.3  19 8.4  118.2 
20 12.68  63.4 101.4  20 8.9  124.4 
22 13.95  69.7 111.5  22 9.8  136.8 
24 15.21  76.1 121.7  24 10.7  149.3 
25 15.85  79.3 126.8  25 11.1  155.5 
26 16.48  82.4 131.8  26 11.5  161.7 
28 17.75  88.8 142.0  28 12.4  174.2 
30 19.02  95.1 152.1  30 13.3  186.6 
32 20.28  101.4 162.2  32 14.2  199.0 
34 21.55  107.8 172.4  34 15.1  211.5 
35 22.19  111.0 177.5  35 15.5  217.7 
36 22.82  114.1 182.5  36 16.0  223.9 
38 24.09  120.5 192.7  38 16.9  236.4 
40 25.36  126.8 202.8  40 17.8  248.8 
45 28.5  142.7 228.2  45 20.0  279.9 
50 31.7  158.5 253.5  50 22.2  311.0 
55 34.9  174.4 278.9  55 24.4  342.1 
60 38.0  190.2 304.2  60 26.6  373.2 
65 41.2  206.1 329.6  65 28.9  404.3 
70 44.4  221.9 354.9  70 31.1  435.4 
75 47.5  237.8 380.3  75 33.3  466.5 
80 50.7  253.6 405.6  80 35.5  497.6 
85 53.9  269.5 431.0  85 37.7  528.7 
90 57.1  285.3 456.3  90 40.0  559.8 
95 60.2  301.2 481.7  95 42.2  590.9 

100 63.4  317.0 507.0  100 44.4  622.0 
125 79.2  396.3 633.8  125 55.5  777.5 
150 95.1  475.5 760.5  150 66.6  933.0 
175 110.9  554.8 887.3  175 77.7  1088.5 
200 126.8  634.0 1014.0  200 88.8  1244.0 
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E.800 

WELL CONSTRUCTION –PERMANENT 
 
Last Revision or Review:  June 2010 
 
Objective 
To provide standard procedures for the design and installation of routine monitoring wells that will 

result in reliable construction and provide for the collection of representative groundwater 
samples.   

 
Background 
The standard practice for design and installation of monitoring wells is contained in ASTM D 5092 - 

90 "Design and Installation of Groundwater Monitoring Wells in Aquifers."  Terracon 
procedures incorporate the provisions of ASTM D 5092 which describe the specific 
procedures to be used in installing monitoring wells in unconsolidated formations.  The 
ASTM standard should be referred to when installation of monitoring wells is required 
outside of the routine monitoring wells described here.   

 
Equipment 
The augers required for 2-inch diameter monitoring wells are 4-1/4-inch inside diameter hollow 

stem augers.  For 4-inch wells the 6-1/4-inch inside diameter hollow stem augers are 
recommended.  Flight augers are not recommended for installation of monitoring wells 
unless aquifer conditions are well known and will allow installation of screen and riser pipe 
without formation cave-in. 

 
Monitoring Well Material 
 a) Riser Pipe 
 

The riser pipe used is threaded, flush jointed Tri-Loc (or equivalent) Schedule 40 
PVC pipe.  This riser pipe has been found to provide a reliable and 
durable well.   

 
 b) Screen 
 

 Slot openings generally used for monitoring wells are 0.010 and 0.020 inch.  The 
slot opening commonly used is 0.010 which will be effective with the 
use of gravel pack #20-40.  If a larger slot opening is desired (.020), 
a gravel pack of #10-20 is recommended.  

 
 c) Gravel Pack 
 

The standard gravel pack used is graded as #20-40 which is suited for use with a 
slot size of 0.010.  Gravel pack should extend approximately two 
feet above the slotted screen.  Gravel pack grading should be 
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specified by the Project Manager or the Drilling Coordinator of the 
NE Division. 

 
 d) Bentonite 
 
  Bentonite pellets (1/4-inch size) are used to provide a relatively impermeable layer 

above the screen and gravel pack.  One 5-gallon bucket of bentonite pellets should 
provide a two foot layer in the annulus of a boring created with 4 and 1/4-inch inside 
diameter augers and containing 2-inch monitoring well pipe. 

 
 e) Surface Security Materials 
 
  The well is secured in accordance with the project manager’s instructions and 

TSOPs E.900, E.905, E.910, or E.920.   
  
Procedures 
 a) Background 
 
  Personnel involved in drilling operations must be familiar with the drilling procedures 

in ASTM D 5092.  The Project Manager will specify the sampling interval, 
decontamination requirements, screen slot size, gravel pack size, and completion 
and survey requirements. 

 
 b) Mobilization 
 
  The project manager will prepare the mobilization sheets for the required drilling 

operation.  The mobilization sheets should summarize types and quantities of well 
materials, drilling supplies, appropriate equipment, boring depths and boring 
locations.  The enclosed tables should be referred to for calculating the volumes of 
gravel pack, bentonite, and grout required. 

 
 c) Field Operations 
 
  The field crews will review the mobilization sheets for adequacy.  Unless otherwise 

specified the field crew will determine the specific use of equipment such as grout 
trailer, ready mix etc.  The field crews will complete the monitoring wells as 
specified and complete forms for describing boring logs and well details.  Any 
deviation from standard procedures or unusual observations should be noted by the 
field crews and reported to the project manager. 

 
 d) Well Security 
 
  The well is secured in accordance with the project manager’s instructions and 

TSOPs E.900, E.905, E.910, or E.920.  The proper well security materials to be 
used in completing the top of a monitoring well should be specified by the project 
manager and based on the expected ground surface use, regulatory requirements, 
and client desires.  Care should be taken in installation of monitoring wells that will 
be subjected to vehicle traffic. 

 
 e) Well Documentation. 
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  The attached field boring log and monitoring well completion sheets are to be 

completed for each monitoring well. 
 
Attached Supporting Documents 
 
 Volume of Soil Boring, Annulus around 2” and 4” Casings, and Grout Mixtures 
 
 Terracon Form 130 – Log of Boring No., Monitoring Well Details, and Boring Elevations. 
 
 ASTM D 5092-90 Design and Installation of Groundwater Monitoring Wells 
 
 Brainard Kilman Field Facts 
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VOLUME OF SOIL BORING 

CUBIC FEET PER LINEAR FOOT   GALLONS PER LINEAR FOOT  
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 
    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0.028  0.088  0.201  0.29  0.37 0.57  1 0.17 0.66 1.5  2.14  2.78 4.29 
2 0.06  0.18  0.4  0.6  0.7 1.1  2 0.3 1.3 3.0  4.3  5.6 8.6 
3 0.08  0.26  0.6  0.9  1.1 1.7  3 0.5 2.0 4.5  6.4  8.3 12.9 
4 0.11  0.35  0.8  1.2  1.5 2.3  4 0.7 2.6 6.0  8.6  11.1 17.2 
5 0.14  0.44  1.0  1.5  1.9 2.9  5 0.9 3.3 7.5  10.7  13.9 21.5 
6 0.17  0.53  1.2  1.7  2.2 3.4  6 1.0 4.0 9.0  12.8  16.7 25.7 
7 0.20  0.62  1.4  2.0  2.6 4.0  7 1.2 4.6 10.5  15.0  19.5 30.0 
8 0.22  0.70  1.6  2.3  3.0 4.6  8 1.4 5.3 12.0  17.1  22.2 34.3 
9 0.25  0.79  1.8  2.6  3.3 5.1  9 1.5 5.9 13.5  19.3  25.0 38.6 

10 0.28  0.88  2.0  2.9  3.7 5.7  10 1.7 6.6 15.0  21.4  27.8 42.9 
11 0.31  0.97  2.2  3.2  4.1 6.3  11 1.9 7.3 16.5  23.5  30.6 47.2 
12 0.34  1.06  2.4  3.5  4.4 6.8  12 2.0 7.9 18.0  25.7  33.4 51.5 
13 0.36  1.14  2.6  3.8  4.8 7.4  13 2.2 8.6 19.5  27.8  36.1 55.8 
14 0.39  1.23  2.8  4.1  5.2 8.0  14 2.4 9.2 21.0  30.0  38.9 60.1 
15 0.42  1.32  3.0  4.4  5.6 8.6  15 2.6 9.9 22.5  32.1  41.7 64.4 
16 0.45  1.41  3.2  4.6  5.9 9.1  16 2.7 10.6 24.0  34.2  44.5 68.6 
17 0.48  1.50  3.4  4.9  6.3 9.7  17 2.9 11.2 25.5  36.4  47.3 72.9 
18 0.50  1.58  3.6  5.2  6.7 10.3  18 3.1 11.9 27.0  38.5  50.0 77.2 
19 0.53  1.67  3.8  5.5  7.0 10.8  19 3.2 12.5 28.5  40.7  52.8 81.5 
20 0.56  1.76  4.0  5.8  7.4 11.4  20 3.4 13.2 30.0  42.8  55.6 85.8 
22 0.62  1.94  4.4  6.4  8.1 12.5  22 3.7 14.5 33.0  47.1  61.2 94.4 
24 0.67  2.11  4.8  7.0  8.9 13.7  24 4.1 15.8 36.0  51.4  66.7 103.0 
25 0.70  2.20  5.0  7.3  9.3 14.3  25 4.3 16.5 37.5  53.5  69.5 107.3 
26 0.73  2.29  5.2  7.5  9.6 14.8  26 4.4 17.2 39.0  55.6  72.3 111.5 
28 0.78  2.46  5.6  8.1  10.4 16.0  28 4.8 18.5 42.0  59.9  77.8 120.1 
30 0.84  2.64  6.0  8.7  11.1 17.1  30 5.1 19.8 45.0  64.2  83.4 128.7 
32 0.90  2.82  6.4  9.3  11.8 18.2  32 5.4 21.1 48.0  68.5  89.0 137.3 
34 0.95  2.99  6.8  9.9  12.6 19.4  34 5.8 22.4 51.0  72.8  94.5 145.9 
35 0.98  3.08  7.0  10.2  13.0 20.0  35 6.0 23.1 52.5  74.9  97.3 150.2 
36 1.01  3.17  7.2  10.4  13.3 20.5  36 6.1 23.8 54.0  77.0  100.1 154.4 
38 1.06  3.34  7.6  11.0  14.1 21.7  38 6.5 25.1 57.0  81.3  105.6 163.0 
40 1.12  3.52  8.0  11.6  14.8 22.8  40 6.8 26.4 60.0  85.6  111.2 171.6 
45 1.3  4.0  9.0  13.1  16.7 25.7  45 7.7 29.7 67.5  96.3  125.1 193.1 
50 1.4  4.4  10.1  14.5  18.5 28.5  50 8.5 33.0 75.0  107.0  139.0 214.5 
55 1.5  4.8  11.1  16.0  20.4 31.4  55 9.4 36.3 82.5  117.7  152.9 236.0 
60 1.7  5.3  12.1  17.4  22.2 34.2  60 10.2 39.6 90.0  128.4  166.8 257.4 
65 1.8  5.7  13.1  18.9  24.1 37.1  65 11.1 42.9 97.5  139.1  180.7 278.9 
70 2.0  6.2  14.1  20.3  25.9 39.9  70 11.9 46.2 105.0  149.8  194.6 300.3 
75 2.1  6.6  15.1  21.8  27.8 42.8  75 12.8 49.5 112.5  160.5  208.5 321.8 
80 2.2  7.0  16.1  23.2  29.6 45.6  80 13.6 52.8 120.0  171.2  222.4 343.2 
85 2.4  7.5  17.1  24.7  31.5 48.5  85 14.5 56.1 127.5  181.9  236.3 364.7 
90 2.5  7.9  18.1  26.1  33.3 51.3  90 15.3 59.4 135.0  192.6  250.2 386.1 
95 2.7  8.4  19.1  27.6  35.2 54.2  95 16.2 62.7 142.5  203.3  264.1 407.6 

100 2.8  8.8  20.1  29.0  37.0 57.0  100 17.0 66.0 150.0  214.0  278.0 429.0 
125 3.5  11.0  25.1  36.3  46.3 71.3  125 21.3 82.5 187.5  267.5  347.5 536.3 
150 4.2  13.2  30.2  43.5  55.5 85.5  150 25.5 99.0 225.0  321.0  417.0 643.5 
175 4.9  15.4  35.2  50.8  64.8 99.8  175 29.8 115.5 262.5  374.5  486.5 750.8 
200 5.6  17.6  40.2  58.0  74.0 114.0  200 34.0 132.0 300.0  428.0  556.0 858.0 
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VOLUME OF ANNULUS AROUND 2" CASING 

CUBIC FEET PER LINEAR FOOT  GALLONS PER LINEAR FOOT 
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 

    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0  0.065  0.178  0.26  0.34 0.54  1 0 0.491 1.33  1.91  2.55 4.06 
2 0  0.13  0.4  0.5  0.7 1.1  2 0 1.0 2.7  3.8  5.1 8.1 
3 0 0.20  0.5  0.8  1.0 1.6  3 0 1.5 4.0  5.7  7.7 12.2 
4 0 0.26  0.7  1.0  1.4 2.2  4 0 2.0 5.3  7.6  10.2 16.2 
5 0 0.33  0.9  1.3  1.7 2.7  5 0 2.5 6.7  9.6  12.8 20.3 
6 0 0.39  1.1  1.6  2.0 3.2  6 0 2.9 8.0  11.5  15.3 24.4 
7 0 0.46  1.2  1.8  2.4 3.8  7 0 3.4 9.3  13.4  17.9 28.4 
8 0 0.52  1.4  2.1  2.7 4.3  8 0 3.9 10.6  15.3  20.4 32.5 
9 0 0.59  1.6  2.3  3.1 4.9  9 0 4.4 12.0  17.2  23.0 36.5 

10 0 0.65  1.8  2.6  3.4 5.4  10 0 4.9 13.3  19.1  25.5 40.6 
11 0 0.72  2.0  2.9  3.7 5.9  11 0 5.4 14.6  21.0  28.1 44.7 
12 0 0.78  2.1  3.1  4.1 6.5  12 0 5.9 16.0  22.9  30.6 48.7 
13 0 0.85  2.3  3.4  4.4 7.0  13 0 6.4 17.3  24.8  33.2 52.8 
14 0 0.91  2.5  3.6  4.8 7.6  14 0 6.9 18.6  26.7  35.7 56.8 
15 0 0.98  2.7  3.9  5.1 8.1  15 0 7.4 20.0  28.7  38.3 60.9 
16 0 1.04  2.8  4.2  5.4 8.6  16 0 7.9 21.3  30.6  40.8 65.0 
17 0 1.11  3.0  4.4  5.8 9.2  17 0 8.3 22.6  32.5  43.4 69.0 
18 0 1.17  3.2  4.7  6.1 9.7  18 0 8.8 23.9  34.4  45.9 73.1 
19 0 1.24  3.4  4.9  6.5 10.3  19 0 9.3 25.3  36.3  48.5 77.1 
20 0 1.30  3.6  5.2  6.8 10.8  20 0 9.8 26.6  38.2  51.0 81.2 
22 0 1.43  3.9  5.7  7.5 11.9  22 0 10.8 29.3  42.0  56.1 89.3 
24 0 1.56  4.3  6.2  8.2 13.0  24 0 11.8 31.9  45.8  61.2 97.4 
25 0 1.63  4.5  6.5  8.5 13.5  25 0 12.3 33.3  47.8  63.8 101.5 
26 0 1.69  4.6  6.8  8.8 14.0  26 0 12.8 34.6  49.7  66.3 105.6 
28 0 1.82  5.0  7.3  9.5 15.1  28 0 13.7 37.2  53.5  71.4 113.7 
30 0 1.95  5.3  7.8  10.2 16.2  30 0 14.7 39.9  57.3  76.5 121.8 
32 0 2.08  5.7  8.3  10.9 17.3  32 0 15.7 42.6  61.1  81.6 129.9 
34 0 2.21  6.1  8.8  11.6 18.4  34 0 16.7 45.2  64.9  86.7 138.0 
35 0 2.28  6.2  9.1  11.9 18.9  35 0 17.2 46.6  66.9  89.3 142.1 
36 0 2.34  6.4  9.4  12.2 19.4  36 0 17.7 47.9  68.8  91.8 146.2 
38 0 2.47  6.8  9.9  12.9 20.5  38 0 18.7 50.5  72.6  96.9 154.3 
40 0 2.60  7.1  10.4  13.6 21.6  40 0 19.6 53.2  76.4  102.0 162.4 
45 0 2.9  8.0  11.7  15.3 24.3  45 0 22.1 59.9  86.0  114.8 182.7 
50 0 3.3  8.9  13.0  17.0 27.0  50 0 24.6 66.5  95.5  127.5 203.0 
55 0 3.6  9.8  14.3  18.7 29.7  55 0 27.0 73.2  105.1  140.3 223.3 
60 0 3.9  10.7  15.6  20.4 32.4  60 0 29.5 79.8  114.6  153.0 243.6 
65 0 4.2  11.6  16.9  22.1 35.1  65 0 31.9 86.5  124.2  165.8 263.9 
70 0 4.6  12.5  18.2  23.8 37.8  70 0 34.4 93.1  133.7  178.5 284.2 
75 0 4.9  13.4  19.5  25.5 40.5  75 0 36.8 99.8  143.3  191.3 304.5 
80 0 5.2  14.2  20.8  27.2 43.2  80 0 39.3 106.4  152.8  204.0 324.8 
85 0 5.5  15.1  22.1  28.9 45.9  85 0 41.7 113.1  162.4  216.8 345.1 
90 0 5.9  16.0  23.4  30.6 48.6  90 0 44.2 119.7  171.9  229.5 365.4 
95 0 6.2  16.9  24.7  32.3 51.3  95 0 46.6 126.4  181.5  242.3 385.7 

100 0 6.5  17.8  26.0  34.0 54.0  100 0 49.1 133.0  191.0  255.0 406.0 
125 0 8.1  22.3  32.5  42.5 67.5  125 0 61.4 166.3  238.8  318.8 507.5 
150 0  9.8  26.7  39.0  51.0 81.0  150 0 73.7 199.5  286.5  382.5 609.0 
175 0  11.4  31.2  45.5  59.5 94.5  175 0 85.9 232.8  334.3  446.3 710.5 
200 0  13.0  35.6  52.0  68.0 108.0  200 0 98.2 266.0  382.0  510.0 812.0 
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VOLUME OF ANNULUS AROUND 4" CASING 

CUBIC FEET PER LINEAR FOOT  GALLONS PER LINEAR FOOT 
 DIAMETER OF SOIL BORING   DIAMETER OF SOIL BORING 

    INSIDE DIAMETER OF      INSIDE DIAMETER OF 

    HOLLOW STEM AUGER      HOLLOW STEM AUGER 

    3.25 4.25 6.25      3.25 4.25 6.25 
LENGTH        LENGTH       

(ft.) 2 4 6 7.25 8.25 10.25  (ft.) 2 4 6 7.25 8.25 10.25
1 0  0  0.11  0.2  0.26 0.46  1 0 0 0.84  1.48  1.95 3.46 
2 0 0 0.2  0.4  0.5 0.9  2 0 0 1.7  3.0  3.9 6.9 
3 0 0 0.3  0.6  0.8 1.4  3 0 0 2.5  4.4  5.9 10.4 
4 0 0 0.4  0.8  1.0 1.8  4 0 0 3.4  5.9  7.8 13.8 
5 0 0 0.6  1.0  1.3 2.3  5 0 0 4.2  7.4  9.8 17.3 
6 0  0  0.7  1.2  1.6 2.8  6 0 0 5.0  8.9  11.7 20.8 
7 0 0 0.8  1.4  1.8 3.2  7 0 0 5.9  10.4  13.7 24.2 
8 0 0 0.9  1.6  2.1 3.7  8 0 0 6.7  11.8  15.6 27.7 
9 0 0 1.0  1.8  2.3 4.1  9 0 0 7.6  13.3  17.6 31.1 

10 0 0 1.1  2.0  2.6 4.6  10 0 0 8.4  14.8  19.5 34.6 
11 0  0  1.2  2.2  2.9 5.1  11 0 0 9.2  16.3  21.5 38.1 
12 0 0 1.3  2.4  3.1 5.5  12 0 0 10.1  17.8  23.4 41.5 
13 0 0 1.4  2.6  3.4 6.0  13 0 0 10.9  19.2  25.4 45.0 
14 0 0 1.5  2.8  3.6 6.4  14 0 0 11.8  20.7  27.3 48.4 
15 0 0 1.7  3.0  3.9 6.9  15 0 0 12.6  22.2  29.3 51.9 
16 0  0  1.8  3.2  4.2 7.4  16 0 0 13.4  23.7  31.2 55.4 
17 0 0 1.9  3.4  4.4 7.8  17 0 0 14.3  25.2  33.2 58.8 
18 0 0 2.0  3.6  4.7 8.3  18 0 0 15.1  26.6  35.1 62.3 
19 0 0 2.1  3.8  4.9 8.7  19 0 0 16.0  28.1  37.1 65.7 
20 0 0 2.2  4.0  5.2 9.2  20 0 0 16.8  29.6  39.0 69.2 
22 0  0  2.4  4.4  5.7 10.1  22 0 0 18.5  32.6  42.9 76.1 
24 0 0 2.6  4.8  6.2 11.0  24 0 0 20.2  35.5  46.8 83.0 
25 0 0 2.8  5.0  6.5 11.5  25 0 0 21.0  37.0  48.8 86.5 
26 0 0 2.9  5.2  6.8 12.0  26 0 0 21.8  38.5  50.7 90.0 
28 0 0 3.1  5.6  7.3 12.9  28 0 0 23.5  41.4  54.6 96.9 
30 0  0  3.3  6.0  7.8 13.8  30 0 0 25.2  44.4  58.5 103.8 
32 0 0 3.5  6.4  8.3 14.7  32 0 0 26.9  47.4  62.4 110.7 
34 0 0 3.7  6.8  8.8 15.6  34 0 0 28.6  50.3  66.3 117.6 
35 0 0 3.9  7.0  9.1 16.1  35 0 0 29.4  51.8  68.3 121.1 
36 0 0 4.0  7.2  9.4 16.6  36 0 0 30.2  53.3  70.2 124.6 
38 0  0  4.2  7.6  9.9 17.5  38 0 0 31.9  56.2  74.1 131.5 
40 0 0 4.4  8.0  10.4 18.4  40 0 0 33.6  59.2  78.0 138.4 
45 0 0 5.0  9.0  11.7 20.7  45 0 0 37.8  66.6  87.8 155.7 
50 0 0 5.5  10.0  13.0 23.0  50 0 0 42.0  74.0  97.5 173.0 
55 0 0 6.1  11.0  14.3 25.3  55 0 0 46.2  81.4  107.3 190.3 
60 0  0  6.6  12.0  15.6 27.6  60 0 0 50.4  88.8  117.0 207.6 
65 0 0 7.2  13.0  16.9 29.9  65 0 0 54.6  96.2  126.8 224.9 
70 0 0 7.7  14.0  18.2 32.2  70 0 0 58.8  103.6  136.5 242.2 
75 0 0 8.3  15.0  19.5 34.5  75 0 0 63.0  111.0  146.3 259.5 
80 0 0 8.8  16.0  20.8 36.8  80 0 0 67.2  118.4  156.0 276.8 
85 0  0  9.4  17.0  22.1 39.1  85 0 0 71.4  125.8  165.8 294.1 
90 0 0 9.9  18.0  23.4 41.4  90 0 0 75.6  133.2  175.5 311.4 
95 0 0 10.5  19.0  24.7 43.7  95 0 0 79.8  140.6  185.3 328.7 

100 0 0 11.0  20.0  26.0 46.0  100 0 0 84.0  148.0  195.0 346.0 
125 0 0 13.8  25.0  32.5 57.5  125 0 0 105.0  185.0  243.8 432.5 
150 0 0 16.5  30.0  39.0 69.0  150 0 0 126.0  222.0  292.5 519.0 
175 0 0 19.3  35.0  45.5 80.5  175 0 0 147.0  259.0  341.3 605.5 
200 0 0 22.0  40.0  52.0 92.0  200 0 0 168.0  296.0  390.0 692.0 
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GROUT MIXTURES 

PORTLAND CEMENT GROUT  BENTONITE GROUT 
        
        

CUBIC CEMENT BENTONITE WATER  CUBIC BENTONITE WATER 
FEET 94 lb. sack lbs. gallons  FEET 50 lb sack gallons 

1 0.6339  3.17 5.07  1 0.444  6.22 
1.577 1.0  5.0 8.0  2 0.9  12.4 

2 1.27  6.3 10.1  2.25 1  14 
3 1.90  9.5 15.2  3 1.3  18.7 
4 2.54  12.7 20.3  4 1.8  24.9 
5 3.17  15.9 25.4  5 2.2  31.1 
6 3.80  19.0 30.4  6 2.7  37.3 
7 4.44  22.2 35.5  7 3.1  43.5 
8 5.07  25.4 40.6  8 3.6  49.8 
9 5.71  28.5 45.6  9 4.0  56.0 

10 6.34  31.7 50.7  10 4.4  62.2 
11 6.97  34.9 55.8  11 4.9  68.4 
12 7.61  38.0 60.8  12 5.3  74.6 
13 8.24  41.2 65.9  13 5.8  80.9 
14 8.87  44.4 71.0  14 6.2  87.1 
15 9.51  47.6 76.1  15 6.7  93.3 
16 10.14  50.7 81.1  16 7.1  99.5 
17 10.78  53.9 86.2  17 7.5  105.7 
18 11.41  57.1 91.3  18 8.0  112.0 
19 12.04  60.2 96.3  19 8.4  118.2 
20 12.68  63.4 101.4  20 8.9  124.4 
22 13.95  69.7 111.5  22 9.8  136.8 
24 15.21  76.1 121.7  24 10.7  149.3 
25 15.85  79.3 126.8  25 11.1  155.5 
26 16.48  82.4 131.8  26 11.5  161.7 
28 17.75  88.8 142.0  28 12.4  174.2 
30 19.02  95.1 152.1  30 13.3  186.6 
32 20.28  101.4 162.2  32 14.2  199.0 
34 21.55  107.8 172.4  34 15.1  211.5 
35 22.19  111.0 177.5  35 15.5  217.7 
36 22.82  114.1 182.5  36 16.0  223.9 
38 24.09  120.5 192.7  38 16.9  236.4 
40 25.36  126.8 202.8  40 17.8  248.8 
45 28.5  142.7 228.2  45 20.0  279.9 
50 31.7  158.5 253.5  50 22.2  311.0 
55 34.9  174.4 278.9  55 24.4  342.1
60 38.0  190.2 304.2  60 26.6  373.2 
65 41.2  206.1 329.6  65 28.9  404.3 
70 44.4  221.9 354.9  70 31.1  435.4 
75 47.5  237.8 380.3  75 33.3  466.5 
80 50.7  253.6 405.6  80 35.5  497.6 
85 53.9  269.5 431.0  85 37.7  528.7 
90 57.1  285.3 456.3  90 40.0  559.8 
95 60.2  301.2 481.7  95 42.2  590.9 

100 63.4  317.0 507.0  100 44.4  622.0 
125 79.2  396.3 633.8  125 55.5  777.5 
150 95.1  475.5 760.5  150 66.6  933.0 
175 110.9  554.8 887.3  175 77.7  1088.5 
200 126.8  634.0 1014.0  200 88.8  1244.0 
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E.850 

WELL CONSTRUCTION –DIRECT PUSH (PREPACKED SCREEN) 
 
Last Revision or Review:  June 2010 
 
Objective 
 
To provide standard procedures for the design and installation of routine monitoring wells that will 

result in reliable construction and provide for the collection of representative groundwater 
samples.   

 
Background 
 
The industry practice for design and direct push installation of monitoring wells is contained in 

ASTM D 6725-01  "Standard Practice for Direct Push Installation of Prepacked Screen 
Monitoring Wells in Unconsolidated Aquifers”.  Terracon procedures incorporate the 
provisions of ASTM D 6725 which describe the specific procedures to be used in installing 
monitoring wells in unconsolidated formations using direct push technology.  

 
Terracon adopts the attached “Geoprobe 0.5-IN. x 1.4-IN. OD and ).75-IN. x 1.4-IN. OD 

Prepacked Screen Monitoring Wells Standard Operating Procedure”, Technical Bulletin No. 
962000, September 1996, Revised June 2002 (GSOP) and used with permission by 
Internet download from http://www.geoprobe.com/literature/pdfdownload.htm . 

 
Equipment 
 
The equipment shall be as generally described in Terracon Standard Operating Procedure E400 

and as specified in GSOP Section 3 Required Equipment or industry equivalent. 
 
Monitoring Well Material 
 
Materials shall be as specified in Section 3 Required Equipment or industry equivalent. 
 
Procedures 
 
 a) Background 
 
  Personnel involved in operations must be familiar with the procedures in ASTM D 

6725.  The Project Manager will specify the sampling interval, decontamination 
requirements, screen slot size, and completion and survey requirements. 

 
 b) Mobilization 
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  The project manager will prepare the mobilization sheets for the required operation.  
The mobilization sheets should summarize types and quantities of materials, 
supplies, appropriate equipment, depths and locations.   

 
 c) Field Operations 
 
  The field crews will review the mobilization sheets for adequacy. The field crews will 

complete the monitoring wells as specified and complete forms for describing soil 
logs and well details.  Any deviation from standard procedures or unusual 
observations should be noted by the field crews and reported to the project 
manager. 

 
Construction of the prepacked screen monitoring well will be as specified in GSOP 
Section 4: Well Installation. 

 
 d) Well Security 
 
  The well is secured in accordance with the project manager’s instructions and 

TSOPs E.900, E.905, E.910, E.920 as modified by GSOP Section 4.5 Surface 
Cover / Well Protection.  The proper well security materials to be used in completing 
the top of a monitoring well should be specified by the project manager and based 
on the expected ground surface use, regulatory requirements, and client desires.  
Care should be taken in installation of monitoring wells that will be subjected to 
vehicle traffic. 

 
 e) Well Documentation. 
 
  The standard field boring log and monitoring well completion sheets are to be 

completed for each monitoring well. 
 
Attached Supporting Documents 
 
 Terracon Form 130 – Log of Boring No., Monitoring Well Details, and Boring Elevations. 
 
 Geoprobe 0.5-IN. x 1.4-IN. OD and ).75-IN. x 1.4-IN. OD Prepacked Screen Monitoring 

Wells Standard Operating Procedure, Technical Bulletin No. 962000, September 1996, 
Revised June 2002, Kejr, Inc. 

 
 ASTM D 6725-01  Standard Practice for Direct Push Installation of Prepacked Screen 

Monitoring Wells in Unconsolidated Aquifers. 
 



















































































































 
 

 
E.900 

 WELL SECURITY – TYPE A (Simple Cap) 
 
LAST REVIEW OR REVISION:  June 2010 
 
OBJECTIVE:  To provide standard procedures for capping a monitoring well in the field in 

conditions where; 
 
 The potential threat of persons deliberately contaminating groundwater used for sampling and 

testing through the surface well casing is non-existent 
 
 The well is within a secured area or enclosure otherwise providing security 
 
 The probability of inadvertent structural damage to the well casing is not likely   
 
The procedure does not provide an indicator if the well has been entered by other than authorized 

project personnel, thereby not allowing the sampler to halt sampling or flag samples as 
suspect.  

 
This procedure is low cost, low maintenance and provides no wellhead protection for sample 

integrity except against fugitive airborne dust.  It provides the minimum level of  protection 
for exposed well casing, inadvertent or deliberate, surface traffic. 

 
Special Note: This procedure may used at client request for other higher threat conditions providing 

the client understands and accepts the risk associated with sabotaged wells.  
 
EQUIPMENT 
 
 Copy of completed field well construction log, field or report version. 

 Terracon Form No. 130 MONITORING WELL DETAILS , see figure enclosed. 
 Terracon Final Report Log from project report. 

 
 Cap compatible with well casing material 

 PVC slip-type end cap of proper inside diameter to match 
well casing. For wells greater than 3-inches in diameter 
the flange of the slip cap should be slotted with a hacksaw 
free of oils prior to installation to prevent seizing of the cap 
to well casing in temperature changes. 

 
 PVC or metal threaded caps manufactured to match the 

well casing thread and diameter. 
 
 Hand-operated compression pipe cutter appropriate to 

material and without interference to the integrity of the sampling (requires no solvents or oils).  
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 Wellhead marking materials ONLY FOR EXTERNAL APPLICATION AWAY FROM 

WELLHEAD CASING OPENING 
 Compatible markers or adhesive labels to permanently mark casing without solvent/residue 

interference with potential chemicals of analysis.  
 
PROCEDURES 
 
Inspect the casing opening for adhered soils, sand or other materials which might interfere with the 
slip cap or threaded plug.  Clear and clean appropriate with project cleaning or decontamination 
procedures. The top of casing should be visually true-and-round, visually free of chips, cracks or 
other physical damage which could interfere with the expanding gasket of the locking cap.  The 
casing should be flat and level across the opening, within approximately +10-degrees of 
perpendicular relative to the casing side wall.   
 
If the top of casing is damaged, use the pipe cutter to square and repair the casing opening.  
Record the change in length to 0.1-inch relative to the original casing rise recorded on Form 130 or  
Report Log Form and report to the Terracon Project Manager. 
 
Hand place the slip cap over the well casing, do NOT drive in place mechanically.  For threaded 
plugs hand tighten the cap only, USE NO TOOLS.  
 
Physically mark the casing with well identification.  Record and return documentation to the Project 
Manager and file. 

DOCUMENTATION 
 
Record any adjustments or repairs on completed Form 130 (Back) Monitoring Well Details and 
return to Project Manager. 

OTHER SUPPORTING DOCUMENTS 
 
TSOP E.700 Well Construction – Temporary August 2000 
TSOP E.800 Well Construction – Permanent November 2001 
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E.905 

 WELL SECURITY – TYPE B (Locking Expansion Cap) 
 
LAST REVIEW OR REVISION: June 2010  
 
OBJECTIVE:  To provide standard procedures for physically securing monitoring wells in the 

field where the potential threat of persons deliberately contaminating groundwater used for 
sampling and testing through the surface well casing is low and the probability of 
inadvertent structural damage to the well casing is not likely.   

 
The procedure provides an indicator if the well has been entered by other than authorized project 

personnel, allowing the sampler to halt sampling or flag samples as suspect.  
 
This procedure is low cost, low maintenance and provides the lowest amount of  wellhead 

protection for sample integrity.  It provides the minimum level of  protection for exposed well 
casing, inadvertent or deliberate, by surface traffic. 

 
Special Note: This procedure may used at client request for other higher threat conditions providing 

the client understands and accepts the risk associated with sabotaged wells.  
 
EQUIPMENT 
 
 Copy of completed field well construction log, field or report version. 

 Terracon Form No. 130 MONITORING WELL DETAILS , see figure enclosed. 
 Terracon Final Report Log from project report. 

 
 Lockable caps 

 With inert or chemically compatible expanding gasket of material 
not affected as to loss of expansion or damage down to 
temperatures of –10 degrees Fahrenheit. 

 Cherne Industries, Inc. Gripper or Morrison-Dubuque #678XA, or 
equivalents approved by Terracon Equipment/Supplies Manager. 

 
 Keyed-alike padlocks, hardened shank not required. 
 
 Hand-operated compression pipe cutter appropriate to material and without interference to the 

integrity of the sampling (requires no solvents or oils).  
 
 Wellhead marking materials ONLY FOR EXTERNAL APPLICATION AWAY FROM 

WELLHEAD CASING OPENING 
 Compatible markers or adhesive labels to permanently mark cap without solvent/residue 

interference with potential chemicals of analysis.  
 2-inch diameter brass tag-and-ring to physically attach to padlock or cap 
 Steel number punch set for brass tags, if applicable. 



TSOP E.905  Terracon 
 

2 
 

 

TYPICAL TYPE A CAP 
ASSEMBLY 

 
Threaded Compression Flange, 

Integral Lock Hasp 
 
 
 

Compatible Expansion Gasket 
 
 

Well Casing 
 
 
 
 
 
 
 
 

Well Marking On Casing, 
 Remote From Opening 

M
W
12

 Hammer for punch set, if applicable. 
 Small metal block or hand anvil for punch, set. 

 
 Pliers or small box end wrench 
 
 
PROCEDURES 
 
Inspect the casing opening for adhered soils, 
sand or other materials which might interfere 
with the expanding seal.  Clear and clean 
appropriate with project cleaning or 
decontamination procedures. The top of casing 
should be visually true-and-round, visually free 
of chips, cracks or other physical damage which 
could interfere with the expanding gasket of the 
locking cap.  The casing should be flat and level 
across the opening, within approximately +10-
degrees of perpendicular relative to the casing 
side wall.   
 
If the top of casing is damaged, use the pipe 
cutter to square and repair the casing opening.  
Record the change in length to 0.1-inch relative 
to the original casing rise recorded on Form 130 
or  Report Log Form and report to the Terracon 
Project Manager. 
 
Loosen the compression nut/flange on the 
lockable expansion cap, but do not remove the 
compression nut/flange.  Insert the cap into the 
well opening.  Holding the cap in place with one 
hand against the casing, with the other hand 
tighten the compression nut/flange.  Tighten to 
maximum hand pressure.   
 
Using a hand tool, rotate the compression nut/flange less than one revolution to align it with the 
padlock hasp of the cap.  DO NOT over tighten.  Excessive compression can split or crack PVC 
well casing and can damage or break the expansion cap inside  steel well casing. 
 
Insert the brass well tag onto the padlock shank, if applicable.  Insert the keyed-alike padlock into 
the expansion cap.   
 
Physically mark or tag the key with the project number, and the well identification if more than one 
type of keyed-lock is used for the project.  Return the key(s) with documentation and return to the 
Project Manager for future access. 
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DOCUMENTATION 
 
Record any adjustments or repairs on completed Form 130 (Back) Monitoring Well Details and 
return with key to Project Manager. 

OTHER SUPPORTING DOCUMENTS 
 
TSOP E.700 Well Construction – Temporary August 2000 
TSOP E.800 Well Construction – Permanent November 2001 
 
 



 
 

 
E.910 

 WELL SECURITY – TYPE C (Protective Casing) 
 
LAST REVIEW OR REVISION: June 2010 
 
OBJECTIVE:  To provide standard procedures for physically securing monitoring wells in the 

field where the potential threat of persons deliberately contaminating groundwater used for 
sampling and testing through the surface well casing is moderate to high or  the probability 
of inadvertent structural damage to the well casing is likely.   

 
The procedure provides an indicator if the well has been entered by other than authorized project 

personnel intent on unauthorized access to the well, allowing the sampler to halt sampling 
or flag samples as suspect.  

 
This procedure is of moderate cost, requires a moderate technical efficiency on the part of the field 

person  and provides a high degree of wellhead protection for sample integrity.  It provides 
a high level of  protection against damage, inadvertent or deliberate, for exposed well 
casing from surface traffic. 

 
This procedure should be conducted at the time of original well construction, but no later than 48 

hours afterward.  Until  final security construction can be completed, the wellhead should be 
temporarily secured using TSOPs E.900 Well Security- Type A (Simple Cap) or E.905 Well 
Security – Type B (Locking Expansion Cap).  

 
EQUIPMENT 
 
 Copy of field well construction log. 

 Terracon Form No. 130 MONITORING WELL DETAILS , see figure enclosed. 
 
 Drilling or excavating equipment capable of soil removal from around the well casing to provide 

sufficient dimensions for construction, if the protective casing is not installed in the original 
boring annulus at the time of drilling and well construction. 

 
 Steel protective casing of commercial manufacture matched by Terracon Project Manager to 

diameter of monitoring well. The protective casing will extend over and enclose the well casing.  
The protective casing will be of heavy gauge metal, if painted or coated against corrosion, the 
coating will be commercially applied and cured well before field mobilization – DO NOT re-paint 
protective casings in the field to prevent potential chemical contamination of the well.  

 
 A 0.125-inch diameter weep hole will be drilled into the protective casing at a distance of at 

least 24-inches below the top edge of the opened protective casing.  The weep hole allows 
water accumulation from sampling or intruding rain to escape the interior of the protective 
casing.  Accumulating water confined within the protective casing can crush the interior well 
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Hinged Protective Casing Top 
 
Temporary wood or plastic 
spacer, later removed 
 
1-inch separation from cap 
 
Simple cap to prevent 
contaminating well during 
construction 
 
Well casing 
 
Grouted space or open space 
with weep hole above grout. 
 
Steel protective casing body 
 

casing when it freezes.  Alternatively, the weep hole can be drilled after construction for best 
position using a portable battery-powered drill. 

 
 Well casing caps or plugs, expansion or threaded. 

 With inert or chemically compatible expanding gasket of material not affected as to loss of 
expansion or damage down to temperatures of –10 degrees Fahrenheit. 

 Simple slip caps as used in TSOP E.900 
 
 Keyed-alike padlocks, hardened >0.25-inch diameter hasp required. 
 
 Hand-operated compression pipe cutter appropriate to material and without interference to the 

integrity of the sampling (requires no solvents or oils).  
 
 Wellhead marking materials ONLY FOR EXTERNAL APPLICATION AWAY FROM 

WELLHEAD CASING OPENING 
 Compatible markers or adhesive labels to permanently mark cap without solvent/residue 

interference with potential chemicals of analysis.  
 2-inch diameter brass tag-and-ring to physically attach to padlock or cap 
 Steel number punch set for brass tags, if applicable. 
 Hammer for punch set, if applicable. 
 Small metal block or hand anvil for punch, set. 
 Stencils and spray latex paint for marking closed casing, no petroleum-based paint. 

 
 Soft wire and wire cutters 
 
 Pliers or small box end wrench 
 
 Battery-powered drill and 1/8th (0.125) –inch steel drill bit, if constructing weep holes in the field. 
 
 Casing spacer(s) of at least one-half the interior diameter of the protective steel casing, flat on 

top and bottom and constructed of plastic or wood. The spacer will rest temporarily on top of 
the sealed well casing inside protective casing’s hinged top when closed.  The spacer should 
position the top of the well casing 2-inches, +0.5 inches, below the top edge of the opened 
steel protective casing. This spacer is later removed after the cement grout has set and holds 
the protective casing in place.  

 
 
PROCEDURES 
 
Visually inspect the top well casing 
after well construction and 
placement of the bentonite seal in 
the boring annulus. Inspect the 
casing opening for adhered soils, 
sand or other materials which might 
interfere with the expanding seal.  Clear 
and clean appropriate with project cleaning 
or decontamination procedures.  
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HINGED LOCKING TOP 
 
PROTECTIVE STEEL CASING 
SET IN GROUT, WITH WEEP 
HOLE AND POSITIONED WITH 
HASP AT 1 INCH ABOVE TOP 
OF WELL CASING 
 
WELL CASING 
 
GROUT  IN BORING ANNULUS 
 
BENTONITE SEAL  
 
 
GRANULAR WELL PACK SET IN 
BORING ANNULUS 

 
The top of casing should be visually true-and-round, visually free of chips, cracks or other physical 
damage which could interfere with the expanding gasket of the locking cap.  The casing should be 
flat and level across the opening, within approximately +10-degrees of perpendicular relative to the 
casing side wall.  If the top of casing is damaged, use the pipe cutter to square and repair the 
casing opening.  Record the change in length to 0.1-inch relative to the original casing riser length 
recorded on Form 130. 
 
Temporarily seal the well casing during well construction 
using a simple cap as in TSOP E.905. An alternative 
method is to cover the top of the casing with heavy 
gauge (4-mil or greater) clean plastic bags held in 
place by rubber bands.  Avoid use of tape to 
prevent residual adhesives in the immediate 
vicinity of the well opening. 
 
Have at hand the spacer and pre-cut piece 
of soft steel wire approximately 4-inches in 
length. Within 10 minutes of placement of 
the cement grout to surface, lower the steel 
protective casing over the well casing.  Take 
care to visually place the well casing at the center of the protective casing.  While one person holds 
the protective casing centered, the second person should place the spacer on top of the well 
casing, carefully close the hinged cover and tightly wire the padlock flanges together. Wire the 
padlock flanges such that the padlock hasp can still passthrough the hole. DO NOT rely on the 
padlock to hold the hinged cover and protective casing in position while the grout hardens. 
 
Mark, label or stencil the well identification on the exterior of the protective casing. Insert the brass 
well tag onto the padlock shank, if applicable. Place the padlock hasp through the padlock flanges 
and secure. 
 
Physically mark or tag the key with the project number, and the well identification if more than one 
type of keyed-lock is used for the project.  Return the key(s) with documentation and return to the 
Project Manager for future access. 
 
The wire and spacer may be removed after the grout has cured (hardened) for at least 8 hours.  
 
SPECIAL NOTE: If project specifications require the interior space of the protective casing to be 
filled with grout, do so after the initial construction. Thereafter DO NOT introduce neat cement grout 
(pure Portland cement and water), the heat of hydration and expansion of the grout confined within 
the steel casing will crush PVC well casings.  Use grout consisting of an approximate 1:3 dry 
volume mixture of bentonite powder and Portland cement, respectively.  Add water to a pourable 
slurry. With the simple well cap still in place,  introduce slurry by funnel into the open space around 
the well casing.  Take care not to spill grout on the well cap or cover/hinge assembly.  Bring the 
grout volume to a height of 3-inches, +0.5-inch, below the bottom of the cap to allow for some slight 
expansion of the grout during hydration.  DO NOT inadvertently grout the cap in place. 
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DOCUMENTATION 
 
Record dimensions, or other adjustments or repairs on completed Form 130 (Back) Monitoring 
Well Details and return with key to Project Manager. 

OTHER SUPPORTING DOCUMENTS 
 
TSOP E.900 Well Security – Type A (Simple Cap) 
TSOP E.800 Well Construction – Permanent 
 
 



 
 

 
E.920 

 WELL SECURITY – TYPE D (Flushmount) 
 
LAST REVIEW OR REVISION: June 2010 
 
OBJECTIVE and INTENT:  To provide standard procedures for physically securing 

monitoring wells in the field where the potential threat of persons deliberately contaminating 
groundwater used for sampling and testing through the surface well casing is moderate to 
high and the probability of inadvertent structural damage by traffic is very high or client 
operations require no interference with traffic for safety issues.  

 
The procedure provides an indicator if the well has been entered by other than authorized project 

personnel intent on unauthorized access to the well, allowing the sampler to halt sampling 
or flag samples as suspect.  

 
This procedure is of moderate to high cost, requires a moderate to high technical efficiency on the 

part of field staff and provides a high degree of wellhead protection for sample integrity.  It 
provides a high level of protection against mechanical damage, inadvertent or deliberate, 
from surface traffic. Flushmount construction requires field staff to exercise greater care in 
construction and to be more precise in positioning the top of well casing relative to final 
elevation. The ability to shorten “too long” or trim damaged well casing is greatly restricted 
inside the flushmount covers. Flushmount well covers have a higher degree of post-
construction maintenance to prevent possible contamination of the groundwater system 
being evaluated. Flush mount wells should NOT be the first choice of protection and should 
only be used where necessity or the client specifications demand, see Special Notes 
below. 

 
This procedure should be conducted at the time of original well construction, but no later than 48 

hours afterward.   
 
Special Technical Note 1:  Although designed with water-resistant gaskets, flushmount well covers 

are historically subject to surface water intrusion; from rain, flood, spillage during 
groundwater purging/sampling or floor washings.  Seals deteriorate and cast-metal lids can 
crack under temperature fluctuations. Water collecting inside the cover basin, possibly 
contaminated by contact with surface, can then enter a vented well casing and contaminate 
the groundwater intended for sampling. Accumulated water can readily freeze if the well is 
constructed outside of heated structures. Confined within the cover, expanding ice can 
crush/crack the well casing and allow water into the well when it thaws.  While the well 
casing may often resist freeze-thaw damage to some extent, the accumulated water frozen 
over the well casing will prevent access to the well without extraordinary measures.  It is 
imperative that the seals be maintained and replaced regularly and that the covers be 
tightened uniformly when sealing.  
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Special Safety Note 2:  As a precaution against seal failure, the well casing cannot be vented and 
must also be permanently secured using TSOP E.905 Well Security – Type B (Locking 
Expansion Cap). However, different from E.905, the tightening of the compression 
nut/flange should be hand tight plus two revolutions to align the hasp.  While this provides a 
watertight seal for the well casing inside the flushmount cover, the unvented column of air 
trapped inside the well casing has no where to escape as groundwater levels fluctuate up 
and down in the well casing. Pressure can build up and care should be taken in removing 
the expansion caps for sampling.  In addition, in some hydrologic conditions the trapped air 
column, if not dissipated through un-submerged well screen, can artificially depress water 
levels measured within the well casing.  Water level measurements may NOT be 
representative of stabilized groundwater levels in the subsurface.  

 
EQUIPMENT 
 
 Copy of field well construction log. 

 Terracon Form No. 130 MONITORING WELL DETAILS , see figure enclosed. 
 
 Drilling or excavating equipment capable of soil removal from around the well casing to provide 

sufficient dimensions for construction, if the flushmount cover is not installed in the original 
boring annulus at the time of drilling and well construction. 

 
 Steel flushmount vault and cover of commercial manufacture matched by Terracon Project 

Manager to diameter of monitoring well. The flushmount vault and cover will extend over and 
enclose the well casing.  The flushmount vault and cover will be of heavy gauge metal, if 
painted or coated against corrosion, the coating will be commercially applied and cured well 
before field mobilization – DO NOT re-paint flushmount vault and covers in the field to prevent 
potential chemical contamination of the well.  

 
 Well casing expansion locking plugs with inert or chemically compatible expanding gasket of 

material not affected as to loss of expansion or damage down to temperatures of –10 degrees 
Fahrenheit. 

 
 Keyed-alike padlocks, hardened hasp required. 
 
 Hand-operated compression pipe cutter appropriate to material and without interference to the 

integrity of the sampling (requires no solvents or oils).  
 
 Wellhead marking materials ONLY FOR EXTERNAL APPLICATION AWAY FROM 

WELLHEAD CASING OPENING 
 Compatible markers or adhesive labels to permanently mark flushmount cover without 

solvent/residue interference with potential chemicals of analysis.  
 2-inch diameter brass tag-and-ring to physically attach to padlock or cap 
 Steel number punch set for brass tags, if applicable. 
 Hammer for punch set, if applicable. 
 Small metal block or hand anvil for punch, set. 

 
 Special socket tool by manufacturer matched to flushmount cover security bolts. 
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 Piece of 0.5- to 0.75-inch thick plywood or lumber to use as spacer/gauge for well cap 

clearance. 
 
 
PROCEDURES 
 
Visually inspect the top well casing after well construction and placement of the bentonite seal in 
the boring annulus. Inspect the casing opening for adhered soils, sand or other materials which 
might interfere with the expanding seal.  Clear and clean appropriate with project cleaning or 
decontamination procedures.  
 
The top of casing should be visually true-and-round, visually free of chips, cracks or other physical 
damage which could interfere with the expanding gasket of the locking cap. The casing should be 
flat and level across the opening, within approximately +10-degrees of perpendicular relative to the 
casing side wall. The top of casing should be at final design elevation, considering these three 
essential items in exercising professional judgment in the field; 
 
1. With the flushmount vault and cover bolted in place placed over the well, the locking expansion 

plug and padlock should have no less than 0.5-inch clearance from the bottom of the vault 
cover. Vault designs differ!  Do not assume the same amount of clearance for all vault/cover 
assemblies (e.g., One manufacturer incorporates ribbed strengthening members cast in the 
underside of the flushmount cover that can increase maximum cross-sectional thickness for 
clearance by ~1-inch). 

 
2. Trimming the well casing height should always be done prior to grouting in the vault/cover 

assembly. The top of cover is not truly flushmount, it should rise approximately 0.125-inches 
above surface to prevent small amounts of rain or standing water on the cover as a low place 
and yet clear snowplows, sweepers, etc. 

 
3. Do not set the top of casing too low to allow for clearance, it should be set as high as possible 

inside the vault.  This protects against minor water accumulation and freezing inside the vault 
(i.e., minor infiltration through cracked cover or deteriorated seal between sampling events) 
which might occur, yet maximizes the potential for keeping the lock and expansion cap from 
being covered by water/ice.  

 
If the top of casing is damaged, use the pipe cutter to square and repair the casing opening.  
Record the change in length to 0.1-inch relative to the original casing riser length recorded on Form 
130. Seal the well casing at all times during well construction using the expansion locking cap with 
padlock in place as in TSOP E.905. 
 
Have at hand a piece of 0.5- to 0.75-inch thick plywood to use as a temporary spacer/gauge for 
clearance.  For example, referencing figure below; 
 

A - Ground surface         0.0 inches elevation 
B - Flushmount cover thickness    -0.5 inches 
C - Clearance to cover from cap/lock (spacer)  -0.5 inches 
D - Thickness of cap/lock above top of casing  -1.0 inches 
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 Top of well casing from surface   -2.0 inches 
 

Place the final cement grout to an elevation of surface minus the length of the vault assembly collar 
less ~2 inches. The intent is to bring the grout up into and around the base/collar of the flushmount 
basin/assembly approximately 2 inches to seal the assembly, yet not interfere with the locking 
expansion cap and still provide the maximum interior volume for small amounts of unplanned water 
infiltration. For example, referencing figure below; 
 

A - Ground surface         0.0 inches elevation 
Length of collar/basin      -8.5 inches 
F - Distance grout rise inside the basin/collar  +2.0 inches 
 Top of grout from surface     -6.5 inches from surface 

 

With the spacer held in place inside the cover, set the closed (lid bolted in place) flushmount cover 
over the well and into the grout no later than 10 minutes after initial grout placement.  Although the 
well casing should already be centered in the middle of the boring and area removed by hand tools 
or coring (in the case of slabs), take care to visually place the well casing at the center of the 
flushmount vault and cover.  Allow the grout to undergo a firm set, typically 15 to 30 minutes for 
cement mixtures. 
 
Grout the exterior of the basin, free of water and debris to surface with a stiff, but flowable neat 
cement grout.  Standard air-entrained mixtures or commercial concrete may be used against 
freeze-thaw if approved by a Terracon geotechnical engineer.  Slope grout upward to edges of 
vault cover for final finishing. 
 
Mark, label or stencil the well identification on the exterior of the flushmount vault and cover, and/or 
insert the brass well tag onto the padlock shank. Place the padlock hasp through the padlock 
flanges and secure. 
 

Security Bolts/Lid 
 
Water Gasket 
 
Flushmount Basin/Collar 
 
Open Interior & area of 
water accumulation 
 
Capped & Locked Well 
Casing 
 
Grout 
 
Grout in boring annulus 
 
Soil 

A 
B 
C 
 
D 
 
E 
 
F 
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Physically mark or tag the key with the project number, and the well identification if more than one 
type of keyed-lock is used for the project.  Return the key(s) with documentation and return to the 
Project Manager for future access. 
 
Take care not to spill grout on the well cap or cover/hinge assembly.  Bring the grout volume to a 
height of 3-inches, +.5-inch, below the bottom of the cap to allow for some slight expansion of the 
grout during hydration.  DO NOT inadvertently grout the cap in place. 

DOCUMENTATION 
 
Record dimensions, or other adjustments or repairs on completed Form 130 (Back) Monitoring 
Well Details and return with key to Project Manager. 

OTHER SUPPORTING DOCUMENTS 
 
TSOP E.900 Well Security – Type B (Locking Expansion Cap) 
TSOP E.800 Well Construction – Permanent 
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LETTER FROM THE CEO

Terracon is committed to assigning qualified 
staff and providing quality services to 
our clients on every project. This is a key 
component of our mission to deliver success 
to employees, clients, and communities. 

Our commitment to quality is demonstrated 
by our shared dedication, passion, and focus 
on our Quality Program. It extends to every 
member of our company, who work each 
day to provide professional services that: 

Provide accurate data, observations, 
tests, and measurements.
Demonstrate alignment with professional 
practices, industry standards, and 
recognized guidance.
Support transparency and open 
communication with our clients.
Adhere to the business needs and 
contractual requirements of our clients.

To support our mission, Terracon has long 
maintained our Quality Program, with 
the most current iteration described in 
this Quality Program Manual. Driven by a 
continuous improvement philosophy that 
involves our employees, subcontractors, 
and vendors, we apply the program at 
both the company and project levels and 
regularly review and refine it over time.

▪

▪

▪

▪

Quality service is achieved through the 
combined effort of many dedicated people 
at all levels, carrying out their roles at 
the company level and directly on your 
project. Our services are performed by 
qualified staff, supervised by experienced 
managers, and supported by professionals 
with skills and knowledge unique to 
each service. The ability to conduct our 
tasks safely is also ingrained into every 
aspect of our quality process. Terracon 
will not provide services that we are not 
adequately experienced to perform safely 
or if we believe that we would be unable 
to provide an appropriate level of service. 

By focusing on our areas of expertise, 
Terracon sustains the successful, quality 
results you expect for your projects.
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INTRODUCTION

Our Quality Program sets out the processes 
we use to systematically develop a work 
product that provides accurate, repeatable, 
and consistent information and opinions. 
We take great pride in maintaining and 
continuously improving a responsive 
Quality Program that actively delivers on 
our commitment to quality. The program, 
long-established, has been evaluated, 
regularly monitored, revised, and managed 
through company-wide leadership
efforts that begin at the executive level. 
Implementation continues at the 
operational level through management 
leadership and through specific leadership 
positions that focus on the needs and 
challenges of the services that we perform.

The Quality Program is executed at the 
project level through the collaborative 
relationships of multiple team members, 
including those with direct project 
responsibility, project oversight, and 
additional senior subject matter experts. 
Through this process, data, calculations, 
opinions, recommendations, and

conclusions are checked and vetted 
before issuing to our clients.  Projects 
are performed by qualified staff with 
quality oversight and review throughout 
the life of the project by company-
approved experienced staff. When needed, 
experts with specialized knowledge are 
assigned to provide their expertise.

You might be asking, “What does this 
mean for me or my organization?” Our 
commitment to quality means that before 
every project starts, Terracon has already 
established specific operational approaches, 
procedures, and practices that enable us to 
deliver quality service directly to you at every 
stage of your journey to project completion.

To demonstrate our Quality Program 
in action, the following visual personas 
on the next page are used to detail our 
commitment to you through the voices 
of our committed managers, professional 
staff, and team members as they work 
together to deliver consistent quality.
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OUR QUALITY PROGRAM: 
AT THE COMPANY LEVEL

In addition to the leadership provided by 
our CEO, Terracon empowers a cross-
functional matrix of company roles 
with specific responsibilities to lead 
aspects of our Quality Program. This 
collaborative structure includes both 
the operational chain of command as 
well as leadership in each service.  

Our services are categorized into four 
service lines:  environmental, facilities, 
geotechnical, and materials.  This service 
line structure provides specific quality 
leadership and processes to address the 
unique challenges within each service line. 
Quality process oversight for each service 
line includes the selection, vetting, approval, 
and ongoing evaluation of qualified project 
reviewers within each operational division.  
We also regularly evaluate program 
components at the company and office 
levels through committees with additional 
quality responsibilities. Each committee is 
staffed by both executive-level managers 
and service line leaders. This arrangement 
balances operational perspectives with 
specific service line considerations.

Overall project quality within each service 
line is regularly evaluated through project 
reviews. The scope of these reviews 
includes representative samples of project 
work associated with each individual 
project reviewer, who is also assessed 
on their effectiveness as a reviewer.

Our Quality Program is also calibrated 
based on the results of client 
feedback assessments and our 
annual survey of project managers 
and authorized project reviewers.

Through individual and group effort, our 
Quality Program undergoes a recurring 
process of evaluation, improvement, 
and review. Acting as individuals and 
in collaborative teams, each role and 
committee helps us achieve quality and 
deliver superior service to our clients.

The following entities carry out our 
Quality Program at the company level:

executive committee

The Executive Committee meets regularly 
to discuss issues and to set policies 

regarding our operations. This 
committee is composed 
of the CEO, our most 
senior operational 
executives, and other 

key senior managers.  
Top priorities 

include client service, 
project delivery, and 

the measurement 
and achievement of 
quality objectives.

“As a member of the Executive Committee and 
a senior leader representing our company, I am 
committed to the implementation, measurement, and 
continuous improvement of our quality objectives and 
a level of service and delivery that provides a fulfilling 
experience for our clients and lasting relationships.”

Quality Program Manual    �



Quality and Project delivery 
leadershiP team

Terracon established this leadership 
team to oversee our Quality Program. The 
team consists of executive, operational, 
and service line leadership and meets 
regularly to examine current quality and 
project delivery practices and develop 
improvements and enhancements in our 
managing, executing, and delivering quality 

projects. The team provides oversight 
of the service lines on quality issues 
and is tasked with the design and 
implementation of operational quality 

improvements. The team also 
promotes project management 
as a core competency within 
the company and defines 

the Quality Program 
responsibilities of 
project managers.
“Quality is more than meeting   

a standard. Quality is about my 
commitment and that of our 

employee-owners and organization to deliver 
services and solutions that exceed the expectations 

of the client in terms of contractual compliance, 
technical accuracy, effective communication, and 
results delivered. As a QPDLT member, I have an 
opportunity to help shape and craft the culture of 
quality in Terracon through input from our employee-
owners, clients, and external stakeholders.”

CHIEF DEVELOPMENT OFFICER
The senior executive in this position is 
devoted solely to maintaining and 
improving the quality and delivery of our 
services. In concert with the Quality and 
Project Delivery Leadership Team, the Chief 
Development Officer is charged with 
monitoring the quality of our services and is 
responsible for developing the quality 

program and the project
quality review process. 
This pivotal role works 
with all other roles in 
the Quality Program 

to assess the quality 
of service delivered to our 
clients, to examine current 
operations, and to determine 

areas of improvement. 

“As Chief Development Officer, I am committed to 
overseeing the implementation of our quality 
processes in Terracon.  I will utilize 

interactions, reviews, surveys, assessments and 
feedback to identify and address areas needing 

improvement.  In the spirit of continuous improvement, 
I will implement the necessary changes to continue 
to grow and improve our Quality Program.”

service line leaders

Senior technical professionals in service 
line leadership roles are appointed to 
lead development, promote innovation, 
drive growth, and oversee the policies, 
practices, and activities, including quality, 
of one of our four major service lines:

Environmental
Facilities
Geotechnical
Materials

Service line leadership 
includes service line 
directors and their 
assistant directors as 
well as operational 
representatives 
within each division.  

“As a service line leader, I embrace the responsibility 
to render quality in all aspects of our exploration, 
testing and consulting work.  In order to deliver the 
value that our clients deserve, we make quality a 
priority, and we institute a continuous improvement 
process that constantly evaluates and improves 
our systems, processes and procedures.”

oPerating grouP and division management

Our operations are organized nationally 
into groups geographically (east, central, 
and west) by office location, and each 
operating group is subdivided into divisions. 
Responsible for promoting and enforcing 
the Quality Program at the operational 

levels, our 
operating 
group and 
division 
managers 
lead and 

support the 
implementation 

of the program 
within their 
assigned 

geographic area. 

“As a Terracon division manager, I see 
quality as the value that drives our everyday 

actions that deliver responsible, resourceful 
and reliable results to our clients.  I am committed 

to ensuring Terracon employees are well trained, 
equipped and motivated to produce quality work that 
leads to successful completion of our client’s projects.”

▪
▪
▪
▪
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office and dePartment management

Offices are led overall by office managers 
and applicable service lines within an office 
are grouped as departments within the 
office and led by department managers 
who report to the office manager. Office 
and department managers implement 
and oversee the Quality Program 
within their office and department. 

“As an office 
manager, my 
commitment 
to our quality 
program begins 

years before a 
project commences. 

I carefully select who 
can manage projects as 

well as who can go through 
the demanding process of 
becoming an authorized 

project reviewer.  I track 
continuing education and training 

of this core group.  With that strong 
base, Terracon’s rigorous, disciplined 

approach to quality is a commitment that 
I and the project team bring to every project.”

aPr revieW committee

Each service line has an APR Review 
Committee, made up of representatives 
from each division charged with service line 
quality leadership within their respective 
divisions. Members of this committee are 
responsible for mentoring a select subset 
of staff with unique talents and a history of 
demonstrated project and quality success 
who have the competence to take on 
project oversight and review responsibilities 
to become authorized project reviewers 
(APRs). Because APRs are charged with 
project quality oversight duties, their role 
is essential to our business. 

The APR Review Committee 
prepares each APR candidate 
to take on their project 
oversight responsibilities. 
APR Review Committee 
members perform APR 
performance evaluations 
and assist division and office 
managers in APR training. 

“As a member of the APR Review 
Committee, I am committed to focus on the 
training, development and oversight of new and 
existing APRs so that they fully understand the 
importance of their quality role at the project 
level. I coordinate with both service line and 
operations leadership so that both elements of our 
business are focused seamlessly at project level in 
how the APR executes their quality efforts.”
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We Welcome your feedback

Although we strive for your 
complete satisfaction, we recognize 
a quality program is an ongoing 
pursuit and not a final destination. 
We value hearing from our clients 
directly. If you have a quality 
program question, improvement 
idea, or suggestion for us, please 
let us know by calling one of 
our offices or our Chief 
Development Officer. 

See back cover for details.

other contractually reQuired 
Quality Program Projects 

In addition to our Type I and II projects 
(explained on the next page), we are sometimes 
asked to comply with other Quality Program 
requirements as set out in our project contracts, 
often based on project-specific needs or 
regulatory compliance factors. While the 
processes already contained in our program 
will generally meet those requirements, we are 
also able to adapt our approach to meet any 
additional project staffing or process needs.  

One common example involves work performed 
at nuclear facilities. These projects often require 
compliance with the American Society of 
Mechanical Engineers (ASME) Quality Assurance 
Requirements for Nuclear Energy Facilities, 
commonly referred to as NQA-1. When an NQA-1 
Quality Program is required by contract, the 
Chief Development Officer assigns a project 
quality assurance manager for the project as 
required by NQA-1 to oversee the project and 
the APR. In addition, the project will be subject 
to specific levels of required quality assurance 
that include audits of project activities and 
testing laboratories scheduled on at least an 
annual basis.  These additional requirements are 
performed on top of the already robust 
requirements of the Terracon Quality Program. 
NQA-1 is one example of our ability to 
seamlessly incorporate specific contractually-
required project requirements into our Quality 
Program to meet the quality needs of our clients.   



OUR QUALITY PROGRAM: 
AT THE PROJECT LEVEL

With tens of thousands of projects each year 
in all sizes, large and small, Terracon provides 
a wide variety of services to our clients. Our 
services range from observation, inspection, 
and data acquisition to complex design, 
testing, technical, and engineering efforts. A 
variety of processes, roles, and responsibilities 
is available to provide the level of service 
and quality required by each project. 

We group projects into two types.  Larger, 
more complex projects that require 
additional project and/or management 
activity, attention, or oversight are 
classified as Type II projects.  All other 
projects are classified as Type I projects. 

Projects are staffed by qualified project 
personnel performing the various required 
tasks. Each person has an individual 
responsibility to understand the essential 
goals of the project and the needs of the 
client. Through training, evaluation, and 
external certifications and licensing as 
appropriate, our staff demonstrate that they 
are qualified and adequately experienced 
to perform their tasks in a manner that 
is consistent with applicable, standards, 
regulations, policies, and procedures. 
Individuals are also responsible for ongoing 
participation in appropriate technical 
training and continuing education to 
maintain their proficiency, certification, 
or licensing based on their role.  

In addition to individual responsibilities, 
collaborative project review is a crucial 
component of our program.  The 
level and extent of review depends 
on the deliverable or task.  Field and 
laboratory data, calculations, and 
opinions, recommendations, and 
conclusions are reviewed by a second 
set of eyes for quality control. Laboratory 
processes are also subject to internal 
quality systems, codified in Terracon’s 
Laboratory Quality Management System, 
to ensure accuracy of lab data.  

To carry out these duties and achieve quality 
objectives, project managers and APRs 
work together, most importantly at project 
critical junctures.  This collaboration brings 
the necessary project management and 
technical expertise to bear on each project. 
Depending on their size and complexity, 
some projects may be subject to additional 
oversight and expert review. Instead of 
relying solely on post-review discoveries in 
a reactive mode, the project manager and 
APR collaborate throughout the project 
to make proactive decisions together.

Program execution is confirmed through 
the signatures of both the project manager 
and APR on project deliverables.

The following section summarizes the 
assigned responsibilities of each major role 
in our Quality Program at the project level.   
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authorized Project revieWer 

Without exception, every project is assigned 
an authorized project reviewer (APR) who 
collaborates with the project manager on 
quality and technical objectives for the 
duration of the project. The APR is engaged 
at the proposal stage and remains on the 
project through execution and closeout. 

APRs review proposals, procedures, 
calculations, and final submittals to verify 
data quality, accuracy, analytical methods, 
results, opinions, recommendations, and 
conclusions. On data-only projects, they 
perform important quality assurance 
functions by confirming that data 
review quality control responsibilities 
have been met for all deliverables.

The APR plays a central role in our Quality 
Program, highlighted by the following four 
primary areas of project responsibility:

Quality Oversight: The APR reviews the 
proposal and is involved at the kick-off 
meeting and at major milestones, stages, 
and critical juncture providing guidance 
and insight to support the project to its 
successful completion.

Coaching: The APR coaches or advises 
the project manager on various aspects 
of the project with an emphasis on 
quality, risk, on-time delivery, budget, 
scope of work, and other client 
expectations.

Risk Management: The APR 
guides the project team to 
properly assess risk so that the 
project appropriately takes risk 
into account.

Safety Awareness: The APR 
raises awareness at the project 
level by raising awareness and by 
communicating with the team to 
focus their attention on their own 
personal safety and on the safety of 
their co-workers.

▪

▪

▪

▪

If the technical aspects of a project 
exceed their experience or knowledge, 
the APR supplements the project team 
through the addition of subject matter 
experts to bring the additional necessary 
expertise. The APR also plays a key role 
by identifying potential Type II projects to 
appropriate service line representatives 
and operational management. 

Selected based on their experience, 
technical knowledge, project management 
experience, and analytical and evaluation 
skills, APR candidates undergo a rigorous 
training and review process before being 
approved as an APR. APRs are also 
required to participate in annual training 
and in a periodic review process. 

Ongoing Quality Program evaluation is 
also a role of the APR. Terracon conducts 
an annual survey of project managers and 
APRs with focused questions designed to 
obtain their feedback about the Quality 
Program and its execution. The results 
are used to confirm successful strategies 
and to identify areas for improvement.

“As an authorized project reviewer for Terracon, I have 
a commitment to ensure that we achieve quality in our 
project deliverables meeting the needs and expectations 
of our clients and that the delivery of the project is in 

accordance with the project schedule 
and within budget.  Typically, as the 

senior member of a team that 
delivers every project, I am also 
responsible for ensuring that our 
work is done in a safe manner 
and that risk is managed for the 

client as well as the company. 
Each project is an opportunity for 

me to coach and mentor staff 
in the technical and project 
management aspects of the 
work that we do to meet 
these overall objectives 
now and in the future.”

Quality Program Manual    10
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Project manager

Each project is assigned to a capable 
project manager with the necessary skills 
to manage and effectively deliver the 
project to our clients. Project managers 
are accountable for the overall quality of 

their projects.  As such, project managers 
are responsible for assigning 

qualified staff to perform the tasks 
associated with the project and for 
collaborating with APRs throughout 
the various phases of the project 
with particular emphasis at the 

project’s critical junctures. 
“As a Project Manager for Terracon, 
Quality is my focus during all 
stages of a project, from clearly 
understanding my client’s objectives 

to confirming their comprehension 
of the deliverable.  I view Quality as 

my obligation to my clients, and as an 
opportunity to become their trusted advisor.”

While the project manager and APR are 
responsible for executing the project 
consistent with the Quality Program, we 
recognize the need for the following three 
(3) additional supporting project staff roles:

Project executive

Assigned to Type II projects, the project 
executive maintains the responsibility of 
executive-level oversight and successful 
delivery and monitoring of those projects 
to ensure that they are managed, executed, 
and delivered appropriately, particularly 
as it relates to the execution of our 
Quality Program. On a Type II project 
with unique technical challenges, the 
project executive oversees the selection 
of SMEs by the APR and confirms that 
the technical contributions of SMEs are 

appropriate. This role also covers more 
refined project execution and delivery 

matters such as client relationships, 
risk management, budget and 
schedule targets, staffing decisions, 
and overall project success.

“My commitment to my responsibilities 
as a Project Executive is critical to the 
success of what is often a major high-
risk project. The success of a project 
can be measured in many different 
ways. My experience and subsequent 

engagement provides the oversight necessary 
to support project quality expectations as 

well as to ensure that business needs, concerns, 
opportunities, and benefits are successfully met.” 

subject matter exPerts 

A subject matter expert (SME) is a 
professional with specialized knowledge 
and experience within a specific industry 
or practice area. SMEs are 
assigned to projects 
by the APR when 
project tasks or 
work details 
are outside 
the expertise 
of the APR or 
when a SME 
is required 
by policy. 
SMEs guide 
the technical 
performance 
of those aspects 
of a project within 
their specified area of expertise.

“As a Terracon subject matter expert (SME) I 
provide specialized expertise to my project teams 
and customers.  My role requires specialized 
training, certification, industry leadership, and 
experience.  The role isn’t easy, but I find that 
the value our customers receive and strength our 
project teams gain is well worth the effort.”

data-only revieWer

A data-only reviewer (DOR) is an approved 
reviewer of laboratory and field observations 
and data collected on projects that are 
within our Materials and Facilities service 
lines with deliverables that do not include 
opinions, recommendations, or conclusions. 
The DOR conducts an independent review 
of field and laboratory observations, data, 
and calculations related to data collection. 
The DOR also confirms that 
data collection, 
calculations, 
and 
reporting 
conforms 
with project 
specifications 
and standards 
as well as 
Terracon internal 
quality standards.

“I take my role as a Data-Only 
Reviewer seriously. It is my job to validate the integrity 
of the test data that my lab and field staff record. I 
am the first line of review to ensure that our project 
managers and engineers are given accurate data to 
provide valid assessments and recommendations.”
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about terracon

Terracon is a 100 percent employee-owned engineering 
consulting firm that has provided quality engineering services 
to clients since 1965. We are a multidisciplinary firm 
specializing in environmental, facilities, geotechnical, and 
materials services for private and public sector clients.

The firm has consistently achieved growth above the industry 
average. This is evidenced by an ongoing presence among the 
top 50 in the Engineering News-Record annual listing of the 
Top 500 Design Firms. Today, Terracon has more than 5,000 
employees and more than 150 offices with services available 
in all 50 states.

Terracon’s growth and development can be attributed to 
an emphasis by employees to be responsive to clients, a 
commitment to providing quality services, the ability to astutely 
take advantage of new opportunities and technologies, and an 
uncompromising commitment to a culture of ensuring every 
employee goes home safe every day. 

EnvIROnMEnTAL 

FACILITIES

GEOTEChnICAL

MATERIALS

▪
▪
▪
▪

Our Commitment to 
    Quality Starts Here
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To learn more, call (800) 593-7777 
or visit us online at www.terracon.com 

We also invite you to discover 
Terracon through our newsletter and 

connect with us on social media:

®

®

®

To find a local office, 
scan this code on your mobile device.
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INTRODUCTION: Analytical Environmental Services, Inc. (AES) was established in 1992 in Atlanta, Georgia, 

and is an independent, woman-owned environmental testing laboratory dedicated to providing superior quality 

analytical data.  The laboratory is one of the largest independent environmental laboratories in the Southeast 

comprised of highly skilled scientists and experts in the field of environmental testing who are dedicated to 

providing superior quality analytical data. 
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3.0 STATEMENT OF POLICY 

3.1 Quality Policy: The objective of Analytical Environmental Services, Inc is to generate high quality  

 data in a cost effective manner, which is accurate, impartial, reliable, and adequate for its intended  

 use. Management of AES is committed to following accepted laboratory practices to achieve high  

 quality of testing services, and strives to ensure both the analytical validity and legal defensibility of  

 all reported data managed so to safeguard impartiality. 

AES management is committed to compliance with The NELAC Institute (TNI) Standards, AIHA-LAP, 

LLC International Standard, Georgia EPD as well as North Carolina and South Carolina rules to 

establish, implement, and maintain a quality system appropriate to the scope of all laboratory activities, 

including the type, range, and volume of testing. ISO/IEC 17025:2017 is the basis of laboratory 

accreditations.  Management is committed to the accepted professional laboratory practices and shall 

document the policies, systems, programs, procedures, and instructions to the extent necessary to enable 

AES to assure the quality of the test results generated. Management is committed to good professional 

laboratory practice to meet customer requirements with quality service.  

Laboratory management has established, documented, and maintained policies for the fulfilment of 

the purposes of this document and shall ensure that the policies and objectives are acknowledged and 

implemented at all levels of the laboratory organization.  These policies address the competence, 

impartiality, and consistency of the laboratory operations. All documentation, processes, systems, 

records, related to the fulfilment of the requirements of this document shall be included in, referenced 

from, or linked to the management system. 

Quality system documentation is communicated to, understood by, and made available to personnel 

through AES management by means of training and educational instruction. All laboratory staff 

concerned with analytical testing activities must familiarize themselves with the quality 

documentation and implement the policies and principles in their work.   Management communicates 

to personnel their duties, responsibilities, and authorities.  It is the policy of AES to continually 

improve quality systems and provide support to improvement efforts. 

 

3.2 Purpose: The Quality Assurance Program (QAP) sets forth the management policy, organizational  

 structure, and procedures for chemical analyses performed by AES. Management encourages the  

 development and use of the best testing practices as dictated by each measurement situation. However,  

 the procedures set forth herein must be followed to the greatest extent possible. All deviations must be  

 documented in each individual case and maintained with the sample data. The QA Manual (QAM) and  

 all Standard Operating Procedures will be reviewed no less than annually.  

Appropriate use of data generated under the varying conditions encountered in environmental analyses 

requires reliance on the quality control practices incorporated into the procedures. Although the EPA, 

state environmental protection departments, The NELAC Institute (TNI), AIHA-LAP, LLC, other 

regulatory agencies, and clients require the use of approved methods for sampling and analysis, the 

mere approval of these procedures does not guarantee adequate results. Inaccuracies can result from 

many causes, including matrix effect, equipment malfunction, and operator error. Therefore, the 

quality control component of each method is indispensable and cannot be compromised. 

This manual delineates the elements of the QA Program that must be implemented by all analytical 

sections of the laboratory. The requirements outlined in this procedure are the minimum requirements. 

Method-specific procedures and project-specific Quality Assurance Project Plans (QAPP) may require 

more stringent QA requirements.  

 

3.3  Definitions 

3.3.1 Quality Assurance (QA) is the total program for assuring reliability of the monitoring and 

measurement of data. It comprises all those planned and systematic actions necessary to provide 

adequate confidence that all aspects of laboratory service programs are performed in a manner 

satisfactory to AES management and to the needs of its customers.  
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3.3.2 Quality Control (QC) is the routine application of procedures for obtaining prescribed standards of  

performance in the monitoring and measurement process. It covers the operational procedures, 

techniques, and activities that provide the means to measure, evaluate and document the quality of 

data obtained in the laboratory. The QC Program specifies the minimum practices, which shall be 

used to assure that data is produced of a known and defensible quality and within acceptable limits. 
 

3.4 Fields of Testing 

This manual covers methods for the analysis of aqueous, solid, waste, and air matrices currently on 

AES scopes of accredited testing for AIHA-LAP, LLC, Florida DOH, The NELAC Institute (TNI), 

North Carolina DENR and South Carolina DHEC. A detailed list of test methods and analytes may be 

found in Section 5.0, which defines the minimum level of quality assurance/quality control needed to 

meet required specifications. All methods carried out by AES shall meet these stipulations as 

appropriate. In some instances, quality assurance project plans (QAPPs), project specific data quality 

objectives (DQOs), or local regulations may require criteria other than those stated. In these cases, the 

laboratory will abide by the more stringent criteria, following a review and acceptance of the 

requirements by the Laboratory Manager and the Quality Assurance Manager. 

  

3.5 Management of the Quality Assurance Manual 

This manual was prepared in accordance with the current The NELAC Institute (TNI) standards and 

AIHA-LAP, LLC requirements. It also follows guidelines set by the U.S. Environmental Protection 

Agency, Florida DOH and ISO/IEC 17025.  Tests are always carried out in accordance with stated 

methods and customers’ requirements.  Further, the laboratory can be legally responsible as it carries 

out testing in such a way to meet the requirements of this International Standard and to satisfy the 

needs of the customer, the regulatory authorities or organizations providing recognition.  The 

management system shall cover work carried out in the laboratory's permanent facilities. 

3.5.1 The QA manual is reviewed annually by the Quality Assurance Manager and laboratory personnel 

to confirm that it reflects current in-house practices and meets all the requirements of both AES’ 

clients and accrediting agencies.   Modifications may be made in order to correct inconsistencies, 

implement improvements, encompass new concepts or procedures, adapt to new regulations, or 

update any changes in state or national policies or standards. The Quality Assurance Manager, 

Laboratory Manager, Technical Director, and relevant operational staff review the changes before 

they are integrated into the QA manual.  
 

3.5.2 Policies or procedures in the manual which demand immediate attention are addressed through the 

use of temporary and permanent Interim Change Notices as described in Section 8. 
 

3.6 Control of the Quality Assurance Manual 

The Quality Assurance Manual is considered confidential within Analytical Environmental Services, 

Inc.  It may not be altered in any manner by anyone other than the Quality Assurance Manager, the 

Laboratory Manager, or an employee duly appointed by either of the aforementioned. The manual 

shall be marked as an “Uncontrolled Copy” if provided to external users or regulators. It is intended 

for the exclusive purpose of the review of AES’ quality systems and shall not be used in any other 

way without written permission of the President, Laboratory Manager, or Quality Assurance Manager.  
 

3.7 Order of Precedence 

In the event of a conflict or discrepancy between policies, the order of precedence shall be as follows: 

1. Analytical Environmental Services, Inc., Interim Change Notice 

2. Quality Assurance Manual 

3. Standard Operating Procedures 

4. Other (memos, charts, published methods, etc.) 
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4.0   ORGANIZATION AND RESPONSIBILITY  

4.1  Organization:  Analytical Environmental Services, Inc. (AES) was established in 1992 in Atlanta,  

 Georgia, and is an independent, woman-owned environmental testing laboratory dedicated to  

 providing superior quality analytical data. The laboratory is one of the largest independent  

 environmental laboratories in the Southeast comprised of highly skilled scientists and experts in the  

 field of environmental testing who are dedicated to providing superior quality analytical data. 
 

The professionals at the laboratory perform chemical and biological testing on a variety of 

environmental samples. These include solid waste matrices, soils, sediments, fibrous wastes, 

polymeric emulsions, filter cakes, spent carbons, spent catalysts, air sampling media, ground, surface 

and waste waters, aqueous sludges, caustic liquors, acid liquors, waste solvents, oily wastes, and tars.  
 

4.2 Organizational Structure:  The relationship between management, technical operations, support  

 services and quality system is as follows: Laboratory Operations, Quality Assurance Department,  

 Technical Director, and Customer Service Department report to the Vice President of Operations, who  

 n turn reports to the company President. The Vice President of Technical Operations (Support  

 Services) also reports directly to the President. The organizational structure of AES provides for an  

 independent Quality Assurance Department with the overall responsibility of developing and auditing  

 for compliance to a comprehensive Quality Assurance Program. The QA Department has the authority  

 and organizational freedom to ensure that QA activities are implemented and accomplished. The  

 Quality Assurance Manager reports directly to the Vice-President of Operations of AES.  

4.2.1 Because of the breadth of knowledge required to produce quality data, the cooperation of 

numerous individuals is required. All assigned personnel shall remain diligent to identify, report, 

and promptly rectify issues or events affecting data quality as they occur. To encourage the 

identification of these situations, management at all levels shall promote continuous quality 

improvement throughout the entire company. These events and their resolutions must be verified 

and substantiated as required by this document and any other applicable QA guidelines. 
 

Laboratory personnel have the authority and resources to carry out their duties, which include 

• implementation, maintenance and improvement of the management system 

• identification of deviations from the management system or from laboratory procedures 

• initiation of actions to prevent or minimize such deviations 

• reporting the effectiveness of the management system and laboratory activities  

• Identifying needs for improvement 
 

4.2.2 The establishment of a Quality Assurance Program requires the services of all the employees of 

AES in order to carry out the monitoring, record keeping, statistical techniques, and other 

functions required by the system. This total commitment of all personnel to the production and 

reporting of reliable data is dependent upon the conscientious effort of everyone involved. It is 

important, therefore, that each member of the organization have a clear understanding of his 

duties, responsibilities, and relationship to the total effort.     
 

4.3  Organizational Chart 

The organizational structure at AES is documented in the form of an organizational chart, Figure 4-1, 

which identifies the personnel involved in the production of quality data and depicts the lines of 

communication and responsibility throughout the entire organization.  
 

Employees are provided routine communications in the form of training, lectures, meetings, and 

emails to focus on customer needs, regulatory requirements and to maintain an effective management 

system.  This communication and internal monitoring allows for the integrity of the management 

system to be maintained when changes are implemented. 
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4.4 Responsibilities and Position Requirements 

It is the responsibility of all AES employees to implement the Quality Assurance Program effectively. The 

roles and responsibilities of the technical management and the Quality Assurance Manager to ensure 

compliance with the regulatory standards (including AIHA-LAP, LLC and NELAC) are outlined in the 

position descriptions below.  All chemists and technicians are responsible for understanding and following 

the measures of the QA program, and for reporting any quality failures to a Manager or Supervisor in a 

timely manner. Supervisors and Managers are responsible for ensuring that all laboratory personnel are 

familiar with the requirements of the Quality Assurance Program and that these requirements are 

implemented and maintained. It is the responsibility of the Supervisor to ensure that all laboratory 

personnel are trained to perform their assigned tasks. It is the responsibility of each Supervisor to ensure 

that any quality failures are reported to the Quality Assurance Department immediately. 

  

 The essential personnel involved in the implementation of and/or monitoring of the Quality Assurance  

 Program are identified in the following sections. 

 

4.4.1 President 

The President is ultimately responsible for the quality of services provided by AES. The President is 

also responsible to establish and implement the procedures, policies, and findings of the QA 

program. The President is responsible for the commitment of delivering the appropriate tools and 

resources to the senior level staff and laboratory management to ensure that the overall QA program 

and clients needs can be met.  The President authorizes the Quality Assurance Manager to perform 

internal audits on behalf of the company. 

 

4.4.2 Vice-President of Operations 

The Vice-President of Operations is responsible for the overall operation of the laboratory and reports 

directly to the President. The Vice-President of Operations ensures that all of the resources are 

available to implement and follow the procedures and policies as written in the AES QA Manual for 

compliance with The NELAC Institute (TNI) Standards, National Voluntary Laboratory Approval 

Program (NVLAP), AIHA-LAP, LLC International Standard, Georgia EPD, North Carolina, and 

South Carolina rules and regulations. The Vice-President of Operations reviews and approves the 

Corporate Quality Assurance Manual.  The Vice-President of Operations also authorizes the Quality 

Assurance Manager to perform internal audits on behalf of the company. 

 

Either the President or Vice-President of Operations will conduct the annual management review of 

laboratory operations to assess the effectiveness of policies and procedures in order to implement 

changes where deemed necessary.  The agenda of the annual meeting will include reports from all 

department supervisors and cover such topics as quality assurance, accreditations, documentation, 

changes in the laboratory, equipment and maintenance needs, results of audits etc.  The topics to be 

discussed will be determined by the President or Vice-President of Operations.  A current list of 

topics is presented in Attachment 6.  

 

4.4.3 Vice-President of Technical Services 

The Vice-President of Technical Services reports directly to the President and is responsible for the 

selection and trouble-shooting of all equipment and instrumentation.  The Vice-President of 

Technical Services is also responsible for the installation, maintenance, and data management 

associated with all computers, automated equipment, network systems, software, and Internet 

services, as well as the Laboratory Information Management System (LIMS).  The Vice-President of 

Technical Services ensures that all computers and automated equipment used for acquiring, 

processing, manipulating, recording, reporting, retrieving, or storing test data meet all of AES’ 
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Quality Assurance objectives, and that all computer software is documented and adequate for use. 

This position provides for the protection of the integrity of all electronic data. All computers and 

automated equipment must be maintained to ensure proper functioning, which includes providing 

environmental and operating conditions necessary to maintain the integrity of the test data. The 

Vice-President of Technical Services establishes and implements appropriate procedures for 

ensuring electronic data security. 

 

4.4.4 Laboratory Manager 

The Laboratory Manager is responsible for the daily operations within the analytical sections of the 

laboratory. If the Laboratory Manager is absent for a period of time exceeding 15 consecutive 

calendar days, the Vice-President of Operations must designate another full-time staff member 

meeting the qualifications of the Laboratory Manager to temporarily perform this function. In case 

of a change of Laboratory Manager, all necessary, accrediting authorities must be notified in writing 

within thirty days. The following is the position description for Laboratory Manager: 

   

                              Position Description and Requirements 
 

Position Title:              Laboratory Manager 
 

Position Description: This position is responsible for the following:  

• Oversees the daily operations of the laboratory. 

• Ensures that client specific reporting & quality control requirements are met. 

• Works with the Project Managers and Department Managers to ensure project objectives are met in a 

 timely manner. 

• Sets goals and objectives for both the business and the laboratory employees. 

• Provides direction to departmental managers to steer all departmental efforts toward the overall 

corporate production goals.  

• Discusses and resolves disagreements, as necessary, with laboratory personnel.  

• Coordinates any unresolved concerns between the project managers and the departmental supervisors. 

• Ensures that all analysts and supervisors have the appropriate education & training to properly carry out 

the duties assigned to them, and ensures that this training has been documented. 

• Ensures that a sufficient number of qualified personnel are employed to supervise and perform the work 

of the laboratory.  

• Ensures that HR policies are adhered to and maintained. 

• Ensures management’s commitment to compliance with The NELAC Institute (TNI) Standards 

• Ensures compliance with International Standard ISO/IEC 17025 

• Hires key personnel and recruits professional talent. 

• Reviews and approves all SOPs prior to their implementation and ensures all approved SOPs are 

implemented and adhered to. 

• Schedules analytical operations. 

• Supervises the maintenance of instruments and the scheduling of repairs. 

• Ensures that appropriate corrective actions are taken to address analyses as requiring such actions by 

internal & external performance or procedural audits. 

• Ensures that personnel are free from any commercial, financial or other undue pressures that which 

adversely affect the quality of their work. 

• Supervises the preparation & maintenance of laboratory records. 

• Responsible for holding documented meetings as needed with the departmental supervisors. 
 

Position Requirements: BA or BS in Chemistry, Microbiology, Biology, Environmental Science or any other  
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related degree.  Must have 2-5 years of experience carrying out the duties described above. 

4.4.5 Quality Assurance Manager 

The QA Manager is responsible for establishing a Quality Assurance Program that meets the quality 

assurance objectives of the company, and its clients. If the QA Manager is absent for a period of 

time exceeding 15 consecutive calendar days, the Vice-President of Operations must designate 

another full-time staff member meeting the qualifications of the QA Manager to temporarily 

perform this function. In case of a change of QA Manager, all necessary accrediting authorities must 

be notified in writing within thirty days.  The following is the position description for Quality 

Assurance Manager: 

 

  Position Description and Requirements 
 

Position Title:              Quality Assurance Manager 

 

Position Description: This position is responsible for the following:  

• Directs all corporate quality assurance (QA). 

• Responsible for developing and maintaining all QA systems and documentation. 

• Responsible for all aspects of the State and Federal Certification processes. 

• Maintains records of acceptable performance of MDLs. 

• Directs management to compliance to the AIHA-LAP, LLC Accreditation Policies 

• Directs management to compliance with The NELAC Institute (TNI) Standards 

• Ensures compliance with International Standard ISO/IEC 17025 

• Has authorization from company President and VP of Operations to conduct internal audits 

• Maintains all quality control charts. 

• Has direct access to the Technical Director and to the highest level of management where decisions are 

made on laboratory policy and resources. 

• Serves as focal point for QA/QC; has responsibility for the oversight and review of quality control data. 

• Functions independently from laboratory operations for which QA oversight is held. 

• Evaluates data objectively and performs assessments without outside influence. 

• Performs periodic reviews of test reports under AIHA-LAP, LLC according to the LQSR. 

• Conducts internal audits on the entire laboratory technical operation annually. 

• Notifies laboratory management of deficiencies in the quality system and monitors corrective action. 

• Maintains currency of the QA manual. 

• Responsible for preparing/submitting a quarterly report to the President and Vice-President of Operations. 

• Serves as deputy in the event of the Technical Director’s absence. 

 

Position Requirements:  Must have a BA or BS in Chemistry, Microbiology, Biology, Environmental Science 

or any other related degree.  Must have 2-5 years of experience carrying out the 

duties described above. 

 

 

4.4.6 Department Director (If Applicable) 

The Department Director reports to the Vice President of Operations / Laboratory Manager and is 

responsible for the administrative functions within the assigned department(s).  This includes but is 

not limited to non-production activities such as monitoring Demonstrations of Capabilities, 

oversight of Standard Operating Procedure updates, Method Detection Limits Studies, as well as 

departmental instrument maintenance and quality assurance assignments.  In addition, the 

Department Director is responsible for assuring adequate staffing and training.  The following is the  
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position description for Department Director: 

  Position Description and Requirements 
 

Position Title:              Department Director (If Applicable) 

 

Position Description: This position is responsible for the following:  

• Oversees the daily operations of the laboratory. 

• Ensures that client specific reporting & quality control requirements are met. 

• Works with the Project Managers and Group Team Leaders to ensure that project objectives are met in a 

timely manner. 

• Sets goals and objectives for both the business and the laboratory employees. 

• Provides direction to departmental managers to steer all departmental efforts toward the overall 

corporate production goals.  

• Discusses and resolves disagreements, as necessary, with laboratory personnel.  

• Coordinates any unresolved concerns between the project managers and the departmental supervisors. 

• Ensures that all analysts and supervisors have the appropriate education & training to properly carry out 

the duties assigned to them, and ensures that this training has been documented. 

• Ensures that a sufficient number of qualified personnel are employed to supervise and perform the work 

of the laboratory.  

• Ensures that HR policies are adhered to and maintained. 

• Ensures management’s commitment to compliance with The NELAC Institute (TNI) Standards 

• Hires key personnel and recruits professional talent. 

• Reviews and approves all SOPs prior to their implementation and ensures all approved SOPs are 

implemented and adhered to. 

• Schedules analytical operations. 

• Supervises the maintenance of instruments and the scheduling of repairs. 

• Ensures that appropriate corrective actions are taken to address analyses as requiring such actions by 

internal & external performance or procedural audits. 

• Ensures that personnel are free from any commercial, financial or other undue pressures that which 

adversely affect the quality of their work. 

• Supervises the preparation & maintenance of laboratory records. 

• Responsible for holding documented meetings as needed with the departmental supervisors. 
 

Position Requirements: A Degree or the necessary experience to achieve the requirements outlined in the 

position description.  Must have 2-5 years of experience carrying out the duties 

described above. 

 

 

4.4.7 Technical Director 

The Technical Director exercises daily supervision of laboratory procedures and the reporting of 

results.  If the Technical Director is absent for a period of time exceeding 15 consecutive calendar 

days, the Vice-President of Operations must designate another full-time staff member meeting the 

qualifications of the Technical Director to temporarily perform this function. In case of a change of 

Technical Director, all necessary accrediting authorities must be notified in writing within thirty 

days. The following is the position description for Technical Director: 

                             Position Description and Requirements 
 

Position Title:              Technical Director 

Position Description: This position is responsible for the following:  
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• Updates SOPs as required. 

• Maintains Test Codes 

• Ensures that all employees are properly trained 

• Reviews and approves revisions to the Quality Assurance Manual.  

• Maintains records of employee training including acceptable performance of IDOCs. 

• Provides technical assistance in the development of new methods. 

• Responsible for following direction given by the Vice-President of Operations. 

• Ensures management’s commitment to compliance with The NELAC Institute (TNI) Standards 

• Ensures compliance with International Standard ISO/IEC 17025 

• Provides technical guidance to analytical staff. 

• Assists with internal and external audits. 

• Ensures that appropriate corrective actions are taken to address analyses identified as requiring such 

actions by internal and external performance or procedural audits. 

• Oversees equipment maintenance and repair. 

• Assists the Laboratory Manager in the investigation of new technologies and proposed equipment 

acquisitions by the laboratory. 

• Serves as deputy in the Quality Manager’s absence. 

 

Position Requirements:  A Bachelor’s Degree in chemical, environmental, biological, or physical sciences or 

engineering, with at least 24 college semester credit hours in chemistry and at least 

two years of experience in the environmental analysis of representative inorganic and 

organic analytes for which the laboratory seeks or maintains accreditation.  A Masters 

or Doctoral Degree may be substituted for one year of experience. 
 

 

4.4.8 Microbiology Lab Supervisor 

 Microbiology Lab Supervisor reports to the Lab Manager on all aspects of sample processing.   

The Microbiology Lab Supervisor is responsible for managing Microbiology Analysts.  

 

 Position Description and Requirements 

 

Position Title:              Microbiology Lab Supervisor 

 

Position Description: This position is responsible for the following: 

• Training and qualification of personnel (under their supervision) on procedures. 

• Monitors necessary protocols and standard operating procedures, including control charts. 

• Maintains QC within their area of responsibility. 

• Ensures that personnel (under their supervision) use approved procedures, and maintain all QC. 

• Recommends and implements new or revised QC policies as approved by the QA Manager. 

• Assists Technical Director in reviewing preventative maintenance as detailed in the QA manual or SOPs. 

• Reviews data and QC results, and reports non-conformances to the appropriate QA Manager, Technical 

Manager, and/or Vice-President of Operations. 

• Provides guidance to analysts in resolving problems encountered daily during sample preparation and  

analysis, in conjunction with the Technical Director or Quality Assurance Manager. 

• Ensures all logbooks are maintained and current. 

• Maintains adequate and valid inventory of reagents, standards, spare parts, and other relevant resources 

required to perform daily analysis. 

• Assists Technical Director with Demonstrations of Capability. 
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Position Requirements: A Degree (typically Microbiology, Biology or equivalent) or the necessary  

experience to achieve the requirements outlined in the position description. 

 

4.4.9 Microbiology Analyst 

 The Microbiology Analyst training required is described in detail in the Employee Training Files  

maintained by the Technical Director. 

 

 Position Description and Requirements 

 

Position Title:              Microbiology Analyst 

 

Position Description: This position is responsible for the following:  

• Performs analyses by adhering to analytical and quality control protocols prescribed by SOPs, the QA 

manual, and project specific requirements (e.g. data packages). 

• Documents standard and sample preparation, instrument maintenance, calculations, and any observed 

non-conformances on work lists, bench sheets, or laboratory logbooks. 

• Reports all out-of-control situations, instrument problems, matrix problems, and QC failures, which 

might affect the reliability of the data, to their respective supervisors or the QA Manager. 

• Reviews data generated and submits it to the departmental supervisor prior to entering and submitting 

the data to the next level of review. 

 

Position Requirements: At a minimum, analysts must possess a high school diploma or equivalent or the 

necessary experience to achieve the requirements outlined in the position description.  

 

4.4.10 Technical Assistant 

The Technical Assistant reports directly to the Technical Director and assists with the 

implementation and maintenance of all programs assigned to the Technical Director. 

       

   Position Description and Requirements 

 

Position Title:              Technical Assistant 

 

Position Description: This position is responsible for the following:  
 

• Schedules, tracks and provides preliminary document review for DOC studies. 

• Performs SOP updates as instructed from Tech. Director. 

• Maintains SOP document control system. 

• Scans and publishes completed documents to Portal Server for archiving. 

• Schedules and documents training sessions and staff meetings held by Tech. Director. 

• Assists Tech. Director with development of training program content and media. 

• Assists Tech. Director with day-to-day functions of the Tech. Direction Dept. as needed. 

 

Position Requirements:  A Bachelors Degree in a science or engineering based major.  

 

4.4.11  Director of Project Management 

The Director of Project Management serves as a liaison between the laboratory and its clients 

ensuring the delivery of reports and data packages. The following is the position description for the 

    Position Description and Requirements 

Position Title:   Director of Project Management 



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 17 of 200 
  
 

Position Description: The Director of Project Management serves as a liaison between the laboratory and 

its clients, and ensures delivery of data packages.  Responsibilities include: 

• Meets client specifications by communicating project and QA requirements to the laboratory. 

• Assigns project managers. 

• Notifies laboratory personnel of incoming projects and sample delivery schedules and requirements. 

• Monitors the status of data package projects in-house to ensure timely and accurate delivery of reports.  

• Informs clients of data package related problems and resolves service issues. 

• Coordinates requests for sample containers and other services such as data packages. 

• Reviews and approves, with input from the Vice-President of Operations, proposals for marketing. 

• Reviews laboratory data reports and quotes. 
 

Position Requirements: A Degree or the necessary experience, 2 years management or supervisory 

experience, strong computer and personnel skills, knowledge of the environmental 

and chemical sciences, and previous project management experience.  
  

  

4.4.12 Project Manager 

The Project Manager is responsible for directly ensuring that the individual client’s needs are met on 

a project-by-project basis with respect to the laboratory’s QA program and any project-specific QA 

programs. The Project Manager is responsible for disseminating any project-specific information to 

the Laboratory Manager and/or Laboratory Director. Non-routine QA requirements must be 

approved by the Laboratory Director and Laboratory Manager. The following is the position 

description for Project Manager: 

 

  Position Description and Requirements 
 

Position Title:                         Project Manager 
 

Position Description: This position is responsible for the following:  

• Ensures effective and accurate communication between the client and the laboratory. 

• Handles all client requests and needs. 

• Utilizes any corporate documents to consult with clients about client questions or concerns. 

• Responsible for notifying the Director of Project Management of any client activities that entail  

services that are not currently performed by AES. 

• Assesses client requests with consultation with the Director of Project Management. 

• Develops and maintains client records and requirements. 

• Ensures that the laboratory is aware of, and completes, all client requests and requirements. 

• Responsible for meeting with the Marketing Manager, Director of Project Management, and President 

on a periodic basis for marketing purposes. 

• Communicates proper sampling, shipping, and receiving procedures to clients.  

• Documents all client interaction and maintains all client information in the Project Management System. 

• Reviews and approves data reports prior to their release to the clients. 

• Ensures client specific reporting and quality control requirements are met. 
 

Position Requirements:  A Degree or the necessary experience to achieve the position requirements outlined  

  in the Position Description. 

 

4.4.13 Department Manager 

Oversees operation of departments, supervises employees, & addresses issues in the departments 
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 Position Description and Requirements 
 

Position Title:                         Department Manager 

Position Description:  This position is responsible for the following: 

• Supervise all employees to ensure they are working to full potential and being productive at all times. 

• Handle all personnel issues, i.e. conflict between workers, inappropriate behavior, schedule changes, 

time-off requests, etc… 

• Write warnings if needed. 

• Ensure employee’s time sheets reflect actual work schedule. 

• Make sure clock in-out times are accurate. 

• Make sure employees are coming to work at the designated time. 

• Monitor employee breaks. 

• Assign tasks to personnel using the Task Management software. 

• Grade task upon completion, this is to be included in the employee’s Performance Evaluation. 

• The use of this software will also be used in performing supervisor’s Performance Evaluation. 

• Perform Employee Performance Evaluations on all employees in department. 

 

Production responsibilities: 

• Maintain backlog to ensure all samples are completed within holding time, due date, and that all special 

requirements are met. 

• Keep track of inventory and order supplies as needed. 

• Sufficient amounts of reagents, solvents, standards, etc… must be kept at all times so production is not 

affected because of a shortage of supplies. 

• Identify and solve problems within the department including, but not limited to equipment, tests 

performed, and any other issues resulting from the preparation/analysis of samples. 

• A supervisor is required to stay until problems are solved or rush work is completed to within a 

reasonable amount of time or hour (this includes staying late and working weekends.) 

• Delegate work to employees. 

• Assign batches and/or tests.  

• Assign new tests to employees so workload can be spread evenly among staff. 

• Assign duties to employees, i.e. ordering of supplies, logging in new supplies, etc… 

 

QA Responsibilities: 

• Ensure all employees are properly trained and DOC’s performed. 

• Ensure all CDOC’s are performed on a yearly basis for all employees and for all tests. 

• Ensure MDL’s are completed/prepped yearly, more often where applicable, or as needed due to 

instrument changes/maintenance. 

• Complete PT samples in a timely manner and identify any issues with test as soon as possible.  

• If necessary, coordinate preparing/running of Proficiency samples with associated departments to ensure 

their timely completion and enough samples remain for all tests. 

• QA review any data generated within department. 

• Review and revise SOP’s when necessary. 

• Ensure all batches, logbook pages, raw data, & paperwork are scanned & posted onto the Portal Server. 

 

Position Requirements: A Bachelors Degree preferably in chemical, environmental, biological, physical 

sciences, engineering, or other scientific discipline and at least two years of experience in the 

environmental analysis similar to that which will be overseen.   
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4.4.14 Supervisors 

Assists with operation of departments and supervision of employees and report to the managers. 

 

 Position Description and Requirements 

 

Position Title:                         Supervisors 

 

Position Description: Supervisors report to their respective Manager on all aspects of sample processing.  

If a section does not have a supervisor, the Manager of that section functions as the supervisor. The 

Supervisor’s responsibilities include, when applicable:  

• Training and qualification of personnel (under their supervision) on procedures. 

• Monitors necessary protocols and standard operating procedures, including control charts. 

• Maintains QC within their area of responsibility. 

• Ensures that personnel (under their supervision) use approved procedures, maintain all instrumental QC. 

• Recommends and implements new or revised QC policies as approved by the QA Manager. 

• Assists Technical Director in reviewing preventative maintenance as detailed in the QA manual or SOPs. 

• Reviews all data and QC results, and reports non-conformances to the appropriate QA Manager,  

• Technical Manager, and/or Vice-President of Operations. 

• Provides guidance to analysts in resolving problems encountered daily during sample preparation and 

analysis, in conjunction with the Technical Director or Quality Assurance Manager. 

• Ensures all logbooks are maintained and current. 

• Maintains adequate and valid inventory of reagents, standards, spare parts, and other relevant resources 

required to perform daily analysis. 

• Assists Technical Director with MDLs and IDOCs. 

 

Position Requirements: Degree or the necessary experience to achieve the requirements outlined in the position 

description.  Two plus years of experience will be considered in lieu of a degree. 

 
 

4.4.15 Analysts 

Analysts are responsible for performing the various testing, digestive, and extractive procedures 

required in the laboratory. 

 Position Description and Requirements 

 

Position Title:                         Analysts 

 

Position Description: Each type of analyst position and the specific training required is described in detail 

in the Employee Training Files maintained by the Technical Director. In general, analysts are responsible 

for the following duties: 

• Performs analyses by adhering to analytical and quality control protocols prescribed by SOPs, the QA 

manual, turnaround times, rush analyses and short hold analyses, and project specific requirements (e.g. 

data packages). 

• Documents standard and sample preparation, instrument calibration and maintenance, data calculations,  

and any observed non-conformances on work lists, bench sheets, or laboratory notebooks. 

• Reports all out-of-control situations, instrument problems, matrix problems, and QC failures, which 

might affect the reliability of the data, to their respective supervisors or the QA Manager. 

• Reviews all data generated prior to entering and submitting the data to the next level of review. 
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• Suggests method improvements to their supervisor, Technical Director, or the QA Manager for potential 

incorporation into SOPs. 

  

Position Requirements: At a minimum, analysts must possess a high school diploma or equivalent. If the 

analyst operates equipment, the analyst must satisfactorily complete a short course 

offered by an equipment manufacturer, professional organization, university, or other 

qualified training facility (in-house training is acceptable).  

 

 

4.4.16 Project Manager Assistant 

Project Manager Assistants are responsible for providing assistance to project managers with the  

production and completion of data packages. 

 Position Description and Requirements 

 

Position Title:                        Project Manager Assistant 

 

Position Description: Project manager assistants report to the project managers.  This position is primarily 

responsible for assisting project managers with on time completion of all data packages and to ensure 

effective and accurate communication between lab and project managers with respect to data package 

status. In general project manager assistants are responsible for the following duties: 

• Assigns data packages and completion dead lines to appropriate lab departments. 

• Responsible for initial data package review after data package was completed by lab departments 

• Responsible of notifying project managers or Director of Project Management of any internal problems 

or discrepancies that may affect data package on time completion. 

• Responsible for formatting data package (inserting dividers, making table of contents, copying reports, 

COC and checklist, putting all data in appropriate order, etc); 

• Responsible for setting bookmarks and creating CD ROM’s, completing and updating data package 

status document (located on the AES Server) on the daily basis, and ensures that data package was 

scanned or copied after approved by the project manager 

  

Position Requirements: A Degree or the necessary experience to achieve the requirements outlined in the 

position description. 

 

 

4.5 Improper, Unethical, or Illegal Actions; Data Integrity System; and Confidentiality of Client  

 Information and Proprietary Rights 

4.5.1 It is recognized that the quality assurance program is an inherent function involving all of the 

organizational components and personnel. The achievement of quality objectives is attained by each 

individual performing assigned work in strict compliance with approved and applicable 

requirements and procedures. 
 

4.5.2 For a quality assurance program to succeed, it is imperative that all employees adhere to procedures 

which detect and prevent improper, unethical, or illegal actions which could in any way compromise the 

reliability and data integrity. Training in legal, ethical, data integrity, and confidentiality of client 

information and proprietary rights responsibilities is mandatory. Records are maintained that document, 

through individual signatures, that every employee understands the consequences of improper, unethical, 

or illegal actions related to data integrity.  Potential instances of improper, unethical, illegal actions or 

Data Integrity issues will be discussed and addressed in senior management meetings.   
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The laboratory will inform the clients, of the information it intends to place in the public domain. 

Except for information that the customer makes publicly available, or when agreed between the 

laboratory and the customer (e.g. for the purpose of responding to complaints), all other information 

is considered proprietary information and shall be regarded as confidential.  Personnel acting on the 

laboratory’s behalf, shall also keep confidential all information obtained or created during the 

performance of laboratory activities, except as require by law. The laboratory is responsible for 

management of all information obtained or created during the performance of laboratory activities. 

 

Information about the customer obtained from sources other than the customer (e.g. complainant, 

regulators) shall be confidential between the customer and the laboratory.  The provider (source) of 

this information shall be confidential to the laboratory and shall not be shared with the customer, 

unless agreed by the source. 
  

4.5.3 Improper actions are defined as deviations from method-specified or client-specified analytical or 

quality assurance practices. These events may be intentional or unintentional. Disciplinary measures 

may include verbal warnings, written warnings, and/or dismissal. 
 

4.5.4 Unethical or illegal actions are defined as the deliberate falsification or alteration of analytical or 

quality assurance results where failed method, quality control, or client specifications are made to 

appear acceptable. These actions affect the integrity of the data.  Also included as unethical or 

illegal actions is the falsification and reporting of data where analyses were never performed. 

Disciplinary measures may include verbal warnings, written warnings, and/or dismissal. Findings of 

fraud may be prosecuted to the fullest extent of the law. 
 

4.5.5 Employee training of legal, ethical, and data integrity responsibilities establishes the program and 

procedures that prevent and detect improper, unethical, or illegal actions by employees. Deterrence 

begins with a position of zero tolerance established by management. Employee training supports and 

sustains the policy. 

4.5.5.1 Training of laboratory employees with respect to their legal and ethical responsibilities is 

comprised of three basic components: 

4.5.5.1.1 The definition of improper, unethical, or illegal actions. 

4.5.5.1.2 The elements of the laboratory’s prevention and detection program. 

4.5.5.1.3 Some examples of inappropriate laboratory practices that affect data integrity. 
 

4.5.5.2 Training courses in legal and ethical responsibilities also include the potential punishments and 

penalties for fraudulent conduct. 
 

4.5.6 Laboratory management implements a variety of proactive measures to promote the prevention and 

detection of improper, unethical, or illegal activities. Minimum requirements are included in  

the quality program by means of the following:  

4.5.6.1 An ethics and data integrity policy that is read and signed by all personnel. 

4.5.6.2 Initial and annual ethics and data integrity training. 

4.5.6.3 Internal audits. 

4.5.6.4 Anti-fraud language in client contracts and project agreements, where applicable. 

4.5.6.5 Analyst notation and signature on manual integration changes to data and/or calculations. 

4.5.6.6 Mandatory use of electronic and computer software audit functions wherever possible. 

4.5.6.7 A no-fault policy that encourages employees to come forward and report fraudulent activities. 

4.5.7 Employees are provided routine communications in the form of training, lectures, and updates in 

policy that are intended to reduce illicit behavior.  
 

4.5.8 Any of the following means may be used to monitor the quality and validity of test results: 
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4.5.8.1 Internal quality control samples. 
 

4.5.8.2 Interlaboratory comparisons or proficiency test studies. 
 

4.5.8.3 Certified reference materials or internal quality control using secondary reference materials. 
 

4.5.8.4 Replicate tests using the same or different methods. 
 

4.5.8.5 Re-testing of retained samples. 
 

4.5.8.6 Correlation of results for different characteristics of a sample. 
 

4.5.9 Examples of inappropriate practices include the following: 

4.5.9.1 Failure to properly record and preserve data: Analysts must be able to clearly demonstrate 

how analytical values were obtained from the associated raw data. Such documentation shall 

be maintained by the laboratory and be available to data users or auditors at any time.  This 

includes failure to document data in the original logbook or on the original company form.  

Transferring data from a scratch paper or note paper to the logbook or company form is 

never allowed.  The data must be recorded in the appropriate document at the time the test or 

preparation is being performed by the person performing the test.  Failure to comply with this 

will result in disciplinary measures up to and including dismissal. 
 

4.5.9.2 Failure to properly document errors: All errors, mistakes, and justifications for manual 

integrations must be fully explained within the case narrative of the final report. 
 

4.5.9.3 Failure to initiate corrective actions: Analysts having knowledge of any part of an analysis or 

procedure that requires corrective action must immediately notify management. 
 

4.5.9.4 Failure to report a missed holding time: Samples analyzed outside of allowed holding times 

must not be reported without qualifying the data, and some results may be unusable due to 

lack of validity. Backdating an analysis to save a missed hold time is forbidden. 
 

4.5.9.5 Failure to follow methods or SOPs as written: Methods and standard operating procedures 

must be followed without deviation. Analysts must immediately submit any changes to the 

Technical Director for revisions. 
 

4.5.9.6 Signing another person’s signature to documentation. 
 

4.5.10 Improper, unethical, and illegal actions are considered fraudulent because they affect the integrity  

of the data. Gross deviations from specified procedures will be investigated for potential improper, 

unethical, illegal actions and data integrity issues. Findings of fraud may be prosecuted to the fullest 

extent of the law. The following are examples of improper, unethical, and illegal conduct that affect 

data integrity: 

4.5.10.1 Improper use of manual integrations to meet calibration or method Quality Control criteria, 

such as peak shaving or peak enhancement, if performed solely to meet QC requirements. 
 

4.5.10.2 Falsification of results to meet method requirements. 
 

4.5.10.3 Reporting of results without analyses to support the data or reporting results from the  

 analysis of one sample for those of another. 

4.5.10.4 Selective exclusion of data to meet QC criteria, such as dropping calibration points without 

technical or statistical justification. 
 

4.5.10.5 Misrepresentation of laboratory performance by falsifying calibration data or QC. 
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4.5.10.6 Reporting QC limits in data reports that are not part of the data set reported or to historical data. 
 

4.5.10.7 Citing matrix interference as a basis for exceeding acceptance limits, especially without  

initiating corrective actions, in interference-free matrices. 
 

4.5.10.8 Unwarranted manipulation of computer software such as subtracting or not subtracting a 

blank or background, altering chromatographic baselines, or improper background 

subtraction (GC/MS) to comply with ion abundance criteria in to meet QC requirements. 
 

4.5.10.9 Improper alteration of analytical conditions, such as modifying an EM voltage or changing a 

GC temperature program to induce a shorter analytical run time, which makes the standard 

analysis different from the sample analysis. 
 

4.5.10.10 Misrepresentation of QC samples, such as adding surrogates after sample extraction, omitting 

sample preparation steps for QC samples, over-spiking, or under-spiking. 
   

4.5.11 The Data Integrity System (a.k.a. Legal & Ethical Training SOP) is reviewed annually as part of the 

annual management review. 
 

4.5.12 To ensure confidentiality of data integrity issues, a chain of command policy has been adopted.  

Employees are encouraged to bring data integrity issues to their immediate supervisor.  If the 

supervisor is a part of the data integrity issue, then the employee brings the issue to the Laboratory 

Manager, who is part of upper management.  In the absence of the Laboratory Manager, the issue is 

brought to either the Quality Assurance Manager or the Technical Director.  Confidential consultation 

with the Human Resources Manager may take place to resolve the issue.  Discussions will take place 

outside the laboratory and in upper management’s office(s) to again help ensure confidentiality. 

 

4.5.13 Employees are also trained the importance of Confidentiality of Client Information and Proprietary 

Rights.  Employees are taught as part of their Legal & Ethical Training that they should not discuss 

client information, events, knowledge of investigations, information about the client obtained from 

sources other than the client or results outside the work place.  This information is considered 

confidential.  Further, they are informed that failure to comply is a violation of their Data Integrity 

training and is considered grounds for termination of employment. 
 

4.6 Undue Internal and External Pressures and Impartiality 

4.6.1 AES, Inc. strives for the highest caliber of laboratory performance in conjunction with 

accomplishing quality objectives. One component of realizing this goal is to protect laboratory 

personnel from undue internal and external pressures. 

 

4.6.2 The laboratory shall be responsible for the impartiality of its laboratory activities and shall not allow 

commercial, financial or other pressures to compromise impartiality.  If a risk to impartiality is 

identified, the laboratory shall be able to demonstrate how it eliminates or minimizes such a risk. 

 

4.6.3 At AES, Inc. analysts and technicians are insulated from work-related undue pressures that would 

compromise the quality of their work. Management is aware and considerate of these internal 

pressures such as management burdens and project deadlines, and of external stresses such as 

customer complaints and priority requests for analysis. 

4.6.3 Management policy is to remain supportive of laboratory personnel and aware of their workloads 

and the demands placed upon them. Precautions are taken to ensure that there are no conflicts of 

interest between staff and clients. For example, priority requests, complaints, or status of work  

inquiries are directed through supervisors, managers, or administrative personnel. 
 



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 24 of 200 
  

4.6.4 Internal complaints and concerns expressed by employees are handled by AES’ policy of 

encouraging free communication with all levels of management. An “open door” approach promotes 

avenues of communication that could prevent improper conduct or data integrity issues resulting 

from undue external and internal pressures. Reducing workload for individual employees may 

include assigning additional personnel to assist in heavily backlogged areas, providing  

additional support, supplies, or equipment, or affording technical assistance and resources.  
 

4.7 Responsibility for QA Program Adherence 

4.7.1 It is the responsibility of all AES employees to implement the Quality Assurance Program effectively. 

All chemists and technicians are responsible for understanding and following the measures of the 

QA program, and for reporting any quality failures to a Manager or Supervisor in a timely manner. 
 

4.7.2 Supervisors and Managers are responsible for ensuring that all laboratory personnel are familiar 

with the requirements of the Quality Assurance Program and that these requirements are 

implemented and maintained. It is the responsibility of each Supervisor to ensure that any quality 

failures are reported to the Project Manager and the Quality Assurance Department immediately. 
 

4.7.3 It is the responsibility of the Technical Director to ensure that all laboratory personnel are trained to 

perform their assigned analyses. 
 

4.7.4 The laboratory’s approved signatories (designees of the Technical Manager) are identified as follows: 

Laboratory Manager 

Director of Project Management  

Project Managers 

  

 Individuals are authorized as project manager report signatories based on meeting the qualifications 

of project manager job description in the QA Manual as well as completion of the following training: 

 Quality Assurance Manual 

 Data Integrity Training 

 PCM Asbestos Reports Training 

 Individuals are authorized to act as project manager report signatories when these documents have 

been completed and signed by the individual(s) and referenced managers. 

 

5.0 QUALITY ASSURANCE PROGRAM 

5.1 The Quality Assurance Program (QAP) has been developed to provide a high-quality document that 

complies with the intent of testing regulations, standards, and established guidelines. The QAP takes 

into account requirements for special controls, processes, test equipment and skills to attain the required 

quality and the need for verification of quality by inspection and test. It also provides for the training of 

personnel to attain required proficiency levels and for regular assessments of the QAP to assure the 

adequacy of resources and the effectiveness of management controls established to achieve quality. The 

Quality Manual is maintained in a current condition. 
 

5.2 Revisions to this QAP are made and controlled by the QA Manager, Technical Director, and Vice-

President of Operations in accordance with AES' quality assurance practices. Such revisions and 

updates shall be performed as needed to improve the effectiveness of this program. Control of this QA 

manual is accomplished following the requirements of Section 8.2, “Document Control”. 

5.3 Definitions (Not Alphabetical) 

5.3.1 Batch - A group of samples and QC samples that are prepared and/or analyzed together with the 

same process and personnel, using the same lot(s) of reagents. 

5.3.1.1 Preparation Batch - is composed of between 1 and 20 samples of the same matrix and meets 

the criteria for a batch as described in Section 5.3.1. Preparation batches consist of 
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extractions, digestions, or concentrations.  The maximum time between the start of 

processing of the first and last sample in a preparation batch is 24 hours.  A preparation 

batch must have a spiked sample and a duplicate sample (or matrix spike duplicate). 
 

5.3.1.2 Analytical Batch - is composed of prepared environmental samples (extracts, digestates, or 

concentrates) or non-prepared environmental samples which are analyzed together as a 

group.  When the batch contains non-prepared samples as a group, the rules for preparation 

batches must be followed. 

5.3.1.2.1 Test categories where samples do not have to be prepared prior to analysis include GRO, 

VOC, Ion Chromatography, direct injection SVOC, orthophosphorus, turbidity, pH, and 

Conductivity. 
 

5.3.1.2.2 When soil VOC or GRO samples arrive in ENCORES or in jars, they considered 

prepared when placed into water or methanol.  Rules for preparation batches apply. 
 

5.3.1.2.3 The maximum length of time that an analytical batch can be left open is 24 hours. An 

analytical batch may have no more than 20 samples of similar matrix. 
 

5.3.1.2.4 Test procedures take precedence over analytical batch considerations.  For example, if 

the test procedure identifies a batch as occurring over a 12 or 24 hour period, then 

batches may not be left open for the time period stated in Section 5.3.1.2.1. 
 

5.3.1.2.5 Methanol or water VOC or GRO samples prepared in the laboratory from ENCORES or 

jars cannot be combined into a sequence with samples that have not been prepared by the 

laboratory so as to create a batch that contains more than 20 samples or runs for longer 

than 24-hours. 
 

5.3.1.2.6 An analytical batch must include the analysis of a spiked sample and a duplicate sample 

(or matrix spiked duplicate) every 20 samples in the batch.  In addition, internal quality 

control dictates that a LCS sample is also included in the batch. 
 

5.3.1.2.7 Always analyze the quality control samples at the beginning of the analytical batch.  

Quality control samples include the MS, MSD, LCS, LCSD, MB, CCB, and CCV.  
 

5.3.1.2.8 Always verify batch completion date in LIMS. 
 

5.3.2 Accuracy - The nearness of a result or the mean (average) of a set of results as compared to the true 

value. Accuracy is assessed by means of reference samples, laboratory control sample (spikes), 

matrix spikes, etc, and is measured in percent recovery. 
 

5.3.3 Blank - There are several types of blanks. The various types are defined below.   

5.3.3.1 Calibration Blank - specified in some analytical procedures, is an aliquot of analyte-

free matrix used to establish a zero-concentration instrument response value. 
 

5.3.3.2 Reagent Blank (as defined under AIHA-LAP, LLC Accreditation) - includes all the 

reagents using the same procedure as is used for samples. 
 

5.3.3.3 Method Blank, often referred to as a media blank (as defined under AIHA-LAP, LLC  

Accreditation) - Blank sampling media and analytical reagents analyzed, when 

applicable, with each batch of samples, using the same procedure that is used for 

samples.  Typical media includes wipes, filters, and air cartridges.  Clients should 

supply specimens of blank sampling media from the same source lot as was used for 

collecting the field samples. 
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5.3.3.4 Method Blank (as defined for environmental samples under NELAC or other state 

accreditations) - an aliquot of analyte-free matrix, usually reagent water or clean 

sand, to which all reagents are added in the same volumes or proportions as used in 

sample processing. The method blank is carried through the complete sample 

preparation and analytical procedure. The method blank is used to document the 

absence of contamination resulting from the analytical process.  

5.3.3.4.1 Except for certain conditions listed below, all analytes associated with the 

blank must have concentrations less than the reporting limit. 

5.3.3.4.1.1 The reporting limit may be raised above the level of contamination 

in the method blank and associated samples with documentation of 

client approval.  (Note: This is not acceptable under any AIHA-

LAP, LLC Accreditation Programs.) 

 

5.3.3.4.1.2 Sample results are 10 times the concentration of the method  

blank. The data may be reported with a flag indicating that low 

level contamination was detected in the method blank. Report data 

with a “B” qualifier. 
 

5.3.3.4.2 Field Blank (Usually associated with environmental samples under NELAC or other 

state accreditations) - also called an equipment blank. A field blank is an aliquot of 

analyte–free water brought to the field in sealed containers, transferred to a sample 

container, and transported back to the laboratory with the samples to be analyzed. The 

field blank is used to evaluate any possible contamination introduced to the samples 

during the field collection process. 
 

5.3.3.4.3 Trip Blank - an aliquot of analyte-free water which accompanies the empty containers to the 

field and the collected samples back to the laboratory. The trip blank is an indicator of 

possible sample contamination originating from site conditions and sample transportation. 
 

5.3.4 Initial Calibration Verification (ICV) Standard - An ICV is a standard that has been prepared from a 

source that is not the same as the source used for the preparation of the calibration curve. A second 

source represents either, a different lot number of standard purchased from the same vendor, or the 

same standard purchased from a second vendor. ICV standards are not prepared using the same 

procedures as samples (e.g., digestions or extractions). The individual test methods describe the 

preparative procedures and suppliers for these standards. ICV standards are analyzed immediately 

after a successful calibration curve has been developed. Typically, the ICV standards are prepared 

so that their concentrations represent a midpoint of the calibration curve. 
 

5.3.5 Continuing Calibration Verification (CCV) Standard - A CCV is a standard that has been prepared 

from the same source as the calibration standards. CCV standards are not prepared using the same 

procedures as samples are prepared (e.g. digestions/extractions). Individual test methods describe the 

preparative procedures and suppliers for these standards. CCV standards must be analyzed every 10 

samples throughout the analytical batch, and at the beginning and end of the analytical batch. 
  

5.3.6 Laboratory Control Sample (LCS) - Typically prepared by spiking an analyte free matrix such as  

an aliquot of reagent water or analyte–free soil (Work done under AIHA-LAP, LLC IHLAP  

accreditation, the LCS/LCSD is prepared by spiking the same media used for sampling.  For AIHA-

LAP, LLC ELLAP accreditation, the appropriate blank matrix/media is spiked.) with the analyte(s) of 

interest.  The LCS is prepared and analyzed employing the same methodology as the associated 

samples. The LCS is used to monitor, assess, and control the laboratory’s performance of the methods 

employed for sample preparation and analysis. The LCS must be performed once per analytical batch, 
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extraction batch, or digestion batch.  An extraction or digestion batch is defined as twenty or fewer 

samples of similar matrix analyzed in a 24-hour period using similar preparative and/or extraction 

techniques.  In many cases, a duplicate LCS sample (LCSD) will be analyzed along with the LCS. 
 

5.3.7 Deionized Water (DI Water, DIW) - Reagent free water that is prepared by passage through various 

filters and membranes. 

 

5.3.8 Environmental Sample - An environmental sample or field sample is a representative portion of any 

matrix (aqueous, non-aqueous, mixed waste, etc.) collected from any source for which the 

determination of the composition of the contamination is requested or required. For the purpose of 

this procedure, environmental samples are classified as follows: 

5.3.8.1 Aqueous - Aqueous samples include surface water, ground water, drinking water, or 

wastewater.  Wastewater consists of municipal and industrial influents and effluents. 
 

5.3.8.2 Soils - Soil samples consist of sediments, soils, and sludges. 
 

5.3.8.3 Non-Aqueous Liquids - Non-aqueous liquids consist of solvents, oils, and fuels.  These 

sample types are not miscible with aqueous samples. 
 

5.3.8.4 Non-Soil Solids - Non-soil solids consist of solid waste, precipitate waste, industrial sludges, 

concrete, wood, paint chips, ash, and wipes. 

 

5.3.8.5 Bioassay - Bioassay samples consist of bio-solids and municipal waste treatment sludges. 
 

5.3.8.6 Air - Air samples consist of filters, absorbent traps, activated carbon, and passive monitors 

used in the collection of air samples.  Additionally, air samples can be collected in SUMMA 

canisters or Tedlar bags.  In these two cases, the sample is the air itself. 
 

5.3.9 External Quality Control - Those practices that monitor the quality of data from sources outside the 

control of the laboratory (e.g. multi-laboratory performance evaluation samples and external audits). 
 

5.3.10 Instrument Detection Limits (IDL) - The minimum concentration limits of an analyte above the 

instrument noise level that can be detected and quantified with a high degree of confidence (>95%). 
 

5.3.11 Internal Quality Control - Those practices implemented internally to monitor the quality of data and 

which are under the control of the laboratory (i.e. intra-laboratory performance samples, internal 

audits, single blind samples, etc.) 
 

5.3.12 Matrix Spike / Matrix Spike Duplicate (MS/MSD) - An environmental sample to which 

predetermined quantities of specific analytes are added prior to sample preparation and analysis. 

Percent recoveries are calculated for each of the spiked analytes to assess the effect of the matrix on 

analyte recovery. In addition, a calculation of precision is made between the results of the MS/MSD 

to determine reproducibility of results in a specific matrix. This is measured by either the Relative 

Percent Difference (RPD) or Percent Relative Standard Deviation (%RSD). MS and MSD samples 

are analyzed with each analytical, extraction, or digestion batch of up to 20 samples. MS and MSD 

precision and accuracy limits are developed from quality control data.  

5.3.13 Method Detection Limits (MDL) - The term MDL is defined by the EPA as the minimum  

concentration of a substance that can be measured and reported, in a specific matrix, with 99%  

confidence that the measured concentration is distinguishable from method blank results (Note: 

previous definition was that the measured concentration was greater than zero). Initial MDLs are 

calculated two ways.  First, they are calculated any analyte presence in method blanks as MDLb 

(Blank MDL).  If some but not all of the method blanks for an individual analyte give numerical 
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results, the Blank MDL is set equal to the highest result.  Second, the MDL is calculated from spiked 

samples, giving the MDLS (Spike MDL).  The MDL used will be the higher MDL between the Blank 

MDL and the Spiked MDL.  MDLs are verified quarterly by analyzing two spiked samples.  Annual 

reverification using data from the four quarterly MDL verifications or from using the last 50 or six 

months’ worth of blanks, whichever is greater.  The annual reverification is performed within 13 

months of the initial MDL. The calculated MDL using the quarterly checks must be within a factor of 

0.5 to 2.0 of the initial MDL.  If it is, the reverification is complete and the MDL value remains the 

same until the next reverification.  If the calculated MDL is not within a factor of 0.5 to 2.0 of the 

(initial) MDL study, the initial study must be repeated.  
 

5.3.14 Precision - The agreement of a set of replicate results.  Typically, the laboratory analyzes LCS and 

LCSD or MS and MSD samples and reports the results as RPD or %RSD. 
 

5.3.15 Practical Quantitation Limit (PQL) - The lowest analyte concentration that can be reliably achieved, 

within specified limits of precision & accuracy, during routine operating conditions. Practical 

Quantitation Limit is used synonymously with ‘Reporting Limit’, “Lower Limit of Quantitation” 

(LLOQ), and “Minimum Level”.  The quantitation limits are tied to the detection limits in that the 

PQLs are never less that MDLs. A low level standard is analyzed at the PQL where applicable. 
 

5.3.16 Qualifiers - A phrase or word group that limits or modifies the meaning.  (See section 12.5.4) 
  

5.3.17 RCRA - Resource Conservation Recovery Act 
 

5.3.18 Relative Percent Difference (RPD) - A measure of agreement between two replicate results, 

expressed as follows: 

RPD = 100 * 
X

XX 21 −
 

where: 1X  and 2X  = the two results 

X  = mean value of the results 
 

5.3.19 Relative Standard Deviation (RSD) – The variance from the mean or true value divided by the mean 

or true value, expressed as a percentage. 
 

% RSD = 100 * S/ X  

where: 

      X  = arithmetic mean of the measurements 

     S = variance  
 

5.3.20 Representativeness - The degree to which data represent a characteristic of a population or set of 

samples.  It is a measurement of both analytical and field sampling precision.  
 

5.3.21 Standard Curve - A curve, which plots known standard concentrations or amounts of an analyte 

versus the instrument response for the analyte.  This curve is used to determine the concentration of 

the analyte in the unknown samples. 
 

5.3.22 Surrogate - Organic compound(s) which is/are similar to analytes of interest in chemical  

composition, extraction efficiency, and chromatographic retention, but are not normally found in  

environmental samples.  These compounds are spiked into all blanks, standards, samples, and spiked 

samples prior to analysis. Percent recoveries are calculated for each surrogate to assess the 

effectiveness of the sample preparation and analysis and any potential matrix effects. 
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5.3.23 TNI - The NELAC Institute 
 

5.3.24 AIHA-LAP, LLC - American Industrial Hygiene Association, Laboratory Accreditation Program, LLC 
 

5.3.25 Method of Standard Additions - The standard addition technique involves adding known amounts of 

standard to one or more aliquots of the processed sample solution.  This technique compensates for a 

sample constituent that enhances or depresses the analyte signal, thus producing a different slope from 

that of the calibration standards. It will not correct for additive interferences that cause a baseline shift. 
 

5.3.26 Estimation of Uncertainty - is the parameter associated with the result of a measurement that  

characterizes the dispersion of the values that could reasonably be attributed to the measurement.   

(See section 12.1 for more information.) 
 

5.3.27 Measurand Quantity intended to be measured or analyte concentration.  The measurands for  

methods under AIHA-LAP, LLC accreditation are available in the SOPs. (Sec 12.1 for more info.) 
 

5.3.28 Interim Limits - are used to establish the level of uncertainty when limits are not available until 

enough laboratory data has been compiled to establish historical limits.  Interim limits may be 

derived from published methods, those limits within similar analysis, LCS recovery ranges, or  

based on reasonable expectations from laboratory experience. 
 

5.3.29 Lower Limit Of Quantitation (LLOQ) - As defined in EPA’s SW-846 Compendium, it is the lowest 

point of quantitation, or in most cases, the lowest point in the calibration curve, which is ideally less 

than or equal to the desired regulatory action levels based on the stated project requirements.  

(Synonymous with PQL, Reporting Limit, and Minimum Level.) 
 

5.3.30 Minimum Level - is a term from 40CFR136 that refers to either the sample concentration equivalent 

to the lowest calibration point in a method or a multiple of the MDL, whichever is higher.  

Minimum Levels may be obtained in several ways: they may be published in a method; they may be 

based on the lowest acceptable calibration point used; or they may be calculated by multiplying the 

MDL (from the method or as determined by the laboratory) by a factor of 3. 
 

5.3.31 BRL (Below Reporting Limit) - The acronym BRL is used to report the PQL in an easy to 

understand manner.  On AES analytical reports, BRL is next to the Reporting Limit.  Together, BRL 

and the Reporting Limit mean that if the analyte were present in the sample, it would be below the 

reporting limit.  It would be below the range of specified limits of precision and accuracy.  EPA 

considers the terms Reporting Limit, Practical Quantitation Limit, Lower Limit of Quantitation 

(LLOQ), and Minimum Level to be synonymous.  In most cases, this corresponds to the lowest 

point on the calibration curve. 

The relationship between the MDL and the PQL (Reporting Limit) is that the MDL is the point at 

which the analyte is detected but the PQL is the point at which the quantitation is considered to be of 

known precision and accuracy.  Concentrations between the MDL and PQL are estimated values. 
 

5.3.32 Risk - That which makes achieving an objective uncertain (or the effect of uncertainty in objectives) 
 

5.3.33 Risk Assessment - Comparison of the risk likelihood and impact to the severity of the risk’s impact. 
 

5.3.34 Risk Management - is the identification, assessment and prioritization of risks followed by coordination 

to minimize, monitor, and control the impact to maximize the realization of opportunities.  
 

5.3.35 Opportunities - Events with potential positive outcomes for the organization or company. 
  

5.4 Data Quality Objectives for Environmental Testing 

5.4.1 Precision.  The laboratory objective for precision is to meet the performance criteria demonstrated  
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for all analytical methods as published by the USEPA under SW-846 and 40 CFR Part 136.  These  

criteria are met on similar samples and similar sample matrices.  Precision is documented based on  

replicate analysis, usually duplicate or matrix spike duplicate samples. 
 

5.4.2 Accuracy.  The laboratory objective for accuracy is to meet the performance criteria demonstrated 

for these analytical methods as published by the USEPA under SW-846 and 40 CFR Part 136.  

These criteria are met on similar samples and similar sample matrices.  Accuracy is documented 

based on recovery data; usually matrix spike samples. 
 

5.4.3 Representativeness.  The laboratory objective for representativeness is to provide data which is 

representative of the sampled medium. The representativeness of the analytical data is a function of 

the procedures used in processing the samples. 
 

5.4.4 Comparability.  The comparability objective is to provide analytical data for which the accuracy, 

precision, representativeness, and reporting limit statistics are similar in quality to data generated by 

other laboratories for similar samples and to data compiled by AES over time. The comparability  

objective may be documented by any of the following: 

5.4.4.1 Inter-laboratory studies carried out by regulatory agencies. 
 

5.4.4.2 Inter-laboratory studies initiated for specific projects or contracts. 
 

5.4.4.3 Comparison of periodically generated statements of accuracy, precision, and reporting limits 

to those of other laboratories. 
 

5.4.4.4 Through approval from the US EPA or other regulatory agencies for any procedure to which 

significant modifications have been made. 
 

5.4.5 Completeness.  The completeness objective for data can be set for a particular project and is 

expressed as the ratio of the valid data to the total data over the course of the project. The 

comparison between the amount of valid, or usable, data you originally planned to collect, 

versus how much you collected.Appendix XII Footnote 37 (from EPA, it is usually described as a 

measure of the amount of available data from a statistical system compared to the amount 

that was expected to be obtained.) 
 

5.5 Criteria for Quality Indicators 

5.5.1 The precision and accuracy acceptability limits for analyses performed at Analytical Environmental 

Services, Inc are located in the LIMS and posted on the portal server. The limits in the tables are  

either laboratory-generated or derived from USEPA methods.  
 

5.5.2 Table 5-3 defines the criteria for data acceptability.  Data may be accepted when QC falls outside 

these limits if probable cause can be attributed to the matrix, and laboratory control samples (LCS) 

show that the method is in control. Deviations are documented in the final report to the client.  

In instances where an LCS limit is not available, a limit of 30-130% recovery may be used until in-

house limits are available. (Note: Sometimes an alternative default limit may be found in a published 

method and substituted.) In some cases, lower default limits may be set with approval from the Quality 

Assurance Manager and Technical Director. The acceptable range of some compounds may be 

broader, based on prior knowledge of the analyte (e.g., phenols in EPA Method 8270C). 
 

5.5.3 Statistically Derived Limits 

5.5.3.1 Selected methods and programs require statistically derived accuracy and precision limits. 

Analytical Environmental Services, Inc. routinely uses statistically derived limits to evaluate  

 method performance and to determine when corrective action is appropriate.  
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5.5.3.2 The laboratory periodically updates the limits as stated, but no less than annually. Analysts 

must use the current limits as found in LIMS. 
 

5.5.3.3 The QA Manager maintains an archive of all limits used within the laboratory. If a method 

defines the QC limits, the method limits are used. If a method requires the generation of 

historical limits, they can be derived from data in the LIMS database or by viewing archives.  
 

5.5.4 Development of new QC limits. 

5.5.4.1 The QA Manager determines limits using the in-house LIMS system.  This is accomplished 

by the statistical analysis of data for each test method where the method specifies that 

internal limits are developed.   
 

5.5.4.2 Reviewed data types within the methods include LCS, LCSD, MS, MSD, and surrogates in 

samples, control samples, and spikes. It is recommended that surrogates are evaluated on a 

separate basis for samples, LCS, and MS since recovery limits will be wider for client 

samples than for laboratory control samples. 
 

5.5.4.3 QC limits are updated in LIMS through the Quality Control Section.  To change limits, 

activate the tab called “control charting”. Enter the desired test code, analyte, and sample 

type. Enter the number of desired data points, and then “get data”. 
 

5.5.4.4 The minimum number of data points chosen should be 20.  For tests which data is generated 

more frequently, e.g. volatile surrogate recoveries in samples, a minimum of 40 data points 

should be chosen.  

5.5.4.4.1 For tests in which there are less than 20 data points, use the interim limits specified by 

the method.  If interim limits are not specified by the method, the QA Manager and 

Technical Director must choose interim limits that represent an estimation of the current 

laboratory performance. The data in the tables should be footnoted accordingly. 
 

5.5.4.4.2 For tests in which data is generated more frequently, e.g. volatile surrogate recoveries  

in samples, a minimum of 40 data points is chosen.  The LIMS will pick data points in 

historical order beginning with the date the action is being performed.  The LIMS will 

compile as many data points are available if the requested number exceeds the number of 

points in LIMS The LIMS will pick data points in historical order beginning with the date 

the action is being performed.  If the requested number exceeds the number of points in 

LIMS, then LIMS will compile as many data points as are available. 
 

5.5.4.5 Data should be observed for outliers, and these samples de-selected using the “radio  

buttons”.  Once the data is reviewed, limits can be recalculated by choosing the “Re Calc  

Stats” tab. Outlying data points are determined by the following two methods: 

5.5.4.5.1 Grubbs Test - is a statistical test used to detect outliers in a univariate data set assumed 

to come from a normally distributed population.  
 

5.5.4.5.2 Manual observation of data set to verify that the data points selected are within the 

calculated control limits.  If they are not, then the data points must be “de-selected” and 

the limits recalculated until the data is within the calculated limits. 
 

5.5.4.6 The lower limit determined from historical data shall not be set to a value less than 10.  That 

is, if the calculated lower limit is < 10, a default value of 10 will be used for the lower limit 

unless specified by the published method. 

 

5.5.4.7 When the data set is acceptable, choose the “Preview” tab to view data in a page format.   
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5.5.4.8 Through the “Windows” application, print the data in “Adobe” format by selection of the  

proper network printer.  The file should be saved in one of the following folders depending 

on which QC type:  

TestMethod_Matrix_LCS_LCSD_REC 

TestMethod_Matrix_LCS_LCSD_RPD 

TestMethod_Matrix _MSD_REC 

TestMethod_Matrix _MSD_RPD 

TestMethod_Matrix_SURR_REC 
 

5.5.5 Review of revised QC limits 

5.5.5.1 After data has been revised for each test method and matrix, a copy of the QC Tables and 

charts is presented to the department managers, Technical Director, and Vice President of 

Operations for review.  After a week comment period, the updated limits are entered into the 

laboratory LIMS system. 
 

5.6 External Quality Assurance Objectives 

5.6.1 External Quality Control is the process of employing outside sources to monitor the quality of the 

data produced by the laboratory. Included in the external quality control program are the analysis of 

performance evaluation samples and participation in performance evaluation audits. 

5.6.1.1 AES, Inc. analyzes Proficiency Test (PT) samples for each PT field of testing as defined in The 

NELAC Institute (TNI) and AIHA-LAP, LLC Fields of Test tables according to matrix type, 

analyte, and regulatory or environmental program. Samples are obtained from NELAP-

designated PTOB / PTPA-approved PT providers (such as Environmental Resource Associates) 

for NELAP compliance or directly from AIHA-LAP, LLC to meet their program requirements. 

The results of the analyses are submitted to the PT Provider for scoring. Study reports are 

maintained for a minimum of five years on the portal server. The analyses of PT studies are 

conducted in accordance with all TNI or AIHA-LAP, LLC.  Where required (as with gravimetric 

analyses for AIHA-LAP, LLC), an internal PT will be used.  

5.6.1.1.1 AES participates in a minimum of two single-blind, single-concentration PT studies per 

year for each PT field of testing for which it is accredited. Studies are performed at least 

15 calendar days apart. Successful completion of two of the last three proficiency rounds 

for a given PT field of testing must occur in order to maintain accreditation. 
 

5.6.1.1.2 Blind water or soil PT samples contain amounts of specific constituents that are unknown 

to laboratory personnel. Upon arrival, PT samples are logged into the Laboratory 

Information Management System (LIMS) and tracked as routine environmental samples.  

PT samples provided by the vendor may be ‘whole’ samples or may have been provided in 

a concentrated form.  PT vendor instructions are followed and dilutions performed on the 

concentrated vials to make them the ‘whole’ sample to be tested.  Routine procedures for 

dilutions and analysis are followed per method specific SOPs.  The laboratory results must 

be completed and reported within the required turnaround time.  
 

5.6.1.1.3 AES, Inc. maintains copies of all written, printed, and electronic records, including, but 

not limited to bench sheets, instrument chromatograms or printouts, data calculations, 

and data reports resulting from the analysis of any PT sample. These records are 

maintained for five years or for as long as required by the applicable regulatory program, 

whichever is greater. These records include a copy of the PT study report forms used to 

report PT results. All laboratory records are available to assessors of the Primary 

Accrediting Authority during on-site audits. 
 

5.6.1.1.4 Whenever a study is failed, AES determines the cause for the failure and takes the  
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necessary corrective actions. The investigation and action taken are documented into 

QA records and provided, if required, to the Primary Accrediting Authority. 
 

5.6.1.2 Performance evaluation samples are also obtained from the following list of suppliers. 

5.6.1.2.1 ELPAT. This proficiency testing program is administered by the American Industrial 

Hygiene Association-Laboratory Accreditation Program (AIHA-LAP, LLC). Once a 

quarter, the laboratory receives a set of proficiency samples from Research Triangle 

Institute for the analysis of lead content. The matrices are soils, wipes, and/or paint chips.  
 

5.6.1.2.2 PAT. This proficiency testing program is administered by the American Industrial  

Hygiene Association-Laboratory Accreditation Program (AIHA-LAP, LLC).  Once a 

quarter, the laboratory receives a set of proficiency samples to be analyzed for metals, 

asbestos fibers, This program is required as part of the laboratory’s certification to 

perform analyses on samples that measure indoor air quality.  
 

5.6.1.2.3 EMPAT.  This proficiency testing program is administered by the American Industrial 

Hygiene Association-Laboratory Accreditation Program (AIHA-LAP, LLC).  EMPAT 

fungal proficiency samples are available for both the ‘Direct Examination’. Once a quarter, 

the laboratory receives notification that the Fungal Direct Examination Proficiency Testing 

Program has opened on the AIHA-LAP, LLC website.  The lab has access to the portal for 

24 hours a day for 7 days at which time the study closes.  This program requires the 

identification of selected slides within a set amount of time.   
 

5.6.1.2.4 North Carolina Department of Environmental, Health and 

 Natural Resources. Once a year the laboratory receives performance samples for 

certification by North Carolina for all analyses not already submitted under other 

programs. These samples are critical for the continuation of certification by the state of 

North Carolina. To renew certification each year, the lab must submit acceptable PT 

sample results to the NC WW/GW LC Program for each parameter, analyte, technology 

and matrix (where a method is matrix-specific) by October 31. 

 A laboratory that fails a PT sample for a parameter method technology must take steps to 

identify the root cause of the failure, take corrective action, report the corrective action 

taken to NCDENR, and participate in a second PT study meeting the criteria listed 

previously in this policy. The corrective action response must include the laboratory’s 

root cause analysis and a copy of any objective evidence (e.g., calibration curves, revised 

procedures, records, training records, standard operating procedures, etc.) to indicate that 

the corrective actions have been implemented/completed. The results of the remedial PT 

must be received in this office within 60 days from the date the failed results are issued 

by the accredited proficiency testing provider. A laboratory failing the second (or 

remedial) PT study may be decertified for that parameter method technology (not 

necessarily for all technologies for that parameter). 
 

 For multi-analyte parameters (e.g., organic analyses), when greater than 80% of analytes are 

acceptable, but one or more individual analytes are graded unacceptable, acceptable 

performance has been demonstrated for the parameter method technology. The laboratory 

must, however, analyze a remedial PT for the individual analytes that were graded 

unacceptable. When a remedial PT is graded unacceptable for an individual analyte 

(constituting a second unacceptable result), the laboratory must qualify data for those 

individual analytes as “estimated” (whether detected or not) until acceptable results are 

obtained on two consecutive remedial PTs for the analyte in question. 

5.6.1.3  Performance Audits 
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5.6.1.3.1 In order to maintain certification in many states, to comply with commercial contracts, 

and to satisfy many agency requirements, AES, Inc. must undergo initial and ongoing 

audits performed by external auditors. These audits may take the form of technical and/or 

evidentiary audits. Every section of the laboratory, both analytical and clerical, should be 

ready at all times to participate in these audits.  
 

5.6.1.3.2 In the event that adverse findings or deficiencies are discovered, or observations and/or 

recommendations are made during an audit, QA and laboratory management shall review 

the comments and submit a response, including corrective actions, to the audit report.  
 

5.6.1.4 State Audits  

5.6.1.4.1 State Audits are performed in accordance with each individual state’s certification 

program. These audits are generally performed to determine the laboratory’s suitability 

to perform environmental analyses according to the parameters dictated by that state. 
 

5.6.1.5 Commercial Audits 

5.6.1.5.1 Audits performed by commercial clients may be scheduled on a pre-award basis for a 

contract. Once the contract is awarded, audits may be scheduled at the request of the 

client or at a pre-determined frequency. The client, as well as professional audit teams, 

may perform audits required by commercial clients. 
 

5.7 Internal Quality Control 

5.7.1 The internal quality control program serves two primary functions. One function is to monitor the  

reliability of the data (e.g., accuracy and precision). The other function is to control and maintain the 

quality of the data (e.g., the use of ACS grade reagents, traceable standards, etc.).  
 

5.7.2 The following sections outline the specific actions and procedures employed to monitor the process 

for producing and reporting quality data that is consistent with the Quality Control Program. 

Processes such as, but not limited to, validity of results, verification of operator competence, 

recovery of known spikes, analysis of reagent blanks, calibration with traceable standards, analysis 

of duplicates, and maintenance of quality control charts must be employed and continually 

monitored. The laboratory may also adopt additional quality assurance procedures; however, the 

minimum requirements are discussed below. The QA Manager and Technical Director, under 

restrictions by the methodology and in conjunction with the appropriate laboratory management 

staff, shall determine which requirements shall be implemented for each section. 
 

5.7.3 Training & Certification of Operator Competence. Quality Control begins with the establishment of 

basic laboratory techniques and skills. It is imperative that analysts receive proper training before 

performing independent laboratory analyses. Each analyst must demonstrate proficiency of laboratory 

techniques and skills. Records to that effect are kept in the employee’s personal training files. 
 

5.7.4 Documentation. Regardless of which analytical procedures are used in the laboratory, the 

methodologies employed shall be carefully documented. 

5.7.4.1 Standard Operating Procedures (SOPs) and approved methods may be periodically modified, 

updated, or replaced in their entirety due to advances in technology, regulatory protocols, or at 

the discretion of laboratory management. All proposed changes, however, are reviewed by the 

Technical Director to ensure compliance with all regulatory protocols. 
 

5.7.4.2 If a client requests a change of procedure, the change must be pre-approved by the laboratory 

prior to use. The change must be documented in writing and kept on file as part of the 

laboratory project records. 
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5.7.4.3 If a method is modified such that it no longer complies with the provisions set forth by the 

accrediting agencies, the client will be informed.  
 

5.7.4.4 Documentation of analytical procedures for generating laboratory data shall be clear, concise, 

adequately referenced, and reflect the actual steps employed by the analyst. 
 

5.7.5 Standard Operating Procedures (SOP).  Methodologies employed in the laboratory are documented 

in SOPs.  (Table 5-3 shows a Summary of Calibration and QC Procedures for Various Tests.) See 

Chapter 8 gives detailed information on SOPs. 
 

5.7.6 Initial Calibration Verification (ICV) Standard.  Individual component recovery of the ICV  

standard is calculated using the following equation:  

     ICV Standard Percent Recovery = 100x
T

A
   

     where: 

     A = concentration measured 

    T = true value of the spiking concentration 
 

5.7.6.1 The ICV must be made from a different source than the calibration curve standards.  

 

5.7.6.2 The acceptable recovery limits for the ICV standards vary based on the individual procedure 

and are specified in Table 5-3.   

 

5.7.6.3 If the recoveries of any of the ICV standards are not within the limits specified in Table 5-3, 

the test method may not be performed.  The analyst must follow the out-of-control procedures 

discussed in Section 5.8 before initiating any analyses. 
 

5.7.7 Continuing Calibration Verification (CCV) Standard.  Individual component recovery of the CCV  

standard is calculated using the following equation:  

     CCV Standard Percent Recovery = 100x
T

A
 

     where: 

     A = concentration measured 

    T = true value of the spiking concentration 
 

5.7.7.1 The acceptable recovery limits for the CCV standards are procedure dependent and are 

specified in Table 5-3.   
 

5.7.7.2 If the recoveries of any of the CCV standards are not within the limits specified in Table 5-3, 

the testing must be discontinued. The analyst must follow the out-of-control procedures 

discussed in Section 5.8 before continuing any analyses. 

5.7.8 The Laboratory Control Sample (LCS) 
  

5.7.8.1 The individual test methods describe the preparative procedures and suppliers for the LCS & 

LCSD standards. The LCS & LCSD samples are prepared in either reagent grade water or sand 

in accordance with the procedural steps followed for the preparation of a matrix spike sample. 
 

5.7.8.2 Individual component recovery of the LCS(D) is calculated using the following equation: 

      LCS (LCSD) Spike Percent Recovery = 100x
T

A
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   where:  

    A = concentration measured 

     T = true value of the spiking concentration 

5.7.8.3 Precision between the LCS and LCSD recoveries is calculated using the following equation: 
 

 % RPD = Difference between LCS and LCSD recoveries x 100 

   Average of LCS and LCSD recoveries 

 

5.7.8.4 The acceptable recovery limits for the LCS standards vary based upon the individual procedure 

and are specified in LIMS test codes.   
 

5.7.8.5 If recoveries of any of the LCS standards are not within the limits specified in the table, the 

testing must be stopped.  If the precision between the two recoveries is not within the limits 

specified in the table, the testing must be stopped.  The analyst must follow the out-of-control 

procedures discussed in Section 5.8 prior to continuing any analyses. 
 

5.7.9 Matrix spike (MS) and matrix spike duplicate (MSD).  Individual component recovery of the matrix 

spike is calculated using the following equation: 
  

    Matrix Spike Percent Recovery = 
T

BA )( −
x100 

    where:  

     A = concentration measured after spiking 

     B = background concentration  

     T = true value of the spiking concentration 

5.7.9.1 MS and MSD sample recovery limits are used to determine matrix affects on the recovery 

target analytes. The acceptable recovery limits for the MS and MSD standards are indicated in 

LIMS test codes.   
 

5.7.9.2 It is the discretion of the department manager to have a batch re-processed or re-analyzed after 

assessment of the matrix spike recovery values and other batch QC data. The analyst must  

follow the out-of-control procedures discussed in Section 5.8 prior to continuing any analyses. 
 

5.7.9.3 In the event that insufficient sample is provided for MS/ MSD analysis, the narrative of the 

final report must be amended to indicate lack of sample for analysis of MS and / or MSD. 
 

5.7.10 An Initial Demonstration of Capability (IDOC) study is performed to establish the ability of an 

analyst and/or analytical system to generate acceptable precision and accuracy data. An IDOC study 

is performed on each certified method and matrix analyzed in the laboratory where applicable. 

Samples prepared for the IDOC studies are made from a second source independent of the standard 

source used for the calibration determination. A second source standard may be a standard 

purchased from the same manufacturer but a different lot or batch. Four LCS’s are prepared and 

analyzed.  To establish the ability to generate acceptable accuracy and precision, the analyst must 

perform the following operations:  

5.7.10.1 Because of the nature of several test methods, IDOCs cannot be performed. These tests 

represent methods where samples of known concentrations cannot be prepared in the 

laboratory. Specific requirements for these test methods are described in Table 5-1***. 
 

5.7.10.2 Calculate the average recovery (x) in µg/L, and the standard deviation of the recovery(s) in 
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µg/L, for each analyte using the four results.  Demonstration of Capability must be updated and 

documented annually or more frequently if required by method with a Continuing 

Demonstration of Capability (CDOC).  Other options for CDOC include the use of 

successfully passed third party Proficiency Test (PT) studies and Method Detection Limit 

studies that meet recovery and reporting limit criteria.  (See Table 5-1) 
 

5.7.10.3 The Method Performance Section of the individual SOP provides laboratory recovery and 

precision data for the method. Similar results from spiked water should be expected. Results are 

considered comparable if the calculated standard deviation of the recovery does not exceed the 

single laboratory RSD or 10% (20% for some organic analytes), whichever is greater and the 

mean recovery lies within the interval indicated by the test method, or X ± 15%, whichever is 

greater.  Specific requirements for each NELAP certified test method as well as those required 

by AIHA-LAP, LLC are described in Table 5-1***.  
 

Table 5-1 Demonstration of Capability Acceptance Criteria 

Certified Method DOC Requirement Control Limits/ Acceptance Criteria* 

SM2120B Color  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SM2120E Color ADMI 4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E100.2 Prep, LCS or PT Meet Grid QC, Calib of TEM, EDXA, Camera 

E120.1 Conductivity  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SM4500H+B pH  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SM2540C TDS  4 LCS or PT PT acceptance Criteria 

SM2540D TSS  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SM2540B TS  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

E160.4 VS  PT PT acceptance Criteria 

SM2540F Settleable Solids  PT PT acceptance Criteria 

E1664B Oil and Grease_TPH  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E180.1 Turbidity  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E200.7 ICP AES Metals  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E200.8 ICP MS Metals  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E245.1 Mercury  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E300 Anions by IC  4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

SM2310B Acidity  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SM2320B Alkalinity  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SM4500Cl G Residual Chlorine  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SM4500CN G Amenable Cyanide  4 LCS LCS Control Limits  

SM4500CN E Total Cyanide  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

E350.1 Ammonia (as N) 4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

E351.2 TKN  4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

E353.2 Nitrate  (as N) 4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

E353.2 Nitrate_Nitrite (as N) 4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

NECi N07-0003 Nitrate-Nitrite (DA) 4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

E353.2 Nitrite (as N) 4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

SM4500NO2 B Nitrite (as N)  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SM4500O G Dissolved Oxygen  4 LCS LCS Control Limits  
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Certified Method DOC Requirement Control Limits/ Acceptance Criteria* 

E365.1 Ortho Phosphorus  4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

E365.1 Total Phosphorus  4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

E365.3 Ortho Phosphorus  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SM4500S2 F Sulfide  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SM4500SO3 B Sulfite  4 LCS or PT RSD Limit ≤ RPD Limits 

SM5210B BOD  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

E410.4 COD  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SM5310B TOC  4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

E420.1 Total Phenolics  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E420.4 Total Phenolics  4 LCS or PT; LCR / MDL LCS Control Limits, MDLs or PT acceptance Criteria 

SM5540C MBAS Surfactants  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E610 PAHs  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E615 Herbicides  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E624.1 VOCs  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

E625.1 SVOCs  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

FL-PRO  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

PMOIST  4 LCS or PT Demonstration using Real World Samples 

RSK-175 Dissolved Methane, Ethane, Ethene  4 LCS  MDLs or LCS Control Limits  

SM10200H Chlorophyll  4 LCS  LCS Control Limits 

SM2340B Hardness  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SM3500Cr B Hexavalent Chromium  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SM3500Fe B Ferrous Iron  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SM5210B CBOD  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SM9222B Total Coliforms  PT PT acceptance Criteria 

SM9222D Fecal Coliforms  PT PT acceptance Criteria 

SM9223B E.Coli / Total Coliforms PT PT acceptance Criteria 

SW1010 Flash Point  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SW1030 DUP Demonstration using Real World Samples 

SW1311 TCLP & 1312 SPLP SOP Signoff/AES Training N/A 

SW6010 ICP AES Metals  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW6020 ICP MS Metals  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW7196 Hexavalent Chromium  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW7470 Mercury in Water  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW7471 Mercury in Soils  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW7473 Mercury in Soils 4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8011 EDB DBCP  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8015 DAI  4 LCS LCS Control Limits 

SW8015 DRO or GRO 4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8081 Pesticides  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8082 PCBs  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8151 Herbicides  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8260 Oxygenates  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 
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Certified Method DOC Requirement Control Limits/ Acceptance Criteria* 

SW8260 VOCs  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8270 SVOCs  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8310 PAHs  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW8315 Formaldehyde and Acetaldehyde 4 LCS  MDLs or LCS Control Limits 

SW9010_9014 Cyanide  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW9030_9034 Sulfide  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW9040 pH in Water  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SW9045 pH in Soil  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SW9050 Conductivity  4 LCS or PT LCS Control Limits or PT acceptance Criteria 

SW9056 Anions by IC  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW9060 TOC  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW9065 Total Phenolics  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW9070 Oil and Grease_TPH in Water  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW9071 Oil and Grease_TPH in Soils  4 LCS or PT LCS Control Limits, MDLs or PT acceptance Criteria 

SW9081 Cation Exchange Capacity SOP Sign-Off Only Demonstration using Real World Samples 

SW9095 Free Liquids by Paint Filter  SOP Sign-Off Only Demonstration using Real World Samples 

TO-14A, TO-15  MDL or LCS Control Limits 

*LCS Control Limits and RPD Limits as per LIMS Test Code Limits 

 

Table 5.1 (Cont.) - Demonstration of Capability Acceptance Criteria 

AIHA-LAP, LLC METHODS   

Certified Method DOC Requirement Control Limits/ Acceptance Criteria* 

SW3050B / N7082 (Lead  Paint) 

IDOC: 4 sets of 5 Ref 

CDOC: Batch QC or PT 
75% within 80-120%Rec 

LCS Control Limits, MDLs or PT Acceptance Criteria 

SW3050B / 7420 (Lead in Soil) 

IDOC: 4 sets of 5 Ref 

CDOC: Batch QC or PT 
75% within 80-120%Rec 

LCS Control Limits, MDLs or PT Acceptance Criteria 

SW3050B / 7000B (Lead in Soil) 

IDOC: 4 sets of 5 Ref 

CDOC: Batch QC or PT 
75% within 80-120%Rec 

LCS Control Limits, MDLs or PT Acceptance Criteria 

N7082 (Lead in Dust Wipe) 

IDOC: 4 sets of 5 Ref  

CDOC: Batch QC or PT 
75% within 80-120%Rec 

LCS Control Limits, MDLs or PT Acceptance Criteria 

N7303 (Lead in Air) 

IDOC: 4 sets of 5 Ref 

CDOC: Batch QC or PT 
75% within 80-120%Rec 

LCS Control Limits, MDLs or PT Acceptance Criteria 

N7400 (Asbestos PCM) PT Samples PT Acceptance Criteria 

Fungal Air Direct Exam (Micro) PT Samples PT Acceptance Criteria 

Fungal Bulk Direct Exam (Micro) PT Samples PT Acceptance Criteria 

Fungal Surface Direct Exam (Micro) PT Samples PT Acceptance Criteria 
 

5.7.10.4 The large number of analytes in multi-element analyses presents a substantial probability that 

one or more will fail at least one of the acceptance criteria when all analytes of a given method 

are determined.  Should this occur, re-analyze only the failed analytes, following the 

procedures discussed in this section. 

5.7.10.5 When one or more of the analytes tested fails at least one of the acceptance criteria, the analyst 

must proceed according to the out-of-control procedures discussed in Section 5.8. 

5.7.10.6 Due to the nature of several test methods, IDOCs cannot be performed. These tests represent 

methods where samples of known concentrations cannot be prepared in the laboratory. Tests 
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that are included in this category are EPA 110.2, 160.3, 160.4, 160.5, 150.1, 9040, 9045, 1010, 

SM 2340B, SM2340G, SM9223, and SM9222.  To complete IDOCs for these tests, the 

analyst(s) must satisfactorily pass available PE samples for all appropriate matrices. 

5.7.10.7 Analyst Demonstration of Capability and training includes the following: 

Quality Assurance Manual Training (annually) 

Data Integrity (Legal & Ethical) Training (annually) 

SOP Training (initially and as updated) 

ICNs associated with the SOPs (initially and as updated) 

Demonstration of Capability (program specific) 

Procedure and Checklist Training (initially and as updated) 
 

Individuals are authorized to perform analysis when these documents have been completed and 

signed by the individual(s) and referenced managers. 

5.7.10.8 AIHA-LAP, LLC Training Requirements 

AIHA-LAP, LLC Technician/Analyst Training Requirements.  All technicians and analysts 

must complete training and demonstrate proficiency prior to analysis of any ELLAP or IHLAP 

program samples.  The laboratory documents the competence requirements for each function 

influencing laboratory activities, including requirements for education, qualification, training, 

technical knowledge, skills and experience using the following: 

• Resumes for the determination of education and previous experience 

• Standard Operating Procedures (SOPs) and other training verified with sign-offs (QA 

Manual, Data Integrity, Health & Safety, general procedure training, etc.) 

• Proficiency Testing results 

• Routine Quality Control performance 

• Frequency of Corrective Action Reports pertaining to analyst 

• Observations from management 

• Internal audit assessments 

The training and proficiency demonstrations must meet the requirements specified in the 

AIHA-LAP, LLC LQAP Policy Document, Modules 2A, 2B and 2C and are described in 

Section 1.2 and 1.3 below. 

5.7.10.8.1 ELLAP Specific Technician/Analyst Training Requirements: 

5.7.10.8.1.1 Initial demonstration of capability. 

Each technician/analyst must complete at least 20 days work/training in the prep and / 

or metals analysis lab using technologies/instrumentation similar to that to be used for 

ELLAP samples under the direct supervision of an ELLAP trained technician / analyst 

prior to unsupervised prep / analysis of ELLAP regulated client samples. 
 

Each analyst/technician must read, understand & agree to follow the laboratory SOP 

and document using the SOP Acknowledgement sign-off form. Each technician / 

analyst must prep and/or analyze as appropriate at least 2 blind reference material test 

samples.  These samples may be AIHA-LAP, LLC provided PT samples or laboratory 

prepared Certified Reference Material of the appropriate matrix, i.e. soil, paint, wipe 

(spiked with baghouse dust) or air filter.  Results must fall within the PT acceptance 

range or laboratory LCS range as appropriate. 
 

Each technician/analyst must complete a minimum of 4 independent test runs of 

sample preparation/analysis prior to prepping/analyzing actual samples.  This test is 

performed through the digestion/analysis of four separate groups of 5 replicate, 

matrix specific Certified Reference Material samples, with each group separated by 

at least one day.  To be deemed acceptable per ELLAP requirements, 75% of the 
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replicates in each group must recover within 90-110% of the true value.  Any 

individual group that fails to meet the ELLAP criteria must be repeated in its 

entirety (all 5 replicates repeated). 
 

Once all requirements in 5.7.10.8.1.1 have been met, the technician/analyst will be 

approved to begin unsupervised prep/analysis of client samples.  Documentation of 

approval to begin work is defined as the date signed by the Technical Director (or 

designee) on the Demonstration of Capability Certification form.  
 

5.7.10.8.1.2 Continuing Demonstration of Capability (CDOC).  Each technician/analyst must 

demonstrate continued capability at least every 6 months through the analysis of 

AIHA-LAP, LLC provided PT samples or in house laboratory QC samples, i.e. 

LCS samples.  Results must fall within the AIHA-LAP, LLC PT acceptance criteria 

or Policy Module 2C, Table 2C-1 LCS control limits per samples used. 

 

5.7.10.8.1.3 All IDOC and CDOC documentation for ELLAP related procedures is maintained 

and available for review for at least 5 years. 
 

5.7.10.8.2 IHLAP Chemistry Specific Technician/Analyst Training Requirements: 

5.7.10.8.2.1 Initial demonstration of capability. 

Each technician/analyst must complete at least 20 days of work/training in the prep 

and/or metals analysis lab using technologies/instrumentation similar to that used for 

IH samples under the direct supervision of an IH trained technician/analyst prior to 

unsupervised prep and/or analysis of IH regulated client samples. Each analyst 

/technician must read, understand and agree to follow the laboratory SOP as 

documented using the SOP Acknowledgement sign-off form. Each technician / 

analyst must prep and/or analyze as appropriate at least 2 blind reference material 

samples (concentration unknown to the technician/analyst).  These samples may be  

AIHA-LAP, LLC provided PT samples or laboratory prepared Certified Reference 

Material added to the method specific media used for client samples.  Results must 

fall within the PT acceptance range or laboratory LCS range as appropriate. 

Once all requirements in 5.7.10.8.2.1 have been met, the technician/analyst will be 

approved to begin unsupervised prep/analysis of client samples.   

Documentation of formal approval to begin work is defined as the date signed by 

the Technical Director on the Demonstration of Capability Certification form. 

 

5.7.10.8.2.2 Continuing Demonstration of Capability (CDOC).  Each technician/analyst must 

demonstrate continued proficiency at least every 6 months through the analysis of 

AIHA-LAP, LLC provided PT samples or in house laboratory QC samples, i.e. 

LCS samples.  Results must fall within the AIHA-LAP, LLC PT acceptance criteria 

or laboratory established LCS control limits as appropriate.  CDOCs are 

documented via AIHA-LAP, LLC PT reports or LIMS LCS data as appropriate. 

 

5.7.10.8.2.3 All IDOC and CDOC documentation for IHLAP related procedures is maintained 

and available for review for at least five (5) years. 

 

5.7.10.8.3 IHLAP Asbestos by PCM Specific Technician/Analyst Training Requirements: 

5.7.10.8.3.1 All PCM technicians/analysts must complete a NIOSH 582 equivalent training 

course and successfully pass the course examination during their training period  

and prior to beginning unsupervised work on client samples. 
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5.7.10.8.3.2 Initial demonstration of capability. 

Each technician/analyst must complete at least 20 days of work/training in the PCM 

analysis lab using technologies/instrumentation similar to that to be used for IH/PCM 

samples under the direct supervision of an IH/PCM trained technician / analyst prior to 

unsupervised prep and/or analysis of IH/PCM regulated client samples. 

Each analyst/technician must read, understand and agree to follow the laboratory 

SOP as documented using the SOP Acknowledgement sign-off form. 

 

Each technician/analyst must prep and/or analyze as appropriate at least 2 blind 

reference material test samples (concentration unknown to the technician/analyst).  

These samples may be an AIHA-LAP, LLC provided PT samples or laboratory 

prepared Reference Slides.  Results must fall within the PT acceptance range or 

laboratory reference slide counting acceptance ranges as appropriate. 

 

Once all requirements in 5.7.10.8.3.2 have been met, the technician/analyst will be 

approved to begin unsupervised prep/analysis of client samples.  Documentation of 

formal approval to begin work is defined as the date signed by the Technical 

Director on the Demonstration of Capability Certification form. 

 

5.7.10.8.3.3 Continuing Demonstration of Capability (CDOC).   

Each technician/analyst must demonstrate continued proficiency at least every 6  

months through the analysis of AIHA-LAP, LLC provided PT samples or  

laboratory prepared Reference Slides.  Results must fall within the AIHA-LAP, 

LLC PT acceptance criteria or laboratory reference slide counting acceptance 

ranges as appropriate.  CDOCs are documented via AIHA-LAP, LLC PT reports or 

in the QC data log books maintained in the PCM laboratory as appropriate. 

 

5.7.10.8.3.4 All IDOC and CDOC documentation for IHLAP related procedures is maintained  

and available for review for at least 5 years. 

 

5.7.10.8.4 EMLAP Specific Technician Training Requirements: 

5.7.10.8.4.1 EMLAP laboratory technicians must meet minimum educational requirements of a 

high school diploma or GED. 

 

5.7.10.8.4.2 Initial demonstration of capability. 

Each technician must complete at least 6 months documented training for Air Direct 

Exam (spore trap) and work/training in the EMLAP microbiology laboratory under 

the direct supervision of an EMLAP trained technician/analyst prior to performing 

unsupervised technician level work on EMLAP regulated client samples. 

 

Each technician must read, understand and agree to follow the laboratory SOP as 

documented using the SOP Acknowledgement sign-off form. 

Technician level personnel are limited to preparatory operations and assistance in 

all steps leading to the identification of microorganisms and may not perform 

analyses or be responsible for the final decisions related to the identity of  

microorganisms, except as described below: 

“Technicians may function as analysts for Air-Direct Examination (spore traps) 

analysis after completion of 12 months documented on the job training and 

demonstrated proficiency.  During the 12 month analyst training period, the trainee 
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may perform work under the direct supervision of another qualified analyst.  All work 

must be reviewed by another qualified analyst prior to release of data.” 

 

Technicians functioning as analysts shall demonstrate proficiency by successful 

analysis of EMLAP PT samples or laboratory reference slides to document their 

ability to identify genus/groups of fungi reported. The technician must also complete 

and pass the laboratory Fungal Identification Examination/Quiz as administered by the 

Micro Dept. Manager. Once all requirements in 5.7.10.8.5.2 have been met, the 

technician will be approved to begin unsupervised prep/analysis of client samples.  

Documentation of formal approval to begin work is defined as the date signed by the 

Technical Director on the Demonstration of Capability Certification form. 

 

5.7.10.8.4.3 Continuing Demonstration of Capability (CDOC).   

Each technician must demonstrate continued proficiency at least every 6 months 

through the analysis of AIHA-LAP, LLC provided PT samples or laboratory prepared 

Reference Slides.  Results must fall within the AIHA-LAP, LLC PT acceptance 

criteria or laboratory reference slide counting acceptance ranges as appropriate.  

CDOCs are documented via AIHA-LAP, LLC PT reports or in the QC data log books 

maintained in the microbiology laboratory as appropriate. 

 

5.7.10.8.4.4 All IDOC and CDOC documentation for EMLAP related procedures is maintained  

and available for review for at least 5 years 

 

5.7.10.8.5 EMLAP Specific Analyst Training Requirements: 

5.7.10.8.5.1 EMLAP laboratory analysts must meet minimum educational requirements of a 

baccalaureate degree in microbiology, biology or related life science. 

 

5.7.10.8.5.2 Initial demonstration of capability. 

Each analyst must complete at least 3 months of documented training fro Air  

Direct Exam (spore trap) and at least 6 months of work/training in the EMLAP 

microbiology laboratory prior to performing unsupervised work on EMLAP regulated 

client samples. Each analyst must read, understand and agree to follow the laboratory 

SOP as documented using the SOP Acknowledgement sign-off form. Each analyst 

must prep and/or analyze as appropriate at least 2 blind reference material test 

samples. These samples may be an AIHA-LAP, LLC provided PT samples or 

laboratory prepared Reference Slides.  Results must fall within the PT acceptance 

range or laboratory reference slide counting acceptance ranges as appropriate and  

document proper identification of genus/species and genus/groups of fungi reported. 

 

Once all requirements in 5.7.10.8.5.2 have been met, the technician/analyst will be 

approved to begin unsupervised prep/analysis of client samples.  Documentation of 

formal approval to begin work is defined as the date signed by the Technical 

Director on the Demonstration of Capability Certification form. 

 

5.7.10.8.5.3 Continuing Demonstration of Capability (CDOC).  Each technician/analyst must  

demonstrate continued proficiency at least every 6 months through the analysis of  

 AIHA-LAP, LLC provided PT samples or laboratory prepared Reference Slides.   

Results must fall within the AIHA-LAP, LLC PT acceptance criteria or laboratory 

reference slide counting acceptance ranges as appropriate.  CDOCs are documented 
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via AIHA-LAP, LLC PT reports or in the QC data log books maintained in the 

microbiology laboratory as appropriate. 

 

5.7.10.8.5.4 All IDOC and CDOC documentation for EMLAP related procedures is maintained 

and available for review for at least 5 years. 

 

5.7.11 The Method Detection Limit (MDL). MDL studies are performed initially for a test and verified 

quarterly.  Reverification occurs annually within 13 months of the initial MDL study.  The MDL 

Procedure is as follows: 

5.7.11.1 Estimate the MDL 

5.7.11.1.1 Use the previous MDL study. 

5.7.11.1.2 Use 3 times the standard deviation of (low level ideally) spikes. 

5.7.11.1.3 Determine the concentration or region of your calibration curve where there is a 

significant change in sensitivity and use that concentration.  (This could also be 

at your instrument’s limitation to detect.) 

5.7.11.2 Determine the Initial MDL 

5.7.11.2.1 Determination of the Blank MDL (MDLb) using method blank values for 

certain analytes is the first step to determining an MDL.  For those analytes that 

show identified concentrations in Method Blanks, enter the values into the 

MDL spreadsheet (that is posted with the MDL procedure) and determine the 

MDL.  If some but not all of the method blanks for individual analytes give 

numerical results, set the MDL equal to the highest result. 

5.7.11.2.2 Determination of the Spiked MDL (MDLS) - Next perform the Spiked MDL 

(MDLS) study in one of the following ways 

5.7.11.2.2.1 Single Instrument Spiked MDL 

5.7.11.2.2.1.1 Prepare and analyze at least seven replicates at a concentration 

determined by the estimated MDL procedure. These seven 

replicates must be prepared in at least three separate batches 

and analyzed (run) on three different days. (Run each of the 3 

batches on different days.)  Enter the values obtained into the 

MDL spreadsheet (that is posted with the MDL procedure). 

 

5.7.11.2.2.1.2 Use 2 or 3 study replicate values (for a total of 5) from the 

previous two MDL studies performed within the last 24 months 

assuming the spike concentration used for those studies is the 

same concentration to be used for the initial MDL 

determination.  In addition, prepare and analyze at least two 

more replicates at the same concentration.  Populate the MDL 

spreadsheet with those values. 
 

5.7.11.2.2.1.3 Submit both spreadsheets to the Department Manager or the 

QA Manager for review and approval. 
 

5.7.11.2.2.2 Multiple Instrument Spiked MDL 

5.7.11.2.2.2.1 Prepare and analyze at least two replicates per instrument 

(minimum seven total replicates) at a concentration determined 

by the estimated MDL procedure. Replicates must be prepared 

in at least three separate batches and analyzed (run) on three 

different days. Enter the values obtained into the MDL 

spreadsheet (that is posted with the MDL procedure). 
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5.7.11.2.2.2.2 Use 2 or more study replicate values per instrument from the 

previous two instruments’ MDL studies performed within the 

last 24 months assuming the spike concentration used for those 

studies is the same concentration to be used for the initial MDL 

determination.  Enter these values into the MDL spreadsheet. 
 

5.7.11.2.2.2.3 Submit both spreadsheets to the Department Manager or the 

QA Manager for review and approval. 
 

5.7.14.1 Method Blank (MB).  For each method, the analyst must analyze reagent water 

blank daily to demonstrate that interferences from the analytical system is under 

control. The method blank is treated in the same manner as any sample, including 

any sample preparations such as digestions and extractions.  
 

5.7.12.1 In the method blank, the concentration of any analyte of interest should not exceed the 

laboratory established practical quantitation limit (PQL). If contamination is detected in the 

blank, one of the following conditions must be met, or re-analysis of all associated samples is 

required (Section 5.8, Out of Control Procedures). 

5.7.12.1.1 With documentation of client approval, the PQL may be increased above the level of 

contamination in the method blank & associated samples. Report data with a “B” qualifier. 
 

5.7.12.1.2 For sample results greater than or equal to 10 times the concentration of the method 

blank, the data may be reported with a flag indicating that low level contamination was 

detected in the method blank. Report data with a “B” qualifier. 
 

5.7.13 Surrogates and Surrogate Recovery measured during the analysis of organic compounds. In order  

to monitor sample extraction efficiency, all client samples, blanks, and QC samples are fortified with 

surrogate spiking compounds before extraction and injection into the instrument. 

5.7.13.1 Acceptance Criteria: Acceptable surrogate recoveries are contained in LIMS. 
 

5.7.13.2 At a minimum, the laboratory annually updates surrogate recovery limits on a 

matrix-by-matrix basis for each test method. 
 

5.7.13.3 If the surrogate recovery fails the above stated acceptance criteria, the analyst must proceed 

according to the out-of-control procedures discussed in Section 5.8. 
 

5.7.13.4 Calibration curves.  At a minimum, a 5 point calibration curve must be developed for each 

surrogate that is used in a particular test method. 
 

5.7.14.2 Internal standard retention time - The retention times of the internal standards in the calibration 

verification standard must be evaluated immediately after or during GC or GC/MS acquisition.  

5.7.14.2.1 If the retention time for any internal standard changes by more than 30 seconds from the 

retention time of the mid-point standard in the most recent initial calibration sequence, then 

the chromatographic system must be inspected for malfunctions and corrections must  

be made. Proceed according to the out-of-control procedures discussed in Section 5.8. 
 

5.7.14.2.2 Internal standard response – If the area for any of the internal standards in the ICV or 

CCV changes by more than a factor of two (-50% to +100%) from that of the mid-point 

standard level in the most recent initial calibration sequence, the mass spectrometer or 

GC system must be inspected for malfunctions and corrections must be made unless the 

exceedance is caused by matrix interference. Proceed according to the out-of-control 

procedures discussed in Section 5.8. 
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5.7.14.3 Determination of Retention Time Window. Before establishing windows, be certain that the 

GC, GC/MS, or HPLC system is within optimum operating conditions. To determine the 

retention time window, make three injections of the sought for standard(s) or analyte(s) 

throughout the course of a 72 hour period. Serial injections over less than a 72-hour period 

result in retention time windows that are too tight. 

5.7.14.3.1 Calculate the standard deviation of 3 absolute retention times for standard(s) in question. 
 

5.7.14.3.2 The retention time window for individual peaks is defined as plus-or-minus (+/-) three  

(3) times the standard deviation of the absolute retention time. 
 

5.7.14.3.3 In those cases where the standard deviation for a particular analyte is zero, the laboratory 

should use +/- 0.05 minutes as a retention time window. 
 

5.7.14.3.4 The laboratory must calculate retention time windows for each standard on every existing 

GC column and on each new GC column when it is installed. The data is be retained by 

the laboratory for a period of 5 years. 
 

5.7.14.4 For TCLP analysis, a matrix spike should be prepared and analyzed for each waste type (e.g., 

oil, solid) associated with a batch of 20 or fewer samples of similar matrix. 
 

5.7.15 Additional Quality Control Parameters Required for Metals Analysis by 7000 Series Methods. 

5.7.15.1 Dilution test.  For each analytical batch, select one typical sample for serial dilution to 

determine whether interferences are present.  The concentration of the analyte should be at  

least 25 times the estimated detection limit. 

5.7.15.1.1 Determine the apparent concentration in the undiluted sample.  Dilute the sample by a  

minimum of five fold (1 + 4) and reanalyze. 
 

5.7.15.1.2 If all of the samples in the batch are below 10 times the detection limit(s), perform the 

spike recovery analysis. 
 

5.7.15.1.3 Agreement within 10% between the concentration of the undiluted sample and five times  

the concentration of the diluted sample indicates the absence of interferences, and such 

samples may be analyzed without using the method of standard additions. 
 

5.7.15.2 Spike Recovery Test: If results from the dilution test do not pass (or if none of samples in the 

batch are at a concentration level 10 times the MDL) the spike recovery test must be performed. 
 

5.7.15.2.1 Withdraw another aliquot of the test sample and add a known amount of analyte to bring  

 the concentration of the analyte to 2 to 5 times the original concentration. 
 

5.7.15.2.2 If all of the samples in the batch have analyte concentrations below the detection limit, 

spike the selected sample at 20 times the detection limit. 
 

5.7.15.2.3 Analyze the spiked sample and calculate the spike recovery.  If the recovery is less than 

85% or greater than 115%, the method of standard additions shall be used for all  

 samples in the batch or data qualified and narrated with client report. 
 

5.7.16 Additional Quality Control Parameters Required for Metals Analysis by ICP Methods. 
 

5.7.16.1 The upper limit of the linear dynamic range must be established for each wavelength utilized. 

This is accomplished by measuring the signal response of a standard that is 10% higher than 

the upper range of the calibration curve. 
 

5.7.16.2 The laboratory must establish and verify every six months an inter-element spectral  
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interference correction routine to be used during sample analysis.  See the individual ICP 

method SOPs for instructions on performing this test. 
 

5.7.16.3 Duplicate or matrix spike duplicate samples. For all target metals, one sample per analytical 

batch is digested and analyzed in duplicate or as matrix spike duplicate.  The results are 

compared and should meet the precision control limits established. 
 

5.7.16.4 An instrument blank should be run after any sample giving a response that exceeds the  

calibration range of the instrument. This is done to show that there is no carry-over to the next 

analysis. The instrument blank shall consist of a high purity solvent (e.g., hexane for pesticide 

analysis by GC/ECD, methylene chloride for semi-volatiles analysis by GC/MS). 
 

5.7.17 Additional Quality Control Parameters Required for Microbiological Test Methods. 
 

5.7.17.1 Laboratory water quality must be checked and documented at the frequency indicated in the 

following table. 

                                    Table 5-2 Laboratory Water Quality Criteria   

Requirement Criteria Frequency 

pH 5.5-7.5 Each day test is performed 

Residual Chorine <1.0 mg/L Each day test is performed 

Conductivity <1.0 µmho/cm @25°C Each day test is performed 

Heterotrophic Plate Count <500 colony forming units/ml Monthly 

Bacteriological Ratio 0.8-3.0 Annually 

Cd, Cr, Cu, Ni, Pb, Zn <0.05 mg/L each, total <1.0 

mg/L 

Annually 

NH3, Organic Nitrogen <0.1 mg/L Monthly 

TOC <1.0 mg/L Monthly 

Student’s t value <2.78 (Annual use test) Annually 
 

5.7.17.2 The laboratory maintains records of monthly checks on sterile water and membrane filters as 

evidence of trends in contamination levels for microbiology through Heterotrophic Plate Count 

measurements.  If the contamination level exceeds 1000 CFU/ml, all equipment should be 

checked for sterility and re-sterilized as necessary.  In addition, if additional testing indicates 

that the problem is still present, then the room used for bacteriological testing should be cleaned  

 with a disinfectant soap and plate counts measured again.  Repeat the process as necessary.   
 

5.8 Procedures for Assessing and Treating Out-of-Control Situations. 

5.8.1 Quality control analyte samples consist of the following: Method Blanks, Duplicates, Laboratory 

Control Sample, Laboratory Control Sample Duplicate, Matrix Spike, Matrix Spike Duplicate, Initial 

Calibration Verification, Continuing Calibration Verification, BFB and DFTPP tunes, internal 

standards, surrogates, post digestion spikes, and dilution tests. 
 

5.8.2 If any of the quality control analyte recovery values are outside either the laboratory or method-

established control limit(s), they are considered to be out-of-control. 
 

5.8.3 The resolution of an out-of-control situation, with identification and correction of the root cause, must 

be documented prior to initiating subsequent analyses. Documented corrective action (which may or 

may not require re-analysis) must also be performed if any of the recovery values in the LCS exhibit 

any "out-of- control" patterns. 
 

5.8.4 Out-of-control conditions include the following special situations: 

5.8.4.1 When the acceptance criteria for the continuing calibration verification has a high bias and there  
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are associated samples that are non-detects, then the non-detects may be reported.  Otherwise, the 

samples affected by the unacceptable calibration verification shall be re-analyzed after the source 

of the problem has been corrected. 
 

5.8.4.2 When the acceptance criteria for the continuing calibration verification have a low bias, those 

sample results may be reported if they exceed a maximum regulatory limit or decision level. 

Otherwise, the samples affected by the unacceptable verification shall be re-analyzed after the 

source of the problem has been corrected. 
 

5.8.4.3 The root cause of such failures must be investigated and documented in a Non-Conformance 

Report (NCR). Any corrective actions identified as a result of the investigation must be 

implemented and documented in a Corrective Action Report (CAR) prior to reprocessing the 

affected sample batch. 
 

5.8.4.4 The QC requirements for each test method are listed LIMS test codes. They are also posted as 

charts and tables on the portal server. Unless otherwise indicated, if tables and charts have 

been produced, the precision and accuracy limits were determined from laboratory data. 
 

5.8.5 Risks and Opportunities 

The laboratory has adopted a risk management approach to Risk and Opportunities defined in ISO / 

IEC 17025:2017 section 8.5.  This requires the laboratory to determine risks and opportunities, 

evaluate their severity and impact, and to address these risks with actions that will ultimately 

improve results and prevent future negative effects.   
 

The laboratory addresses risks and opportunities quarterly as part of the laboratory’s quarterly audit 

by way of the Risk Assessment Table and Chart.  Risks are identified via the laboratory and upper 

management staff by the evaluation of corrective actions, internal audits, complaints, management 

reviews, procedures, occurrences, meeting discussions, incidents, and personnel suggestions.  Each 

identified risk is recorded in the Risk Assessment Table (Table 5-3) and assigned a score from 1-5 

for the likeliness of occurrence.  This scale from 1 to 5 gives an indication of the likelihood of the 

occurrence.  (1=Unlikely, 2=Seldom, 3=Occasional, 4=Likely, 5=Definite).  In addition, a severity 

of impact score is assigned from 1-5.  This rates the impact of the event, if the event occurred. 

(1=Insignificant, 2=Marginal, 3=Moderate, 4=Critical, 5=Catastrophic).  
 

These scores are combined.  Each score combination correlates to a risk rating, which shows the 

necessity of action requirement.  This risk ratings are Extreme, High, Medium, and Low.  This risk 

rating prompts an action in accordance with the rating: Extreme - Act Now, High - Further Action 

Necessary Soon, Medium - Further Action Optional, Low - No Further Action.     
 

The Risk Assessment Chart (Table 5-3) assists with the visualization of the risk severity and 

corresponds to the Risk Assessment Table, where each risk data point will show up on this “heat 

map” (termed by the colors used) of Likelihood vs. Impact. The heat map is shaded from green to 

red, where green indicates low risk and no action is necessary, yellow indicates medium risk and 

action is optional, orange indicates high risk and action is necessary soon, and red indicates extreme 

risk and action is needed immediately. In response to these results, actions taken to mitigate the 

specified risks are detailed in the Risk Assessment Table to track progress.   
 

This Risk Assessment Table and Chart is included in the Quarterly Report to Management. 
 

Identified Risks are mitigated through: 

• Training and Awareness 

• Continued Audits (Internal, External, Customer, Third Party) 
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• Design and organization for efficiency, reliability, ease, and maintainability 

After implementation of the risk action, the risks are monitored by tracking and evaluating 

performance, ensure “lesson learned” feedback goes into future planning and activities, and by 

established metrics (such as QC charting).  
 

All of these stated components will be evaluated by upper and departmental management during the 

annual management review to verify the effectiveness of the risk resolution. 
 

5.8.6 Improvement 

Opportunities for improvement can be identified through risk management approach utilizing the 

Risk Assessment Table and Chart, or by the review of the operational procedures, the use of the 

policies, overall objectives, audit results, corrective actions, management review, suggestions from 

personnel, risk assessment, analysis of data, and proficiency testing results.   
 

The laboratory identifies and selects opportunities for improvement and implements the necessary 

actions in a number of ways. 
 

Opportunities for improvement are identified by using the following practices: 

1. Corrective Actions 

2. Data or QA Review 

3. Internal Audits 

4. Weekly management meeting discussions  

5. Departmental management reviews 

6. Proficiency testing results 

7. Review of operational procedures 

8. Feedback from personnel and clients 
 

As with Risk and Opportunities, improvements will be evaluated by upper and departmental 

management during the annual management review to verify the effectiveness of the risk resolution. 
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5.9 Inter-laboratory QA and QC 

5.9.1 Each section of the laboratory may be given blind and double blind samples to analyze for requested 

parameters. Blind samples may be assigned in containers to be diluted, digested, and/or extracted and 

analyzed by the appropriate laboratory section. Double-blind samples arrive on a pre-scheduled basis 

from a “client” as real samples to be analyzed by designated analytical sections for specific analytes.  
 

5.9.2 Blind QC samples may be used as a test of proficiency for analysts needing certification and/or 

qualification for performing an analysis. The Section Supervisor should obtain the QC sample from, 

either, the Quality Assurance Department or from a source independent of the source of standards 

for the analysis. 
 

5.9.3 Double blind samples represent quality control samples whose analyte concentrations are known to, 

either, an outside source, such as a client, or an inside source, such as the Quality Control Manager, 

Project Managers, or the Technical Director. 

5.9.3.1 Double blind samples will arrive in the lab as real samples and their identity will not be known 

to anyone as quality control samples except for Quality Assurance and Department Manager.  
 

5.9.3.2 The results of these double-blind samples will be sent to the “client” to be compared to the 

true value of the samples. The laboratory’s performance on these samples may be compared to 

other laboratories in the program (if applicable). These results will be mailed to the Quality 

Assurance Department. 
 

5.9.3.3 When the double blind samples are created within the laboratory, a report will be generated by 

the Quality Assurance Manager or the Technical Director that indicates the true value of the 

analyte.  These values will be compared to the reported value by the laboratory. The analysis of 

double blind samples is used as an aid to improve quality control within the laboratory. 
 

5.10 Sample Dilution 

5.10.1 All instruments are periodically calibrated with calibration curves.  The calibrations typically are 

developed by comparison of area or intensity against sample concentration. Per the requirements of 

the various accreditation agencies, the calibrations are verified initially and periodically, usually 

every day or every 12 hours. 
 

5.10.2 Various test methods additionally require that the linear range of the instrument is determined on a 

specified frequency. 
 

5.10.3 In the event that a measured sample concentration exceeds the concentration of the highest 

calibration standard or the linear range of the instrument (where determined), the sample must be 

diluted per the following procedure.   

5.10.3.1 The analyst should attempt to dilute the sample so that the measured concentration of the 

diluted sample is approximately 60% that of the highest standard in the calibration curve. 
 

5.10.3.2 The sample must be diluted with the same matrix as the undiluted sample as indicated below. 

5.10.3.2.1 Aqueous samples are diluted with reagent grade distilled water. 
 

5.10.3.2.2 Extracts in solvents are diluted with the same solvent of the same purity. 
 

5.10.3.2.3 ICP digestates are diluted with nitric acid or hydrochloric acid-water mixtures that 

emulate the original matrix. 
 

5.10.3.3 The sample dilution is reported in the LIMS and on the data sheet.  The results are reported to 

the client and the reporting limits are automatically adjusted by the LIMS system to  

 account for the sample dilution. 
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Table 5-4 Summary of Calibration and QC Procedures for Various Tests 
Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

SW-8081B Five-point initial calibration Initial calibration prior to sample RF = 20% Correct problem then repeat initial 
Pesticides for all analytes analysis  calibration 
SW-8082A     

PCB   Linear - least squares regression  

SW-8151A   r>0.995  

Herbicides Second source calibration Once per five point initial All analytes within 15% of Correct problem then repeat initial 
SW-8015C verification standard (ICV) calibration - from second source. target value calibration 
Organics   GRO/DRO = 15% PRO = 20%  

GRO Retention time window System set-up 3 times standard deviation for Correct problem then re-analyze 

DRO calculated for each analyte  each analyte retention time from all samples analyzed since 
FL-PRO   72 hour study retention time check 

SW-8315A Continuing calibration  Before sample analysis, after All analytes within 15% of  Correct problem then repeat initial 
Carbonyls verification every 10 samples, and at the end  target value continuing calibration verification 
  the analysis sequence with  GRO/DRO = 20% PRO = 25% and re-analyze all samples since 
  varying concentrations 8081B/8082A = 20% last successful CCV 

  GRO/DRO Every 12 hours before    

  sample analysis, after every 10    

  samples, and at the end of the    

  analytical sequence   

  GRO/DRO = RT window    

  required analyzed at same   

  frequency as CCV   

     

 Breakdown check (Endrin Daily prior to analysis of samples Degradation <15% Inlet column maintenance; repeat 
 and DDT)(1)   breakdown check. Correct problem 

     

 Method Blank Once per analytical batch No analytes detected > PQL Then re-prep and analyze the method 
    and all samples processed with the 
    contaminated blank. 

     

 LCS/LCSD One per prep batch See LIMS Test codes  Re-prep and analyze the LCS/LCSD 
    & all samples in the affected batch 

     

 Surrogate Spike Every sample, spiked sample, See LIMS Test codes Check system, re-inject, re-extract 
  standard, and method blank   

 MS/MSD One per prep batch See LIMS Test codes  None - Narrate the results in LIMS 
     

 IDOC Every time a new analyst See LIMS Test codes  Analyst cannot perform the test 
  performs the test method for the  method until the IDOC passes 
  first time - second source.  method criteria 

     

 LLOQ Initial LCS range +20%  

  Annually 0.5-2 times established LLOQ Re-evaluate, repeat study 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

     

 Second column 100% for all positive results Same results as primary Only report the results that match. 
 confirmation (2) (not for 8015B) column analysis Use the highest results 

SW-8260D Tune BFB for 8260B Prior to initial calibration   Analyst cannot perform the test until 
SW-8270E Tune DFTPP for 8270D Prior to initial calibration  the tune passes method criteria 
     

 Five-point initial calibration Initial calibration prior to sample  Correct problem then repeat initial 

 for all analytes analysis.  calibration 

     

 Second source calibration Once per five point initial All analytes within 30% of  Correct problem then repeat initial 
 verification standard (ICV) calibration-second source. target value calibration 
     

 Retention time window Each Sample Relative retention time (RRT) of Correct problem then re-analyze 

 calculated for each analyte  the analyte within 0.06 RRT units all samples analyzed since 
   of the RRT retention time check 

 Continuing calibration  Daily prior to analysis of samples  Correct problem then repeat initial 
 verification and every 12 hours of analysis  continuing calibration verification 
  time.  and re-analyze all samples since 
    last successful CCV. If not met the 
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Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

SW-8260D Internal Standards Every sample/standard Target compounds <20% system should be evaluated, and  

SW-8270E   Retention Time RT +/-30 seconds corrective action should be taken 

   from RT of the mid- point in the before analysis. If criterion is not met 

   CCV/ICAL(sample/standard) for more than 20% of the compounds 

   EICP area within -50% to +100% Included In the initial calibration, then 

   of ICAL mid-point standard corrective action must be taken prior to 

 Internal Standards Every sample/standard Target compounds <20% analysis of samples.Inspect GC/MS for 

    malfunctions; mandatory re-analysis of 

    samples analyzed while system was 

    malfunctioning. Correct problem then 
 Method Blank Once per analytical batch No analytes detected > PQL re-prep and analyze method blank and 
    all samples processed with the 
    Contaminated blank. 

 LCS/LCSD One per prep batch See LIMS Test codes Re-prep and analyze the LCS/LCSD 
    and all samples in the affected 
    analytical batch 

 Surrogate Spike Every sample, spiked sample, See LIMS Test codes  Check system, re-inject, re-extract 

  standard, and method blank   

     

 MS/MSD One per prep batch See LIMS Test codes None - Narrate the results in LIMS 
     

 IDOC Every time a new analyst See LIMS Test codes Analyst cannot perform the test 
  performs the test method LCS Accuracy for Limits method until the IDOC passes 
  for the first time - second source.  method criteria 

     

 LLOQ Initial LCS range +20%  

  Annually 0.5-2 times established LLOQ Re-evaluate, repeat study 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

SW-7000 3-point initial calibration Daily initial calibration prior to Correlation coefficient >0.995 for Correct problem then repeat initial 
Metals (min. 3 stds and a blank) sample analysis linear regression calibration 
     

 Second source calibration Once per initial daily calibration All analytes within 10% of  Correct problem then repeat initial 
 verification standard (ICV) second source. target value calibration 
     

 Continuing calibration  Before sample analysis, after All analytes within 20% of  Correct problem then repeat initial 
 verification every 10 samples, and at the end  target value continuing calibration verification 
  the analysis sequence  and re-analyze all samples since 
    last successful CCV 

     

 Method Blank Once per analytical batch No analytes detected > PQL Correct problem then re-prep and 
    analyze method blank and all samples 
    processed with that blank. 
     

 LCS/LCSD One per prep batch See LIMS Test codes Re-prep and analyze the LCS/LCSD 
    and all samples in the affected batch. 

 MS/MSD One per prep batch See LIMS Test codes None - Narrate the results in LIMS 
     

 IDOC Every time a new analyst See LIMS Test codes Analyst cannot perform the test 
  performs the test method LCS Accuracy for Limits method until the IDOC passes 
  for the first time - second source.  method criteria 

     

 LLOQ Initial Spike +35%, RSD <20%  

  Quarterly Spike +35%, RSD <20% Re-evaluate, repeat study 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

     

 Dilution test: 1:4 dilution Each preparatory batch Five times dilution sample result Perform post digestion spike  
  Sample concentration must be must be within 10% of the  addition 
  20X MDL undiluted sample result  

     

 Recovery Test When dilution test fails or  Recovery within 15% of target  Perform method of standard 
  sample concentration < 20X MDL results additions 
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Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

SW-9010C Initial calibration  Daily initial calibration prior to Correlation coefficient >0.995 for Correct problem then repeat initial 
CN Distil (six standards and a blank) sample analysis linear regression calibration 
Cyanide     

 Distilled standards (one  Once per initial daily calibration All analytes within 10% of Correct problem then repeat initial 
 high and one low)  target value calibration 

     

 Second source calibration Once per initial daily calibration All analytes within 15% of  Correct problem then repeat initial 
 verification standard (ICV) second source. target value calibration 
     

 Continuing calibration  Before sample analysis, after All analytes within 15% of  Correct issue, repeat initial continuing 
 verification every 10 samples, and at the end  target value calibration verification and re-analyze 
  the analysis sequence - varying  all samples since last successful CCV. 
  concentrations   

 Method Blank Once per analytical batch No analytes detected > PQL Correct problem, re-prep and analyze 
    method blank and all samples 
    processed w/ contaminated blank. 

     

 LCS/LCSD One per prep batch All analytes within 15% of  Re-prep, reanalyze the LCS/LCSD and 
   target value all samples in the analytical batch 
     

 MS/MSD One per prep batch (9010B) All analytes within 30% of  None - Narrate the results in LIMS 
  Every 10 samples (9012A) target value  

     

 IDOC Every time a new analyst See LIMS Test codes  Analyst cannot perform the test 
  performs the test method LCS Accuracy for Limits method until the IDOC passes 
  for the first time - second source.  method criteria 

     

 LLOQ Initial Spike +35%, RSD <20%  

  Quarterly Spike +35%, RSD <20% Re-evaluate, repeat study 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

EPA-624.1 Tune BFB for 8260B Prior to initial calibration and  See individual method for Analyst cannot perform the test 
EPA-625.1 Tune DFTPP for 8270C continuing calibration verification tune criteria. method until the tune passes 
  every 12 hours  method criteria 

     

 5-point initial calibration Initial calibration prior to sample %RSD<35% Correct problem then repeat initial 

 for all analytes analysis  calibration 

     

 Second source calibration Once per 5 point initial All analytes within range of  Correct problem then repeat initial 
 verification standard (ICV) calibration method criteria (SOPs/Methods) calibration 

     

 Continuing calibration  Daily prior to analysis of  All calibration analytes within Correct problem then repeat initial 
 verification samples - varying concentration. Range of method specified criteria continuing calibration verification 
   (SOPs/Methods) and re-analyze all samples since 
    last successful CCV 

     

 Internal Standards Every sample/standard Retention time +/-30 seconds Inspect GC/MS for malfunctions; 

   from retention time of the mid- mandatory re-analysis of samples 
   Point in the CCV/ICAL analyzed while system was 
    malfunctioning. 

     

 Retention time window Each Sample Relative retention time (RRT) of Correct problem then re-analyze 

 calculated for each analyte  the analyte within 30 seconds all samples analyzed since 

   of the RT retention time check 

   (sample/standard)  

   EICP area within -50% to +100%  

   of ICAL mid-point standard  

     

 Method Blank Once per analytical batch No analytes detected > PQL Correct problem then re-prep and 

    analyze method blank and all samples 

    processed with this blank. 

     

 LCS/LCSD One per prep batch See LIMS Test codes Re-prep and analyze the LCS/LCSD 

    and all samples in the affected 

    analytical batch 
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Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

 Surrogate Spike Every sample, spiked sample, See LIMS Test codes Check system, re-inject, re-extract 

  standard, and method blank   

     

 MS/MSD One per prep batch See LIMS Test codes None - Narrate the results in LIMS 

     

 IDOC Every time a new analyst See LIMS Test code or QC Charts Analyst cannot perform the test 

  performs the test method LCS Accuracy for Limits method until the IDOC passes 

  for the first time - second source.  method criteria 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 

  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Re-verification   

     

TO-14A New Canister Check New - pressurize with humidified demonstrate <0.2ppb of target Re-clean canister and retest 

TO-15  UHP nitrogen; analyze after aging analytes  

VOC  24 hours to determine cleanliness    

     

 Canister Leak Check Pressurize to 30 psig and check Pressure should not vary more Repair canister and retest 

  pressure after 24 hours than +/- 2 psig over 24 hours  

     

 Canister Blank Check Pressurize to 30 psig with demonstrate <0.2ppbv of target Re-clean canister and retest 

  humidified UHP nitrogen analytes; requires 24 hours of  

   aging prior to analysis  

     

 Sampling System Pass humidified UHP nitrogen demonstrate <0.2ppbv of target Re-clean canister and retest 

 Certification through sampling system and analytes  

 (Zero Air Certification demonstrate <0.2ppbv of target   

 using UHP Nitrogen) analytes   

     

 Dynamic Calibration Pass humidified UHP nitrogen demonstrate <0.2ppbv of target Clean system and retest 

 System Certification through the dynamic calibration analytes  

  system   

     

 Sampler System  Use humidified gas standards to Recovery between 90 and 110% Clean system and retest 

 Certification compare results from a canister   

  collected with the sampling   

  system and on-line GC-MS   

     

 Instrument Performance Prior to the analysis of any Verify the mass spectral ion Retune or perform routine 

 Check (BFB Tuning) samples, blanks, or calibration abundance is in accordance with maintenance then retune 

  standards, load 50 ng or less of Table 7-1 of SOP  

  BFB every 24 hours   

     

 Initial Calibration (ICal) Prior to analysis of samples and R2>0.995 Correct problem and recalibrate 

  blanks but after the instrument   

  performance check (following any   

  corrective action):     

     

  Variation of Relative Response <30% RSD for the RRF each Correct problem and recalibrate 

  Factor (RRF) target analyte  

     

  Variation of Relative Retention Each standard within 0.06 RRT Correct problem and recalibrate 

  Time (RRT) Units of mean for each analyte  

     

 Internal Standard (IS) Each IS response Must be within 40% of the mean Correct problem and recalibrate 

 ICAL Response  response over the ICAL  

     

  IS ICAL Retention Time Each IS should be within 20 s of  

   the mean retention time over the  

   ICAL  

     

 Daily Calibration Prior to the analysis of samples Must be within +/- 30% for ICAL  Reanalyze; if still fails, perform 

 (Continuing Calibration and blanks but after tuning criteria for each target analyte instrument maintenance and reanalyze 

 Verification-CCV) have been met, analyze mid-level   

  standard   
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Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

 Laboratory Method Blank Analyze one every 24 hours;  Blank should not contain any Reanalyze; prepare new canister and 

TO-14A (LMB) pressurize (2 atm) clean canister target analyte greater than PQL. analyze 

TO-15  with >20% relative humidity UHP Each IS response in the blank  

VOC  nitrogen must be within +/- 0.33 minutes  

   of the most recent calibration  

     

 Sample Technical Analyzed on a GCMS system Meeting the BFB Tune, ICAL, and Reanalyze sample.  Qualify / Narrate 

 Acceptance Criteria  continuing calibration criteria data appropriately 

   outlined in SOP  

     

  Analyzed with a LMB meeting Must meet method in SOP. All  

  criteria target analytes within ICAL range.  

   Ea. IS RT within+/- 30% minutes  

   of the most recent calibration.  

EPA-245.1 Initial calibration (minimum Daily initial calibration prior to Correlation coefficient >0.995 for Correct problem then repeat initial 

Mercury 5 standards and a blank). sample analysis. linear regression. calibration. 

     

 Linear Dynamic Range Once Annually Analyte within 10% of target Calibration range lowered to meet 

   value (not necessary if diluting LDR results. 

   within calibration curve).  

     

 Second source calibration Once per five point initial All analytes within 5% of  Correct problem then repeat initial 

 verification standard (ICV) Calibration - second source. target value calibration 

     

 Continuing calibration  Before sample analysis, after All calibration analytes within 10% Correct problem then repeat initial 

 verification every 10 samples, and at the end of target value before continuing calibration verification 

  of the analysis sequence - sample analysis and re-analyze all samples since 

    last successful CCV 

     

 Method Blank Once per analytical batch No analytes detected > PQL Correct problem then re-prep and 

    analyze method blank and all samples 

    processed with that blank 

     

 LCS/LCSD One per prep batch See LIMS Test codes Re-prep and analyze the LCS/LCSD 

    and all samples in that batch 

     

 MS/MSD One per prep batch See LIMS Test codes None - Narrate the results in LIMS 

     

 IDOC Every time a new analyst See LIMS Test codes Analyst cannot perform the test 

  performs the test method for the LCS Accuracy for Limits method until the IDOC passes 

  first time - second source.  method criteria 

     

 LLOQ Initial Spike +35%, RSD <20%  

  Quarterly Spike +35%, RSD <20% Re-evaluate, repeat study 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

EPA 200.7 Initial calibration (minimum  Initial calibration prior to sample Not applicable Correct problem then repeat initial 
SW-6010D 1 standards and a blank) analysis  calibration. 
ICP Metals     

 CRI /LLICV/LLCCV Set to PQL Result must be greater than Correct problem the  repeat initial 
   calibration blank, <PQL calibration 

   +30% for all analytes  

     

 Check Standard Calibration verification All analytes within 5% of  Correct problem, then reanalyze the  
   target value calibration standard and check std. 

     

 Second source calibration Once per  initial calibration -  Mean value of all analytes Fix problem, repeat initial  calibration 

     

 verification standard (ICV) second source. within 5% of target value for 200.7  
   within 10% for 6010D  
     

 ICSA Interference analytes Ca, Fe, Mg, Al Concentrations of analytes Stop analysis; fix problem. Reanalyze 
  Beginning, end & periodic intervals within 20% of target value ICS; reanalyze all affected samples. 
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Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

 ICSAB Interference analytes Ca, Fe, Mg, Al Concentrations of analytes Stop analysis; fix problem. Reanalyze 
EPA 200.7  Beginning, end & periodic intervals within 20% of target value ICS; reanalyze all affected samples. 
SW-6010D     

ICP Metals Linear dynamic range Every six months All analytes within 10% of Calibration range adjusted to meet 
   target value. calibration results. 
     

 Calibration blank After every calibration verification No analytes detected within +/- Correct problem then repeat initial 
   one MDL  continuing calibration verification 
    and re-analyze all samples since 
    last successful calibration blank 

     

 Continuing calibration Before sample analysis, after Analytes within 10% of target Repeat calibration and re-analyze 
 verification (CCV) every 10 samples, and at the  value for method 200.7,  all samples since last successful 
  end of the analysis sequence - within 10% for method 6010D  calibration verification. 

 Method Blank Once per analytical batch No analytes detected within +/- Correct problem then re-prep and 
   one MDL analyze method blank and all samples 
    processed with the contaminated blank 
     
 Duplicate One per batch %RSD must be 20% for water Reanalyze duplicate sample.  
  Sample concentration must be %RSD must be 30% for soil Check system, re-prep, re-analyze 
  4X MDL or greater for valid results  as needed 
     

 LCS/LCSD One per prep batch 200.7: within 15% of target Re-prep and analyze the LCS/LCSD 
   6010D: within 20% of target and all samples in that batch 
     

 Dilution test: 1:4 dilution Each preparatory batch Five times dilution sample result Perform post digestion spike  
  Sample concentration must be must be within 20% of the  addition 
  20X MDL undiluted sample result for   
   6010D and 10% for 200.7  

     

 Recovery Test When dilution test fails or  Recovery within 25% of target  Perform method of standard 
  sample concentration < 20X MDL value additions 

     

 MS/MSD One per prep batch All analytes within 20% RPD  Check system, re-prep, re-analyze 

   MS- (200.7 70-130%)  as needed 
          (6010D 75-125%)  
   PDS-(200.7 85-115%)   Sample Conc. > 10X spike Conc., if  
           (6010D 80-120%) not , cannot validate MS 
     

 IDOC Every time a new analyst See LIMS Test code or QC Charts Analyst cannot perform the test 

  performs the test method LCS Accuracy for Limits method until the IDOC passes 
  for the first time - second source.  method criteria 

     

 LLOQ Initial Spike +35%, RSD <20%  

  Quarterly Spike +35%, RSD <20% Re-evaluate, repeat study 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

EPA 200.8 Initial calibration (minimum  Initial calibration prior to sample Not applicable Correct problem then repeat initial 
SW-6020 B 1 standards and a blank) analysis  calibration. 
Metals     
 CRI /LLICV/LLCCV Set to PQL Result must be greater than Correct problem the  repeat initial 
   calibration blank, <PQL calibration 
   +30% for all analytes  
     
 Check Standard Calibration verification All analytes within 5% of  Correct problem, then reanalyze the  
   target value calibration standard and check std. 
     
 Second source calibration Once per  initial calibration -  Mean value of all analytes within Correct problem then repeat initial 
 verification standard (ICV) second source. 5% of target value for 200.8 calibration 
   within 10% for 6020B  
     
 ICSA Interference analytes Ca, Fe, Mg, Al Concentrations of analytes Terminate analysis; correct problem 
  Beginning, end & periodic intervals within 20% of target value reanalyze ICS; reanalyze all affected 
  (every 12 hours)  samples. 
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Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

 Linear dynamic range Every six months All analytes within 10% of Calibration range adjusted to meet 
   target value. calibration results. 
EPA 200.8 Calibration blank After every calibration verification No analytes detected within +/- Correct problem then repeat initial 
SW-6020 B   one MDL  continuing calibration verification 
Metals    and re-analyze all samples since 
    last successful calibration blank 
     
 Continuing calibration Before sample analysis, after Analytes within 10% of target Repeat calibration and re-analyze 
 verification (CCV) every 10 samples, and at the  value for method 200.8,  all samples since last successful 
  end of the analysis sequence - within 10% for method 6020B calibration verification. 
     
 Method Blank Once per analytical batch No analytes detected within +/- Correct problem then re-prep and 
   one MDL analyze method blank and all samples 
    processed with the contaminated blank 
     
 Duplicate One per batch %RSD must be 20% for water Reanalyze duplicate sample.  
  Sample concentration must be %RSD must be 30% for soil Check system, re-prep, re-analyze 
  4X MDL or greater for valid  as needed 
  results.   
 LCS/LCSD One per prep batch 200.8: within 15% of target Re-prep and analyze the LCS/LCSD 
   6020B: within 20% of target and all samples in the affected 
    analytical batch 
 Dilution test: 1:4 dilution Each preparatory batch Five times dilution sample result Perform post digestion spike  
  Sample concentration must be must be within 10% of the  addition 
  20X MDL undiluted sample result for   
   6020 B or A and 10% for 200.8  
     
 Recovery Test When dilution test fails or  Recovery within 25% of target  Perform method of standard 
  sample concentration < 20X MDL value additions 
     
 MS/MSD One per prep batch All analytes within 20% RPD  Check system, re-prep, re-analyze 
   MS/MSD-200.8: 70-130%     as needed 
   MS/MSD-6020B: 75-125%  
   PDS-6020B: 75-125% Sample Conc. > 10X spike Conc., if  
    Not, cannot validate MS 
     
 IDOC Every time a new analyst See LIMS Test code or QC Charts Analyst cannot perform the test 
  performs the test method LCS Accuracy for Limits method until the IDOC passes 
  for the first time - second source.  method criteria 

     

 LLOQ Initial Spike +35%, RSD <20%  

  Quarterly Spike +35%, RSD <20% Re-evaluate, repeat study 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

 EPA 608.3 Minimum 3-point initial  Initial calibration prior to sample RF = 20%;   Linear - least squares Correct problem then repeat initial 
Pest/PCB calibration for all analytes analysis regression r>0.995 calibration 

     

 Second source calibration Once per five point initial All analytes within 20% of  Correct problem then repeat initial 
 verification standard (ICV) calibration - from second source target value calibration 

     

 Retention time window Each day test is performed. 3 times standard deviation for ea. Fix problem then reanalyze samples 

 calculated for each analyte  analyte RT from 72 hour study  analyzed since retention time check 

     

 Continuing calibration  Before sample analysis, after every  Fix problem. Repeat initial continuing 
 verification 20 injections, at the end of analysis  calibration verification; reanalyze all 
  sequence - varying concentrations  samples since last successful CCV 

     

 Breakdown check (Endrin Daily prior to analysis of samples Degradation <20% Inlet column maintenance; repeat 
 and DDT)(1)   breakdown check 

     

 Method Blank Once per analytical batch No analytes detected > PQL Correct problem, re-prep and analyze 
    method blank & all samples processed 
    with the contaminated blank. 
     

 LCS/LCSD One per prep batch All analytes within range of  Re-prep and analyze the LCS/LCSD 
   method criteria (SOPs/Methods) and all samples in the affected batch. 
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Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

EPA 608.3 Surrogate Spike Every sample, spiked sample, All analytes within range of  Check system, re-inject, re-extract 

Pest/PCB  standard, and method blank method criteria (SOPs/Methods)  

     

 MS/MSD Every batch All analytes within range of  None - Narrate the results in LIMS 
   method criteria (SOPs/Methods)  

 IDOC Every time a new analyst All analytes within range of  Analyst cannot perform the test 
  performs the test method method criteria (SOPs/Methods) method until the IDOC passes 
  for the first time - second source.  method criteria 

     

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
  Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

 Second column 100% for all positive results Same results as primary Only report the results that match. 
 confirmation (2)  column analysis Use the highest results 

SM2540C Verification standard Each batch All analytes within 10% of  Repeat test.  If results are still not 
TDS Single standard  target value within 10%, report result and narrate 
SM2540D (if available)  Flashpoint result 77-82°F in LIMS. 

TSS     

SM2540B Method Blank Once per analytical batch No analytes detected > PQL Correct problem, re-prep and analyze 

T. Residue    method blank and samples processed 

EPA-160.4    with the contaminated blank. 

VS     

SM2540F Duplicate One per batch %RSD must be 20% for water Reanalyze duplicate sample.  If results 

Sett Solids  Sample concentration must be and 30% for soil.   not within RSD limits, report QC 
SM-2540E  2X MDL or greater for valid  failure in LIMS or flag as  

SW-1010A  results.  non-homogenous for soils. 

Flashpoint     

SW1030 IDOC Every time a new analyst See LIMS Test code or QC Charts Analyst cannot perform the test 
Ignitability  performs the test method LCS Accuracy for Limits method until the IDOC passes 
EPA-350.1  for the first time - second source.  method criteria 

Ammonia Five-point initial calibration Initial calibration prior to sample RF = 10% Correct problem then repeat initial 
EPA-351.2 for all analytes analysis Linear - least squares regression calibration 

TKN (Excludes BOD, CBOD)  r>0.99;  >0.995 for 9056A  

EPA-353.2     

NO3/NO2     

NECi-07-0003     
NO3/NO2     

EPA-365.1 Second source calibration Once per five point initial All analytes within 10% of  Correct problem then repeat initial 
EPA-365.3 verification standard (ICV) calibration - from second source. target value calibration 
Phosphorus     
Sulfate     

SM4500S2F Continuing calibration  Before sample analysis, after All analytes within 10% of  Correct problem then repeat initial 
SW-9034 verification every 10 samples, and at the end  target value continuing calibration verification 
Sulfide  the analysis sequence - varying  and re-analyze all samples since 
SM4500SO3B  concentrations  last successful CCV 

Sulfite Method Blank Once per analytical batch No analytes detected > PQL Correct problem then re-prep and 
EPA-410.4    analyze method blank and all samples 
COD    processed with the contaminated 
SM5310B    blank. 

SW-9060A LCS/LCSD One per prep batch See LIMS Test codes Re-prep and analyze the LCS/LCSD 
TOC    and all samples in the affected 
EPA-420.1    analytical batch 
EPA-420.4     
SW-9065         
Phenolics     
SM5540C     
MBAS     
EPA-300.0 MS/MSD Every 10 samples (9038) See LIMS Test codes None - Narrate the results in LIMS 

SW-9056A  One per prep batch (remainder)   

IC     

Oil & Grease  IDOC Every time a new analyst See LIMS Test codes  Analyst cannot perform the test 
SW-9071B  performs the test method LCS Accuracy for Limits method until the IDOC passes 
SW-1664B  for the first time - second source.  method criteria 
SM5210B         
BOD LLOQ Initial Spike +35%, RSD <20%  

SM5210B  Quarterly Spike +35%, RSD <20% Re-evaluate, repeat study 

CBOD     
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Method QC Check Frequency Acceptance Criteria Corrective Action (3,4) 

 MDL Initial Blank & Spike MDL Study MDL < Spike Level Reverification, repeat study 
 (Excludes BOD, CBOD) Quarterly Verification. Annual  Analyte specific per test  

  MDL Study Reverification   

     

SM2310B Verification standard Each batch All analytes within 10% of  Repeat test.  If results are still not within 

Acidity Single standard (if available)  target value 10%, report result; narrate in LIMS 
SM2320B      

Alkalinity Method Blank Once per analytical batch No analytes detected > PQL Correct problem, re-prep and analyze 

    method blank and samples processed 

    with the contaminated blank. 
Wastewater     

Coliforms Duplicate One per batch %RSD must be 20% for water Reanalyze duplicate sample.  If results not 

SM9222D  Sample concentration must be and 30% for soil.   within RSD limits, report QC failure in LIMS 

F. Coliform  2X MDL or greater for valid results.  or flag as non-homogenous for soils  

SM9222B    . 

T. Coliform IDOC Every time a new analyst See LIMS Test code or QC Charts Analyst cannot perform the test 
  performs the test method LCS Accuracy for Limits method until the IDOC passes 
  for the first time - second source.  method criteria 

 Method Blank Once per analytical batch No analytes detected > PQL If method blank is contaminated, 

Drinking Water    reanalyze duplicate sample. 

Coliforms Duplicate If available   

F. Coliform     

SM9223     

T. Coliform IDOC Every time a new analyst  Analyst cannot perform the test 

SM9221D  performs the test method  method until the IDOC passes 

  for the first time - second source.  method criteria. 

EPA-120.1 Method Blank Once per analytical batch No analytes detected > PQL Correct problem then re-prep and 

Conductivity    analyze method blank and all samples 

Color    processed with the contaminated blank. 

SM2120F     

SM2120B Single Standard Once per analytical batch All analytes within 10% of  Correct problem then repeat initial 
SM4500H+B   target value calibration 
pH   Conductance and color standard  
EPA-180.1   within 5% of target value.  
Turbidity     
SM4500ClG     
Residual Chlorine     

SW-9095B Duplicate One per batch %RSD must be 20%  Reanalyze duplicate sample.  If results 

Paint Filter   pH Duplicates <0.1 pH Units not within RSD limits, report QC 

SM4500OG    failure in LIMS  

DO     

SW-1311 Method Blank Once per analytical batch No analytes detected > PQL Correct problem then re-prep and 
TCLP    analyze method blank and all samples 
SW-1312    processed with the contaminated 
SPLP    blank. 

 Post extraction duplicate One per batch %RSD must be 20%  Reanalyze duplicate sample.  If results 

    not within RSD limits, report QC 

    failure in LIMS  

 Post extraction spike Once per analytical batch See individual test methods. See individual test methods. 

     

1.  Endrin/DDT breakdown check for 8081B only. 
2.  Excludes chlordane, toxaphene, and PCB. 
3.  Sample data associated with QC non-conformances resulting in high bias may be reported if all target analytes are below reporting limits. 

4. In the event that reanalysis is not possible, I.e. no remaining sample, holding times expired, etc., data may be reported with non- 
Conformance and its potential affect on the data described in a Case Narrative. 

 

6.0 SAMPLE BOTTLE AND PRESERVATIVE PREPARATION  

6.1 Analytical Environmental Services, Inc. does not provide sampling services, therefore, has no sampling 

plan or procedures. If requested by the client, AES does provide appropriate pre-cleaned sample 

containers. The laboratory assumes responsibility for supplying the proper containers and preservatives.  
 

6.2 Sample Container Preparation: Table 6-1 contains information for the correct containers needed for 

each analysis. 

6.2.1 A laboratory label and proper preservative are added to the sample bottle prior to shipment or pick- 
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up by the client. Some clients may request several cases of bottles, preservative in separate 

containers, and separate labels. Should this occur, the client would be responsible for label 

attachment and the addition of preservatives in the field. If the client performs these duties, this is 

indicated on the bottle label and the chain of custody. 
 

6.2.2 If contamination is observed in trip blanks, a representative from each “lot” of sample containers 

may be analyzed for the detected parameter(s) to ascertain the cause. 

6.2.3 Bottle contamination checks are typically accomplished by filling the bottle with DI water and 

analyzing for the analytes in question. If any results are above the reporting level, contamination is 

present and the source must be found. 

6.2.3.1 A typical method of laboratory contamination is the introduction of volatile compounds into 

VOC vials by the use of extraction chemicals such as methylene chloride. Another means of  

laboratory contamination is the cross contamination of analytes into reagent bottles through  

poor analytical techniques.  An example would be returning aliquots of reagents to their original 

containers after use. In this instance, contaminants in the reagents are measured as part of the 

sample result when the reagent is used in the test. Finally, cross contamination can occur during 

analysis when glassware that is used for the test is not been properly cleaned between samples.  
 

6.2.3.2 If the analysis indicates that the contamination source is the bottle manufacturer, the vendor or 

manufacturer must be informed immediately.  Use of the affected bottles must stop 

immediately and another lot of bottles used instead. 
 

6.2.3.3 Methods of eliminating sample contamination are discussed in the individual analyte SOPs.   
 

6.2.3.4 Procedures for checking sample bottles for sterility and metals contamination are outlined in 

the Sample Receiving SOP (Sec. 3.1.2.3). 
 

6.3 When the addition of preservatives is performed by laboratory personnel, the preservation type and 

amount used is marked on the label. This procedure informs the sample collection agent that the sample 

bottle has pre-measured preservative in it. Additionally, it provides important safety information for the 

sample collection agent. 
 

6.4 Preservatives prepared by the laboratory are documented in a Preparation Standard logbook. The 

logbook contains the preservative preparation information including the preservative lot number and if 

the chemical was used “as is” from the manufacturer or if it was prepared in the lab. See Sec. 6.7. 
 

6.5 Proper packing of bottles is essential to prevent breakage during shipping. All bottles should be wrapped 

in bubble wrap and the container, usually a cooler, filled with packing material. 
 

6.6 Certain biological analyses require a sterile bottle for sampling. This includes plate counts, E-coli, and 

Total Coliform analyses. The laboratory purchases sterilized bottles for these analyses. Never break  

 the seal on these bottles or open them as this can contaminate the bottles. 
 

6.7 Preservatives and removal of interferences. 

6.7.1 There are several preservatives used to increase the holding time for an analysis. In most cases, these 

preservatives are required by the test method, and are added to alter the sample pH or to remove 

possible interferences. The preservatives used at AES include the following: 

6.7.1.1 HCl: 1:1 Hydrochloric Acid (2 ml per liter of sample) is added to VOC vials and other sample 

bottles to lower the resultant pH to ≤ 2 after the addition of sample to the bottle. 
 

6.7.1.2 H2SO4: Concentrated Sulfuric Acid (2 ml per liter of sample) is added to sample bottles to 

lower the resultant pH to ≤ 2 after the addition of sample to the bottle. 
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6.7.1.3 NaOH: Solid Sodium Hydroxide pellets are added to sample bottles to raise the resultant pH to 

≥ 12 after the addition of sample to the bottle. 
 

6.7.1.4 HNO3: Two ml per liter of sample of a 1:1 Nitric Acid (1 part concentrated Nitric Acid mixed  

with 1 part DI water) is added to sample bottles to lower the resultant pH to ≤ 2 after the 

addition of sample to the bottle. 
 

6.7.1.5 EDTA: One ml per 100ml sample of a 2.5% EDTA solution (2.5g dissolved in 100 ml of DI  

 water) is added to various types of sample bottles to remove any metal interferences.  
 

6.7.2 Low results can be expected when analyzing for BOD, Volatile Organics, and Pesticides in the 

presence of chlorine. These samples must be tested for the presence of chlorine. This procedure is 

performed by placing a sample drop on a starch-potassium iodide paper strip. If the strip turns blue, 

chlorine is present and treatment is needed. Chlorine removal is accomplished through the addition of 

sodium thiosulfate (usually 2 – 4 ml of a 0.008% or a 1 N solution). Following the addition of this 

compound, the destruction of chlorine is verified through a subsequent chlorine check. 
 

6.7.3 Low results can also be expected when analyzing for BOD in the presence of cyanides. Testing for 

the presence of cyanide is performed by placing a drop of sample on a lead acetate paper strip. If the 

strip turns black, cyanide is present and treatment is needed. Cyanide removal is accomplished 

through the addition of ascorbic acid, a few grains at a time, until the paper does not turn black. A 

few more grains can be added to the sample to ensure cyanide removal. 
 

6.8 Bottle Kit Preparation   

6.8.1 The number of bottles required per test, type of preservatives, and bottle type are method specific. 

 

6.8.2 Table 6-1 indicates the preservation, holding times, and containers required for the types of tests and 

matrices analyzed in the laboratory. 
 

                                                      TABLE 6-1 

                      Preservation, Holding Time and Containers 

Analysis Matrix* Holding Time Container Preservative 

Acidity Water 14 days P, G 0 - ≤6°C1 

Alkalinity Water 14 days P, G 0 - ≤6°C1 

Bicarbonate, Alkalinity Water 14 days P, G 0 - ≤6°C1 

Carbonate, Alkalinity Water 14 days P, G 0 - ≤6°C1 

Ammonia Water 28 days P, G 
1:1 H2SO4(pH<2),              

0 - ≤6°C1 

Ammonia Soil 28 days G 0 - ≤6°C1 

Base/Neutral/Acid (BNA) Water 7 days (Ext) G 0 - ≤6°C1 

Base/Neutral/Acid (BNA) Soil 14 days (Ext) G 0 - ≤6°C1 

BOD Water 48 hours P, G 0 - ≤6°C1, check for Cl  
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Analysis Matrix* Holding Time Container Preservative 

Bromide Water/Soil 28 days P, G 0 - ≤6°C1 

BTEX Water 14 days G 
1:1 HCl (pH<2), 0 - ≤6°C1 

check for Cl-  

Analysis Matrix* Holding Time Container Preservative 

BTEX Soil 
48 hours to 

preserve, 14 days 

Pre-weighed 

vials or Encore* 

Sodium Bisulfate, 0 - ≤6°C1 

or Methanol, 0 - ≤6°C1 

Carbonate Water 14 days P, G 0 - ≤6°C1
 

Cation Exchange Capacity 

(EPA 9080 and 9081) 
Soil 180 days G 0 - ≤6°C1

 

CBOD Water 48 hours P, G 0 - ≤6°C1, check for Cl  

Chloride, Total Water 28 days P, G 0 - ≤6°C1 

Chloride, Total Soil 28 days P, G 0 - ≤6°C1 

Chlorine, Total Residual Water Immediately P, G None 

Chlorophyll a Water 
Filtration: <48 hrs 

Analysis: 21 days G (amber) 0 - ≤6°C1 

COD Water 28 days P, G 1:1 H2SO4, 0 - ≤6°C1 

E.Coli 
Drinking 

Water 
30 hours P, sterilized 

Sodium Thiosulfate,          

0 - ≤6°C1 

Coliform, Total 
Drinking 

Water 
30 hours P, sterilized 

Sodium Thiosulfate,          

0 - ≤6°C1 

Coliform, Fecal 
Drinking 

Water 
8 hours P, sterilized 

Sodium Thiosulfate,          

0 - ≤6°C1 

Coliform, Fecal 
Non-potable 

Water 
8 hours P, sterilized 

Sodium Thiosulfate,          

0 - ≤6°C1 

Coliform, Fecal Soil / Sludge 24 hours P, sterilized 
Sodium Thiosulfate,          

0 - ≤6°C1 

Coliform, Total 
Non-potable 

Water 
8 hours P, sterilized 

Sodium Thiosulfate,          

0 - ≤6°C1 

Coliform, Total 
Soil 

Sludge 
24 hours P, sterilized 0 - ≤6°C1 

Color Water 48 hours P, G 0 - ≤6°C1 

Color, ADMI Water 48 hours P, G 0 - ≤6°C1 

Conductivity Water 28 days P, G 0 - ≤6°C1 

Conductivity Soil 28 days P, G 0 - ≤6°C1 

Corrosivity (pH) 
Soil       

Sludge 

Immediately,  

15 minutes 
G 0 - ≤6°C1 

Cobalt thiocyaniate active 

substances (CTAS) 
Water 48 hours P, G 0 - ≤6°C1 
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Analysis Matrix* Holding Time Container Preservative 

Cyanide, Amenable Water 14 days P, G NaOH (pH>12), 0 - ≤6°C1 

Cyanide, Amenable Soil 14 days P, G 0 - ≤6°C1 

Cyanide, Reactive Waste 14 days 
P (opaque),    

G (amber) 
0 - ≤6°C1 

Cyanide, Total Water 14 days P, G NaOH (pH>12), 0 - ≤6°C1 

Cyanide, Total Soil 14 days P, G 0 - ≤6°C1 

Density / Specific Gravity Water 7 days P, G 0 - ≤6°C1 

Density / Specific Gravity Soil / Sludge 6 months P, G 0 - ≤6°C1 

DRO Water 7 days (ext) G 0 - ≤6°C1
 

DRO Soil 14 days (ext) G 0 - ≤6°C1
 

EDB, DCBP Water 14 days (Ext) 40 mL VOA 0 - ≤6°C1 

Ferrous Iron Water 24 hours P, G None, 0 - ≤6°C1 

Flash Point/Ignitability Liquid 6 months P, G None 

Flash Point/Ignitability Solid 6 months P, G None 

Ignitability Solids 6 months P, G None 

FL-PRO Water 7 days G 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

FL-PRO Soil 14 days G 0 - ≤6°C1 

Fluoride Water 28 days P, G None 

FOC/FOM Solid 28 days G 0 - ≤6°C1 

Formaldehyde Water 
72 hrs, to tumble, 

72 hrs. to analyze 

250 mL         

G (amber) 
0 - ≤6°C1 

Formaldehyde Soil 
From leachate 72 

hours 
G 0 - ≤6°C1 

GRO Water 14 days 40 mL VOA 
1:1 HCl (pH<2), 

0 - ≤6°C1  

GRO Soil 
48 hours, 14 

days after pres. 

Pre-weighed 

vials or 

Encore* 

Sodium Bisulfate, 

Methanol, 0 - ≤6°C1 

Hardness, calculation Water 6 months P, G 1:1 HNO3 (pH<2) 

Herbicides Water 7 days (Ext) G (amber) 0 - ≤6°C1 
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Analysis Matrix* Holding Time Container Preservative 

Herbicides Soil 14 days (Ext) G 0 - ≤6°C1 

Hexavalent Chromium Water 24 hours P, G 0 - ≤6°C1 

Hexavalent Chromium Soil 30 days (Ext) P, G 0 - ≤6°C1 

Lead Air 6 months Cartridge** None 

Lead Wipe 6 months Bag*** None 

Lead Paint 6 months Bag None 

MBAS 

(Surfactants) 
Water 48 hours P, G 0 - ≤6°C1 

Mercury Water 28 days P, G 1:1 HNO3 (pH<2) 

Mercury, Dissolved Water 

28 days after 

filtration and 

preservation 

P,G 
Field filter or filter upon 

receipt, 1:1 HNO3(pH<2) 

Mercury Soil 28 days P, G 0 - ≤6°C1 

Metals (Total), except Mercury Water 6 months P, G 1:1 HNO3 (pH<2) 

Metals (Dissolved), except 

Mercury 
Water 

6 months after 

filtration and 

preservation 

P, G 
Field filter or filter upon 

receipt, 1:1 HNO3(pH<2) 

Metals (Total), except Mercury Soil 6 months P, G None 

Nitrate Water 48 hours P, G 0 - ≤6°C1 

Nitrate Soil 48 hours P, G 0 - ≤6°C1 

Nitrate-Nitrite Water 28 days P, G 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

Nitrate-Nitrite Soil 28 days P, G 0 - ≤6°C1 

Nitrite Water 48 hours P, G 0 - ≤6°C1 

Nitrite Soil 48 hours P, G 0 - ≤6°C1 

Nitrogen, Organic                

TKN minus Ammonia 
Water 28 days P, G 

1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

Nitrogen, Organic                

TKN minus Ammonia 
Soil 28 days P, G 0 - ≤6°C1 

Oil and Grease (HEM) Water 28 days G (amber) 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

Oil and Grease (HEM) Soil 28 days G 0 - ≤6°C1 

Oxygen, Dissolved (DO) Water 
Immediately,  

15 minutes 
P, G None 
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Analysis Matrix* Holding Time Container Preservative 

PAH Water 7 days (Ext) G (amber) 0 - ≤6°C1 

PAH Soil 14 days (Ext) G 0 - ≤6°C1 

Paint Filter Liquids Test Waste 28 days G 0 - ≤6°C1 

PCB Water 365 days G (amber) 0 - ≤6°C1 

PCB Soil 365 days G 0 - ≤6°C1 

PCM Air Not Specified Cartridge** None 

Pesticides, Chlorinated Water 7 days (Ext) G (amber) 0 - ≤6°C1 

Pesticides, Chlorinated Soil 14 days (Ext) G pH 5-9, 0 - ≤6°C 

Pesticides, Special Water 7 days (Ext) G (amber) 0 - ≤6°C1 

Pesticides, Special Soil 14 days (Ext) G 0 - ≤6°C1 

pH Soil, Water 
Immediately,  

15 minutes 
P, G None 

Phenolics Water 28 days G (amber) 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

Phenolics Soil 28 days P, G 0 - ≤6°C1 

Phosphorus, Ortho Water 48 hours P, G 0 - ≤6°C1 

Phosphorus, Total Water 28 days P, G 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

Phosphorus, Total Soil 28 days P, G 0 - ≤6°C1 

Potassium Permanganate Water 48 hours 40 mL VOA 0 - ≤6°C1 

RSK-175:                       

Ethane, Ethene, Methane 
Water 14 days 40 mL VOA 1:1 HCl (pH<2), 0 - ≤6°C1 

Semi-Volatiles Water 7 days (Ext) G (amber) 0 - ≤6°C1 

Semi-Volatiles Soil 14 days (Ext) G 0 - ≤6°C1 

Salinity Water 28 days P 0 - ≤6°C1 

Silica as SiO2 Water 6 months P 
1:1 HNO3 (pH<2),  

0 -≤6°C1 

Field to SPLP Extraction 

(Tumble): Semivolatiles 

Liquid / 

Solid 
14 days G 0 - ≤6°C1 

Field to SPLP Extraction 

(Tumble):  Mercury 
Liquid/Solid 28 days G 0 - ≤6°C1 

Field to SPLP Extraction 

(Tumble):  Metals, except Hg 
Liquid/Solid 180 days G 0 - ≤6°C1 
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Analysis Matrix* Holding Time Container Preservative 

FOR FLORIDA***  

Field to SPLP ZHE Extraction 

(Tumble) 

Solid 

48 hours, 

14 days after  

Freezing 

25gram 

Encore**** 

0 - ≤6°C1  

freeze upon receipt   

OTHER STATES 

Field to SPLP ZHE Extraction 

(Tumble) 

Solid 14 Days G 0 - ≤6°C1 

Solids, Settleable Water 48 hours G 0 - ≤6°C1 

Solids, Total Water 7 days P, G 0 - ≤6°C1 

Solids, Total Dissolved Water 7 days P, G 0 - ≤6°C1 

Solids, Total Suspended Water 7 days P, G 0 - ≤6°C1 

Solids, Total Volatile Water 7 days P, G 0 - ≤6°C1 

Sulfate Water 28 days P, G 0 - ≤6°C1 

Sulfate Soil 28 days P, G 0 - ≤6°C1 

Sulfide Water 7 days P, G 
NaOH to pH>9 /  Zinc 

Acetate, 0 - ≤6°C1 

Sulfide Soil 7 days P, G 0 - ≤6°C1 

Sulfite Water 
Immediately,  

15 minutes 
P, G 0 - ≤6°C1 

Sulfide, Reactive Waste 7 days 
P (opaque), G 

(amber/clear) 
0 - ≤6°C1 

Field to TCLP Extraction 

(Tumble): Volatiles 

Liquid / 

Solid 
14 days G 0 - ≤6°C1 

Field to TCLP ZHE Extraction 

(Tumble): Semi-Volatiles 

Liquid / 

Solid 
14 days G 0 - ≤6°C1 

Field to TCLP Extraction 

(Tumble):  Mercury 
Liquid/Solid 28 days G 0 - ≤6°C1 

Field to TCLP Extraction 

(Tumble):  Metals, except Hg 
Liquid/Solid 180 days G 0 - ≤6°C1 

Temperature Water 
Immediately, 

15 minutes 
P, G None 

TKN Water 28 days P, G 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

TKN Soil 28 days P, G 0 - ≤6°C1 

Total Inorganic Carbon Water 28 days P, G 0 - ≤6°C1 

Total Organic Carbon Water 28 days P, G 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

Total Organic Carbon Soil 28 days P, G 0 - ≤6°C1 

TOX Waste 7 days P, G 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 
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Analysis Matrix* Holding Time Container Preservative 

TPH (SGT-HEM) Water 14 days G 
1:1 H2SO4 (pH<2),            

0 - ≤6°C1 

TPH (SGT-HEM) Soil 28 days G 0 - ≤6°C1 

Turbidity Water 48 hours P, G 0 - ≤6°C1 

Volatile Organics Air 30 days Canister None 

Volatiles by SW8260D except                  

2-Chloroethylvinyl ether 
Water 14 days 

G                 

(40 mL VOA) 
1:1 HCl (pH<2), 0 - ≤6°C1 

Volatiles Analyte  

2-Chloroethylvinyl ether by 

SW8260D                   
Water 7 Days 

G                 

(40 mL VOA) 
0 - ≤6°C1 

Volatiles Analytes Acrolein and 

Acrylonitrile by SW8260D                 
Water 7 Days 

G                 

(40 mL VOA) 

1:1 HCl (pH 4-5),  

0 - ≤6°C1 

Volatiles by E624.1 including 

2-Chloroethylvinyl ether but not 

Acrolein and Acrylonitrile        

Water 14 Days 
G                 

(40 mL VOA) 
0 - ≤6°C1 

Volatiles Analyte Acrylonitrile  

by E624.1                 
Water 7 Days 

G                 

(40 mL VOA) 
0 - ≤6°C1 

Volatiles Analyte Acrolein  

by E624.1                   
Water 3 Days 

G                 

(40 mL VOA) 
0 - ≤6°C1 

Volatiles Analytes Acrolein 

and Acrylonitrile by E624.1                   
Water 14 Days 

G                 

(40 mL VOA) 

1:1 HCl (pH 4-5),  

0 - ≤6°C1 

Volatile Organics by 

SW8260D 
Soil 

48 hours, 14 

days after 

preservation 

Pre-weighed 

vials or 

Encore* 

Sodium Bisulfate or 

methanol, 0 - ≤6°C1 

* Encore™ Samplers are approved by EPA and allow Volatile soil organics to be transported to the lab without preservative. If an 

Encore sampler is not used, the soil samples must be weighed in the field and preserved with sodium bisulfate or Methanol (5 ml). 

This will raise the detection limits considerably. See EPA SW-846 method 5035 for further information. 

** Usually sampled with a cartridge device that attaches to an air pump that samples an area for a given amount of time. There are several 

types of cartridges approved by NIOSH, but all are self-contained and require no special treatment. 

*** Lead wipe material provided to clients meets the requirements of ASTM E1792, either Ghost Wipe, Environmental Express Cat#4210, 

or equivalent.  A specified area, usually 1 square foot, is “wiped” with this material. The wipe is placed in a non-contaminating (non-

metal) container for shipment to the lab. 

**** Samples for FL SPLP VOCs are collected in 25 g Encore™ Sampler.  If the sample is not frozen upon receipt by the laboratory, 

then the sample holding time is 48 hours and the SPLP extraction must be performed within 48 hours of sample collection.  Sample 

may be frozen by the laboratory upon arrival and maintained at a temperature of -10oC.  If the sample is frozen, the holding time is 

14 days from collection and the SPLP extraction must be performed immediately once the sample is thawed to 4oC.  NOTE:  

Neither the samples for SPLP extraction nor the samples for total analysis may be frozen prior to delivery to the laboratory in order 

to meet the 48-hour holding time. 
 
1 0 - ≤6°C1 Samples delivered to the laboratory on the same day they are collected may be considered acceptable if the samples are 

received on ice showing that the cooling process has begun. 
 

P Plastic container  G Glass container 

 

7.0 CUSTODY OF SAMPLES, EQUIPMENT, AND SUPPLIES  

7.1 Review of New Work 

7.1.1 The Laboratory Manager is primarily responsible for determining the capacity of the facility and its 

resources to handle new work, although other senior members of management may be called upon to 

provide expertise and input as needed. This determination consists of a comprehensive appraisal of 
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the client’s projected needs. Factors assessed are the ability of the laboratory to comply with the 

requirements of its accreditations while maintaining the expected level of legal defensibility and 

analytical validity of all reported data. 
 

7.1.2 Prior to the acceptance of any new requests, tenders, or contracts by Analytical Environmental  

Services, Inc., the appropriateness of facilities and resources is considered utilizing the information 

in the following sections. If the facility and/or resources are inadequate to perform the work, the 

Laboratory Manager may exercise his discretion to refuse to perform all or part of a particular 

project. The Client Services Manager will be informed of this decision and the Project Managers 

will inform the client.  The laboratory affords clients cooperation to clarify requests and to monitor 

the laboratory’s performance in relation to the work performed (while ensuring confidentiality to 

other clients). Differences between the request and the contract shall be resolved before laboratory 

activities commence. 

7.1.2.1 Facilities.  The facility must be suitable for the proper receipt and storage of the number and 

type of samples proposed to be accepted. 

7.1.2.2 Resources. 

7.1.2.2.1 Stipulated methods, sample preparations, final reports, data packages, and deliverables 

are reviewed to determine the availability of suitable instrumentation and personnel. 
 

7.1.2.2.2 The laboratory must be capable of meeting all analytical requirements for the selected 

test methods. The specified requirements and methods must be adequately defined, 

documented, and understood. 
 

7.1.2.2.3 The laboratory shall advise and obtain approval from the client before subcontracting 

work to another laboratory. 
 

7.1.2.3 Contracts 

7.1.2.3.1 The methods and procedures selected will be meet the customer’s requirements. 
 

7.1.2.3.2 The lab will inform the customer when requested method is inappropriate or out of date. 
 

7.1.2.3.3 Any differences between the request or tender and the contract shall be resolved before 

laboratory activities commence. 
 

7.1.2.3.4 Each contract shall be acceptable to both the laboratory and customer. 

 

7.1.2.3.5 Deviations requested by the customer shall not impact the integrity of the laboratory or 

the validity of results. 

7.1.2.3.6 The customer shall be informed of any deviation from the contract. 

 

7.1.2.3.7 If a contract is amended after work has commenced, amendments shall be communicated 

to all affected parties. 

7.1.2.3.8 The laboratory shall cooperate with customers in clarifying requests and monitoring the 

laboratory’s performance in relation to the work performed. 
 

7.1.2.4 Records of Reviews 

7.1.2.4.1 Records of Reviews including changes shall be retained. 

 

7.1.2.4.2 Records shall also be retained of pertinent discussions relating to customer’s 

requirements or laboratory activities. 

7.1.3 Technical and Management Capability 

7.1.3.1 The review of capability must establish that the laboratory possesses the necessary physical  
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personnel, information, and resources to perform the tests in question. Additionally, the  

laboratory personnel must have the skills and expertise required for performing these tests. 
 

7.1.3.2 The laboratory shall have adequate personnel at all times during the performance of analytical 

testing to ensure that clients receive data which meets the terms and conditions of the work 

agreement. 
 

7.1.3.3 The review may consider the results of previous work of a similar nature or, where new testing 

is being implemented, the results of interlaboratory testing, trial tests, proficiency samples, 

MDL studies, etc. 
 

7.1.4 Discrepancies 

7.1.4.1 Any differences between the request or tender and the capability of the laboratory to fulfill the 

proposed work are resolved before any testing begins. (The Chain of Custody is used to verify 

discrepancies because it is a form of contract.) 
 

7.1.4.2 Modifications are allowed upon consent of the client. Changes are documented in the contract 

prior to acceptance.  Each contract shall be acceptable to both the laboratory and the client. 
 

7.1.4.3 Problems encountered during any stage of reviewing the testing are addressed and resolved to 

the satisfaction of both the laboratory and the client. 
 

7.1.5 Records 

7.1.5.1 The laboratory maintains any records for the initial review of new work entering the  

  laboratory, including any significant changes in the proposed work plan. 
 

7.1.5.2 Communication logs (telephone calls, on-site visits, meetings, e-mails, etc.) are used to record 

all pertinent discussions concerning the client’s requirements. Logs must include the date, 

time, brief details of the exchange, resolution of any complaints, and identification of  

the parties involved. 
 

7.1.5.3 Subcontracted work is fully described and documented prior to receipt of work from the client. 
 

7.1.6 Once work has been accepted, the Director of Project Management is responsible for setting up the  

client in the LIMS system, setting up an account with the client, and monitoring the project to ensure 

that all of the client’s requirements are met. 
 

7.2 Sample Receipt 

7.2.1 The laboratory has defined protocols for receiving samples and for the “logging in” process. These  

protocols provide information to the analysts regarding requested analyses, holding times, types of  

preservation, matrices, etc. 
 

7.2.2 Sample Acceptance Policy - The laboratory will accept or reject samples for analytical testing based 

on presence, absence, or resolution of the required criteria specified for labeling, preservation, 

documentation, identification, hold time, container type, or volume.  If this information is missing or 

comes into question, a corrective action report will be started to address any nonconformances.  Upon 

completion of the corrective action, it will be determined if the laboratory accepts the samples.  

Samples will be considered accepted upon final login review.  Unaccepted samples will be noted in 

the project narrative if other samples received meet the requirements.  

7.2.2.1 The laboratory sample acceptance policy outlines circumstances under which samples are  

accepted and rejected.  This policy is available to sample collection personnel and includes the 

following:  

7.2.2.1.1 Documentation shall include sample identification, the location, date and time of  
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 collection, collector’s name, preservation type, sample type and any comments 

concerning the samples. 
 

7.2.2.1.2 Client samples should be properly labeled with unique identification.  Indelible ink 

should be used along with water resistant labels. 
   

7.2.2.1.3 Sample containers should be suitable for the requested test and the analysis hold time must 

be adhered to.  (See table 6-1 for Preservation, Hold Time, and Containers required.) 
 

7.2.2.1.4 Sufficient sample volume must be available for the requested tests.  If the client does not 

provide enough sample for all the tests, it will be noted on the sample receipt checklist.  

The project manager will contact the client to determine which tests the lab is to perform 

on the sample and whether or not the client will provide additional sample for other tests. 
 

7.2.2.1.5 If samples show signs of damage, contamination or inadequate preservation, or any other 

concern, a corrective action must be initiated to determine if samples are acceptable for 

the requested analysis.  Project managers with the assistance of the Director of Project 

Management, Technical Director, Quality Assurance Manager, or the Laboratory 

Manager address and close the corrective action by either accepting or rejecting the 

samples.  (Corrective Actions and Nonconformances section 13.0) 
 

7.2.3 Upon receipt, each sample is identified by a laboratory-issued project number and a unique 

individual sample number. Properly followed, the preceding procedures provide court defensible 

documentation related to sample release to the lab, proper preservation and handling, and traceability 

throughout the analytical and reporting process. 
 

7.2.4 Samples usually arrive at the laboratory in one of three ways: 1) delivered by carrier (UPS, Federal 

Express, and Mail), 2) delivered by courier, or 3) delivered by client personnel. In all cases, a 

document called a “Chain of Custody” (COC) must accompany the samples. This document, 

supplied by the laboratory to clients, is designed to provide to the laboratory all the necessary 

information about the client, samples, and which analyses are required. In addition, this document 

provides evidentiary information indicating who had samples in their possession at any time and 

when possession was changed. In some instances, the client provides their own chain of custody 
 

7.2.5 Once samples have been relinquished to the laboratory, they are checked for condition including the  

type(s) of preservation employed (temperature, pH, etc.), correctness of containers, and if the  

COC has been properly completed and signed. 

7.2.5.1 Almost all soil and water matrix samples require a transport temperature of (0 - ≤6°C.) The 

samples should be packed in ice in a thermal container. Typically, an insulated ice cooler is 

used for sample transportation. The cooler should have a temperature blank included for use  

as a sample temperature check. The temperature blank is a plastic bottle filled with water.  

7.2.5.1.1 Temperature is measured with a calibrated thermometer. The thermometer is individually 

identified and labeled with its calibration expiration date. The temperature of the blank 

must always be recorded during the login procedure. If the temperature is outside the 4 ± 

2°C range, this should be annotated so that the project managers can notify the client. 
 

7.2.5.1.2 Samples that are hand-delivered to the laboratory immediately after collection may not 

meet these temperature criteria. In these cases, the samples shall be considered acceptable 

there is evidence that the chilling process has begun (such as arrival on ice). 

 

7.2.5.2 Before placement in the storage area, samples must be checked for integrity. If any bottles are 

broken or have leaked, the client must immediately be contacted. This is particularly important if 
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there are no duplicates of the sample in order to obtain instructions from the client on how to 

handle the situation. It may be necessary to re-sample for the incomplete tests. 
 

7.2.5.3 Sample labels are checked against the Chain of Custody for accuracy and discrepancies.  

Custody seals must be intact if used. This procedure is best accomplished by sorting samples 

by their location rather than by their testing requirements. For example, all samples labeled 

“MW-1A” are combined and may include VOCs, metals, SVOCs, etc. Make sure that all 

sample labels match the COC for number of analyses, sample ID, matrix, etc. If a discrepancy 

is found, the variance is noted on the Sample Receipt checklist and the client is contacted to 

clarify the problem. 
 

7.2.5.4 Samples are checked for type and proper degree of preservation. This only applies to aqueous 

samples and never to volatile organic samples (VOC samples are checked after the vial has 

been opened and the sample analyzed). There are several types of preservation required for the 

different analyses. Most involve either a high or low pH.  

7.2.5.4.1 To check the sample for pH, take a clean disposable Pasteur pipette and touch its tip to 

the top of the aqueous surface. Sample should be drawn by capillary action up the tube. 

Remove the pipette, recap the sample and touch the Pasteur pipette to some pH paper. 

Read the paper to the nearest pH unit.  

7.2.5.4.2 Check the preservation chart (Section 6) to see if the pH is in the range required for the 

sample. If not, notify the Project Manager immediately. The Project Manager may 

require the addition of proper preservative to the sample. If the holding time is affected 

by inappropriate preservation, this should also be communicated to the client and analysts 

through the Project Manager. 
 

7.2.5.5 Samples are checked for holding time. Holding times begin the moment the sample is taken, not 

when it is received. While most analyses have a holding time of several days, holding times vary 

widely from as little as 15 minutes to as long as 6 months. The time involved in shipment of a 

sample to the laboratory can greatly reduce the amount of time the analyst has to perform the 

procedure. It is therefore critical that holding times be noted accurately and the appropriate 

analyst or manager notified immediately if holding time is running out (less than 24 hours left). 
 

7.2.5.6 Results of observations are noted on a “Sample Receipt Check List” at login. 
 

7.2.5.7 If the COC matches the samples it represents, the sample custodian, through LIMS, will issue 

individual numbers for each sample received. These numbers are the project number followed 

by a single digit assigned to each bottle. This indicates that the samples are from the same site. 

For example, a group of samples is logged in as project “C8855”. Each sample within the 

project is given a sequential number starting with the number “1”. Thus, “C8855- 

1” is the first sample of this group. 

7.2.5.7.1 The sample bottles are given a letter designator beginning with letter “A” that corresponds 

to each sample “fraction” received at the laboratory. For example, samples collected for 

metals and SVOC in two bottles would be designated as “A” and “B”. The two sample 

bottles in the above example would be designated as “C8855-1A” and C8855-1B”. 
 

7.2.5.7.2 The assigned alphanumeric sample names are written on the COC, usually in the far right 

column, and on the sample label or top. 

 

7.2.5.7.3 To ensure that sample identifiers remain intact, use an indelible ink pin, such as a  

Sharpie™, when marking samples. 
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7.2.6 All samples are properly logged into the computer with all pertinent information, including any 

comments about improper preservation or holding times. This information is compiled into a 

spreadsheet called the “daily” and the information is distributed to the analysts. A folder is prepared 

with a cover sheet that gives the project number and lists the analyses needed. All information 

pertaining to the project is placed inside the folder including the COC, client contact information, 

and any special documentation. 
 

7.2.7 Samples are then placed in the sample holding area, either in the appropriate cooler or on the correct 

shelf. If the project requires a continuous Chain of Custody, they must be logged out of the area by 

the analyst and logged back in when analysis is completed using the logbook provided. If the sample 

is completely exhausted, this must be noted in the logbook. 
 

7.2.8 Any deviations must be brought to the attention of the client and/or the Project Manager so the client 

may be contacted for directions on how to proceed. For example, some samples may be unsuitable 

for testing if the temperature has not been maintained.  
 

7.2.9 After all sample information is logged into the computer, a printout of the entered data is made. A 

second individual must verify the accuracy of the sample information entered. If the log-in, COC, 

and all sample information are approved, the checking individual initials the work and the project 

folder is given to the Project Manager. 
 

7.2.10 Occasionally, samples require special storage times after the analyses are complete. This should be 

noted when these samples arrive at the laboratory to avoid them being prematurely discarded. To 

apprise all affected personnel, annotate this information into LIMS. These samples are to be stored 

in the special holding area designated by the Sample Receiving Department. A Project Manager will 

notify the Sample Receiving Department which samples are required to be placed in this area. 
 

7.2.11 Sample bottles are segregated according to their required analyses. Samples analyzed for volatile 

organics are placed in a separate cooler/refrigerator from semi-volatile organics or inorganics because 

of the high probability of cross-contamination from inorganic and waste samples. Samples for metal 

analyses do not require cooling. These samples may be placed on the shelf at room temperature. 
 

7.2.12 Once samples have been removed from a cooler, the cooler must be cleaned before reuse. Typically,  

rinsing and air drying of the cooler will be sufficient. Make sure to return clients’ coolers. 
 

7.3 Review of Sample Login  

7.3.1 When samples (a project) arrive at the laboratory, a project is created in the laboratory information  

management system (LIMS) and reviewed by a project manager as discussed in the Section 7.3.3. 

7.3.1.1 A “Review of Sample Login” report is filled out by the sample custodian and this report is  

 turned in to the project manager. The project manager reviews the information to ensure that  

 all analyses, sample IDs, etc. are correct. 
 

7.3.1.2 If any problems were found, they are corrected. A copy of the problem and its resolution is 

transmitted to the Sample Receiving Manager. 
 

7.3.2 Sample Receipt Checklist (SRCL) 

7.3.2.1 The sample receipt checklist (Appendix VIII) is a list of all information pertaining to the arrival 

of a project at the laboratory. If any problems are found, such as errors on the chain-of-custody 

(COC), or any situation does not comply with the procedure or method, such as problems with 

sample preservation or holding time, the project manager is notified immediately in order to  

 contact the client. The following list represents the questions asked on the SRCL: 

7.3.2.1.1 Was the shipping container/cooler in good condition? 
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7.3.2.1.2 If there were custody seals on the shipping container/cooler, were they intact? 
 

7.3.2.1.3 If there were custody seals on the samples, were they intact? 
 

7.3.2.1.4 Was the container/temperature blank in compliance? 
 

7.3.2.1.5 Was the chain-of-custody present? 
 

7.3.2.1.6 Was the chain-of-custody signed when relinquished and received? 
 

7.3.2.1.7 Did the chain-of-custody agree with sample labels? 
 

7.3.2.1.8 Were samples received in the appropriate containers to perform the requested analysis?  

If VOA vials were received, were all vials void of headspace? 
 

7.3.2.1.9 Were all sample containers received intact? 
 

7.3.2.1.10 Was sufficient sample volume received to perform requested analysis? 
 

7.3.2.1.11 Were all samples received within the EPA recommended holding times and within the 

recommended temperature ranges? 
 

7.3.2.1.12 Was turnaround time marked on the chain-of-custody? 
 

7.3.2.1.13 If samples were submitted for volatiles analysis, did they have zero headspace? 
 

7.3.2.1.14 Was the pH acceptable for water samples upon receipt? 
  

7.3.2.1.15 Were samples in good condition? 
 

7.3.2.1.16 Is a known blank included for diffusive samples or AIHA-LAP, LLC lead analysis? 

 

7.3.2.2 All information at the top of the SRCL, such as client name, date/time received, and carrier 

name, must also be checked for accuracy. All out-of-compliance and non-conforming events 

are documented on the SRCL as well as in the PM non-conformance corrective action in 

LIMS. The client is contacted to discuss the issue or conflict. Resolution, as agreed upon by 

the client, is documented in the PM corrective action in LIMS and SRCL. Either the Director  

 of Project Management or the Laboratory Manager closes out all corrective actions.  
 

7.3.2.3 In addition, for Drinking Water samples associated with Waster Suppliers, the following 

Sample Information will be documented for samples where applicable and when available.   

7.3.2.1.1 Name of System (PWSS identification number if available) 
 

7.3.2.1.2 Sample Identification (if any) 
 

7.3.2.1.3 Sample Site location 
 

7.3.2.1.4 Sample Type (e.g. routine, repeat, raw or process) 
 

7.3.2.1.5 Date and Time of collection 
 

7.3.2.1.6 Analysis required 
 

7.3.2.1.7 Disinfectant Residual (if available) 



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 74 of 200 
  
 

7.3.2.1.8 Name of sampler and organization (if not water system) 
 

7.3.2.1.9 Sampler’s Initials 
 

7.3.2.1.10 Person(s) transporting sample from system to laboratory  

(If not sampler), if shipper used, shipping records available 
 

7.3.2.1.11  Any remarks 
 

7.3.3 Procedure for Creating and Reviewing Projects in LIMS 

7.3.3.1 Open the project in LIMS and verify that the client name listed on the COC is the client 

selected in the LIMS. Check for any client related notes, such as “report samples on a dry-

weight basis” or “provide final report in duplicate” in the “Client ID” field. Verify that this 

information has been passed on in the work order. 
 

7.3.3.2 Check the project name and check for any project specific requirements in the project notes. 

Ensure that this information has been carried over into the work order. 
 

7.3.3.3 Go to the “ReportOptions” screen and, if known, enter the state where the samples were 

collected. In the field “Rpt Name”, select the proper reporting format. The preferred format is 

“AES base report”. However, try to select the format that will reduce the overall size of the 

report, such as “base report consolidated”. Unless the client has requested “J” flags, turn off the 

“Qualifiers” selection key. 
 

7.3.3.4 Go to the “InvoiceInfo” screen. Enter the P.O. number if the client has provided one. If the 

client has pre-paid, enter this information into the “PrePaid” field and ensure that the 

accounting department has been informed. Enter any markups for rush fees. Enter into the 

“MiscCharges” field any sample media charges, courier fees, shipping charges or other 

expenses. Enter appropriate comments into the “MiscComments” field. The following 

information is entered into LIMS using the following format: 

7.3.3.4.1 Rush Fees: Rush fees applied for same business day TAT. 
 

7.3.3.4.2 Rush fees applied for next business day TAT. 
 

7.3.3.4.3 Rush fees applied for two business day TAT. 
 

7.3.3.4.4 Sample Media Charges: Current charges apply. 
 

7.3.3.4.5 Shipping Fees: FED-EX shipping fees included. 
 

7.3.3.4.6 Courier Fees: Courier fees included. 
 

7.3.3.4.7 Sampling Fees: Sampling fees included. 
  

7.3.3.5 Select the “LOGIN” key. Remove the COC from the folder. Systematically check each sample 

and fraction in the following order: 

7.3.3.5.1 Verify the date and time received. 
 

7.3.3.5.2 Verify the sample I.D. on the COC against the information that is entered into the LIMS. 
 

7.3.3.5.3 Verify the sample description against what is entered for the tag number. If no sample 

description is given put “N/A” in the field. 

 

7.3.3.5.4 Verify the date and time collected. 
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7.3.3.5.5 Verify the sample matrix. 
 

7.3.3.5.6 Verify container type. Container type should match the type of container requested for 

the analysis. Any discrepancies should be noted on the SRCL. 
 

7.3.3.5.7 Verify the number of containers. 
 

7.3.3.5.8 Verify the storage area. This should be consistent with the appropriate storage location in 

the walk in cooler except for Volatiles/Metals/Oil & Grease and TPH samples which are 

stored in their corresponding laboratory. 
 

7.3.3.5.9 Enter essential sample or analytical information into the sample comments field, such as 

“expect high concentrations”, “perform 5x concentration”, or “perform library search”. 
 

7.3.3.5.10 Verify that each sample and fraction is logged in for the requested analysis. This must be 

done independently of the above steps. Attempting to perform both tasks at the same time 

will only increase the probability of errors. 
 

7.3.3.5.11 Expand the test field column so that the entire code for every analysis is visible. 
 

7.3.3.5.12 Verify, one sample fraction at a time, that each of the appropriate test codes and their 

corresponding prep code are entered. If there is a test code that is missing a prep code, 

return to the project and pull the appropriate prep code. Add the prep code to the test field 

column. If the test code does not appear to have a prep code, inform the Director of 

Project Management. 
 

7.3.3.5.13 For each test, check the selection list and ensure that the appropriate compounds have 

been chosen. Check every test. 
 

7.3.3.5.14 If you are aware that a project requires specific detection limits, verify them at this time. 
 

7.3.3.5.15 If air samples are received, click on the “Air Data” screen and verify the air volume in 

liters against what is listed on the COC. 

7.3.3.5.15.1 If no sample volume is given, enter the sample flow rate in liters, change the units 

to L/min and enter the time sampled in hours and minutes. Hit the “Calc Air 

Unknowns” to calculate the volume. 
 

7.3.3.5.16 Enter the media type and size. This information is found in the “tests” screen in the media 

field. If the media provided by the client is not the same media as listed in the method, 

inform the Director of Project Management immediately. 
 

7.3.3.6 After the above information for all samples is complete, the work order is ready for approval. 
 

7.3.3.7 Return to the main window of the work order. 
 

7.3.3.8 Enter the date and time that you are approving the login review. 
 

7.3.3.9 You will be prompted to enter your password. Enter your password and the work order will  

now appear in the “work to be completed” list. 
 

7.4 A Corrective Action Report is generated in LIMS for any sample receiving non-conformance.  Section 

13 of this Manual describes the Corrective Action Process in detail. 
 

7.5 Health and Safety  

7.5.1 All samples should be considered to be hazardous. Until a sample is analyzed, it is impossible to  
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determine what type of contamination is involved. With this in mind, always wear the following 

safety equipment when handling samples. 

7.5.1.1 Safety Glasses: OSHA approved safety glasses must be worn when working with samples. 

Safety glasses prevent an invasion of the sample into the eye and protect the eyes in case of a 

sample explosion. 

 

7.5.1.2 Latex Gloves: Latex Gloves must be used when handling samples. Latex gloves protect the 

hands from the effects of corrosive materials, such as strong acids or bases. In addition, gloves 

prevent the introduction of hazardous materials into the body by absorption through the skin. 

 

7.5.1.3 Sensible Clothing: Long pants and close-toed shoes (no sandals) must be worn at all times 

while working in the sample receiving area. Many of the samples received by the laboratory 

are 1 liter or greater in size. A liter of water weighs slightly more than 2 pounds. Dropping a 

liter of water on an unprotected toe from waist height can fracture the toe. Never wear any 

clothing that you are not afraid to ruin. Many of the preservatives used in the laboratory are 

acidic and will eat a hole in most natural materials. If the fiber is man-made, such as nylon, any 

strong solvent will melt it. 

 

7.5.1.4 Lab Coat: Required when in the laboratory or handling samples or chemicals.  Not only does it 

protect your clothing, but it also provides an additional cloth barrier against splashes and spills. 

 

7.6 Sample Custody 

7.6.1 AES has implemented sample chain-of-custody procedures to provide accurate, verified, and 

traceable records of sample possession and handling, from sample container shipment through 

laboratory receipt and sample disposition. 

 

7.6.2 Documentation of sample collection, shipment, laboratory receipt and custody is accomplished 

utilizing a chain-of-custody record. A sample is considered in custody if the following conditions 

have been met. 

7.6.2.1 The sample(s) are in the physical possession of the sampler or courier. 

 

7.6.2.2 The sample(s) are in view after being in the physical possession of the sampler or courier. 

 

7.6.2.3 The cooler(s) or sample bottle(s) are sealed, so that sample integrity is maintained, while in the 

possession of the sampler or transferee. 

7.6.2.4 The cooler(s) or sample bottle(s) are in a secured area restricted to authorized personnel. 

 

7.6.3 Custody Record Maintenance 

7.6.3.1 Laboratory records, including copies of the chain-of-custody forms and any associated 

documentation, are maintained in a secure area with any associated project records.  

 

7.6.3.2 Laboratory data are recorded in bound notebooks and entries are made in waterproof ink.  

 

7.6.3.3 Laboratory data entry errors are deleted with a single-line through the error. The correction is 

initialed and dated by the analytical staff member making the change. 

7.6.3.3.1 Correction tape or other substances designed to obliterate documentation are strictly  

prohibited in the laboratory and custody areas. 

7.6.3.4 Laboratory information is documented on prepared forms. All forms for recording laboratory  

 data include a space for the date and for initials that must be completed by the data recorder.  
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 Laboratory documentation not recorded on pre-prepared forms is also dated and initialed. 
 

7.6.4 The sample custodian, under either routine or special legal chain-of-custody procedures, receives all 

samples. Legal custody is a special type of sample custody in which all events associated with a 

specific sample are documented in writing. 
 

7.6.5 Laboratory Provided Sample Containers 

7.6.5.1 Sample containers provided by AES are manufactured from EPA-designated materials, contain 

EPA-prescribed preservatives, and are affixed with an AES identification label. 
 

7.6.5.2 Pre-cleaned sample containers are purchased by AES. When deemed necessary by the 

Technical Director, containers from each lot are pre-certified in house prior to use. A lot 

number is affixed to each container for purpose of traceability. 
 

7.6.6  Chain of Custody Documentation, Traceability, and Sample Integrity 

7.6.6.1 Formal chain-of-custody procedures are initiated by a sample custodian responsible for the 

organization and relinquishing of sample containers to the client or field personnel. 
 

7.6.6.2 Properly record all fields of information on the chain-of-custody form. Proper completion of 

the form is the responsibility of the client’s field sampling manager and is required prior to 

relinquishing the samples.  
 

7.6.6.3 If the site location is different from the client address, the site location is recorded in the  

“Project Name” space on the chain-of-custody form, or on the right hand side of the form if 

additional space is required. The sample identifications assigned in the field are recorded in the 

“Sample Identification” column.  
 

7.6.6.4 Common carriers may identify themselves by signing the “Relinquished By” space on the 

chain-of-custody form. 
 

7.6.6.5 Maintain chain-of-custody for samples transported from the field to the laboratory by common 

carrier. Completed custody forms must accompany each sealed cooler by placing them in a 

plastic bag taped to the inside lid of the cooler. 
 

7.6.6.6 Maintain a copy of each air bill package tracking form associated with a shipment of samples 

in the appropriate client files. 
 

7.6.6.7 The custody-technician is responsible for the inspection of shipping containers upon  

laboratory receipt for overall integrity to ensure that the contents have not been altered or 

tampered with during transit. If tampering is apparent, the sample custodian immediately 

contacts the assigned project manager who is responsible for notifying the client. 

7.6.6.7.1 The cooler inspection form, filed by the sample custodian, describes the deficiency and 

annotates any corrective action required by the client. Document any appropriate changes on 

the accompanying project chain-of-custody form, which is dated and signed by the sample 

custodian or project manager. 
 

7.6.6.8 If shipping containers arrive intact, the sample custodian in the receiving area immediately opens 

them. The chain-of-custody form and temperature bottle are removed for inspection. Upon receipt,  

the container temperature is documented in a sample registry or, if requested by the  

client, documented on the chain-of-custody form. 
 

7.7 Continuous Chains of Custody 

7.7.1 A “Continuous Chain of Custody” sets protocols for keeping an unbroken, or continuous, chain of  
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custody. The intent of this procedure is to enable AES employees to track samples from the time and 

date of receipt to the time and date of disposal, particularly where legal cases are involved. In doing 

this, a constant record is kept of when and by whom samples are removed from the Sample  

Receiving Department. AES will use its standard Chain of Custody (CoC)internally as a 

“Continuous Chain of Custody” if requested by a client. 
 

7.7.2 Project Managers will notify the Sample Receiving Department when jobs require this unbroken 

Chain of Custody. 
 

7.7.3 A sequential laboratory identification number is assigned to the project and recorded on the chain-of-

custody form, on each sample container submitted with the project, and in the Sample Registry. 

7.7.3.1 Accurate and complete sample documentation must be provided on the chain-of-custody form 

in order to log samples into the sample registry. The sample registry includes all information 

necessary to maintain chain-of-custody including laboratory ID, client (field) ID, and initials of 

the sample receipt custodian.  
 

7.7.3.2 Ancillary information, such as sample collection date and requested analyses, is transferred 

directly from the chain-of-custody form into the LIMS and appears on the client project-

specific acknowledgement. 
 

7.7.4 Once the chain of custody is verified, the project is logged into the LIMS to transfer the desired 

work order request to the laboratory.  

7.7.4.1 The sample custodian checks the information on each sample’s label against that on the chain-

of-custody form for discrepancies. 
 

7.7.4.2 The sample custodian also inspects all samples for leakage or obvious seal (if provided) tampering. 

All samples are unpacked in a well-ventilated sample receipt area.  
 

7.7.4.3 Samples received in plastic containers, or those that appear to be accumulating or evolving gas, 

are treated cautiously and inspected under a chemical hood since they may contain toxic fumes 

or be of an explosive nature. 
 

7.7.4.4 A “Cooler Receipt Form” is completed to document custodial concerns at sample login. 
 

7.7.5 Custody discrepancies noted by the sample custodian are transmitted to the project and sample 

manager and are resolved with the client prior to laboratory work assignment. Discrepancies are 

documented on the Anomaly Report. 

7.7.5.1 The Project Manager and the Sample Custodian attempt to resolve custody discrepancies 

expeditiously to avoid holding time compromises. After a decision concerning a sample has 

been made, the Project Manager or Sample Custodian makes an initialed note in the work order 

narrative.   The person, who was notified, time, date, and resolution, if applicable, is 

documented. This information is also documented on the Sample Custody Excursion form. 
 

7.7.5.2 A faxed or hard copy of custodial resolutions or project order alterations is secured from the 

client prior to work initiation. Copies of this documentation are mailed to the client and  

maintained in the client file. 
 

7.7.6 After addition of the project sequential identification number, the samples are distributed to the 

appropriate sample storage areas. Sample storage temperature logs are maintained for all sample  

storage refrigerators to assure proper temperature maintenance throughout the analytical process. 

 

7.7.7 As soon as possible, all samples received by AES are checked, by the appropriate preparation or  
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analytical department, for proper pH adjustment. The pH of each sample is measured, documented, 

and adjusted if necessary. To avoid compromising sample integrity, volatile samples are checked for 

proper pH adjustment only at the time of analysis. The pH of volatile samples is not adjusted. 

 

7.7.8 Only authorized personnel are permitted within the laboratory areas where sample access is possible. 

Sample storage areas are designed to segregate volatile and non-volatile samples. Standards and 

extracts are also departmentally controlled and stored separately. 

 

7.7.9 The set of analyses required for a group of samples is project-dependent. After sample registry login 

and verification, samples are transferred from the receiving area to the appropriate sample 

preparation area. Those samples not requiring preparation are immediately sent to the sample 

analysis storage area. Using LIMS-generated sample preparation worksheets for guidance, samples 

are extracted, digested, or distilled as appropriate. The extracts, digestates, or distillates are then 

transferred to the appropriate analysis section, where analysis is performed. 

 

7.7.10 For projects where the client requires in-laboratory custody records, the AES project manager 

informs the sample custodian that they need to coordinate custody activities prior to sample receipt. 

For these samples, staff complete department-specific in-laboratory sample tracking forms. Samples 

and sample preparations are stored in approved sample storage areas. 

 

7.7.11 Sample holding times are tracked via the LIMS. Sample collection dates are routinely entered into 

the LIMS with all sample logins. This information allows holding times specific to each 

departmental analysis to be tracked by department managers, supervisors, chemists, and analysts 

through the use of daily status sheets, reference sheets, and preparation worksheets. 

7.7.11.1 Date analyzed is recorded via instrument outputs as an integral part of the raw data. 

 

7.7.11.2 The date of analysis is entered into the LIMS and compared to the date sampled to validate that 

holding times were not compromised. 

 

7.7.12 Upon completion of analytical work, custody of unused sample portions, extracts, or digests is 

relinquished to a central secured storage area. Here the samples, digests, or extracts await disposal, 

which is performed with assistance of the LIMS. The LIMS stores client specific disposal instructions, 

compiles results from the analyses of composite samples, prepares sample disposal lists, invoices for 

disposal and sample return costs, and provides a disposal record for all excess samples. 

 

7.7.13 By careful assignment of user passwords and file access/lock codes, AES maintains a high level of  

data security in the LIMS. Thus, only authorized AES personnel can access client files to view data. 

In addition, data entry and editing is restricted to highly trained data management personnel. 

7.7.13.1 Data may be downloaded in a variety of standard formats including ASCII, spreadsheet, 

database, and text files, such as *.ASC, *.WK1, *.DBF, *.TXT, etc. 
 

7.7.13.2 Additionally, laboratory data may be formatted to match client-specific requirements. These 

requirements are defined and agreed upon prior to project commencement. 
 

7.7.13.3 Laboratory data is thoroughly reviewed prior to preparation of electronic or disc deliverables. 

The download process includes electronic and logical error check routines to confirm that the  

 data files delivered are consistent with the client’s format and data content needs. 
 

7.7.13.4 A signed digitally signed electronic report is provided with diskette deliverables and an  

 electronic and documentation audit trail of each download event are maintained. 
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7.8 Data Security 

7.8.1 Client information is confidential and should be protected during electronic storage and transmission 

of results.  In order to ensure data integrity and security, all files selected for data downloads are 

transferred from the LIMS to an isolated PC computer system. Access to downloaded files is then 

controlled via required matches of employee log-on sequences and confidential passwords. The 

entire download process is regularly reviewed and maintained by the computer department for 

system performance. 
 

7.8.2 The LIMS manager maintains internal documentation for all LIMS programs. This documentation 

includes descriptions of any program additions, deletions, or modifications, the dates of revisions, 

and the initials of the responsible programmer. To verify proper functioning of the program 

hardware and software, a simulation account is maintained. When hardware or software is modified, 

the LIMS uses actual data in the simulation account to verify that the modifications are functioning 

as anticipated. Anti-virus software serves as an additional protective measure. 
 

7.8.3 Data is entered into the LIMS through direct instrument interfaces and manual entry of data from the 

chemists’ worksheets. Immediately following data entry, approval sheets are printed with the entered 

data as it appears in the LIMS. Assistant project managers compare all data on the approval sheets 

against the chemists’ worksheets for data transcription errors. 
 

7.8.4 Data worksheets, data approval forms, and final reports are routinely printed for verification and 

signatures. Hard copies of final reports, field data, chain-of-custody forms, and any ancillary 

documentation pertinent to the project are kept in a secured storage area and placed chronologically 

within alphabetically arranged client files. 
 

7.8.5 AES maintains a security policy. Under this policy, all external doors are either visually monitored 

by AES staff or kept locked. Visitors are required to sign in. They are accompanied at all times by an 

AES staff member. 
 

7.9 Container Receipt 

7.9.1 When the laboratory receives containers, they are entered into the Received Container Logbook. An 

AES ID Container number unique to that case of containers is issued. Contamination is checked for in 

containers that do not include a Certificate of Quality Environmental Compliance. 
 

7.9.2 The following is a step-by-step guide for entering all information associated with the container: 

7.9.2.1 A unique AES ID # is given to each box of containers. This number is given in numerical 

sequence by adding one to the previous number. 
 

7.9.2.2 Under “Container Description”, enter a brief description of the bottle type. Include: bottle  

size, plastic or glass, clear or amber, preservatives, and pre-cleaned, if noted. 
 

7.9.2.3 Enter the date that the containers were received at the laboratory in the “Date Received” box. 
 

7.9.2.4 Under “Vendor Name”, enter the name of the vendor that the containers were ordered from.  

The sample-receiving manager has this information. 
 

7.9.2.5 Enter the vendor lot number under the “Vendor Lot #” box. This number is found on a vendor 

provided label on the outside of each case of bottles. 
 

7.9.2.6 Under “Date Expires”, enter the date that the containers will expire.  This date will be one year 

after the containers were received at the laboratory, unless otherwise stated by the manufacturer. 
 

7.9.2.7 Enter the number of containers in each case under the “No. of Containers in Lot” box. This  

information is found on a vendor provided label on the outside of each case of bottles. 
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7.9.2.8 A Certificate of Quality Environmental Compliance is found inside of each box of glass 

containers. This information is filed in the sample-receiving department. All plastic containers 

will be checked for contamination in each new lot that is received by the laboratory. The AES 

lab number will be written in the “Contamination check OK” box. The information for the 

contamination check will be found in the LIMS system. 
 

7.9.2.9 Enter the initials of the person that received the containers in the “Initials” box. 
 

7.9.2.10 After each case of containers has been properly entered into the Received Container Logbook, 

the AES ID # and the expiration date should be written clearly on each case of containers in 

permanent ink. The containers should then be placed in the for use bottle storage area. 
 

7.9.3 A logbook of records shall be kept in the sample-receiving department. It should be checked 

periodically by the sample receiving department manager to ensure that it is properly maintained. 
 

7.10 Subcontracting to Other Laboratories 

7.10.1 Subcontract Laboratories 

All subcontract laboratories are required to supply the Quality Assurance Manager, upon written 

request, with adequate proof of accreditation in applicable state, AIHA-LAP, LLC, TNI, or other 

programs, depending upon the client and origination of the samples. Documents shall be requested 

from all subcontract laboratories. The requested documents will include, but may not be limited to, a 

current Quality Assurance Manual, the scope of approved testing, proof of insurance, and AIHA-

LAP, LLC, TNI and/or other applicable state accrediting authority certificates. 

7.10.1.1 A list of subcontract laboratories can be found in Attachment 7. 
     

7.10.2 Protocol for subcontracting work received at the laboratory to another facility. 

7.10.2.1  When samples are received which have testing requirements that cannot be performed in-house,  

 the samples must be sub-contracted to another laboratory. The laboratory will advise the client 

that samples will be subcontracted via email to get approval.  The laboratory is responsible to the 

customer for the subcontractor’s work in that due diligence shall be done to confirm the 

subcontractor is accredited by AIHA-LAP, LLC (or the appropriate regulatory authority) for the 

parameters that will be performed and the laboratory shall retain records demonstrating that this  

 requirement was met.  
 

7.10.2.2 The sample-receiving department prepares an aliquot and a chain-of-custody to send the 

sample(s) to the sub-contracted facility. This chain-of-custody will be submitted to the sub-

contract facility. All information, including project name, project number, sample ID, 

collection date, collection time and analysis must be included on the COC. The project 

manager must review the chain-of-custody before the sample is sent out. Also, a purchase 

order number must be obtained from the accounting department and placed with the COC. 

7.10.2.3 If the client did not provide sufficient sample to send out, the sample must be split. See the 

procedure for splitting samples to correctly obtain a representative portion of the sample 

contained within individual standard operating procedures (SOPs). 
 

7.10.2.4 The client must be contacted in writing of the intent to subtract any portion of the testing to 

another party. The results from the subcontracted laboratory must be reported utilizing a copy 

of the original report received from the subcontract laboratory. 
 

7.10.2.5 The project is entered into the LIMS system in the Sample Login Procedure with a note in the  

comment section “SUB OUT.” 
 

7.10.2.6 Fill out a FedEx label with the name, address, and phone number of the subcontracting facility,  
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and all the necessary information for the shipper. Prepare a cooler with packing material to 

ensure that the containers will arrive at the facility unbroken and in a condition that meets the 

method requirements. 
 

7.11 Purchasing Services and Supplies  

7.11.1  Procurement Document Control 

Vendors of analytical supplies to AES Inc. are regarded as a resource to and an extension of the 

laboratory. Standards for quality identified in this document shall be applicable to vendors. 
 

7.11.2 The purpose of the procurement control document is to assure the quality and traceability of 

procured items (equipment, materials, or services) in instances in which the specifications could 

affect the quality of the services provided by AES, Inc. This includes such quality related items as 

the calibration of instruments by outside laboratories, purchase of standards, subcontracted services, 

and materials requiring testing before use. 
 

7.11.3 Control of purchased materials, equipment, and services is a system designed to insure products and 

services conform to the procurement requirements. This system includes provisions for vendor 

evaluation and selection, objective evidence of quality furnished by the vendor, and examination of 

products or services upon delivery. Prior to the use of such products and services, documented evidence 

of conformation to the procurement requirements must be provided. This evidence is maintained in the 

analytical department office records. 
 

7.11.4 It is the responsibility of the Accounting Department to insure the development and implementation  

of procedures to control purchased products and services. It is the responsibility of the purchasing 

agent to specify quality objectives for procured items and services. Purchased materials that fail to 

meet established criteria are documented by Non-conformance reports issued by the purchaser. 
 

7.11.5 Procedures and Responsibilities 

7.11.5.1 It is the responsibility of the purchasing agent to provide assurance, when required, that all 

applicable regulatory requirements, industry codes, and standards appear with the purchase 

documentation for the affected services and products. 
 

7.11.5.2 The Purchasing Department retains Purchase Orders for control purposes. 
 

7.11.5.3 Purchased items which do not meet the minimum standards set forth by the purchasing agent 

are processed according to procedures set forth in Section 13.0, “Corrective Action.” 
 

7.11.5.4 The appropriate manager or supervisor and QA Manager review purchase orders to ensure  

that quality related services or products meet the criteria of the laboratory’s accreditations. 
 

7.11.5.5 Purchase orders for standard catalog items do not require QA review unless they include 

thermometers, thermistors, hydrometers, pipettors, or analytical balance weights. 
 

7.11.5.6 Where possible, reference materials (such as calibration standards) are purchased from a 

supplier that conforms to ISO Guide 34 in combination with ISO/IEC 17025, accreditation by 

an ILAC recognized signatory.  External Calibration services shall, wherever possible, be 

obtained from providers accredited to ISO/IEC 17025 by an ILAC recognized signatory. 
 

8.0 ANALYTICAL PROCEDURES 

8.1 Method Sources and supporting procedures include the following: 

8.1.1 Analytical methods used are currently accepted and approved by the US EPA, NIOSH, and 

“Standard Methods”.  
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8.1.2 Other reference procedures for non-routine analyses including methods stipulated by specific states, 

such as Underground Storage Tank methods, or by ASTM. 
 

8.1.3 Appendix XI includes the list of controlled outside reference documents maintained by AES.  

Control and updating of the reference document is completed annually by the Technical Director.  

Electronic document updates or web links to current revisions are posted to the laboratory portal 

server library, and Appendix XI is updated with the annual update to the QA Manual.  
 

8.1.4 The laboratory has a procedure (for the AIHA-LAP, LLC program) in the form of a Standard 

Operating Procedure (SOP) for the validation of methods in the event a laboratory designed method 

or a non-standard method is used. 
 

8.1.5 Laboratory Standard Operating Procedures (SOPs) are located on the company’s intranet archival 

system, commonly referred to as the “portal server”.  These procedures contain the description of the 

preparation, calibration, analysis and/or verification test procedures.  
 

8.2 Document Control. This section describes the procedures for control and maintenance of documentation 

through a document control system, which ensures that standard operating procedures, manuals, and 

reference documents clearly indicate the time period during which the procedure or document was in 

force.  Regardless of which analytical procedures are used in the laboratory, the methodology shall consist 

of carefully documented Standard Operating Procedures (SOPs) and approved methods which may be 

periodically modified, updated or replaced entirely due to advances in technology or changes in regulatory 

protocols. Some clients may require pre-approval of method revisions before modifications are used to 

generate data. Documentation of analytical procedures for generating laboratory data shall be clear, 

concise, adequately referenced, and reflect the actual steps employed by the analyst. 
 

8.2.1 Procedures 

Methodologies employed in the laboratory are documented by the creation of an SOP. This 

document provides the analyst with the information necessary to perform the analysis. Every SOP is 

created in accordance with this QA document. It follows the intent of the method it is patterned 

after, but provides any additional information essential to the specific instrument instructions,  

specific quality concerns, etc. 

8.2.1.1 If an SOP is not available for a specific analysis, the analyst will follow EPA, Standard Methods, 

NIOSH, or other regulatory methodology as required. Deviations are not allowed.  
 

8.2.1.2 Before a new method is accepted for routine use, adequate performance must be demonstrated.  

This includes an MDL study, IDOC, and related QA/QC procedures as required by the method. 

  

8.2.1.3 Appropriate management personnel evaluate the merits of all new methods and recommend 

approval or rejection based on the available data. This committee includes, at a minimum, the 

Laboratory Manager and Technical Director. If the method is approved, a Standard Operating 

Procedure is created and the procedure is implemented. 
 

8.2.1.4 All analytical procedures must provide documentation so that the complete process used to 

produce data can be reconstructed. 
 

8.2.1.5 All deviations from an approved analytical procedure are authorized and documented by the 

Technical Director.  
 

8.2.2 All changes to an approved procedure require, at a minimum, an Interim Change Notice. A complete 

revision and re-issuance of the SOP may be required. SOPs are reviewed at least annually. 
 

8.2.3 A list of all current SOPs including their review and revision status is maintained electronically on  
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AES_server\L\Current SOP\SOP Masterlist. Current SOPs are maintained electronically on the AES 

Portal Server in the Technical Management folder. All controlled documents are in “Read Only” 

format and password protected.  The Vice-President of Operations, QA Manager, Technical Director 

and their appointees are the only laboratory employees with edit access to these folders.  In addition, 

a master list of controlled documents is maintained for documents other than SOPs. This includes 

various forms, software, references, etc.  It is located at AES_server\L\Current SOP\ 

Documents_Master_List_Non-SOPs. 
  

8.3. Instructions and Procedures  

It is the policy of AES Inc. that all analyses and operations are performed using approved written 

procedures which are to be available to the personnel conducting the analysis /operation. The procedures 

assume one of two general formats. These formats are “Temporary Procedures” and “Standard 

Operating Procedures.”  

8.3.1 Temporary procedures are designed to accommodate the transition from a developing analytical service 

or method to an established procedure in the most efficient manner. They are less than formal 

procedures but are adequate to document the procedural treatment of samples. Effective dates and 

expiration dates are documented. Temporary Procedures, approved by a manager and the Technical 

Director, can be handwritten procedures and contain at a minimum the following information: 

8.3.1.1  Health and safety requirements to perform procedure (if necessary). 
 

8.3.1.2  Actual analytical method (step by step). 
 

8.3.1.3  Materials list (if necessary). 
 

8.3.1.4 Reagents (if necessary). 
 

8.3.1.5 Calculations needed to perform procedure. 
 

8.3.1.6 Reference sources from which procedure was developed. 
 

8.3.2 Standard Operating Procedures (SOPs) are a formal treatment of an analytical or administrative 

procedure. Analytical SOPs shall be generated using nationally recognized procedures and 

incorporate AES, Inc., operations and instrumentation. The SOPs are revised as required by the 

appropriate Managers and are reviewed and authorized for continued use at least annually. 

Analytical SOPs contain the following information: 

8.3.2.1 Title, issue date and revision number 
 

8.3.2.2 Approval signatures 
 

8.3.2.4 Sample preparation, handling, storage and disposal 
 

8.3.2.5 Definitions 
 

8.3.2.6 Responsibilities 
 

8.3.2.7 Hazards and safety requirements 
 

8.3.2.8 Materials and equipment 
 

8.3.2.9 Standardization and calibration requirements 

 

8.3.2.10 QC sample frequency and performance criteria 
 

8.3.2.11 Operating instructions 
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8.3.2.12 Example calculations and data sheets 
 

8.3.2.13 References 
 

8.3.3 Administrative Procedures contain the following sections 

8.3.3.1 Contents Page 
 

8.3.3.2 Purpose and scope paragraphs 
 

8.3.3.3 Text 
 

8.3.4 Emergency procedures are divided into three sections: 

8.3.4.1 Symptoms 
 

8.3.4.2 Immediate actions 
 

8.3.4.3 Subsequent actions 
 

8.3.5 Amendments of Documents by Hand: 

8.3.5.1 SOPs are only amended via a permanent or temporary Interim Change Notice (ICN).   
 

8.3.5.2 Spreadsheets, checklists, logbooks, and other documents that are templates which are filled in 

with data may be amended by a department manager, technical director, QA manager, or 

laboratory manager’s approval.  The manager/director should write the change on the 

document, then initial or sign and date the document. 
 

8.4 Electronic Document Control  

The laboratory SOPs are maintained electronically by the Technical Director through the electronic 

document control system. Hard copy signed originals of the procedures are Maintained by the Technical 

Director or appointee.  Any staff member may request revision to the procedures.  
 

8.5  Creating and Maintaining Standard Operating Procedures 

“Standard Operating Procedures” describes the system for preparation, issue, implementation, and 

revision of formal Standard Operating Procedures for Analytical Environmental Services, Inc.  Standard 

Operating Procedures are defined as written procedures for personnel to perform analyses, technical 

operations, tests, processes, administrative operations and tasks, or inspection of samples submitted to 

Analytical Environmental Services, Inc.   
 

8.5.1 Procedures are tracked, issued, revised, and filed. 
 

8.6 Responsibilities 

All technical and administrative staff is familiar with the requirements of this procedure and is responsible for 

its implementation. To ensure uniform and accurate procedures, the following personnel are assigned with the 

stated responsibilities: 

8.6.1 SOP Author - The Author, when writing SOPs ensures the following:  

8.6.1.1 The SOP meets applicable regulatory requirements. 
 

8.6.1.2 The SOP includes the actual instruments and materials associated with AES, Inc. 
 

8.6.1.3 The SOP follows the requirements of the published standard method(s). 
 

8.6.1.4 The SOP conforms to guidelines established in this document. 

 

8.6.1.5 The SOP meets the applicable requirements of the laboratory’s QA Manual. 
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8.6.1.6 That he responds to reviewer(s) comments in a timely manner. 

  

8.6.2 Section Supervisor - The Section Leader is responsible for the following: 

8.6.2.1 Review all new SOPs originating within their section. 

 

8.6.2.2 Ensure the personnel in their department are aware of the SOP and understand their 

responsibility pertaining to the SOP. 

 

8.6.3 Technical Director - The Technical Director is responsible for the following: 

8.6.3.1 If a new SOP needs to be created, the Technical Director may assign the task of drafting SOPs 

to qualified individuals who possess the requisite experience and good communication/writing 

skills.  The Technical Director may elect to write the SOP. 

 

8.6.3.2 Ensures SOPs are in compliance with current regulations and established methods. 

 

8.6.3.3 Reviews and approves all SOPs. 

 

8.6.3.4 With the assistance of the QA Manager, maintains the SOP development, review, approval, 

and distribution system as stated in this procedure. 

 

8.6.3.5 With the assistance of the QA Manager, maintains a protected archive of old SOP versions and 

current versions (controlled document system) for obsolete SOPs. 

 

8.6.4 Laboratory Manager - the Laboratory is responsible for the following 

8.6.4.1 Ensures that all sample analyses requested by the client have a current SOP.  If a current SOP 

does not exist, the Laboratory Manager shall initiate a procedure for creation of an SOP. 

 

8.6.5 QA Manager - the Quality Assurance Manager is responsible for the following: 

8.6.5.1 With the assistance of the Technical Director, assists in SOP development, review, approval, 

and distribution system as stated in this procedure. 

 

8.6.5.2 Ensures SOPs are in compliance with current regulations and established methods. 

 

8.7 Definitions 

8.7.1 Interim Change Notice (ICN)  - A document accompanying any SOP or manual as a mandatory 

change, but is not included in the original text of the manual or SOP until the next revision.  
 

8.7.2 Controlled Copy - A copy of an AES Document or SOP that is updated when revisions are issued.  

All controlled documents are electronic files. 
 

8.7.3 Uncontrolled Copy - A printed copy that is labeled “uncontrolled” and is not updated when revisions 

are issued. 
 

8.7.4 Technical SOPs - Any SOP that directly addresses the laboratory analysis procedure.  

 

8.7.5 Non-Technical SOP - Any SOP that is used at AES but does not directly address the laboratory  

analysis procedures.  Examples are QA SOPs, QC SOPs, Project Management SOPs, and 

Administrative SOPs. 

 

8.8 New Procedure Initiation 
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8.8.1 Immediate Procedure Initiation 

A Temporary SOP should be written when the laboratory receives projects which have requests for 

analytical procedures that do not have an SOP and the staff feels that the laboratory can perform the 

requested test procedure in-house.  

  

8.8.2 Planned Procedure Initiation 

The department manager/section supervisor, the Laboratory Manager, and the Technical Director  

determine the need for a new SOP.  

 

8.8.3 As part of the New Procedure Request Form, the QA Manager and the Technical Director complete 

the following: 

8.8.3.1 The Technical Director assigns the appropriate SOP number. 

 

8.8.3.2 The Technical Director completes a Draft SOP or assigns an alternate author. 

  

8.8.3.3 The draft SOP is forwarded to the affected laboratory personnel for review (see Section 8.11). 

The draft includes all of the text, tables, and attachments formatted as outlined in this SOP. 
 

8.8.3.4 After review by the affected personnel, the Technical Director finalizes the SOP.  A hard copy 

of the SOP is produced for signature and placed into a folder in the QA Managers office.  

Controlled electronic copies are made available to laboratory staff in “Read Only” format on 

the AES Server and Portal Server.  
 

8.9 Standard Operating Procedure Formatting 

8.9.1 Title Page 

8.9.1.1 Standard Operating Procedure Title Page Format. (Every procedure is preceded by the 

Procedure Title sheet.  See Attachment 2). 

8.9.1.2 Title - The procedure is given a concise, descriptive title. When appropriate, Operational 

Procedure titles should include the parameter(s) analyzed, sample type, method (if applicable), 

and analysis technique description (e.g., “Fluoride in Water by Ion Selective Electrode, based 

on EPA Method 353.3”). 

 

8.9.2 Comments - This section includes any reasons for revisions and additional comments as necessary. 
 

8.9.3 Approval Signatures 
 

8.9.4 Header 

8.9.4.1 All SOPs have the following header on each page: 

8.9.4.2  

 

 

 

 

8.9.4.3 The following header fonts are used: 

   

 
 

8.9.4.4 Each procedure is uniquely identified by a five digit number preceded by one of the following 

identifiers to indicate the type of procedure: 

   

AES, Inc.       SOP No:   XX - ##### 

3785 Presidential Pkwy     Date Initiated: MM / YY 

       Date Revised: MM / YY 

Atlanta, GA. 30340      Revision No: # 

     Page No:  ##  of  ## 

 

    Font          Font Size 

  AES, Inc. Times New Roman – Bold  12 

  Address Times New Roman     8 
  SOP No, etc Times New Roman    9 
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Identifier SOP Type  # Assignments 

QA 

AD 

HS 

EM 

QC 

PM 

GL 

SR 

OA 

IA 

LP 

MB 

ABS 

WM 

Quality Assurance 

Administrative 

Health & Safety 

Emergency 

Quality Control 

Project Management 

General Laboratory 

Sample Receiving 

Organic Analytical 

Inorganic/Metal Analytical 

Leaching Procedure 

Microbiology 

Asbestos 

Waste Management 

01000 – 01999 

02000 – 02999 

03000 – 03999 

04000 – 04999 

05000 - 05999 

06000 – 06999 

08000 – 08999 

09000 – 09999 

11000 – 11999 

13000 – 13999 

14000 – 14999 

15000 – 15999 

01000 - 01999 

17000 - 17999 
 

8.9.4.5 Revision - The first issue of a procedure is not assigned a revision number.  It is assigned an 

“N/A” entry. As revisions are made to the procedure, the revision number is increased 

sequentially starting with Revision 1 (one). 
 

8.9.4.6 Effective Date - The date when the procedure becomes effective. Use following format: 12/97. 
 

8.9.4.7 Revision Date - The date the current revision became effective. Use tfollowing format: 12/97. 
 

8.9.4.8 Number of Pages - The correct form for this is, Page No.:   x of y. Example the fifth page of a 

24 page document would be formatted as: Page No.:  5 of 24. 

 

8.10 Table of Contents 

Section and sub-sections are listed in the Table of Contents using the font in the body of the SOP. See 

Attachment 5 for an example of an SOP. In addition, all Tables and Attachments are included in the  

Table of Contents. 

8.10.1 Each Manual has a Table of Contents that includes the following information:  SOP document  

 number(s), name(s) of the SOP, date(s), revision number(s), and associated Method Number.  

When SOPs are revised, this list is edited to reflect the changes. 

8.10.1.1 The Title of each SOP is Centered, All Capital letters, and in Boldface type on the Table of 

Contents page. 
 

8.10.2 SOP Body - Technical Procedures.  

8.10.2.1 All procedures are formatted using this section numbering system: 
 

 

 

 

 

 

 

8.10.2.2 To keep all the SOPs uniform, use Times New Roman, Font Size 12 for the document. 
 

8.10.2.3 Each Section is underlined and all capital letters. 

  

8.10.3 All Technical SOPs include the following sections in the same order: 

1.0  SECTION 
 

  1.1 Sub-Section 
 

   1.1.1 Sub-Sub-Section 
 

    1.1.1.1 Sub – Sub – Sub – Section 
  

2.0  SECTION 
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 TABLE 8-1 Technical SOPs 

Section Number – Title  Purpose  Required Information 

1.0 SCOPE AND 

APPLICATION 

 

- Describes what the method does 

- Describes the matrices to which a 

method applies. 

-May also describe when the method 

is to be employed. 

1. All matrices which may be analyzed 

using the method. 

2. Analytes the method is capable of 

quantifying. 

3. Quantitation range of analytes. 

4. Reference to sample  

2.0 SUMMARY OF 

METHOD 

Provides a brief description of the 

procedure and the type of chemistry / 

instrumentation employed by the 

laboratory in performing the method. 

 

3.0 INTERFERENCES List most common interferences 

which affect performance of the 

method. For preparative methods, 

include interferences which affect the 

sample analysis. 

 

4.0 SAMPLE COLLECTION, 

PRESERVATION , AND 

HOLDING TIMES 

List preservation, storage, and holding 

time requirements for each matrix 

listed in Section 1.0. 

1. Preservatives 

2. Holding Times 

3. Acceptable container types. 

5.0 REAGENTS AND 

STANDARDS 

List all reagents and standards. 1. Purity of reagents. 

2. All concentrations of reagents and 

standards required. 

3. Detailed preparation instructions for 

each reagent and standard to include 

initial concentration(s), aliquot 

volume(s) or weight(s), final volume, 

final concentration(s), expiration dates. 

4. Listing of the Vendor(s) used to 

purchase the reagent including the 

catalog number, vendor address, and 

telephone number. 

6.0 APPARATUS AND 

MATERIALS 

List all apparatus, materials, and 

equipment, inclusive of data collection 

and reduction systems. 

List make and models or equivalents 

that might be used in the laboratory 

7.0 PROCEDURE 1. This section defines the analytical 

procedure from start to finish. 

2.  Address QA/QC requirements 

when they are appropriate in the 

overall sequence of activities. 

3.  Addresses specific record keeping 

requirements (i.e. when and where to 

record specific information in run logs 

and other required laboratory 

documentation). 

4.  Includes the handling and disposal 

of waste when appropriate in the 

Includes at a minimum: 

1.  Instrument set-up and conditions. 

2.   Calculations of retention times if 

applicable. 

3.  Initial calibrations. 

4.  Continuing calibrations 

5.  Analysis sequence, including QC 

requirements. 

6.  Calculations – inclusive of 

conversions for solids. 

7.  Units required for reporting. 
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overall sequence of activities. 

5.  Calculations are included in the 

text where applicable following the 

example of SW-846 methods. 

8.0  QUALITY 

ASSURANCE 

REQUIREMENTS 

Defines additional QA requirements 

which must be met in addition to all 

criteria previously listed in the SOP. 

Includes a minimum: 

1. Blank requirements. 

2. Laboratory Control Sample (LCS) 

requirements. 

3. Matrix spike requirements 

4. Matrix spikes duplicate or sample 

duplicate requirements. 

5. Any method specific requirements 

(e.g. MSA for GFAA metals, surrogates 

for GC/MS procedures, tracers for alpha 

spectroscopy methods). 

6. Corrective actions required when 

requirements are not met. 

7. Frequency of QC samples 

9.0 HEALTH AND SAFETY Details specific health and safety 

requirements for the method and 

references any general health and 

safety requirements which may apply. 

1. Protective clothing required. 

2. Special hazards associated with 

chemicals or equipment used in the 

procedure. 

3. Storage and / or disposal of all 

sample extracts and chemicals used. 

10.0  DATA REPORTING Defines the method for data reporting 

by the staff to clients.   

Includes a minimum: 

1. Reporting limits in LIMS. 

2. Rounding of data. 

11.0 FILE MAINTENANCE Defines the procedures for data 

transfer and archiving of data for long 

term storage. 

1. Frequency of data transfer from local 

computer to server. 

2. Method used to transfer data to 

server. 

3. Data storage requirements 

12.0 

INSTRUMENT 

MAINTENANCE 

Defines the procedures for routine 

instrument maintenance and entry into 

logbooks. 

 

13.0 

METHOD PERFORMANCE 

Describes the acceptance criteria 

published in the method. 

1. Spike, duplicate precision and 

accuracy. 

14.0 

POLLUTION 

MANAGEMENT 

Describes the procedures required to 

dispose of hazardous wastes. 

1. Waste disposal from received 

samples. 

2. Waste disposal from laboratory 

generated wastes. 

3. Required forms to be completed. 

15.0 

DEFINITIONS 

Provides a definition for terms that are 

used in the SOP. 

 

16.0  REFERENCES Provides the source(s) of the 

information from which the SOP was 

derived. 

 

17.0 VALIDATION DATA Provides the location of information 

for method validation data. 
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Note:   The author may add any subsections that are necessary and do not fit in any of the above categories. 

8.10.4 Copies of any forms or logbook pages used in conjunction with the SOP and unique to the SOP are 

attached as Tables or Attachments and sequentially numbered and referenced in the body of the SOP. 
 

8.11 SOP Body - Non - Technical (Administrative) 

8.11.1 See Sections 8.10 and 8.11 
 

8.11.2 The author may add any subsections that are necessary. 
 

8.11.3 Copies of any forms or logbook pages used in conjunction with and unique to the SOP are attached 

as Tables or Attachments, sequentially numbered, and referenced in the body of the SOP. 
 

8.11.4 SOP Body - Immediate SOP (See section 8.8.6 for the definition of “Immediate SOP”). 
 

8.11.5 Copy the Regulatory Method 
 

8.11.6 Attach a procedure title sheet 
 

8.11.7 Complete the following sections: 1.0 Health and Safety, 2.0 Reagents and Supplies, and 3.0 Step by 

Step Procedure.  If these sections are included in the regulatory method, the following note can be 

included under each section:  “See Regulatory Method attached section_____”. 
 

8.11.8 This is forwarded to the QA Manager who then initiates a new procedure, as described in 8.2.3. 
 

8.12 Procedure Review And Revision 

Procedures undergo periodic review and are updated whenever regulatory, programmatic requirements 

or internal process change. 
 

8.13 Technical Review 

8.13.1 A technical review of the draft SOP is performed by affected laboratory personnel and addresses the 

following items: 

8.13.1.1 Does the SOP comply with the technical requirements of the regulatory agency (EPA, USACE, 

etc.) method? 
 

8.13.1.2 Does the SOP state the step by step procedure of how AES completes the procedure? 
 

8.13.1.3 Does the procedure formatting follow the procedures outlined in this section? 
 

8.13.2 Comments are written directly on the Draft SOP or on another sheet of paper if needed. 
 

8.13.3 The reviewer(s) discuss comments with the Technical Director and arrive at a finalized document. 
 

8.13.4 The Technical Director makes the necessary changes electronically.  The changes include any  

Interim Change Notices (ICNs) that have been generated for the SOP and are incorporated as stated 

in the ICN.  The electronic copy is stored in the server in the appropriate year labeled folder. 
 

8.13.5 The reviewed SOP is printed and all approval signatures are obtained on the original hard copy.  
 

8.13.6 The approved SOP is electronically placed in the “Current Revisions” folder by the Technical 

Director.  All employees have access to these files in a “read only” format.  
 

8.13.7 SOP Acknowledgement forms (Attachment 1) are distributed to all area supervisors to distribute to  

all employees who will be using the procedure. 

 

8.13.8 Employees using the new procedure sign SOP Acknowledgement forms and return them to their 

Supervisor who forwards them to the Technical Director for final approval and scanning.  
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8.14 Procedure Changes 

8.14.1 Analysts, supervisors, or management have the ability to request changes to procedures as part of the 

continuing procedure maintenance using the “Interim Change Notice” (ICN) form (See Attachment 4). 

 

8.14.2 To complete an ICN, make the required changes to a copy of each affected procedure page. Revise 

and edit these copies using appropriate standard editor’s marks and symbols. 

 

8.14.3 The employee requesting the change ensures the department manager signs the ICN and forwards  

the ICN to the Technical Director. 

 

8.14.4 The Technical Director signs the ICN, supplies a copy to each applicable department supervisor, 

ensures that a copy is placed in the controlled SOP folders (see section 8.2), and files it with the 

controlled QA SOP files.  

 

8.15 Standard Operating Procedures Electronic Document Control Process 

8.15.1 All controlled documents are electronic files which are password protected and managed by the 

Technical Director or designee. 

 

8.15.2 All laboratory personnel have access to a controlled, electronic copy of the SOPs applicable to their 

job description.  

 

8.15.3 Only uncontrolled documents are issued to clients. 

 

8.15.4 The electronic document control files are arranged such that laboratory personnel have access to 

only current revisions of controlled documents.  All archived revisions, draft procedures, etc. are 

accessible only to authorized QA or Technical Direction personnel via password access. 

 

8.16 Uncontrolled copies of Standard Operating Procedures are printed, working copies of the documents, 

and in that regard, are not monitored or tracked. 

   

8.17 Procedure Archive 

The Technical Director is responsible for archiving any procedures that are no longer used at AES.   

8.17.1 Historic hardcopies of SOPs not in use are kept in the Technical Director’s office.  For SOPs 

associated with AIHA-LAP, LLC accreditation, the documents are marked “Void” so it is clear they 

are not in use. 

 

8.17.2 Retired electronic SOPs related to the AIHA-LAP, LLC are marked as “Obsolete” via a watermark.   

 All electronic SOPs are moved by the Technical Director to the designated archive directory. 

8.17.3 The Technical Director removes the folder from the “active” files and places it in the archived files. 

 

8.18 Temporary Change 

Temporary changes to an SOP may be required for the following reasons: a sample matrix does not 

permit the SOP steps to be followed as written, or if a client desires a change to an SOP that is currently 

in use at AES. 

 

8.18.1 The Temporary Change Notice is completed and approved prior to the use of a revised procedure.  

See Attachment 4. 
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Attachment 1 
 

QUALITY ASSURANCE MANUAL 

STANDARD OPERATING PROCEDURE 

ACKNOWLEDGEMENT 
 

 

 

Name (Printed): _____________________________________ 

 

SOP Title:  Quality Assurance Manual 

 

SOP Number: QA-01000   Rev. No. 26 

 
  

  

The laboratory analyst signature on this approved SOP signifies the following: The analyst has read the SOP in its 

entirety and has read the analytical methods referenced in the SOP. 

 

The analyst understands that the SOP is to be followed explicitly.  Any deviation from the SOP must be noted in 

writing.  Furthermore, the deviation from the SOP must be approved in writing by the laboratory supervisor and the 

QA staff prior to the analyst’s adoption of the deviation from the SOP. 

 

The controlled electronic copy of this SOP is located on the portal server at:  Documents: Quality Assurance: QA 

Manuals: QA Manual: 2021_QA_Manual_Rev_26.pdf.    If a hard copy is desired, you may request one from the 

Supervisor.   

 

 

Do not make a copy or print out the QA Manual yourself.  Printed copies are uncontrolled documents. 

 

 

 

Print Name: _____________________________________________ Date: ____________ 

 

Analyst’s Signature: ______________________________________ Date: ____________ 

 

Department Manager Signature: _____________________________ Date: ____________ 

 

Technical Director's Signature: ______________________________ Date: ____________ 
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Attachment 2 

Example SOP Title Page 

 
APPROVAL OF ATTACHED DOCUMENT FOR IMPLEMENTATION 

 

NOTE: THIS IS A CONTROLLED ELECTRONIC DOCUMENT  
 

PRINTED COPIES OF THIS DOCUMENT ARE UNCONTROLLED 
 

ORIGINAL SIGNED DOCUMENT RESIDES IN AES QA OFFICE 
 

 DOCUMENT TITLE:  STANDARD OPERATING PROCEDURES FOR FILTERABLE 

RESIDUE (TDS) BY SM2540C 

  

 DOCUMENT CONTROL NUMBER:  Rev. 9 
 

 DOCUMENT DISTRIBUTION NUMBER: GL-08078 
 

ELECTRONIC DOCUMENT LOCATION 

AES Portal Server: http://Procedures/Standard Operating Procedures 
 

 

The attached Document has been reviewed by the individuals listed below. By signature, each of these individuals acknowledges that the 

document is ready for distribution, in a controlled manner, to all responsible parties for use and/or reference.  

 

By definition, a “Controlled Copy” of a document cannot be changed without review and approval by designated members of 

management. At no time may a “controlled copy” be written on or otherwise defaced with notes or other unauthorized additions.  

 

If an uncontrolled copy of this document is desired, please see the Quality Assurance or Laboratory Manager. They will issue you an 

uncontrolled copy. DO NOT MAKE THE COPY YOURSELF.  

 

By signature below the following employees of Analytical Environmental Services, Inc. have approved this 

document for distribution. 

 

 

Technical Director: Date:  

 

 

Laboratory Manager: Date:  

 

 

Quality Assurance Manager: Date:  

 

 

Department Supervisor:           Date:  
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Attachment 3 
 

Example SOP 
STANDARD OPERATING PROCEDURES FOR FILTERABLE RESIDUE (TDS) 

BY METHOD SM2540C 
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1.0 SCOPE AND APPLICATION 

1.1 This procedure is applicable to drinking, and saline waters, domestic and industrial wastes. 
 

1.2 The practical range of the determination is 10 mg/L to 20,000 mg/L. 
 

2.0 SUMMARY OF METHOD 

2.1 A well-mixed sample is filtered through a standard glass fiber filter.  The filtrate is evaporated to 

dryness in a pre-weighed dish and dried to constant weight at 180°C.  The increase in dish weight 

represents the total dissolved solids in the sample.  
 

2.2 If Non-filterable Residue is being determined, the filtrate from that procedure is used for this procedure. 
 

3.0 INTERFERENCES 

3.1 Highly mineralized waters containing significant concentrations of calcium, magnesium, chloride, 

and/or sulfate may be hygroscopic and will require prolonged drying, desiccation and rapid 

weighing. 
 

3.2 Samples containing high concentrations of bicarbonate will require careful and possibly prolonged 

drying at 180°C to ensure that all of the bicarbonate is converted to carbonate.  
 

3.3 Too much residue in the evaporating dish will crust over and entrap water that will not be driven off 

during drying. Limit sample to no more than 200 mg residue. 
 

3.4 Results for residue high in oil or grease may be questionable because of the difficulty of drying to 

constant weight in a reasonable time. 
 

4.0 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 
4.1 Use glass or plastic bottles provided that the material in suspension does not adhere to container walls. 
 

4.2 Refrigerate samples at 4 ± 2°C to minimize microbiological decomposition of solids. Bring samples 

to room temperature before analysis. 
 

4.3 Preservation of the sample is not practical; analysis should begin as soon as possible.   The 

maximum holding time is 7 days form the time of sampling. 
 

5.0 REAGENTS AND STANDARDS  

5.1 DI water with conductivity less than 1 µmhos. 
 

5.2 Demonstration of Capability Standard (DOC), certified conductivity standard.  Any certified 

standard with TDS concentration of 100 – 500mg/L may be used. 
 

6.0 APPARATUS AND MATERIALS 

6.1 Glass fiber filter discs, 4.7 cm or 2.1 cm, without organic binder such as Whatman grade 934AH, 

Gelman type A/E, Millipore type AP40, E-D Scientific Specialties grade 161 or any other equivalent 

product. 
 

6.2 Filter holder, membrane filter funnel or Gooch crucible adapter. 
 

6.3 Suction flask of sufficient capacity for sample size selected. 
 

6.4 Beakers or any equivalent evaporating dishes, 100-mL volume. 
 

6.5 Drying oven with temperature set at 105°C ± 2°C. 
 

6.6 Drying oven with temperature set at 180°C ± 2°C. 
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6.7 Conductivity Meter (Orion 150) 
 

6.8 Desiccator. 
 

6.9 Analytical balance capable of weighing to 0.1 mg. 
 

6.10 Assorted graduated cylinders and volumetric pipettes. 
 

7.0 PROCEDURE 

7.1 Preparation of Glass Fiber Filter Disc 

7.1.1 Place the disc on the membrane filter apparatus. 
 

7.1.2 Apply vacuum and wash the disc with three successive 20-mL volumes of reagent grade 

water. 
 

7.1.3 Remove all traces of water by continuing to apply vacuum after water has passed through. 

Discard washings. 
 

7.2 Preparation of beaker 

7.2.1 Mark each beaker with a distinctive identification number. 
 

7.2.2 If Volatile Residue, is also to be measured, heat a clean ceramic dish to 550 ± 50°C, for one 

hour in a muffle furnace. If only Filterable Residue is to be measured, heat the clean dish to 

180 ± 2°C for one hour. 
 

7.2.3 Cool in desiccator and store until needed.  
 

7.3 Analytical Procedure 

7.3.1 Record sample numbers and all initial information on to the TDS log book page.  The typical 

analytical batch is arranged as follows: 

-Method Blank 

-Maximum of 20 samples 

-Sample duplicate every 10 samples (at a frequency of 10%) 
 

7.3.2 Perform conductivity on each sample.  Use Table 7-1 to select the appropriate volume to 

filter for each sample. 

Table 7-1 

TDS Volume Selection 

Conductivity (umhos/cm) Volume (mL) 

2000 or less 100 

2000-4000 50 

4000-8000 25 

8000-20000 10 

20000-40000 5 

>40000 1 
 

7.3.3 Weigh pre-dried beaker. Record weight in TDS log book. 
 

7.3.4 Assemble the filtering apparatus and begin suction. 
 

7.3.5 Thoroughly mix sample immediately before pouring aliquot for filtration. 
 

7.3.6 Measure appropriate volume of WELL MIXED SAMPLE into a graduated cylinder for  

volumes ≥ 25mL or pipette for smaller volumes. 
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7.3.7 Record volume in TDS log book. 
 

7.3.8 Quickly transfer and filter the sample through the glass fiber filter. 
 

7.3.9 Remove all traces of water by continuing to apply vacuum after sample has passed through. 
 

7.3.10 With suction on, rinse the graduated cylinder and filter funnel wall with three 20mL portions 

of de-ionized water allowing complete drainage between rinsing.  Remove all traces of water 

by continuing to apply vacuum after sample has passed through. 
 

7.3.11 Transfer all of the filtered sample plus rinsate to the weighed beaker. 
 

7.3.12 Evaporate to dryness in the drying oven overnight at 105°C ± 2°C. 
 

7.3.13 Dry the evaporated sample at 180°C ± 2°C for at least one hour. 
 

7.3.14 Remove from the oven, cover and air cool for about 15 minutes. 
 

7.3.15 Then cool in the desiccator for at least 30 minutes and weigh to 0.1mg. 
 

7.3.16 Record weight as first weight. 
 

7.3.17 Repeat steps 7.3.13 through 7.3.15until a constant weight is obtained or until the weight  

loss is less than 0.5mg (0.0005g).  
 

7.3.18 Record final weight in the TDS log book. 
 

7.4 Calculation 

7.4.1 Calculate TDS (filterable residue) as follows: 

   Filterable residue, mg/l = [(D + S) – D] x 1,000,000* 

      C 

   where: 

    D + S = weight of dried residue + dish (g) 

    D = weight of dish (g) 

    C = volume of sample filtered (ml) 

Note: In the above formula * 1,000,000 represents the unit conversion factor from g/mL to mg/L.  The 

converting formula is presented below. 

 

g 1000mL 1000mg 

mL  L g 
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Table 7-2 

Checklist for TDS Analysis (SM2540C) 
 

____ Record sample numbers and all initial information on the log book page.   
 

____ Perform conductivity on each sample (See Table 7-1 to determine volume to filter). 
 

____ Weigh pre-dried beaker.  Record weight in TDS log book. 
 

____ Assemble the filtering apparatus and begin suction.   
 

____ THOROUGHLY MIX SAMPLE IMMEDIATELY BEFORE POURING ALIQUOT FOR FILTRATION.   
 

____ Measure appropriate volume of WELL MIXED SAMPLE in a graduated cylinder for volume ≥ 25mL or pipette for smaller 

volume and quickly pour into filter apparatus. Record volume in TDS log book.   
 

____ Remove all traces of water by continuing to apply vacuum after sample has passed through. 
 

____ With suction on, rinse the graduated cylinder and filter funnel wall with three 20mL portions of DI water allowing complete 

drainage between rinsing. Remove all traces of water by continuing to apply vacuum after water has passed through. 
 

____ Transfer all of the filtered sample plus rinsate to the weighed beaker  
 

____ Place in the dry oven overnight at 105°C± 2°C. 
 

____ Dry evaporated sample at 180 °C ± 2°C for at least one hour. 
 

____ Remove from oven, cover and air cool for about 30 minutes. 
 

____ Cool in a desiccator for at least 15 minutes and weigh to 0.1mg.  Record weight as first weight 
 

____ Dry evaporated sample at 180 °C ± 2°C again for at least another hour. 
 

____ Remove from oven, cover and air cool again for about 30 minutes. 
 

____ Cool in a desiccator again for at least another 30 minutes and weigh to 0.1mg. 
 

____ Record final weight in the TDS log book. 
 

____ Calculate TDS (filterable residue) as follows: 
 

   TDS, mg/L   =  [(D+S) – D]  x  1,000,000 

         C 

   where: 

    D + S = final weight of dried beaker + dry residue (g) 

    D  =  initial weight of dry beaker (g) 

    C  =  volume of sample filtered (mL) 
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8.0 QUALITY CONTROL REQUIREMENTS 

8.1 Each person using this procedure is required to comply with the formal quality control program 

specified by AES. The minimum requirements of this program consist of an initial demonstration of 

capability, and the periodic analysis of laboratory reagent blanks, fortified blanks, and other 

laboratory solutions as a continuing check on performance. The laboratory, through the analyst, is 

required to maintain performance records that define the quality of the data that are generated.  

Detailed quality assurance procedures can be found in SOP# QA-01000, “Quality Assurance 

Manual,” Section 5.  Subsequent sections define portions of the quality control program. 

8.1.1 Demonstration of Capability.  Each analyst must demonstrate proficiency for each method 

performed by performing Initial Demonstration of Capability (IDOC) prior to unsupervised 

analysis of analytical samples and Continuing Demonstration of Capability (CDOC) at least 

annually.  Detailed descriptions of IDOC and CDOC requirements and acceptance limits can 

be found in Section 5 of SOP#QA-01000, “Quality Assurance Manual”. 
 

8.1.2 Method Detection Limit (MDL) is not practical or required for this analysis.  
 

8.1.3 A Method Blank (MB) must be analyzed with every batch of samples. A batch is defined as 

20 or fewer samples prepared for incubation in a 24-hour period. FOR SOUTH CAROLINA 

SAMPLES, EACH BATCH MUST BE CLOSED WITH NO FURTHER SAMPLES 

ADDED WITHIN 12 HOURS.   
 

8.1.4 A Laboratory Control Sample (LCS) is not practical or required for this analysis.  

8.1.5 Sample duplicate (Dup) must be analyzed at a frequency of 10% of all samples (1 dup per 10 

samples).  Duplicate determination should agree within 5% of their average weight (RPD).  

RPD’s outside specified range must be handled in accordance with Sec. 8.2. 

8.1.5.1 Calculate % RPD as follows: 

where:  

   S  =  sample result (mg/l) 

   SD  =  sample duplicate result (mg/l) 
 

8.2 Out of Control Conditions and Corrective Actions. Contingencies for handling out-of-control or 

unacceptable data are included in Section 5 of SOP# QA-01000, “Quality Assurance Manual”. The 

tables in this section include corrective actions for failing QC and/or acceptance criteria. 
 

8.3 Documentation of data. Document and record all analytical sequence, standard preparation, 

instrument maintenance, and any procedural deviations in appropriate logbooks. 
 

9.0 HEALTH AND SAFETY REQUIRMENTS 

9.1 Health and Safety: Safety glasses and latex gloves must be worn when dealing with any chemicals, 

samples, or reagents. Lab coats are also required. Close-toed shoes and clothing that covers the legs 

(no shorts or dresses) must be worn at all times an analyst is working in the laboratory. 
 

9.2 All health and safety concerns for any chemicals are listed in the Material Safety Data Sheets 

(MSDS) provided by the supplier or manufacturer of these chemicals. A copy of any MSDS is 

available for review at any time. 

 

9.3 Proper disposal of all wastes is essential. Containers are provided for all waste according to the type.  

200
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Section 17 of the Quality Assurance Manual discusses the disposal of various laboratory wastes in 

detail. Also, see Section 14.0 Pollution Management. 
 

10.0 DATA REPORTING 

10.1 The LIMS system automatically calculates the data based upon factors that are set up for each test 

code.  Data for this test method is reported to three significant figures.  
 

10.2 The estimated reporting limit is 10mg/L. 
 

10.3 Out-Of-Control Data - Contingencies for handling out-of-control or unacceptable data are included in 

SOP #QA-01000, “Quality Assurance Manual” in Section 5 including corrective actions for failing 

QC and/or acceptance criteria. 
 

10.4 As per NELAC Chapter 5, Appendix D.1.4.(a), a detection limit study is not required for any 

component for which spiking solutions or quality control samples are not available.  
 

11.0 FILE MAINTENANCE 

11.1 Data from this test is stored in logbooks.  When the logbooks are complete, they are scanned and 

stored on the portal served for a period of 5 years. 
 

11.2 New logbooks are either created or retired through the QA Manager. 
 

11.3 Data is entered into the LIMS by the analyst performing the work 
 

12.0 INSTRUMENT MAINTENANCE 

12.1 Instrument logbooks.  Instrument logbooks must be completed each time that any maintenance is 

performed upon the instrument. 
 

12.2 Each instrument logbook must have a cover page that includes the following information. 

 Equipment name.    Example:  GC-5 

 Manufacturers name.    Example:  Hewlett Packard 6890 GC 

 Serial Number.   Example:  13226589A 

 Date Received.    Example:  11/01/00 

 Date Placed into Service.   Example:  11/05/00 
 

12.3 Routine Maintenance: Typical routine maintenance consists of keeping the system clean. 
 

12.4 Non-routine maintenance: Typical non-routine maintenance consists of repair to the drying oven. 
 

13.0 METHOD PERFORMANCE 

13.1 The Method Detection Limit (MDL) is defined as the minimum concentration of a substance that 

can be measured and reported with 99% confidence that the value is distinguishable from method 

blank results.  The reporting limit RL is defined as the concentration of a substance that is above the 

level of uncertainty.  A method detection limit cannot be determined for this test method. 
 

13.2 Precision and accuracy are not available for this test method. 
 

14.0 POLLUTION MANAGEMENT 

14.1 All laboratory analysis generates wastes.  Some wastes can be hazardous such as acidic wastes, 

alkaline wastes, metal bearing wastes, and organic wastes.   
 

14.2 Some wastes are generated due to the test procedure such as organic extractions & acid digestions. 
 

14.3 The following procedures should be adhered to when disposing of hazardous wastes. 

14.3.1 Wastes with pH levels above 12 or less than 4 should be neutralized prior to disposal. 
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14.3.2 Wastes with other pH levels may be directly discharged into the sinks. 
 

14.3.3 Sec. 17 of the QAM further discusses methods for disposal of samples and waste materials. 
 

14.4 When disposing of laboratory wastes, the waste disposal log must be completed.  To complete this 

log, supply the following information. 

Sample Number 

Method of disposal and treatment prior to disposal 

Date of sample disposal 

Name of person performing the disposal duty 
 

15.0 DEFINITIONS 

15.1 Primary Grade - Dry chemical dried at 250°C for 4 hours cooled and stored in a desiccator. 

15.2 LCS - Laboratory Control Sample.   A known amount of sought for analyte is added to distilled water 

or clean soil and the concentration is measured after all procedures are applied to the sample.   

The resulting determined concentration must fall within test specified limits. 

15.3 DI water - De-ionized water 

15.4 RSD - Relative Standard Deviation 

15.5 MS- Matrix Spike.  Procedure where a known amount of sought for analyte is added to a sample and 

the resulting concentration measured.  The recovery is defined as the measured result of the spiked 

sample less the concentration of the same analyte in the unspiked sample multiplied by 100 percent. 

15.6 MSD- Matrix Spike Duplicate. 

15.7 CCV - Continuing Calibration Verification Standard.  Must be varied thoughout the daily runs, that is 

the concentration must be low, middle, and sometimes at the upper end of the calibration curve. 

15.8 ICV – Initial Calibration Verification Standard.  This standard must be prepared from a second source 

than that used for the calibration curve.  That is, it must be from a different manufacturer or lot that 

the calibration standard. 

15.9 LCSD - Laboratory Control Sample Duplicate 
 

16.0 REFERENCES  

        16.1     SM2540C-1997, “Total Dissolved Solids Dried at 180oC”, Standard Methods for the  

                    Examination of Water and Wastewater, 22nd Edition, 2012. 
                
        16.2     SM2540C-2011, “Total Dissolved Solids Dried at 180oC”, Standard Methods for the  

                    Examination of Water and Wastewater, 22nd Edition, 2012. 
 

17.0 VALIDATION DATA 

17.1 Method validation data in the form of IDOC/CDOC study data when applicable is available at AES 

Portal Server: http://portal/Technical Management/DOC and SOP Sign Forms. 
 

18.0 SOP REVISION HISTORY 

Revision 

Date 

Revision 

# 

Summary of and Reason for Changes/Updates Responsible for 

Revision 

5/29/2003 3 Update Greg Jones 

6/15/2005 4 Update Greg Jones 

4/28/2009 5 Update Dana Till 

10/3/2011 6 Update Dana Till 

4/22/2013 7 MUR II reference update; Biannual Update Dana Till 

8/7/2014 8 Update Dana Till 

 

 



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 103 of 200 
  

Attachment 4 
 

Temporary SOP or 

Interim (Temporary or Permanent) Change Notice   (circle one as appropriate) 

 
Date:     

Employee Requesting Change:   

SOP Number:   

Reference Method Number:  

SOP Title:   

Permanent Change Requested:   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Technical Director: Date:  

 

 

      Laboratory Manager: Date:  

  

 

     Quality Assurance Manager:    Date:  

      

 

     Department Supervisor:     Date:  
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9.0 CALIBRATION PROCEDURES AND FREQUENCY 

9.1 Identification and Control of Materials, Parts and Components  

 General.  Materials, components or items that are used directly in the production of samples or data that, 

if not controlled, could jeopardize data quality must be identified.  

9.1.1   Traceability of Measurement Policy (for AIHA-LAP, LLC and other accreditations) 

Under Analytical Environmental Services’ various accreditations (i.e. AIHA-LAP, LLC accreditation), 

the laboratory shall demonstrate, when possible, that calibrations of critical equipment and hence the 

measurement results generated by that equipment, relevant to their scope of accreditation, are traceable 

to the SI (International System of Units) through an unbroken chain of calibrations. 

9.1.1.1    External Calibration services shall, whenever possible, be obtained from providers accredited to 

ISO/IEC 17025 by an ILAC recognized signatory, a CIPM recognized National Metrology 

Institute (NMI), or a State Weights and Measures Facility that is part of the NIST Laboratory 

Metrology Program.  Calibration certificates shall be endorsed by a recognized accreditation 

body symbol or otherwise make reference to accredited status by a specific, recognized 

accreditation body, or contain endorsement by the NMI.  Certificates shall indicate traceability to 

the SI or reference standard and include the measurement result and if available the associated 

uncertainty of measurement. 

 

 If externally provided products and services that affect laboratory activities or are used to 

support the operation of the laboratory are necessary, the laboratory will ensure they are suitable.  

When such products and services are intended for incorporation into the laboratories own 

activities, they are provided directly to the customer by the laboratory, as received from the 

external provider. 

 

9.1.1.2 Where traceability to the SI is not technically possible or reasonable, the laboratory shall use 

certified reference materials provided by a competent supplier, or use specified methods and/or 

consensus standards that are clearly described and agreed to by all parties concerned.  A 

competent supplier is an NMI or an accredited reference material producer (RMP) that conform 

with ISO Guide 34 in combination with ISO/IEC 17025, or ILAC Guidelines for the 

Competence of Reference Material Producers, ILCA G12.  Conformance is demonstrated 

through accreditation by an ILAC recognized signatory. 

  

9.1.1.3 Reference materials shall have a certificate of analysis that documents traceability to a primary 

standard or certified reference material and associated uncertainty, when possible.  Where possible, 

reference materials such as calibration standards should be purchased from a supplier that conforms 

to ISO Guide 34.  When applicable, the certificate must document the specific NIST SRM or NMI 

(National Metrology Institute) certified reference material used for traceability. 

 

Calibrations performed in-house shall be documented in a manner that demonstrates traceability 

via unbroken chain of calibrations regarding the reference standard/material used, allowing for 

an overall uncertainty to be estimated for the in-house calibration. 

 

Calibration shall be repeated at appropriate intervals, the length of which can depend on the 

uncertainty required, the frequency of use and verification, the manner of use, stability of 

equipment, and risk of failure considerations.  Table 9-1 provides minimum frequencies. 

 

Periodic verifications shall be performed to demonstrate the continued validity of the calibration 

at specific intervals between calibrations.  The frequency of verifications can be dependent on 

the uncertainty required, the frequency of use, the manner of use, stability of the equipment, and 
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risk of failure considerations. Internal calibrations and verifications are performed at the stated 

frequencies in Table 9-1.  Reference thermometers, hygrometers, and masses, will be 

repurchased at the stated frequency rather than recalibrated.  This has been determined to be 

more cost effective. 
 

The laboratory has procedures describing their external and internal calibration and verification  

activities and frequencies, and the actions to follow if equipment is found to be out of  

acceptable specification.Laboratory staff performing in-house calibration and verifications shall 

have received documented training. 
 

9.1.1.4 Standard tracking: Standards and reagents are tracked in the LIMS chemical inventory system 

for traceability and auditing purposes.  The method of standard and reagent tracking is outlined 

in the subsequent sections. 

9.1.1.4.1 When a standard or reagent is needed that is not already on the approved vendor / materials 

order list, supervisors forward purchase requests to the Technical Director and / or 

Laboratory Manager for approval. The standard or reagent is ordered from a reputable supply 

house (AES typically uses VWR).  
  

9.1.1.4.2 The information supplied to the Technical Director and / or Laboratory Manager must have 

the supplier standard or reagent name, order number, size or amount of each unit, grade or 

purity, price, if possible, and quantity.  Upon receipt, supplies (and services) are reviewed to 

ensure they comply with requirements.  When a vendor has been approved for services, a 

note is placed in the comments field of the Vendors database within LIMS. 
 

9.1.1.4.3 When the standard or reagent arrives, it is logged into the LIMS, usually by the department 

supervisor or by the sample custodian. All reagents and standards received are electronically 

tracked and documented by computer via the Laboratory Information Management System. 
 

9.1.1.4.4 Each standard or reagent is given a unique chemical inventory number upon receipt. The next 

available number in the LIMS is automatically assigned, starting with #5001. The computer 

entry is completed by entering the correct information in the required fields. 

9.1.1.4.4.1 The expiration date for neat standards and reagents is determined using the manufacturer’s 

expiration date, if available. Otherwise, a 1 year expiration date is assigned to volatile organic 

compounds and standards and 5 year date for acids, dry chemicals, solvents, reagents, and 

other chemicals. Each standard and reagent is clearly and permanently labeled with its 

expiration date in indelible ink.  The assigned expiration date for intermediate standards will 

not exceed the manufacturer’s expiration date of the stock standard. 
 

9.1.1.4.4.2 Secondary standard containers are labeled with the corresponding LIMS tracking number 

of the source material, the date the contents were prepared, the six month expiration date, 

the name of the analyte(s), the concentration of each component of the solution, the 

matrix and the initials of the person who prepared it. 
 

9.1.1.4.4.3 The chemical inventory number must appear on both the standard and reagent container,  

and the upper, right-hand corner of the certificate of analysis. It must also be included, if 

applicable, in standard/preparation, analyses or sample preparation log books. 
 

9.1.1.4.4.4 Secondary standard labels include the LIMS chemical inventory number, the standard 

name, intended use (spiking, surrogate, reference or calibration solution), and 

concentration with units, matrix, expiration date and initials of the person who prepared  

 it. As long as this is available, all other information can be found in the LIMS. 
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9.1.1.4.4.5 Spiking, surrogate, reference and calibration solutions and calculations are recorded in 

the appropriate “Standard/Preparation Log Book.” Logbooks cover the following areas: 

Organics, Organics Preparation, Semi-Volatile Organics, Microbiology, Metals, Mercury 

& Wet Chemistry. 
 

9.1.1.4.4.6 Some containers such as standards containers for organics are small and there may not be 

enough room to list all of the required information on the container.  Should this occur, it 

is permissible to attach a label to the bottle. 
 

9.1.1.4.4.7 When a standard or reagent is added to a sample for any reason, the LIMS chemical 

inventory number of that standard or reagent and the amount added must be recorded in 

the appropriate logbook. For example, if a stock standard MET #33-89-5431 of 1000 

mg/L is diluted to 100 µg/L, the following line is entered: 1 ml MET #33-89-5431 to 100 

ml DI water, 1 ml of 100x to 100 ml DI water, final conc. = 100 µg/L. (NOTE: “MET 

#33-89-5431” = Metals Department Standard/ Preparation Log Book 33, page 89, LIMS 

Chemical Inventory Number 5431). 
 

9.1.1.4.4.8 If the standard is used as a stock standard and aliquots of it are diluted to produce 

working standards, the stock standard’s LIMS chemical inventory number is used.  The 

standard concentration or a designator such as “1” or “A” is used to differentiate between 

each serial dilution. 
 

Table 9-1 

   Minimum Calibration / Verification Frequency Requirements (for AIHA-LAP, LLC and other accreditations) 

Reference Standard / Equipment Calibration Frequency Verification Frequency  

Balances Initial and Annually Each day of use 

Mechanical Pipettors Initial and when verification fails* Quarterly 

Reference Thermometers Initial and every 5 years** Not applicable 

Reference Hygrometers Initial and every 5 years** Not applicable 

Digital Thermometers Initial and when verification fails* Quarterly 

Alcohol-Hg-Spirit Thermometers Initial and when verification fails* Semi-annual 

Reference Masses Initial and every 5 years** Not applicable 

Stage Micrometer Initial, if damaged, and every 7 years Not applicable 

  *Verified internally. 

**These reference standards will be repurchased instead of recalibrated in-house. 
 

9.1.2 Control of Materials, Parts and Components 

When appropriate, identification of each item is maintained by part number, serial number, or other 

appropriate methods, either directly on the item, or by labels or records traceable to the item. The 

system is designed to prevent the use of incorrect or defective items and to maintain identify and 

control inventory. When appropriate, the system controls items by batch number rather than by 

individual item. Instrumentation not currently in use or equipment undergoing repair is labeled as “Out 

of Service.”  

  

9.1.3 Handling, Storage and shipping 

9.1.3.1 General 

This criterion establishes requirements for the proper handling, storage, preservation and 

shipping of materials, supplies and equipment.  
 

9.1.3.2 Procedures and Responsibilities 
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All items affecting quality are handled and stored in such a manner as to prevent deterioration 

and damage to the quality. Items that require shipping are packed to prevent damage. Managers 

and supervisors are responsible for items under their control. 
 

9.1.4 Procurement Document Control 

9.1.4.1 General 

9.1.4.1.1 Vendors of analytical material supplied to AES are regarded as a resource to, and an 

extension of the laboratory organization. The standards for quality identified in this 

document shall be applicable to vendors. 
 

9.1.4.1.2 The purpose of the procurement control criterion is to ensure the quality and traceability 

of procured quality related items (equipment, materials, or services), whose specification 

could affect the quality of the services of AES. This includes such quality related items 

as the calibration of instruments by outside laboratories (when appropriate), purchase of 

standards, subcontracted services and materials requiring testing before use, as 

determined by the QA Manager. 
 

9.1.4.2 Procedures and Responsibilities 

9.1.4.2.1 It is the responsibility of the purchasing agent to provide assurance, when required, that  

 all applicable regulatory requirements, industry codes and standards appear in the 

purchase documentation for affected services and products. 
 

9.1.4.2.2 The Purchasing Department retains purchase orders for control purposes.  

9.1.4.2.3 Purchased items which do not meet the minimum standards set forth by the purchasing 

agent are processed according to procedures set forth in Section 13, “Corrective Actions.” 

9.1.4.2.4 The appropriate Manager/Supervisor and QA Manager review purchase orders, which 

may affect quality-related services or products. 
 

9.1.4.2.5 Purchase orders for standard catalog items except those described herein, are exempt 

from QA review. 
 

9.1.5  Non-conformance  

The purpose of this criterion is to establish a system to control materials, parts, or components that 

do not conform to established requirements in order to prevent their inadvertent use. When 

significant deficiencies in analytical procedures, materials or components has or may lead to the 

release of incorrect analytical results to the customer, a Corrective Action Report (CAR) is issued.  

9.1.5.1 Procedures and Responsibilities 

The Laboratory Manager and the purchaser perform the inspection of the newly received 

material and equipment. Nonconforming items that fail incoming receipt inspection are 

identified and segregated until disposition is determined and documented by the Non-

Conformance Report. Copies of these documents are maintained by the Purchasing Department 

or the QA Department, as applicable. 
 

9.2 Instrumentation List 

The laboratory maintains an Equipment List spreadsheet of all instrumentation used.  The information 

documented in this spreadsheet sheet includes a unique AES ID number for each piece of equipment 

along with type of instrument, manufacturer, model, serial number, software and revision number, 

firmware, and date received.  It also lists in-house standards of traceability such as certified analytical  

balance weights and calibration thermometers.   
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In addition, the item, model, serial number, date received, and the date placed into service.  Appendix 

III, “Equipment List,” is a summary of the laboratory equipment spreadsheet (For the complete 

information see the Equipment List spreadsheet).  
9.3 Measurement Traceability and Calibration / Procedures for achieving Traceability of Measurements 

9.3.1 General  

The purpose of this criterion is to assure that instruments and other measuring and testing devices  

used in activities affecting program quality are properly controlled, calibrated and adjusted at  

specified periods to maintain accuracy within design and/or procedure limits. Implementation 

procedures consist of the following as applicable: 

9.3.1.1 Identification and control of the item 
 

9.3.1.2 Creation of calibration schedules and procedures based on instrument type, planned use, and 

design limits and program requirements. 
 

9.3.1.3 Development of any necessary calibration sources for use in confirming successful equipment 

operation. 
 

9.3.1.4 Maintenance of equipment history records to indicate past and status, and to provide 

reproducibility and traceability of results. 
 

9.3.2 Responsibility 

Under the direction of the manager, the supervisors are responsible for the quality of measuring and 

test equipment under his/her control and for the maintenance of records of calibrations and checks.  
 

9.3.3 General Requirements 

All measuring operations and testing equipment having an effect on the accuracy or validity of tests 

shall be calibrated and/or verified before being put into service and on a continuing basis. The 

laboratory has an established program for the calibration and verification of its measuring and test 

equipment. This includes balances, thermometers and control standards.  
 

9.3.4 Traceability of Calibration 

9.3.4.1 The overall program of calibration and/or verification and validation of equipment ensures 

that, wherever applicable, measurements made by the laboratory are traceable to national 

standards of measurement.   
 

9.3.4.2 Calibration certificates indicate the traceability to national standards of measurement and 

provide the measurement results and associated uncertainty of measurement. Certificates are 

maintained in the Quality Assurance office files. 
 

9.3.4.3 The laboratory maintains calibration certificates that provide traceability to each standard 

chemical used within the laboratory. As these standards are purchased, the certificates that 

accompany the standards are stored in logbooks.  Information included in the logbooks 

includes labels provided by the manufacturer, expiration date, lot number, etc.  This 

information is stored separately for standards purchased by each department and can be  

accessed by all personnel within the department. 
 

9.3.4.4 Where the traceability of national standards of measurement does not apply, AES shall provide 

satisfactory evidence of correlation of results by participation in a program of  

inter-laboratory comparisons, proficiency testing studies or independent analysis. 
 

9.3.5 Reference Standards 

9.3.5.1 Reference standards, as Class 1 weights or traceable thermometers, are used for calibration only  
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and no other purpose, unless it can be demonstrated that their performance as reference standards 

will not be invalidated. AES, Inc., maintains certified Class 1 weights, thermometers which have 

been calibrated by outside agencies that can provide traceability to national standards of 

measurement.  The stage micrometer will be calibrated by a NIST traceable reference. 
 

9.3.5.2 The calibration and verification of reference standards occurs every five years for Class1 

weights and thermometers and every seven years for stage micrometers. 
 

9.3.5.3 Where relevant, reference standards and measuring and testing equipment shall be subjected to 

in-service checks between calibrations and verifications. These reference materials shall, where 

possible, be traceable to national or international standard reference materials. Table 9-2 lists the 

major standards (traceable to NIST) which are used in the laboratory and their sources. 
 

                                                Table 9-2 
Chemical Standard Manufacturer/Vendor 

PAH Mix VWR-Restek, Supelco 

Toxaphene ERA, Accustandard, Absolute Stds 

Chlordane ERA, Accustandard, Absolute Stds 

Hexavalent Chromium ERA, Accustandard, Absolute Stds 

LAS (MBAS) ERA, Accustandard, Absolute Stds 

Calcium Carbonate ERA, Accustandard, Absolute Stds 

TSS ERA 

O&G ERA, Accustandard, Absolute Stds 

Aroclor Mix (PCB) ERA, Accustandard, Absolute Stds 

8260B Matrix Spike VWR-EM Science 

EPA 625 Kit Restek 

Sodium Nitroferricyanide VWR-Mallinckrodt 

Sodium salicylate VWR-J.T. Baker 

Phosphate (P) Standard Labchem, Inc.; Ricca 

Mercuric Oxide VWR-J.T. Baker 

Multi-element Metals Std SCP 

Chemical Standard Manufacturer/Vendor 

Antimony Standard SCP 

Furan Aldrich Chemical 

Herbicides Mix ERA, Accustandard, Absolute Stds 

DRO/GRO ERA, Accustandard, Absolute Stds 

EDB, DBCP ERA, Accustandard, Absolute Stds 

turbidity ERA, Accustandard, Absolute Stds 

8270C Mix ERA, Accustandard, Absolute Stds 

Semi-Vols Mix RTC 

1,2-diphenylhydrazine Restek 
 

9.3.6 Calibration- Calibration requirements are divided into two parts: 1) requirements for analytical 

support equipment, and 2) requirements for instrument calibration. In addition, the requirements for 

instrument calibration are divided into initial instrument calibration and continuing instrument 

calibration verification. 

9.3.6.1 Instrument Calibration - Analytical instruments are calibrated in accordance with the  

proper analytical procedure to determine the analyte(s) of interest. After initial calibration of 

an instrument, a continuing calibration standard is analyzed at specific intervals.  The 

calibration standards must meet the specified QC requirements associated with each test  

method (see Section 5). 
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9.3.7 Control of Measuring and Test Equipment    

9.3.7.1 The purpose of this criterion is to assure that instruments and other measuring and testing 

devices used in activities affecting program quality are properly controlled, calibrated and  

 adjusted at specified periods to maintain accuracy within design and/or procedure limits.  
 

9.3.7.2 Equipment calibration specific to microbiological analysis. 

The laboratory, under the direction of the section leader, determines and documents 

temperature stability, uniformity of temperature distribution, and time required to achieve 

equilibrium conditions in incubators and water baths.  This procedure is performed during the 

following two conditions. 

9.3.7.2.1 When new equipment is purchased 
 

9.3.7.2.2 On an annual basis for existing equipment 
 

9.3.7.3 Volumetric accuracy checks for disposable pipettes used in microbiological analysis.  The 

laboratory, under the direction of the section leader, determines and documents volumetric 

accuracy of disposable pipettes.    This is accomplished by checking 5 pipettes per case lot. 
 

9.3.7.4 Mechanical timer accuracy checks. The laboratory, under the direction of the section leader, 

determines and documents the accuracy of mechanical timers.  This is done by the following 

method and frequency. 

9.3.7.4.1 Accuracy check is performed on an annual basis and is documented in the logbook. 
 

9.3.7.4.2 Accuracy is compared against an electronic timing device such as a stopwatch. 
 

9.3.7.5 General Responsibility 

Under the direction of the manager, the supervisors are responsible for the quality of 

measuring and test equipment under his/her control and for the maintenance of records of 

calibrations and checks.  
 

9.3.8 Reference Measurement Standard List 

Reference measurement standards must originate, wherever possible, from sources traceable to 

NIST. Table 9-3 describes the major standards used in the laboratory and their sources: 
 

                                                  Table 9-3 

            Reference Measurement Standard List 

Chemical Standard              Manufacturer/Vendor 

PAH Mix VWR-Restek, Supelco 

Toxaphene ERA, Accustandard, Absolute Stds 

Chlordane ERA, Accustandard, Absolute Stds 

Hexavalent Chromium ERA, Accustandard, Absolute Stds 

LAS (MBAS) ERA, Accustandard, Absolute Stds 

Calcium Carbonate ERA, Accustandard, Absolute Stds 

TSS ERA 

O&G ERA, Accustandard, Absolute Stds 

Chemical Standard              Manufacturer/Vendor 

Aroclor Mix (PCB) ERA, Accustandard, Absolute Stds 

8260B Matrix Spike VWR-EM Science 

EPA 625 Kit Restek 

Sodium Nitroferricyanide VWR-Mallinckrodt 

Sodium salicylate VWR-J.T. Baker 

Phosphate (P) Standard Labchem, Inc.; Ricca 
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Mercuric Oxide VWR-J.T. Baker 

Multi-element Metals Std SCP 

Antimony Standard SCP 

Furan Aldrich Chemical 

Herbicides Mix ERA, Accustandard, Absolute Stds 

DRO/GRO ERA, Accustandard, Absolute Stds 

EDB, DBCP ERA, Accustandard, Absolute Stds 

turbidity ERA, Accustandard, Absolute Stds 

8270C Mix ERA, Accustandard, Absolute Stds 

Semi-Vols Mix RTC 

1,2-diphenylhydrazine Restek 
 

10.0 PREVENTIVE MAINTENANCE   

10.1 Instrument Maintenance 

All instrument maintenance is recorded in an instrument specific logbook. Entries are dated and 

initialed by the analyst making the entry. 

10.1.1 Routine 

All analytical instruments have a routine schedule of maintenance specified by the manufacturer. 

Routine maintenance is designed to keep the instrument in good operating condition with as little 

“down-time” as possible. All Analysts should be proficient in maintaining the instruments for which 

they are responsible. 
 

10.1.2 Non-Routine 

Any maintenance which must be performed in order for sample analysis to proceed, but is not part 

of the systematic maintenance schedule, is considered non-routine. Non-routine maintenance must 

be reported to the Section Supervisor immediately so that is its impact on production can be 

determined. If the ability to analyze samples is adversely affected, the Section Supervisor notifies 

the Client Services Manager so that alternative action can be coordinated with the client. 

(Note: See Appendix II for a complete instrument maintenance summary.) 
 

10.2 Preventive Maintenance 

10.2.1 Maintenance Schedule 

AES is equipped with up-to-date computerized instrumentation. In order to gain maximum 

performance and minimize downtime, regular inspection, maintenance, cleaning, and servicing of all 

laboratory and field equipment is performed according to the manufacturers’ recommendations.  
 

10.2.2 A maintenance log is kept for each piece of laboratory and field instrumentation, detailing all 

maintenance performed on the instrument.  

10.2.1.1 Routine repairs and maintenance are performed and documented by the analyst responsible for 

the particular instrument.  
 

10.2.1.2 A log of non-routine maintenance is kept in the instrument repair logbook.  As part of this  

information, the analyst or repair technician signs and dates the logbook.  
 

10.2.1.3 Routine maintenance procedures for laboratory instrumentation are given in Appendix II. The 

service intervals listed in Appendix II are as follows: D = daily; W = weekly; M = monthly; Q 

= quarterly; SA = semi-annually; and AN = as needed. (A list of all laboratory equipment may 

be found in Appendix III.) 
 

10.2.3 An extensive approved spare parts inventory is maintained for routine repairs at the facilities,  

consisting of GC detectors, AA lamps, fuses, printer heads, flow cells, tubing, certain circuit boards and 

other common instrumentation components. 
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10.3 Glassware used in general laboratory operations must be of high quality borosilicate glass (e.g. Pyrex or 

Kimax).  Volumetric dispensing glassware must be Class A wherever possible. 
 

Glassware Cleaning. Laboratory glassware cleaning procedures & guidelines are described in Table 10-1.  
 

                                                      TABLE 10-1 

                 LABORATORY GLASSWARE CLEANING PROCEDURES 

Analysis/Parameter Cleaning Procedure (In Specified Order) 

Extractable Organics (including Solvents: 13, 1, 2, 3, 4, 7, (6 or 8 optional), 15, 17  

Pesticides and Herbicides) 0BOr, Muffle Furnace: 13, 1, 2, 3, 4, 14, 15, 17 

 Or, Oxidizer: 13, 1, 2, 3, 16, 3, 4, 15, 17 

Analysis/Parameter Cleaning Procedure (In Specified Order) 

Purgeable Organics 1, 2, 3, 4, (7 optional), 11 

 Or, 1, 2, 3, 4, (8 optional), 11  

  

Trace Metals 1, 2, 3, 4, 10, 4 

  

Nutrients, Other Wet Chemistry 1, 2, 3, 4, 9, 4 

  

TKN 1, 2, 3, 4, 18, 4 

  

Minerals, Demands, CN and  Phenols 1, 2, 3, 4 

  

Microbiology 1, 2, 3, 4 

  

Residues 1, 2, 3, 4, 12 
 

Key to Laboratory glassware cleaning procedures: 

1             Remove all labels with sponge or acetone 

2            Wash with hot tap water, scrub stopcocks, and other small parts with brush and inside labware using a 

laboratory-grade detergent 

Organics – Liquinox, Alconox or equivalent 

Inorganic Anions – Liquinox or equivalent 

Inorganic Cations – Liquinox, Acationox, Micro or equivalent 

3 Rinse thoroughly with hot tap water 

4 Rinse thoroughly with Deionized (DI) water 

6 Rinse thoroughly with pesticide-grade methylene chloride 

7 Rinse thoroughly with pesticide-grade methanol 

8 Rinse thoroughly with pesticide-grade hexane 

9 Rinse thoroughly with Deionized (DI) water 

10 Rinse or soak with 1:1 HCl 

11 Rinse thoroughly with Deionized (DI) water 

12 Rinse or soak with 10% HNO3 

13 Rinse thoroughly with Deionized (DI) water 

14 Bake at 105oC for 3-4 hours (Note: Class A volumetric glassware must NOT be baked!) 

15 Bake crucibles at 105 oC or 180 oC for 1 hour (prior to use, as per method) 

16 After use, rinse with same solvent used 

17 Drain, let air dry 

18  then heat in muffle furnace for 15-30 minutes 

19 Store inverted or capped with suitable material or container stopper 
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20 Soak in oxidizing agent: chromic acid or equivalent 

21 Rinse with solvent used in analysis as the last step prior to use 

22 Rinse or soak with 1:1 H2SO4 

Note: Do not let it run continually while washing glassware due to a limited supply of Deionized Water. 
 

10.4 Contamination Control 

Monitoring for contamination is an important factor in order to ensure the highest quality analytical 

results.  A documented routine monitoring program is in place to verify adequate contamination control.  

Monitoring is present in several forms. 

10.4.1 Media (or Method) Blank is analyzed with every batch of samples to show that the extraction and 

analytical processes are free of contamination.  Clean, unused sampling media undergoes the same 

preparation and analysis as the samples.  The same acids, solvents, and other reagents are used as 

applicable, with each batch of samples.  Typical media includes wipes, filters, and air cartridges. 
 

10.4.2 Routine air monitoring is performed and documented monthly to monitor background levels of 

fibers (PCM) and fungal spores.  Samples are collected in the appropriate locations, logged into the 

LIMS by the QA Department, and results are evaluated by the department managers. 
 

10.4.3 In addition to Method Blanks, the Volatiles Department performs a daily DI water check for 

contaminants to ensure the starting water for the day meets acceptable criteria.  This provides an 

indication that resin beds and charcoal are need of changing. 
 

10.4.4 Work areas are routinely wiped down and cleaned to remove contamination.  The laboratory 

performs quarterly lead dust wipe checks to ensure the cleaned areas are free from contamination.  

Dust wipes are logged in quarterly for designated areas determined by the QA Department.  A 12 

inch by 12 inch template is used to wipe down defined areas to check.  If analytical results are 

unacceptable for any area, that location is thoroughly cleaned once again followed by re-sampling 

and analysis. 
 

10.4.5 Hoods are also cleaned on a regular schedule to reduce the chance of contamination in the Asbestos, 

Metals, and Sample Receiving areas. 
 

10.4.6 Certificates of Analysis and contamination checks received from media (bottle) suppliers are 

maintained on file by lot # to show items were contaminant free when used for sample collection.  In 

addition, the laboratory performs testing of bottles for selected analysis.    
 

10.4.7 In order to minimize sample contamination, test strips should not be dipped into the sample or onto 

material on the bottle cover.  To check the sample with test paper (such as pH paper or KI paper 

used for residual chlorine, except for Coliform testing.  See next paragraph.), take a clean disposable 

pipette and draw sample from the top of the aqueous surface. Remove the pipette, recap the sample 

and touch the pipette to the test paper. Read the paper to the nearest pH unit. 
 

When checking for residual chlorine on coliform samples, either pour sample out of the container 

directly onto the KI paper or touch the paper to the remaining droplets after the sample has been 

poured out.  

 
11.0 QC CHECKS AND ROUTINES TO ASSESS PRECISION, ACCURACY AND METHOD DETECTION LIMITS 

11.1 Control of Special Processes 

11.1.1 In certain processes, the existence of a required level of quality cannot be assured by the 

examination of the end result alone. Such special processes that relate to the conduct of programs 

include performance of detailed chemical procedures, interpretation of raw data and the use of  

advanced data analysis techniques. 
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11.1.2 For such processes, quality assurance is obtained through the development of thorough analytical and 

operational procedures.  QA is also obtained by personnel screening and documented training to ensure 

the necessary level of personnel qualifications and capabilities and by the use of QC samples. This 

section describes how personnel are qualified in accordance with specified requirements.  
 

11.2 Quality Control in the Laboratory 

11.2.1 Various types of quality control samples are used at AES, Inc., in each of the following areas: 

• Bulk Asbestos 

• Air Asbestos 

• Gas Chromatography/Mass Spectrometry 

• Gas Chromatography 

• Inorganic Analysis 

• Wet Chemistry 

• Microbiology 

• Sample preparation 

11.2.2 Some of the activities used to qualify the procedures (and data) are described: 

11.2.2.1 Standards 

The Section Supervisor (or designee) is responsible for the preparation and documentation of 

stock standards and working standards. Standard reference materials are obtained from 

suppliers and have Certificates of Analysis to certify the analyte concentrations. When 

available, traceable reference materials are to be used. As a minimum, information on 

reference materials includes manufacturer, lot or batch number, date of receipt, expiration date, 

and any other accompanying preparation or assay information. The most recent release of the 

NIST standards library shall be used for mass spectral interpretation. 
 

11.2.2.2 Calibration and Performance Check of Instruments 

Different types of reference material are used to calibrate the various analytical instruments in 

the laboratory areas. For most of the analytical instruments used in the laboratory, calibration 

and performance checks are conducted at the beginning of an analytical run, periodically 

throughout the run and at the end of the run, (e.g., Atomic Absorption Spectrophotometers), 

while others are calibrated once then checked daily. The performance checks must be from an 

outside source, such as an alternate manufacturer, or may be from the same manufacturer as 

long as it originates from a different lot or batch. Calibration is also performed when the 

analytical method is initially set-up, when an instrument has been through major maintenance, 

or the instrument fails its QC check. 
 

11.2.2.3 Inter-Laboratory Analysis of QC Samples 

Client and method requirements determine the frequency and type of spikes, blanks, splits, 

method standards, surrogate standard, internal standard and external source analyses. These 

normally account for 10 – 20% of the data points generated by the laboratory.  
 

11.2.2.4 Inter-Laboratory Analysis 

AES, Inc. participates in various accreditation programs that require the analysis of either 

agency-supplied performance samples or proficiency test study samples purchased from a TNI or 

AIHA-LAP, LLC approved PT provider as required. Results of these performance results are 

reported and maintained in QA files. Results which are evaluated as “Not Acceptable” are 

documented and reviewed by the Quality Assurance department and resolved through discussion 

with analysts and their supervisors, examination of all raw data, re-assessment of sample  

preparation directions and techniques, and a review of data and calculations.   
 

11.2.2.5 Computational Checks 
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Any hand calculations are checked by a second individual, in most cases the section 

supervisor. The person performing the crosscheck must be qualified in the relevant technical 

discipline. For computations performed automatically using verified software, and which 

contain a hard copy of the entered computation, only the entries are checked.  
 

11.2.2.6 Review and Analysis of Data 

The review and analysis of data for analytical measurements are performed on a timely basis 

using Quality Control checklists. The data is checked for reasonableness and consistency by 

the section Supervisor and/or the manager.  
 

11.2.2.7 Detection Limit Studies 

The detection limit of an analyte is defined as the smallest amount of an analyte that can be 

detected (for instrumentation, above the background noise) within a stated confidence limit. 

There are several types of detection limits that may be applicable to a given method. The 

Instrument Detection Limit (IDL) is the amount of analyte needed to produce an adequate 

response above an instrument’s baseline noise. The IDL may be use to estimate a Method 

Detection Limit (MDL).  The Practical Quantitation Limit (PQL), also called the Reporting 

Limit (RL) is defined as the lowest level of quantitation achievable during routine laboratory 

operations. Some agencies define the PQL more rigidly as 3.33 times the MDL. However, the 

PQL is highly matrix dependent. 
  

11.2.2.8 Recovery of Known Additions (Spikes) 

Recoveries of known additions of analytes are used to determine the effect of the sample 

matrix on the given analytical procedure. The Laboratory Control Sample (LCS) and sample 

Matrix Spike/Spike Duplicate (MS/MSD) are used to monitor and control the analytical 

process. The recovery of spiked analytes in the sample matrix gives a definitive measure of the 

sample preparation processes. 

11.2.2.8.1 LCS data is used to monitor the laboratory’s performance in respect to sample 

preparation and equipment operation.  It is prepared in an analyte free matrix similar to 

the sample, i.e. water or soil. Recovery limits for the LCS are established by the 

laboratory through control charting of each analyte. 
 

11.2.2.8.2 A matrix spike/matrix spike duplicate pair is analyzed to determine the effect of the  

sample matrix on extraction efficiency and analyte recovery. One MS/MSD pair should 

be prepared and analyzed in every batch of 20 or fewer samples when possible. In some 

cases, the client may specify which sample is to be used for the MS/MSD. If not, the 

laboratory picks a representative sample at random. Advisory MS/MSD recovery limits 

are established for aqueous and soil matrices. For TCLP analysis, a matrix spike is 

prepared and analyzed for each waste type (e.g. oil, solid) associated with a batch of 20 

or fewer samples of similar matrix.  
 

11.2.2.9 Surrogates 

As a means of monitoring individual sample extraction efficiency, one or more surrogate 

compounds are added to each blank, LCS, client sample, and QC sample prior to preparation. 

Recovery limits for surrogate compounds are established by the laboratory through control 

charting of each analyte. Typically, one of the following actions will be required when a 

sample surrogate recovery is out of the established control limits. 

  - Re-extract and/or reanalyze the sample 

  - Flag the results as estimated 
 

11.2.2.10 Clients may specify the required action to be taken for recovery failure. Client specific  
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 requirements are conveyed to the analytical sections through project management.  
 

11.2.3 Tracking Internal QC Samples 

The tracking of internal QC samples through the LIMS provides laboratory personnel with various 

types of information.  This information is used for the following purposes: 

11.2.3.1 Long term trends are monitored through the use of quality control charts.  Any upward or 

downward change in the recovery of analytes signifies that some procedural change has taken 

place.  If trending is observed, the Technical Director reviews all test procedures and makes 

any corrections as required. 
 

11.2.3.2 The number of quality control samples as a function of total laboratory samples is monitored 

so as to ensure that the laboratory analyzes the adequate number of Quality Control samples 

for each extraction or analytical batch. 
 

11.2.3.3 The following guidelines are followed when implementing and utilizing QC Charts: 

11.2.3.3.1 Through LIMS the Technical Manager plots the percent recovery of the LCS analyte 

versus the date of preparation or analysis; whichever is most appropriate. 
 

11.2.3.3.2 For organic analyses employing surrogates, the LCS surrogate % recoveries are 

monitored on QC Charts. The recovery of at least one target Aroclor (PCB) in the 

Pesticide/PCB LCS is monitored on a QC Chart (e.g. TPH). 
 

11.2.3.3.3 For trace metals determined by inductively coupled plasma (ICP) at least three metals 

spiked in the LCS are monitored on QC Charts (e.g. Cd, Cr, Ni). For trace metals 

determined by graphite atomic absorption (GFAA) and cold vapor atomic absorption  

(CVAA), an LCS for each element is monitored on a QC chart. 
 

11.2.3.3.4 For General Chemistry, an appropriate LCS for each method is used. Each LCS analyte 

recovery method is monitored on a control chart. 
 

11.2.3.3.5 Each section, prior to the calculation of in-house limits, establishes initial control limits.  

These preliminary limits are derived from published method criteria if available. If no such 

criteria are available, the preliminary limits will be mutually set and agreed to by the Section 

Supervisor, Laboratory Manager, Technical Director, and Quality Assurance Manager. A 

minimum of 20 points is recommended to establish the initial calculated control limits. In 

some cases, it may be appropriate to use fewer data points to establish the first set of 

calculated limits, however, at no time should fewer than seven data points are used. 
 

11.2.3.3.6 Control chart limits are updated periodically when sufficient additional data points are  

available. Typically, limits are updated for each set of 20 to 50 new data points. More 

frequent updates may be warranted in some cases 
 

11.2.3.3.7 Each control chart has upper and lower warning limits established at ± 2 standard 

deviations (2σn-1) from the mean % recovery (centerline) 
 

11.2.3.3.8 Each control chart has upper and lower control limits established at ± 3 standard 

deviations (3σn-1) from the mean % recovery (centerline). 
 

11.2.3.3.9 The analyst performing the method enters the data into LIMS. The data is evaluated 

frequently to identify trends that might occur in an “out of control” situation 
 

11.2.4 The method blank is an analyte–free matrix to which all reagents are added in the same volumes or 

proportions as used in sample processing. The method blank is carried through the complete 
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sample preparation and analytical procedure. The method blank is used to document contamination 

resulting from the analytical process.  
 

For the method blank to be acceptable for use with the accompanying samples, the concentration of 

the blank of any analyte of interest can not exceed the method detection limit or required reporting 

limit. Section 5 lists certain conditions in which contaminated blanks may be used for quality 

control purposes. 
 

11.2.5 An instrument blank may be run after any sample that gives a response that exceeds the calibration 

range for the instrument to show that there is no carry-over to the next analysis. The instrument 

blank shall consist of high purity solvent (e.g. hexane for pesticide analysis by GC/ECD, methylene 

chloride for semi-volatiles analysis by GC/MS). 
 

11.2.6 An Initial Calibration Blank (ICB) is analyzed before sample analysis begins to verify there is no 

carryover contamination or instrument drift.  ICB samples usually accompany inorganic 

instrumental analysis. 
 

11.2.7 The analysis of sample duplicates that contain detectable quantities of analytes is an effective means 

for assessing the precision of an analysis. Refer to the individual analytical procedures or LIMS test 

codes for guidance concerning the frequency and criteria for sample duplicate analyses. 
 

11.3 Inter-laboratory Quality Control 

Each section of the laboratory may be given blind and double blind samples to analyze for requested 

parameters. Blind samples may be assigned in containers to be diluted, digested, and/or extracted 

and analyzed by the appropriate laboratory section. Double-blind samples may arrive on a pre-

scheduled basis from a “client” as real samples to be analyzed by designated analytical sections for 

specific analytes. 
  

11.3.1 Blind QC Samples 

Blind QC samples may be used as a test of proficiency for analysts needing certification and/or  

qualification for performing an analysis. The Section Supervisor should obtain the QC sample from 

either the Quality Assurance Department of from a source independent from the source of standards 

for the analysis. 

 

11.3.2 Double - Blind QC Samples  

Quality Control samples may arrive from a “Client” to be analyzed for specific analytes. These 

samples will arrive as real samples and will not be known to anyone outside Quality Assurance and 

Project Management. The results of these double-blind samples will be sent to the “client” to be 

compared to the true value of the samples. The laboratory’s performance on these samples will be 

compared to other laboratories in the program. These results will be mailed to the Quality Assurance 

Department. Results are used to identify areas needing improvement. 
 

11.4 Out-of-Control Conditions in Laboratory Control Samples 

11.4.1 Any of the following control chart conditions indicates the loss of process control:  

11.4.1.1 Any one point that is outside of the control limits. 
 

11.4.1.2 Any three consecutive points that are outside one of the warning limits. 
 

11.4.1.3 Any eight consecutive points on the same side of the centerline. 
 

11.4.1.4 Any obvious cyclic or repetitive pattern seen in the points. 
 

11.4.2 Reactions to “Out-of-Control” Conditions 
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In the event of an “out-of-control” condition, analyst should respond to the condition as follows: 

11.4.2.1 Stop analysis. 
 

11.4.2.2 Investigate the root cause of the failure 
 

11.4.2.3 Implement any required corrective action. 
 

11.4.2.4 Document the situation in a non-conformance memo prior to initiating subsequent analyses. 
 

11.5 Identification of Analytes 

11.5.1 Organic Analyses 

The identification of analytes is accomplished by comparison of unknown samples with known 

standards. All standards shall be traceable as specified by the applicable analytical procedure. 

11.5.1.1  Gas Chromatography 

All sample identifications are made by a comparison of the retention time of the standard  

peak to the retention time of the unknown peak. The identification of any analyte, which is 

identified during the primary analysis, is verified through the use of a confirmation column or 

by GC/MS unless specifically exempted in the applicable procedure. 
 

11.5.1.2  Gas Chromatography/Mass Spectrometry (GC/MS) 

For positive identification of an analyte by GC/MS, the spectrum of the analyte must conform 

to a spectrum of the authentic standard obtained after satisfactory tuning of the mass 

spectrometer. The appropriate analytical methods should be consulted for specific criteria for 

matching the mass spectra, relative response factors and relative retention times to those of 

authentic standards. Tentative identifications may be made based on conformance to published 

mass spectra in reference texts or spectral library databases.  
 

11.5.2 Inorganic Analyses 

The identification of analytes is accomplished by comparison of unknown samples with known  

standards. All standards shall be traceable as specified by the applicable analytical procedure. 
 

11.5.2.1 Metals 

The concentration of a metal analyte is based on the absorption or emission of light  

measured at a specific wavelength. The wavelength selected is in accordance with the 

applicable procedure. Standards used to generate the calibration curve are traceable to NIST or 

other nationally recognized (e.g. EPA). 
 

11.5.2.2  Wet Chemistry 

Standards used to prepare calibration curves or to standardize instruments are traceable to  

NIST or other national sources (e.g. EPA). 
 

11.6 Quantitation and Reporting of Analytes 

11.6.1 Reduction of Sample Data 

Data reduction is defined as the processing of instrument generated numbers by an analyst to achieve a 

final result.  Data reduction is used for sample analysis as well as for quality control criteria. 

Processing of numbers may be achieved using manual and/or computer aided calculations.  

11.6.1.1 All data reduction follows calculations found in approved procedures for the analysis. 
 

11.6.1.2 An analyst who is qualified to perform the analysis performs all data reduction. If a Section 

Supervisor performs data reduction, another qualified analyst reviews the data. 
 

11.6.1.3 All numbers used in the reduction of data are present on data reports and are easily retrievable. 
 

11.6.1.4 All computer-generated calculations are performed using a validated program/spreadsheet. 
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11.7 Reporting Data 

11.7.1 Significant Digits 

All digits in a reported result are considered to be definite, except for the last digit, which may be in  

doubt. Such a number is said to contain only significant figures. If more than a single doubtful digit 

is carried, the extra digit or digits are not significant. The following rules apply to all reported 

analytical results from all laboratory sections: 

11.7.1.1 All digits from a measurement are recorded. These numbers are used in the calculation of the 

results. After all calculations have been performed, the number is rounded to the required 

number of significant digits. 
 

11.7.1.2 The number zero may or may not be a significant digit, depending on its placement of the 

reported result. 
 

11.7.1.3 Final zeroes, after a decimal, are always significant (Ex. 9.80 has three significant figures). 
 

11.7.1.4 Zeroes before a decimal point with non-zero digits preceding them are significant. Zeroes with 

no non-zero digits before them are not significant (e.g. 10.3 has three significant digits, 0.53 

has two significant digits). 
 

11.7.1.5 If there are no non-zero digits preceding a decimal point, the zeroes after the decimal point but 

preceding other non-zero digits are not significant. These zeroes only indicate the position of 

the decimal point. 
 

11.7.1.6 The final zero in a whole number may or may not be significant. 
 

11.7.1.7 When mathematical functions are performed on multiple numbers, the number with the least 

number of significant digits dictates how many significant digits the end result should have. 
 

11.7.2 Rounding Rules 

11.7.2.1 Once the number of significant figures obtainable from a particular analysis is established, 

data resulting from the analysis are reduced according to the standard rules for rounding which 

state: If the number value to be rounded is 5 or greater, round up.  If the number value is less 

than 5, round down. 
. 

11.7.2.2 Rounding off numbers is a necessary operation in all analytical sections of the laboratory. It is 

automatically applied by the limits of measurement of every instrument and all glassware.  
 

11.7.3 Reporting Units 

The appropriate unit of measurement shall accompany all sample results reports. 
 

11.7.4 Reporting on a Wet vs. Dry Weight Basis 

When required, solid sample results are reported on a dry weight basis and documented in the report. 

When results are reported on a wet weight basis, the results are reported “as is”. 
 

11.7.5 Reporting % Recovery and RPD 

Unless otherwise directed by the customer, the Technical Director, or the QA Manager, the % 

Recovery and RPD are reported to one decimal place. 
 

11.8 Storage of Quality Related Data 

The laboratory retains all data and information that pertains to a project for a period of 5 years.  The data 

may be stored electronically, as hard copy, or both. 

11.8.1 Calibration Data 

All calibration data, which pertains to a specific project, is stored in an easily retrievable manner.  
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Easily retrievable manner is defined as retrievable in the same day for current projects, or within 24 

hours for archived projects. 
 

11.8.2 Quality Control Data 

All quality control related data (i.e. blanks, blank spikes/duplicates, matrix spikes/duplicates, etc.) is 

stored in the associated project file. If more than one project is associated with the QC data, copies 

are made and stored with each associated project. 
 

11.8.3 Logbooks (Notebooks) 

Laboratory logbooks are kept in the laboratory while in use. Once completed, the logbooks are 

archived in an easily retrievable location. 
 

11.8.4 QC Charts 

While in use, QC charts are stored in LIMS. When the QC Chart is no longer being used, it is 

archived by the section in a central location in the Server.  
 

11.9 Internal Performance Audits 

Internal performance audits are a means for the Quality Assurance Department to determine the 

applicability, effectiveness, and utilization of procedures by all sections. Designated personnel perform 

the performance audits. At the beginning of each year, and on an on-going basis, a schedule of audits 

and surveillance is developed and updated by the Quality Assurance Section. Surveillance is performed 

on an unannounced basis with the sections so that objectivity may be maintained. Findings from audits 

and surveillance are documented and corrective actions are implemented. Additional surveillance is 

scheduled to ensure that all deficiencies are corrected.  
 

11.10 Failure of Quality Control Indicators 

When there is a quality control failure that impacts data quality, the event must be documented using the 

procedures described in Section 13 of this document. 
 

12.0 DATA REDUCTION, REVIEW AND REPORTING 

12.1 Introduction:  In order to provide the highest quality data possible, an extensive system for data  

reduction, review, and reporting has been implemented. 
 

12.2   Sample Analysis and Data Reduction 

Through the use of the worksheets, the samples are prepared following the procedures given in each of 

the SOPs that follow EPA’s approved methods. The preparation information is recorded in logbooks 

throughout the laboratory. 
 

12.2.1  Data Reduction 

Most sample concentration results are read directly from instrumentation without further reduction 

or calculations. Dilution factors are applied upon the dilution of samples having concentrations 

above the calibration range. In many cases, these are put into the computer and correct results are 

calculated automatically.  In other cases, a manual calculation may be made. Data from methods 

requiring manual reduction prior to reporting include titrimetric methods, BOD, COD, conductivity, 

manual UV/VIS/IR and residue. All laboratory pH meters are temperature compensated. 
 

The laboratory raw data containing the instrument-generated reports, manually calculated results, 

and all supporting preparation, calibration, and analytical data are scanned as pdf file and posted in 

laboratory archives (portal server). 
 

12.2.2  Chromatographic and Data File Identification 

Chromatograms and data files are given a unique alphanumeric identification by the chemists  

initiating the analyses in each section. These file identification numbers reflect either the date the  
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sequence was initiated (GC sections), the order in which samples were analyzed (GC/MS sections), 

and/or the sample identification and log numbers given by the client and listed on the LIMS. 
 

12.3    Data Transfer and Review 

12.3.1  Data Transfer to LIMS 

The analytical results are entered on the department worksheets after review or by direct electronic 

transfer from the instrument data system. The analysts enter the worksheet data into the LIMS. After 

the data is entered into the LIMS, approval sheets are printed and checked against the information 

entered into the LIMS for transcription errors and anomalies. 
 

12.3.2  Data Review 

Laboratory analytical results are reviewed by at least two analysts or a section supervisor prior to 

entering the reportable data into the LIMS. The review of the data includes checking the extraction, 

digestion, distillation, and other preparation logs, ensuring that all precision and accuracy 

requirements are addressed, and ensuring that all steps of the analyses have been completed. If any 

problems were indicated during the analysis of the sample batch, it is the responsibility of the analyst 

and the section supervisor to bring this to the attention of the project manager, section manager and 

QA manager through a written corrective action report. 
 

12.3.3 Data flags 

Data flags are used on reports as needed to inform the project manager and the client of any 

additional information that might aid in the interpretation of the data. The data flagging system 

incorporates data qualifiers which are similar to flags specified in the Contract Laboratory Program 

protocols, as well as additional flags used to help explain batch specific events. 
 

12.3.4 Final Report 

When data acquisition and reporting have been completed, the project manager reviews and  

prepares the final report. Because the project managers have extensive experience in evaluating 

analytical data, they have developed both objective and subjective techniques for data review. Each 

value reported is reviewed in the context of the respective environmental matrix and all available 

QC/QA data. 
 

Final Reports shall include the following: 

• Title (e.g. Transmission Electron Microscopy Analysis Report) 

• Name and address of the laboratory 

• Unique identifying number 

• Name and contact information of the customer 

• Identification of the method used 

• Sample description and if necessary, condition of it 

• Date of sampling and receipt 

• Date the test was performed 

• Date report was issued 

• A statement that the results relate only to the items tested as received 

• Units of measure, where appropriate 

• Deviations from the method 

• Reports from Subcontract Laboratories included as they were received 
 

The laboratory is responsible for information provided in the report, except when information is 

provided by the customer.  Data provided by the customer will be clearly identified.  A narrative will 

be added to the report information supplied by the customer can affect the validity of the results. 
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12.3.4.1 The QA Manager will periodically review test reports in compliance to AIHA-LAP, LLC 

LQSR prior to issuance and document this review via a tracking spreadsheet and by  

adding a comment to the work order. 
 

12.3.4.2 Abnormal values are carefully scrutinized, and samples are reanalyzed if the 

abnormalities cannot be explained.  
 

12.3.4.3 If the results from spiked samples suggest interferences (low or high bias), attempts are 

made to remove the interferences, or the data is flagged and/or a project narrative is 

included with the report. Laboratory qualifiers are defined as follows: 

     * - Value exceeds maximum contaminant level 

     B - Analyte detected in the associated method blank 

     BRL - Below Reporting Limit 

     E - Estimated (Value reported above quantitation range) 

     H - Holding times for preparation or analysis exceeded  

     J - Estimated value detected below Reporting Limit 

     N - Analyte not NELAC (TNI) certified 

     Narr - See Case Narrative 

     NC - Not Confirmed 

     R - RPD outside accepted recovery limits 

     Rpt Lim - Reporting Limit 

S - Spike recovery outside accepted recovery limits 

> - Greater than Result value 

< - Less than Result value 
 

12.3.4.3 Clients are instructed to provide sufficient sample for the analysis of Matrix Spike and Matrix 

Spike Duplicate analysis, however there are times when the laboratory does not receive 

sufficient aqueous sample volume to perform these analyses.  If an aqueous sample batch is 

analyzed without the inclusion of a spike/spike duplicate sample(s), this fact is added to the 

report narrative per TNI requirements. Example verbiage is as follows: 
 

The TNI requirement for the analysis of a matrix spike/matrix spike duplicate could not be 

performed on Batch (#) due to insufficient sample volume submitted.  
 

12.4  Special Project or Data Package Review 

If the client requests special handling and/or data packages, the Laboratory Director, Technical Director, 

or Quality Assurance Manager may also review the project report and the raw data. This review includes 

checking holding time requirements and calibrations, reviewing all quality control data and/or control 

charts, and initiating any corrective actions or re-analyses that might be appropriate. 
 

12.5 Quality Control Reports 

AES, Inc. offers four levels of quality control reporting. Each level contains all the information provided 

in the preceding level, in addition to its own specific requirements.  The quality control packages 

provide data in the following levels: 
12.5.1 Level I - method references, preparation and analysis dates, surrogate(s) recoveries and reporting limits. 
 

12.5.2 Level II - Level I information plus results for the blank, LCS and MS/MSD and sample duplicates. 

 

12.5.3 Level III - Level I and II information plus all raw data associated with sample preparation, 

instrument calibration (if applicable) and sample analysis. 
 

12.5.4 Level IV - Level I, II and III information in a CLP “look-alike” format, and all sample raw data. 
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12.6   Reporting Criteria 

The final report is printed and signed by the Laboratory Manager, the Director of Project Management 

or a Project Manager after all review has been completed. The Laboratory Manager, the Director of 

Project Management and Project Managers serve as designees for technical director for report signing.  

The data flags that may appear in a project report are defined and any additional comments are included 

in the Case Narrative.    

12.6.1 If requested by the client or a project specific QA Plan, custom reports or data packages can be 

provided. When data packaging is requested, a paginated data package is provided in addition to the 

project report. The format of the project report and/or data package can be adjusted to meet the needs 

of the client. All LIMS reports can be downloaded onto diskettes or to most clients’ computers. 
 

12.6.2 When the project report must meet TNI requirements, the report will include a certification 

statement indicating the results meet TNI standards, an estimated uncertainty statement, and a  

format that includes the total number of pages in the report. 

 

12.6.3 AES, Inc., will not intentionally divulge to any person (other than a client or person designated by a 

client in writing) any information regarding the services provided by AES or any information 

disclosed to AES by the client unless required by law or authorized contractual arrangement.  In 

these instances, the client will be notified unless prohibited by law. Any information known to be 

potentially endangering to national security or any entity’s proprietary rights will NOT be released.  

12.6.3 Test results are reported according to client requirements.  If a client requests to have reports 

or information sent by fax, the client is notified in advance of the transmission, whenever 

possible, and all documents include a cover sheet with the following statement: 
 

NOTICE OF CONFIDENTIALITY 

The information contained in this facsimile message may be legally privileged and is confidential 

information intended only for the use of the individual or entity named above. If the reader of this 

message is not the intended recipient, you are hereby notified that any use, dissemination, 

distribution or copy of this facsimile message is strictly prohibited. If you have received this 

facsimile message in error, please contact us by telephone at (770) 457-8177 and return the 

facsimile message to us at the address above via the US postal service. 
 

  All documents sent by email should include the following statement: 

NOTICE OF CONFIDENTIALITY: The information in this email and / or attachments may be 

legally privileged and is confidential information intended for the use of the individual or entity 

named in the email address.  If the reader of this message is not the intended recipient, you are 

hereby notified that any use, dissemination, distribution, or copy of this email and / or attachments 

is strictly prohibited.  If you have received this email in error, please notify Analytical 

Environmental Services Customer Service by telephone at (770) 457-8177 or by email at 

info@aesatlanta.com and delete the message.  Thank you. 
 

12.7  Record Keeping 

Procedures are in place to ensure that all records required under TNI Chapter 5 and AIHA-LAP, LLC 

program requirements are retained.  The laboratory maintains a record keeping system that can produce 

unequivocal, accurate records that document all laboratory activities. 

12.7.1 When an analytical batch is prepped and analyzed, the analyst enters the data into the LIMS system 

and gives the raw data, quality control data and a copy of the prep log (if applicable) to the 

department manager to review. 
 

12.7.2 Any problems encountered during sample preparation and analysis are corrected and brought to the  

attention 12.8.1 Sample Preparation, E of the department manager. 
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12.7.3 Once the department manager has reviewed the data, it is validated in the LIMS system for  

 reporting to the client. 

 

12.8 Records of Analysis 

12.8.1 Sample Preparation, Extraction, Distillation, and Digestion 

All steps of the preparation, extraction, distillation and/or digestion of samples are thoroughly 

documented. Documentation is determined by the QA Manager, Laboratory Manager, and the 

Technical Director and includes (if applicable): 

12.8.1.1 Standard Identification 
 

12.8.1.2 Dilution Factors 
 

12.8.1.3 Sample Identification 
 

12.8.1.4 Reagent Identification 
 

12.8.1.5 Date the extraction, digestion, and or analysis was performed 
 

12.8.1.6 Initials of the analysts performing the digestion, extraction, and or   analysis 
 

12.8.1.7 Volume/weight of sample used 
 

12.8.1.8 Final volumes/weights 
 

12.8.1.9 Initial and final review signatures, where required 
 

12.8.1.10 Instruments used 
 

12.8.2 Preparation of Standards and Reagents 

12.8.2.1 The preparation of all standards and reagents are documented. The lot numbers of all standards 

associated with a particular project are traceable either through the instrument logbook, a QC 

check list, a worksheet, or another approved document. 

12.8.2.2 Original vendor Certificates of Analysis are distributed by the Shipping and Receiving Office 

to the intended departments. 
  

12.9 Standard and Reagent Traceability 

Standards and reagents are tracked in the LIMS chemical inventory system for traceability and auditing 

purposes.  The method of standard and reagent tracking is outlined in the subsequent sections. 

12.9.1 When a standard/reagent is needed that is not already on the approved vendor/materials order list, 

supervisors forward purchase requests to the Technical Director and/or Laboratory Manager for 

approval. The standard/reagent is ordered from a reputable vendor (AES typically uses VWR).  The 

laboratory attempts to use certified reference materials from providers who conform to ISO Guide 34. 
 

12.9.2 The information supplied to the Technical Director and / or Laboratory Manager must have the 

supplier standard or reagent name, order number, size or amount of each unit, grade or purity, price, 

if possible, and quantity.  Upon receipt, supplies (and services) are reviewed to ensure they comply 

with requirements.  When a vendor has been approved for services, a note is placed in the comments 

field of the Vendors database within LIMS. 
 

12.9.3 When the standard or reagent arrives, it is logged into the LIMS, usually by the department  

supervisor or by the sample custodian. All reagents and standards received are electronically  

tracked and documented by computer via the Laboratory Information Management System. 
 

12.9.4 Each standard or reagent is given a unique chemical inventory number upon receipt. The next  
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available number in the LIMS is automatically assigned, starting with #5001. The computer entry is 

completed by entering the correct information in the required fields. 

12.9.4.1 The expiration date for neat standards and reagents is determined using the manufacturer’s 

expiration date, if available. Otherwise, a 1 year expiration date is assigned to volatile organic 

compounds and standards and 5 year date for acids, dry chemicals, solvents, reagents, and 

other chemicals. Each standard and reagent is clearly and permanently labeled with its 

expiration date in indelible ink.  The assigned expiration date for intermediate standards will 

not exceed the manufacturer’s expiration date of the stock standard.  
 

12.9.4.2 Secondary standard containers are labeled with the corresponding LIMS tracking number of 

the source material, the date the contents were prepared, the six month expiration date, the 

name of the analyte(s), the concentration of each component of the solution, the matrix and the 

initials of the person who prepared it. 
 

12.9.4.3 The chemical inventory number must appear on both the standard and reagent container, and 

the upper, right-hand corner of the certificate of analysis. It must also be included, if 

applicable, in standard/preparation, analyses or sample preparation log books. 
 

12.9.4.4 Secondary standard labels include the LIMS chemical inventory number, the standard name, 

intended use (spiking, surrogate, reference or calibration solution), and concentration with 

units, matrix, expiration date and initials of the person who prepared it. As long as this is 

available, all other information can be found in the LIMS. 
  

12.9.5 Spiking, surrogate, reference and calibration solutions and calculations are recorded in the 

appropriate “Standard/Preparation Log Book.” Logbooks cover the following areas: Organics, 

Organics Preparation, Semi-Volatile Organics, Microbiology, Metals, Mercury & Wet Chemistry.   
 

12.9.6 Some containers such as standards containers for organics are small and there may not be enough 

room to list all of the required information on the container.  Should this occur, it is permissible to 

attach a label to the bottle. 
 

12.9.7 When a standard or reagent is added to a sample for any reason, the LIMS chemical inventory 

number of that standard or reagent and the amount added must be recorded in the appropriate 

logbook. For example, if a stock standard MET #33-89-5431 of 1000 mg/L is diluted to 100 µg/L, 

the following line is entered: 1 ml MET #33-89-5431 to 100 ml DI water, 1 ml of 100x to 100 ml DI 

water, final conc. = 100 µg/L. (NOTE: “MET #33-89-5431” = Metals Department Standard/ 

Preparation Log Book 33, page 89, LIMS Chemical Inventory Number 5431).  
 

12.9.8 If the standard is used as a stock standard and aliquots of it are diluted to produce working standards,  

the stock standard’s LIMS chemical inventory number is used.  The standard concentration or a 

designator such as “1” or “A” is used to differentiate between each serial dilution. 
 

12.10 Standard Verification 

12.10.1 Certificates of Analysis 

12.10.3.1 Each department is responsible for maintaining all certificates of analysis received with its  

standards and reagents. The LIMS-assigned chemical inventory number is written in the  

upper, right-hand corner of each COA. The certificates are maintained on the portal server.   

The certificates are held for a minimum of five years.  
 

12.10.3.2 Most accrediting authorities require that a certificate of analysis is kept on file for all  

standards used in the laboratory. If at all possible, a certificate for reagents should also be 

obtained. This documentation serves two purposes; 1) it gives further traceability for the 
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standard or reagent, and 2) it provides a manufacturer’s guarantee that the standard is 

comprised of the compounds at the levels listed.  

 

12.11  Estimation of Uncertainty (for AIHA-LAP, LLC accreditation) 

Estimation of Uncertainty is the parameter associated with the result of a measurement that characterizes 

the dispersion of the values that could reasonably be attributed to the measurement.  A reasonable 

‘Estimation of Uncertainty’ shall be based on knowledge of the performance of the method and on the 

measurement scope and shall make use of, for example, previous experience and validation data.  It is 

monitored by the monthly checks, proficiency exam results and error rates.  The estimate of day-to-day 

precision is determined by comparison of duplicate samples (or matrix spike duplicates).  Results of the 

two analyses are compared by their relative percent difference, RPD: (A-B) / (Average of A and B) 
 

Estimation of Uncertainty Limits may be method / program specified (e.g. AIHA-LAP, LLC ELLAP) or 

based on historical laboratory limits.  Interim limits are used until enough data points have been generated  

to set representative limits.  The actual limits are calculated annually and are posted on the portal server.   
 

Estimation of Uncertainty Policy follows the AIHA-LAP, LLC Accreditation Program requirements with 

respect to the estimation of uncertainty measurement for tests associated with their scope of accreditation.  

The requirement which underlies this policy is found in ISO/IEC 17025:2017, Section 7.6). 

 

AIHA-LAP, LLC Uncertainty and Uncertainty Limits Determinations  

The Measurement Uncertainty (or Uncertainty of Measurement) is the result of the evaluation aimed at 

characterizing the range within which the true value of a test result is estimated to lie, generally within a 

given likelihood.  Non-negative parameter characterizing the dispersion of the quantity values being 

attributed to the measurand, based on the information used. 

 

12.11.1 Definitions of Terms used by the laboratory 

Bias is the total systematic error manifested as a consistent positive or negative deviation from the 

true value.  
 

Measurand is the quantity intended to be measured or analyte concentration. 
 

Precision is the closeness of agreement between measured quantity values obtained by replicate 

measurements under the same conditions.  Precision is commonly expressed as standard deviation 

or relative percent difference and can be evaluated by the analysis of duplicate samples or duplicate 

sampling media spikes. 
 

Type A evaluation of measurement uncertainty: Evaluation of a component of measurement 

uncertainty by a statistical analysis of measured quantity values obtained under defined 

measurement conditions.  This approach uses existing data from routine laboratory quality control 

samples such as certified reference material, laboratory control samples, duplicates, or data from 

method validation studies and proficiency testing (PT) study results. 
 

Type B evaluation of measurement uncertainty: Evaluation of a component of measurement  

uncertainty determined by means other than a Type A.  This approach involves the estimation and  

compilation of individual uncertainties for each contributing measurement.   
 

Contributors to consider for measurement uncertainty are listed in Table 12-1. 
 

12.11.2 The laboratory utilizes Type A approach for the Estimation of Uncertainty.  One or more of the   

following options are utilized: 

12.11.2.1 Uncertainty specified within a standard method. In those cases where well recognized test  
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method (such as NIOSH, OSHA, etc. method), specifies limits to the values of the major 

sources of uncertainty of measurement and specifies the form of presentation of calculated 

results, laboratories need not do anything more than to follow the reporting instructions as 

long as they can demonstrate they follow the reference method without modification and can 

meet specified reliability. 
 

12.11.2.2 Laboratory Control Samples (LCS) and Matrix Spikes. In cases where matrix specific LCS 

(CRM or media spikes) and/or matrix spike data are available, include uncertainty estimated 

from the standard deviation of long term data collected from routine sample runs for existing 

test methods or from the standard deviation of the LCS or matrix spike data for method 

validation/verification studies for new test methods. 
 

12.11.2.3 Duplicate Data. In cases where sub-sampling occurs and there are data over the reporting limit, 

include uncertainty estimated from long term duplicate data collected from routine sample runs 

for existing test methods or method validation/verification studies for new test methods. 
  

12.11.2.4 Proficiency Testing (PT) Sample Data. In cases where the previous options are not available 

and where PT samples are analyzed with sufficient data above the reporting limit, pooled PT 

sample data can be used to estimate uncertainty. 
 

12.11.3 Uncertainty determinations specific to each type of testing for AIHA-LAP, LLC is as follows: 

12.11.3.1 Industrial Hygiene Chemical/Gravimetric Analysis.     

The laboratory uses the Type A approach to Measurement Uncertainty.  Acceptance limits are 

determined using historical LCS (CRM or media spikes) data for each procedure/target analyte.  

Once at least twenty values are available, the mean and standard deviation of the data set are 

calculated.  Bias is noted and available for reporting.  The data is evaluated for outliers using 

standard Grubbs Outlier calculations with statistical outliers omitted.  Control limits are set at 

±3 standard deviation and for measurement uncertainty k=2, or ± 2 standard deviation are used. 
 

Where target analyte spiking is not applicable such as for gravimetric testing, only precision 

limits are used for uncertainty determinations. If less than 50 points are available for 

calculation, the limits are considered interim limits.   
 

12.11.3.2 Industrial Hygiene Asbestos by PCM Analysis.  Ranges of uncertainty for IH asbestos by 

PCM testing are determined for precision only using daily reference slide and blind recount 

analyses as described below.  

12.11.3.2.1 The laboratory’s set of reference slides includes slides from previous PAT rounds,  

Round Robins and field samples. The laboratory acceptance limits are determined from 

data accumulated from blind recounts of these reference slides and established at 95% 

confidence limits.  From blind repeat counts of reference slides, Sr values obtained for 3 

following ranges: 5-20 fibers in 100 graticule fields; 20.5-50  

fibers in 100 graticule fields; 50.5-100 fibers in 100 graticule fields. 
 

12.11.3.3 Environmental Lead Analysis for reporting under the ELLAP Program.  Ranges for uncertainty 

for ELLAP testing for precision and accuracy are determined by the laboratory.  Monitoring of 

method performance and bias is accomplished using statistical process control (charts or 

database) for monitoring AES laboratory performance with QC sample analysis (LCS/LCSD, 

MS/MSD).  SOPs (Sec. 13) for Lead in Paint, Lead in Wipes, Lead in Soil (SW 7000D), and 

Lead in Airborne Dust describe the required minimum performance criteria for QC sample 

analysis and the method performance for the laboratory.  Method performance and bias are 

evaluated on an annual basis by the QA Manager.  If the calculated limits are outside those 
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listed in Table 3 of the current LQSR, an evaluation of them will be performed.  All monitoring 

data in the form of control charts are maintained/posted to the portal server, the laboratory’s 

archival system. 
   
12.11.3.4 Quantifiable Fungal Analysis for reporting under the EMLAP Program. Ranges for uncertainty 

for quantifiable fungal testing are determined for precision only.  Duplicate samples are counted 

for at least 5% of samples for inter-analyst precision monitoring and replicates samples are 

counted by different analysts for intra-analyst precision monitoring.  Uncertainty ranges are 

determined using the mean of the range of the logarithm of each count obtained from a minimum 

of 20 duplicate/replicate pairs.  This mean value is multiplied by 3.27 to obtain the final control 

limit.  Once the control limit is determined, the logarithmic range for each ongoing 

duplicate/replicate pair is determined and must be < control limit value. Specific information used 

for control limits for each individual EMLAP test method are provided in Table 5-1. 
  

The lab determines the measurement of uncertainty associated with Spore Trap Analysis by 

using the Type (A) methodology. QC reference slides are used that have varying spore count 

levels. 30 data points are used for each QC slide. From these counts the Mean and Standard 

Deviation are determined. Then the Coefficient of Variation (CV) is calculated for each set of 

data by dividing the standard deviation by the mean. Then the pooled CV is calculated by 

adding the squares of the CV values, averaging them and taking the square root. The 

expanded Measurement of Uncertainty (MU) is calculated by multiplying the pooled CV 

value by the appropriate coverage factor k. For a confidence level of 95%, k is approximately 

2 for a data set of 30 points or more. This RSD value is then multiplied by the calculated or 

observed value of the sample to be expressed as a measurement of uncertainty.  When 

reporting results for expanded Measure of uncertainty the test results and the expanded 

measurement of uncertainty are expressed in the same units. 
 

Example with a calculated CV pooled of 0.114: 
 

    Expanded MU @ 95% C.L.  (k=2) equals CV pooled (.114) X  2   = 0.23 (23% RSD) 

Bias cannot be determined.  No quantitative reference material available 

Example analytical uncertainty for air sample with 500 spores/m3: 

 

Expanded analytical uncertainty =  500 spores/m3 X 0.23 = 115 spores/m3 

Example of reporting for air sample with 500 spores/m3: 

 

500 spores/m3 with an analytical uncertainty of  +/-  115 spores/m3 at the 95% confidence level 

12.11.3.5 Qualitative Fungal Analysis for reporting under the EMLAP Program.  In order to monitor 

consistency with regard to genus/species identification, acceptability criteria for taxon 

identification and taxon abundance ranking are described below.  These are laboratory determined; 

interim criteria as no regulatory guidance or method specified criteria are available. 

12.11.3.5.1 Taxon identification acceptability:  On the replicate and duplicate analyses, daily 

reference slide analyses, monthly reference culture analyses and round robin study 

analyses with at least 3 different organisms present, 60% of all genus/species of fungi 

and/or genus/group of fungi identified on the original sample at levels >10x LOD should 

also be identified on the recount. 
 

12.11.3.5.2 Taxon abundance ranking acceptability:  On the replicate and duplicate analyses, daily  

reference slide analyses and round robin study analyses, the top three genus/species of fungi 

and/or genus/group of fungi by abundance and >10x LOD will be ranked.  The recount data  

should identify these same fungi for the identification to be considered acceptable. 
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12.11.3.5.3 Consistent fungal ID is also monitored through participation in the Direct Exam Fungal 

Analysis PT programs administered by EMLAP.  Acceptability limits are currently set at 

85% correct identification by AIHA-LAP, LLC. 

 

12.11.3.5.4 It should also be recognized that other, non-quantifiable factors may also add additional 

uncertainty.  These factors may include media selection, organism competition, etc. and 

are not directly measurable. 
 

12.11.4 The reporting procedure. 

Typically, measurement uncertainty is reported per the client’s request or when the known 

compliance to a specification limit is affected.  The result and the expanded measurement 

uncertainty are reported in the same units.  Both the result and expanded measurement uncertainty 

will be rounded to the same number of significant figures. 

12.11.4.1 Reporting test results the Expanded Measurement Uncertainty 

When the reporting of uncertainty is required or requested by a client to be included in the 

analytical report, the test result and the expanded measurement uncertainty will be reported in 

the same units.  The test result and the expanded measurement uncertainty should both be 

rounded in a similar manner, meaning the same number of significant figures.  A description of 

the coverage factor should be included as in the following example: 

 

Total Lead in Air concentration of 50 ug/sample ±5.3 ug/sample at 95% confidence level (k=2) 

 

Where bias is present, report it along with the uncertainty as a probable bias such as: 

 

Total Lead in Air concentration of 50 ug/sample ±5.3 ug/sample at 95% confidence level (k=2) 

This method has an average recovery of 99 %, or a probable bias of -0.5 ug/sample. 

 

An example template for the expanded measurement uncertainty calculation is in Table 12-2.
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Table 12-1 Contributors to Measurement Uncertainty (Applicable AIHA-LAP, LLC methods SW700B,  

N7082, N7300, and N7303) 

Example of Contributors to Measurement Uncertainty Chemical Analyses of Lead (Pb) using  
ICP-AES and FAA         See Example Calculations (to the right of the table) 

Contributors to Uncertainty 

Representative 
and Applicable 

QC Data Comments to Clarify Contributor Effects 

Transportation/Storage/Handling     

shipping time, container & temperature NA 
No impact on bulk paint samples from transportation, storage or normal 
handling 

lab storage time, conditions & temperature NA   

contamination in lab storage areas NA   

Laboratory Subsampling     

sample nonhomogeneity DUP Sample composition, etc.   

blending techniques  DUP Stirring, sieving, grinding, etc 

sample size DUP Large enough to allow adequate subsampling 

Sample Preparation:     

volumetric glassware LCS, DUP  NA for Class A; applies for graduated tubes or cylinders, etc. 

dispensing device LCS, DUP pipettes, and other types of dispensers not Class A 

balance LCS, DUP balance error is often insignificant compared to other  MU sources 

temperature LCS, DUP Hot plate or ashing temperatures 

sample extraction LCS, DUP Applies to LCS  or DUP if goes through sample preparation 

extractant background 

LCS, DUP, 
MB Analyte or interferant in acids, or other reagents 

Lab Environmental Conditions:     

temperature variance NA No impact on bulk paint samples  

humidity variance NA No impact on bulk paint samples  

Analysts:   
Analyst contributors affect all aspects of analysis from subsampling through 
data manipulation 

different analysts LCS, DUP   

analyst training level & experience LCS, DUP   

data interpretation by analyst LCS, DUP   

Measuring Instruments:     

instrument stability LCS Baseline drift, repeatability of averaged readings, etc 

carry over effects LCS, DUP 
Impact of high samples on following sample readings; can be monitored by 
proper use of CCBs 

day to day calibration differences LCS   

interferences DUP, MS 
Due to matrix, inter-element effects, etc.  Cannot be routinely determined for 
typical industrial hygiene sampling media 

Calibration Standards/Reference Materials:     

preparation variances LCS, DUP  Due to analysts, balances, dispensing devices used, etc 

calibration stock material uncertainty CERTIFICATE Obtain from certificate or estimate 

LCS reference material uncertainty NA Sample results not corrected for LCS recovery 
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Test Procedure Variations     

variation within and between reagent lots LCS Similar to extractant background effects under Sample Preparation above 

extraction or digestion times and temps LCS May affect complete dissolution of analyte or loss of material in some cases 

sample dependent modifications LCS Changes in conditions due to sample size, customer requests, etc 

desorption efficiencies within and between 
lots for sorbent tubes NA   

Data Manipulation:     

sampling media blank correction NA No sampling media with bulk samples 

 instrument blank correction LCS when allowed 

Accuracy of calculations LCS Manual, spreadsheet, LIMS, etc 

   

   

DUP = Duplicate, resulting from sub-sampling of a bulk (NOTE: NOT LCS/LCSD duplicate spiked sampling media) 

FB = Field Blank 

FS = Field Spike 

LCS = Laboratory Control Sample, matrix matched and typically taken through the entire analytical process, with each 

          sample batch 

MB = Method or matrix blank 

NA = Not Applicable 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 132 of 200 
  

Table 12-1 Contributors to Measurement Uncertainty (AIHA-LAP, LLC methods Air SOPs MB-15019,  

MB-15022, MB-15028; Bulk SOPs MB-15020; and Surface Direct (SOP MB-15020) Exam 

 

Example Contributors to Measurement Uncertainty – Direct Air Environmental Microbiology Analyses 
(representative list - may not include of all contributors) 

(QC sample types in this list are typical of those utilized in AIHA-LAP, LLC laboratories)                       See Example 
Calculations (to the right of the table) and tabbed sheets for additional examples 

Contributors to Uncertainty 

Representative 
and Applicable 

QC Data Comments to Clarify Contributor Effects 

Temperature, Storage, Handling:     

shipping time, container & temperature NA No impact on direct air exam samples 

lab storage time, conditions & 
temperature NA No impact on direct air exam samples 

contamination in lab storage areas NA No impact on direct air exam samples 

Laboratory Subsampling:     

sample nonhomogeneity NA Not applicable to direct air exam samples 

blending techniques NA Not applicable to direct air exam samples 

sample size NA Not applicable to direct air exam samples 

Sample Preparation:     

slides & coverslip contamination MB With proper care there should be no contamination of daily blanks; therefore, no impact 

mounting medium MB With proper care there should be no contamination of daily blanks; therefore, no impact 

Lab Environmental Conditions:     

seasonal background spore variances MB Samples are not exposed to air for any length of time; therefore there should be no impact 

Analysts:     

different analysts RS Reference slides analyzed by multiple analysts 

analyst training level & experience RS Reference slides analyzed by multiple analysts 

data interpretation by analyst RS Reference slides analyzed by multiple analysts 

Measuring Instruments:     

microscope magnification level used RS Reference slides analyzed with multiple microscopes 

eye piece graticule & field of view 
calibration RS Reference slides analyzed with multiple microscopes 

Test Procedure Variations:     

portion and fields of sample analyzed RS Varies by analyst 

microbial density RS High concentrations or clumps of spores may impact results 

interferences RS Debris level and resolution of spores in field of view 

ranges (high, medium, low) RS 
Uncertainty may be concentration dependent.  Lab should evaluate this as part of method 
validation. 

Data Manipulation:     

reading, interpreting & reporting results RS   

Accuracy of calculations RS Manual, spreadsheet, LIMS, etc 

area or air volume sampled NA 

Typically provided by the customer.  This is not part of analytical uncertainty, but must be 
considered by labs providing sampling and providing combined sampling and analytical 
uncertainty. 

MB = Daily method blank   

RS = Daily reference slides 
   

  Please note that the original column I (CV of the pair) of the “culturable analyses” tabbed worksheet had a formula incorrectly 

entered. The worksheet has been corrected and any affected values have been highlighted in yellow. 
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Table 12-2 Expanded Measurement Uncertainty Calculation Template 
 

Examples of Analytical Measurement Uncertainty for Metals in Air 

Metals in Air using hotblock acid digestion and ICP-AES Sample duplicate data in ug, Total for Metals in Air using   
Analysis by NIOSH 7300M/7303 Target LCS Recovery of  hotblock acid digestion and ICP-AES by NIOSH 7300M/7303 
Lead in Air AES 18434 at 50.0 +/- 0.40 ug, Total 

Lead 

LCS      
ug, Total 

True value ug, 
Total 

LCS % 
Rec 

ug, 
Total     
LCS 

ug, 
Total      
LCSD 

Std Dev 
(S) CV CV2 

51.9 50.0 103.8 51.9 52.9 0.7071 0.0135 0.0002 
49.6 50.0 99.2 49.6 48.7 0.6364 0.0129 0.0002 
48.5 50.0 97.0 48.5 50.6 1.4849 0.0300 0.0009 
49.2 50.0 98.4 49.2 48.2 0.7071 0.0145 0.0002 
50.9 50.0 101.8 50.9 51.7 0.5657 0.0110 0.0001 
51.4 50.0 102.8 51.4 47.7 2.6163 0.0528 0.0028 
47.4 50.0 94.8 47.4 47.1 0.2121 0.0045 0.0000 
47.2 50.0 94.4 47.2 49.8 1.8385 0.0379 0.0014 
47.6 50.0 95.2 47.6 47.8 0.1414 0.0030 0.0000 
50.0 50.0 100.0 50.0 50.4 0.2828 0.0056 0.0000 
50.2 50.0 100.4 50.2 50.8 0.4243 0.0084 0.0001 
47.1 50.0 94.2 47.1 46.8 0.2121 0.0045 0.0000 
48.3 50.0 96.6 48.3 46.0 1.6263 0.0345 0.0012 
46.3 50.0 92.6 46.3 48.2 1.3435 0.0284 0.0008 
45.8 50.0 91.6 45.8 49.1 2.3335 0.0492 0.0024 
51.0 50.0 102.0 51.0 53.1 1.4849 0.0285 0.0008 
47.9 50.0 95.8 47.9 47.7 0.1414 0.0030 0.0000 
55.8 50.0 111.6 55.8 55.4 0.2828 0.0051 0.0000 
47.8 50.0 95.6 47.8 49.3 1.0607 0.0218 0.0005 
50.3 50.0 100.6 50.0 49.9 0.0707 0.0014 0.0000 
52.6 50.0 105.2 52.6 49.0 2.5456 0.0501 0.0025 
49.8 50.0 99.6 49.8 49.2 0.4243 0.0086 0.0001 
48.5 50.0 97.0 48.5 51.8 2.3335 0.0465 0.0022 
50.2 50.0 100.4 50.2 47.2 2.1213 0.0436 0.0019 
49.2 50.0 98.4 49.2 49.8 0.4243 0.0086 0.0001 
52.2 50.0 104.4 52.2 49.2 2.1213 0.0418 0.0018 
48.1 50.0 96.2 48.1 48.2 0.0707 0.0015 0.0000 
49.2 50.0 98.4 49.2 47.8 0.9899 0.0204 0.0004 
48.1 50.0 96.2 48.1 46.7 0.9899 0.0209 0.0004 
52.7 50.0 105.4 52.7 48.4 3.0406 0.0601 0.0036 

30 point Mean % 
Rec. 99.0 ∑ CV2 0.0246 

30 point Std Dev 4.4 CV pooled  =   √ (∑CV2/30)  = 0.0287 
RSD 4.4% 

Combined Rel. Std Dev (SDc) = √  [ SD12 + SD22.87% RSD 

SDc = √[(4.4)2 + (2.87)2] = 5.25% 
 

Expanded MU @ 95% Conf (k=2) = 10.5% 
 
Bias @ 99.0% Rec of LCS = -1.0% 

Example analytical uncertainty for 50 ug, Lead in Air sample: 
Expanded analytical uncertainty of 50 ug, Lead in Air = 50 X 0.105 = 5.25 ug, Total 

Bias = 50 ug, Total X -0.010 = 0.500 ug, Total 

Example of reporting for 50 ug, Total of Lead in Air: 
50 ug, Total of Lead in Air with an analytical uncertainty of +/- 5.3 ug, Total at the 95% 
confidence level and a probable bias of -0.50 ug, Total 
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                                              Table 12-3 

Estimation of Uncertainty Requirements for non-AIHA-LAP, LLC 
Method Uncertainty Based On 

SM2120B Color NA 

E120.1 Conductivity  Method Limits 

SM4500H+B pH  NA 

SM2540C TDS  NA 

SM2540D TSS  NA 

SM2540B TS  NA 

E160.4 VS  NA 

SM2540F Settleable Solids NA 

E1664B Oil and Grease_TPH  Method Limits 

E180.1 Turbidity  Method Limits 

E200.7 ICP AES Metals  Method Limits 

E200.8 ICP MS Metals  Method Limits 

E245.1 Mercury  Method Limits 

E300.0 Anions by IC  Method Limits 

SM2310 B Acidity  NA 

SM2320 B Alkalinity  Method Limits 

SM4500Cl G Residual Chlorine  Method Limits 

SM4500CN G Amenable Cyanide  Method Limits 

SM4500CN E  Total Cyanide  Method Limits 

E350.1 Ammonia  Method Limits 

E351.2 TKN  Method Limits 

E353.2 Nitrate_Nitrite  Method Limits 

SM4500NO2B Nitrite  Method Limits 

SM4500O G Dissolved Oxygen  NA 

E365.1 Ortho Phosphorus  Method Limits 

E365.1 Total Phosphorus  Method Limits 

E365.3 Ortho Phosphorus  Method Limits 

SM4500S2F  Sulfide  Method Limits 

SM4500SO3 B  Sulfite  NA 

SM5210B BOD  Method Limits 

E410.4 COD  Method Limits 

SM5310B TOC  Method Limits 

E420.1 Total Phenolics  Method Limits 

E420.4 Total Phenolics  Method Limits 

SM5540C MBAS Surfactants  Method Limits 

E615 Herbicides  Historical Limits 

E624.1 VOCs  Method Limits 

E625.1 SVOCs  Method Limits 

FL-PRO  Method Limits 

RSK-175 Dissolved Methane, Ethane, Ethene  Method Limits 
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Method Uncertainty Based On 

SM10200H Chlorophyll  Historical Limits 

SM2340B Hardness  Method Limits 

SM2540G Total, Fixed and Volatile Solids  NA 

SM3500Cr B Hexavalent Chromium  Method Limits 

SM3500Fe B Ferrous Iron  Method Limits 

SM5210B CBOD  Method Limits 

SM9222B Total Coliforms  NA 

SM9222D Fecal Coliforms  NA 

SM9223B E.Coli  NA 

SW1010 Flash Point  NA 

SW1030 Ignitability NA 

SW1311 TCLP Historical Limits 

SW1312 TCLP Historical Limits 

SW6010 ICP AES Metals  Method Limits 

SW6020 ICP MS Metals  Method Limits 

SW7.3 Reactive Cyanide  Method Limits 

SW7.3 Reactive Sulfide  Method Limits 

SW7196 Hexavalent Chromium  Method Limits 

SW7470 Mercury in Water  Method Limits 

SW7471 Mercury in Soils  Method Limits 

SW7473 Mercury in Soils Method Limits 

SW8011 EDB DBCP  Historical Limits 

SW8015 DAI  Historical Limits 

SW8015 DRO  Historical Limits 

SW8015 GRO  Historical Limits 

SW8081 Pesticides  Historical Limits 

SW8082 PCBs  Historical Limits 

SW8151 Herbicides  Historical Limits 

SW8260 VOCs  Historical Limits 

SW8270 SVOCs  Historical Limits 

SW8310 PAHs  Historical Limits 

SW8315 Formaldehyde and Acetaldehyde Historical Limits 

SW9010_9012 Cyanide  Method Limits 

SW9010_9014 Cyanide  Method Limits 

SW9030_9034 Sulfide  Method Limits 

SW9038 Sulfate  Method Limits 

SW9040 pH in Water  NA 

SW9041 pH by Paper  NA 

SW9045 pH in Soil  NA 

SW9050 Conductivity  Method Limits 

SW9056 Anions by IC  Method Limits 

SW9060 TOC  Method Limits 
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Method Uncertainty Based On 

SW9065 Total Phenolics  Method Limits 

SW9070 Oil and Grease_TPH in Water  Method Limits 

SW9071 Oil and Grease_TPH in Soils  Method Limits 

SW9081 Cation Exchange Capacity (Sodium)  NA 

SW9095 Free Liquids by Paint Filter  NA 

TO-14A, TO-15 Method Limits 

  

12.12 Recommended Storage Conditions 

The locations for the storage of all standards, reagents, and working solutions are based upon 

compatibility of the material with other materials, flammability, and intended use of the material. 

The following general guidelines apply to the storage of standards and reagents. 

12.12.1 The locations for the storage of all standards, reagents, and working solutions are based upon 

compatibility of the material with other materials, flammability, and intended use of the 

material. The following general guidelines apply to the storage of standards and reagents.  
 

12.12.2 The recommended storage conditions are included in the chemical inventory of LIMS when 

adding information pertaining to new standards and reagents.  
 

12.12.3 Each department maintains storage locations for standards, reagents, working solutions, and   

samples. Department supervisors ensure that all chemicals are properly kept. Department 

supervisors periodically audit storage areas for possible hazards and violations. 
  

12.12.4 Samples are never stored in the same location as standards or reagents. 
    

12.12.5 The following major categories of chemicals, compressed gases, and samples determine 

standard and reagent storage conditions in the laboratory: 

12.12.5.1 Flammables 
 

12.12.5.2 Oxidizer 
 

12.12.5.3 Acids 
 

12.12.5.4 Bases 
 

12.12.5.5 Compressed flammable gas cylinders 
 

12.12.5.6 Compressed non-flammable gas cylinders 
 

12.12.5.7 VOC Samples 
 

12.12.5.8 Inorganic and SVOC Samples 
 

12.12.6 The certificate of analysis or Material Safety Data Sheet provides relevant information 

regarding recommended storage conditions for all standards and reagents.  
 

12.13 Handling Standards and Reagents 

12.13.1 Safety glasses and latex type gloves must be worn at all times when handling chemicals, samples,  

standards or reagents. A lab coat is also highly recommended. Closed-toe shoes and clothing that 

cover the legs (no shorts or dresses) must be worn whenever an analyst is working in the lab. 
 

12.13.2 The toxicity or carcinogenicity of each reagent used in the laboratory has not been fully 

established. Each chemical should be regarded as a health hazard and exposure to it should be 
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kept as low as reasonably possible. All health and safety concerns for these and any other 

chemicals are listed in the Material Safety Data Sheets (MSDS) provided by the supplier or 

manufacturer of these chemicals. A copy of any MSDS is available for review at any time in 

notebooks maintained in the Sample Receiving Department. 
 

12.13.3 Proper disposal of all wastes is essential. Containers are provided for all waste according to the 

type. Follow the waste disposal guidelines found in Section 17.0 for disposing of chemicals. 
 

12.14 Record Keeping Definitions  

12.14.1 Prep Log: A prep log is defined as a log of the preparation process that is applied to samples before 

they are analyzed.  This log includes initial volume/weight, final volume, date prepped, batch number, 

spike amount, all spike information and any comments pertaining to the sample preparation.  
 

12.14.2 Back Log Report: A backlog report is defined as a list of all the samples that need to be 

analyzed for a specific department.  This list is generated from the LIMS system.  The list is 

used by each department manager to create a batch for analysis. 
 

12.14.3 Extraction or Digestion Log: An extraction or digestion log is defined as a log of samples that 

are either extracted or digested for subsequent analysis.   This log includes initial 

volume/weight, final volume, date prepped, batch number, spike amount, all spike information 

and any comments pertaining to the sample preparation. 
 

12.15 Procedures for Record Keeping 

12.15.1 The record keeping system allows for historical reconstruction of all laboratory activities that 

produced the analytical data.  All raw data (including Quality Control information) from the 

instrumentation is both posted to the laboratory archive system, referred to as the “Portal 

Server”, and backed up weekly by the IT Department.  In addition, instrument sequences are 

posted to the portal server by instrument, year, month, and sequence.   Prep log sheets are 

posted by batch number, while logbooks are additionally scanned and posted by the QA 

Department as a backup copy.  In addition, electronic data associated with each instrument is 

periodically stored off site. 

12.15.1.4 Project Management: Each project manager has a project folder with the COC and sample 

receipt checklist (SRCL) in their office until the project is completed.  Once the project is 

completed, either a hardcopy or PDF file of the report and invoice are printed, along with 

a cover letter and case narrative (if necessary).  If everything is correct, the project is 

reported to the client via email or hardcopy mailing.   The PDF files of the COC, Sample 

Receiving Checklist and invoice are posted to the portal server by work order number, 

year, and month.  Any revisions are posted in the same folder with the revision having 

“REVISON” in the file name.  The reason for the change needs to be documented in the 

narrative. If the client requires an Electronic Disc Deliverable (commonly referred to as an 

EDD) or a Data Package, this information is also posted on the Portal Server.  Reports are 

kept for five years. 
 

12.15.1.5 LIMS System: The LIMS system holds all the information relevant to each project that is 

received at the laboratory, including all client information, and prep and analysis  

information for each test preformed.  LIMS data is backed up daily onto CDs.  Copies  

are stored both on and off site. 
 

12.15.1.6 Entries in manually recorded records are not obliterated by methods such as erasures, 

overwriting, whiteout or markings.  All corrections to record-keeping errors are made by  

one line marked through the error.  The individual making the correction initials and  

dates the correction.   
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12.15.1.7 Corrections to electronic records are made by a manual notation that indicates the change 

to the record.  This notation is kept with the affected record. 
 

12.16 Record Storage 

12.16.1 All records for each project that is received at the laboratory must be held for a minimum of 

five years (also, now 5 years for lead analysis records per AIHA-LAP, LLC).  Final reports are 

maintained electronically on computer hard drives and daily back-up tapes. 
 

12.16.3 Electronic records are stored by department on the laboratory’s portal server after scanning or 

converting the documentation to a PDF file format using Adobe Acrobat®.  Customer Service 

stores the client reports by work order number.  Laboratory data is downloaded and stored by 

department (Asbestos, Inorganic Chemistry, Metals, Microbiology, Sample Prep, Semi-

Volatile Organics, Volatile Organics, and Wet Chemistry).  Data contained in the Laboratory 

Information Management System (LIMS) and on other servers is backed up daily onto CDs.  

There is also a second server that contains a duplicate of this information. 
 

12.16.4 Archive areas are protected against fire, theft, loss, environmental deterioration and vermin. 

Electronic records are also protected from electronic or magnetic sources. Access to recent 

records is limited and maintained by logon and password.  In addition, a portion of the portal 

server has been designated specifically as an “Archive area”.  These Archive areas house 

information that that is older and has additional access restrictions.  Archive areas are regularly 

inspected as part of the Internal Audit program. Representatives of an accrediting authority 

may have access to archived information.  
 

12.16.5 In the event that AES, Inc. transfers ownership, the new proprietors retain sole custody and 

responsibility for all records. If AES were to close, records shall be maintained at a commercial 

archive facility or maintained by another laboratory within the network. Records may also be 

transferred back to clients, if requested. 
   

12.17 Quality Assurance Records 

Where necessary, records are generated and maintained for all quality associated activities 

conducted during all phases of the analytical work. QA records provide sufficient evidence that all 

specified QA requirements have been accomplished and satisfied and provide sufficient 

documentation to substantiate all reported findings and conclusions. These records are retained by 

AES, Inc. after the initial issuance of the report for a minimum of five years in accordance with 

AIHA-LAP, LLC and TNI requirements.  This ensures the availability of the QA historical 

information. The following types of records shall be identifiable and retrievable: 

12.17.1 General QA Records - Records pertaining to procurement activities; results of reviews & audits; 

qualifications of personnel; Standard Operating Procedures and Document Control Records. 
 

12.17.2 Inspection and Test Data Records - Records pertaining to in-process inspection and tests,  

Equipment Logs and Maintenance Logbooks. 
 

12.17.3  Generated raw data, reports, etc. 

 

13.0 CORRECTIVE ACTION AND NON-CONFORMANCES 

Deficiencies or non-conformances in analytical procedures, materials, components or methodology 

may lead to the release of incorrect analytical results to the customer. Once a deficiency or non-

conformance has been identified, corrective actions must be implemented to insure proper data 

qualification and narration on the final client report and, when possible, prevent the deficiency being 

repeated. To document and track the non-conformance, a Corrective Action Report (CAR) is issued  
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through the LIMS system. An example of a Corrective Action Report is contained in Appendix VII. 

13.1 Standard Procedure for Defining, Implementing, and Closing a Corrective Action Report (CAR). 

13.1.1 Non-conformance: A non-conformance is defined as any situation that is either outside 

acceptable limits (data) or does not comply with the procedure/method in some way 

(preservation, matrix, etc.). The following are examples of situations considered non-

conformances for which the completion of a CAR report is required. 

13.1.1.1 Contamination in the Blank: The presence of target analytes in the blank that are above 

the reporting limit or in some cases, the MDL.  
 

13.1.1.2 Failing Laboratory Control Sample (LCS): When the percent recoveries of target 

analytes in an LCS fail to meet the acceptable limits for an analysis. 
 

13.1.1.3 Failing Matrix Spike (MS): When the percent recovery of a target analyte in a MS fails 

to meet the acceptable limits of analysis. 
 

13.1.1.4 Failing Duplicate: When the relative percent difference (RPD) of results between two 

aliquots of the sample exceed the maximum allowable RPD. 
 

13.1.1.5 Improper sample preservation: When a sample does not have the correct preservation 

(usually this involves temperature or pH). 
 

13.1.1.6 Exceeding EPA recommended holding time: When a sample is prepared (extracted or 

digested) and or analyzed after holding time has expired. 
 

13.1.1.7 Sample integrity has been compromised: When a sample container is broken, is 

improperly sealed, is inappropriate for the analysis, or has headspace (volatiles). 
 

13.1.1.8 Surrogates/Internal standards fail (organic analysis): When a surrogate(s) or internal 

standard fails to meet the acceptable quality control limits associated with the test method. 
 

13.1.1.9 Dilution test (metals analysis): When the sample dilution test fails to meet the acceptable 

quality control limits associated with the test method. 
 

13.1.1.10 Failure to meet batch requirements (insufficient sample volume for MS/MSD, etc.) 
 

13.1.1.11 Poor chromatography or missing analytes. 
 

13.1.1.12 Expired standards and reagents. 
 

13.1.1.13 Failed Proficiency Test (PT) analyte. 
 

13.1.2 Procedure for the issuing, completing, and closing of an analytical or technical related CAR. 

13.1.2.1 When a non-conformance occurs, the employee performing the work, the initial data 

reviewer, a Project Manager, or the Department Manager must issue a CAR in the LIMS  

system as indicated below.   

13.1.2.1.1 From the “Categories” menu select “Quality Control”.  Then from the “Options” 

menu select “Corrective Action Reports”. 
 

13.1.2.1.2 Click “Add” and the LIMS will create a new CAR and automatically number it.  Fill 

in the fields for “Department”, “Instrument ID”, “Batch ID”, “Initiated By” and 

“Initiated On” as appropriate. 
 

13.1.2.1.3 Fill in the “Summary” field with a brief description of the non-conformance. 
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13.1.2.1.4 Fill in the “Complete Description of Non-conformance” field with a detailed 

description of the non-conformance including batch numbers, affected samples by 

number, recoveries and control limits if applicable, etc. 
 

13.1.2.1.5 The complete data file or log book is then forwarded to the Dept. Manager for 

review.  This file must include raw data, prep information, review checklists, etc. 

and a reference to the CAR by number. 
 

13.1.2.1.6 The Dept. Manager brings the Corrective Action Report to the Laboratory Manager, 

who determines whether the non-conformance is a “deficiency” or 

“anomaly”.  An anomaly is an occurrence that affects only the group of data in the 

associated batch or sequence.  Human errors or mistakes are usually anomalies.  A 

deficiency is an occurrence that is system related and may affect more than the batch 

and may require more extensive corrective actions which could include retraining, 

replacing equipment, revising SOPs, etc.  If the CAR is anomaly, the  

 Department Manager is instructed to document required corrective action in the  

 “Corrective Action Required” field.  If the CAR is a deficiency, enter a statement in  

 the “Corrective Action Required” section that the CAR will be forwarded to the QA 

Manager for review.  The QA Manager performs an investigation and documents the 

root cause investigation in the “Corrective Action Required” section of the CAR 

form.  Monitoring requirements of actions and the need for additional audits are also 

documented in this section.  If no root cause investigation is required, the QA 

Manager may instead comment with a “QA Statement”.  When the QA Manager 

completes the review, the CAR is closed or Laboratory Manager or Technical 

Director is notified to review the data and perform the required corrective action 

(which is documented in the “Corrective Action Required” field).   
 

13.1.2.1.7 These corrective actions may include narrating the non-conformance to the affected jobs, 

sending affected samples to be re-prepped and/or reanalyzed, performing  

instrument maintenance, etc.  Non-conformances may also be referred directly to the QA 

Dept. for more extensive action if necessary.  The person filling in the “Corrective Action 

Required” field then fills in the “Completed By” and “Date” fields. 
 

13.1.2.1.8 If the non-conformance is determined to be an anomaly, the Dept. Manager completes  

the “CAR Closed By” and “Date” fields at the end of the CAR form. 
    

13.1.2.1.9 If the non-conformance is determined to be a deficiency, full QA review and 

documented corrective action to prevent recurrence is required.  A root cause will be 

identified for deficiencies.  Root cause analysis typically addresses those issues which 

historically have been addressed again and again with quick fixes but it may also be 

applied in those instances where a process or methodology is affected.  Working 

harder and faster on the same items does not increase efficiency.  Root cause analysis 

allows one to think through the problem and address the causes rather than its effects.  

By eliminating the root cause, time and money are saved. 

Steps for a root cause analysis include: 
 

1. Identifying the problem.  You must define the problem accurately to address the 

true root cause. 

2. Understand the problem.  Check the data regarding the problem to gain a clear 

understanding of the underlying issues.  This can be accomplished by using 
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several root cause analysis techniques such as brainstorming, use of control 

charts, or the “5 Whys” technique. 

a. With the Brainstorming technique, ideas are collected from people associated 

with problem.  All ideas should be considered and more is better because of 

not knowing what might work.  Brainstorming utilizes a set time limit.  

Discussion about the ideas takes place after brainstorming is complete.  

Those involved build on the ideas to resolve the root cause.   

b. Control Charts can be used to study trends associated with data over time to 

draw conclusions as to whether a process is consistent (within defined limits) 

or is unpredictable (outside of defined limits).  Where applicable, control 

charts can pinpoint when a problem started and/or stopped. 

c. “5 Whys” refers to the practice of asking, 5 times, why the failure has occurred 

in order to get to the root cause of the problem.  Each “Why” brings one closer 

and closer to the root cause.  It should be noted that sometime more or less 

“Whys” are required to get to the root cause.  The use of five is a guide. 

3. Corrective Action.  Determine the probable underlying cause(s) of the problem.  

Take corrective action(s) to eliminate the causes.   
 

 Root causes will be categorized as one of the following: personnel, (LIMS) database, 

Quality Control, procedure, or laboratory controls.  

13.1.2.1.9.1 Personnel:  Root causes attributed to personnel may require training or 

retraining to insure individuals understand their responsibilities in the process.   
 

13.1.2.1.9.2 Database: A Root cause from a database issue primarily refers to the  

Laboratory Information Management System (LIMS).  This type of 

nonconformance will require the database to be updated.  This may include 

method information (test codes), client information, project information, login 

entries, calculations, audit trail, and reports among others.  Database root cause 

will also include individual instrument databases and software (GCs, ICPs, 

AA, Lachat autoanalyzers, etc.)  
 

13.1.2.1.9.3 Quality Control: QC root causes result from incorrect QC acceptance ranges in 

logbooks, LIMS or are the result of trend changes.  These will be reviewed and 

updated as necessary. 
   

13.1.2.1.9.4 Procedure:  This root cause covers procedures, policies, checklists, standard  

operating procedures (SOPs) that will be reviewed for modifications. 
 

13.1.2.1.9.5 Laboratory Controls: Root causes from instrumentation, software and equipment 

will be investigated.  These may require maintenance, repair, or updates.  
 

13.1.2.1.9.6 A deficiency may require halting analysis on the affected test, notifying clients 

when previous data may have been affected or other significant corrective actions. 
 

13.1.2.1.10 Once the required corrective actions associated for a deficiency have been 

completed, fully documented and systems deemed back in control the QA Dept or 

Technical Director will close the CAR and affected procedure may again be used.  

The CAR is then printed out, signed by the Technical Director or QA Manager, 

placed with the data and scanned and posted to the portal server. 
 

13.1.2.1.11  The Technical Director, QA Manager, or any employee may determine that a 

potential nonconformance requires a preventive action report.  Preventive actions are 
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potential sources of nonconformance and needed improvements.  “Preventive Action 

Report” can be initiated by an employee from the results of employee suggestions, 

data review, audits, etc. and then reviewed by the Technical Director or the QA 

Manager.  Preventive actions are incorporated in the corrective action template (due to 

software limitations).  When the corrective action template is to be used for a 

preventive action report, the phrase ‘PREVENTIVE ACTION’ is typed in the “QA 

Action” field.  This distinguishes a preventive action template from a corrective action 

template.  Where appropriate, action plans shall be developed; implemented and 

monitored that will reduce the likelihood of nonconformance.  Action plans shall 

include the application of controls to ensure that actions taken are effective, and may 

involve the reanalysis of data, additional auditing, control charts and trends, additional 

proficiency or QC testing, and issuance of correspondence to clients.   
 

13.1.2.2 The CAR must be prepared at the time the analytical batch has been calculated.  Do not 

wait until all data from the batch is completed.  This will lead to unnecessary delay in 

reprocessing the batch (if necessary) and informing laboratory management, project 

management, and the client. 
 

13.1.2.3 When completing a CAR, include all accompanying data, information, etc in a "Data  

Package" along with the NCR and submit this to the Technical Director or Quality  

                Assurance Manager for review.  Data packages include the following information. 

• Digestion or extraction bench sheets 

• ICP and other instrument data such as LACHAT printouts 

• All chromatograms within the analytical batch including CCVs 

• GC/MS tune criteria 

• Analytical "run logs" 

• MB, LCS, MS, CCV, post dilution spikes, etc which clearly indicate the 

 results and or percent recoveries (where applicable). 

• Any other test specific quality control criteria such as surrogate 

recoveries and method of additions results 
 

13.1.3 Circumstances for initiating a customer service or project management related CAR. 

13.1.3.1 The following types of client complaints or problems will be referred to as Laboratory  

 CARs and should be brought to the Vice President of Operations or the Laboratory  

 Manager.  These include but are not limited to: 

13.1.3.1.1 Customer Service related complaints 
 

13.1.3.1.2 Comments regarding laboratory services provided 
 

13.1.3.1.3 Any requests after analyses have been completed and files archived 
 

13.1.3.1.4 Client is questioning the results 
 

13.1.3.1.5 Confirmation request 
 

13.1.3.1.6 EDD or Data Package issue 
 

13.1.3.1.7 H flags need to be removed 
 

13.1.3.1.8 Question regarding method used 
 

13.1.3.1.9 Carry over issue 
 

13.1.3.1.10 Questions from regarding an unusual sample or matrix received 
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13.1.3.2 CARs are also required for internal issues.  These must also be brought to the Vice 

President of Operations or the Lab Manager and will be referred to as Internal CARs: 

13.1.3.2.1 Test code issue 
 

13.1.3.2.2 Problem with LIMS 
 

13.1.3.2.3 EDD Problem 
 

13.1.3.3 Certain issues will be handled by the Assistant Vice President of Operations and not by 

the Vice President of Operations.  These will be referred to as Customer Service CARs. 

13.1.3.3.1 Reporting limits are missing 
 

13.1.3.3.2 Analyses times incorrectly entered (especially for short holding time tests) 
 

13.1.3.3.3 Discrepancies and errors found in the QC report 
  

13.1.3.3.4 Analytes reported twice or missing from the report 
 

13.1.3.3.5 Pricing or invoice error 
 

13.1.3.3.6 Login error 
 

13.1.3.3.7 Client wishes to add an analyte or test 
 

13.1.3.3.8 Incorrect bottle order 
 

13.1.3.3.9 Shipping Issues 
 

13.1.3.3.10 Courier issues 
 

13.1.3.3.11 In certain instances, as determined by the Assistant Vice President of Operations, a 

corrective action report will be initiated when jobs with ‘Rush’ turnaround times  

          or some with routine turnaround times are 48 hours past due. 

 

13.1.3.4 Summary of Procedure:  

13.1.3.4.1 When any of the instances listed in the Scope and Application chapter of this SOP 

take place, corrective action should be initiated in LIMS (Laboratory Information 

Management System). 
 

13.1.3.4.2 Each Corrective Action has unique control number automatically assigned by 

LIMS when form is initiated. 
 

13.1.3.4.3 Project Manager initiates a corrective action and identifies the type as either 

‘Laboratory CAR’, ‘Internal CAR’, or ‘Customer Service CAR’.  These types 

must be recorded in LIMS in the CAR Summary so responsibility of the person 

who is to address the CAR is established.  The CAR should include details of the 

issue, incident or client’s request, and forwards report with all supporting 

documents to either the Vice President of Operations/Laboratory Manager or the 

Assistant Vice President of Operations as outlined above. After decisions on how 

to handle the corrective action are made, information will be relayed to the client 

and necessary follow up are performed.  
 

13.1.3.4.4 Corrective action number must be entered into the comments section of the  

appropriate work order number in LIMS.   
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13.1.3.5 Responsibilities: It is the responsibility of each project manager to ensure the following 

13.1.3.5.1 Be pro-active and initiate CAR in a timely manner 
 

13.1.3.5.2 Enter CAR number into the comment section of the work order number in LIMS. 

Initials of the project manager and the date should accompany it. 
 

13.1.3.5.3 Gather all supporting information 
 

13.1.3.5.4 Follow up on all open CARs to make sure all issues are resolved promptly 
 

13.1.3.5.5 Once the Vice President of Operations or the Assistant Vice President of 

Operations review the CAR and make their recommendations, write down these 

actions under “Corrective Action Required” area.  Remember to mark the ‘Notify 

Clients’ box in the CAR and include the name of the individual who did so. There 

is also a space for a comment, if needed.  If follow-up is required by the QA 

Manager or the Technical Director as instructed by the Vice President of 

Operations, enter a statement in the “Corrective Action Required” area that the 

CAR will be forwarded to the appropriate person, who will then address their 

portion and close the CAR and notify the Assistant Vice President of Operations. 
 

13.1.3.5.6 If no action is required by the QA Manager or Technical Director, the Project 

Manager will notify either the Vice President of Operations or the Assistant Vice 

President of Operations for review depending on what type of CAR it is.  The Vice 

President of Operations will close all Laboratory and Internal CARs while the 

Assistant Vice President of Operations will close all Customer Service CARs. 
 

13.1.3.6 It is the responsibility of the Assistant Vice President of Operations to ensure the following: 

13.1.3.6.1 Review CARs and all supporting paperwork on a daily basis 
 

13.1.3.6.2 As appropriate, come up with necessary decision/recommendations and document  

them in the Corrective Action Required field in LIMS. 
 

13.1.3.6.3 Review “Corrective Action Required” completed by PM 
 

13.1.3.6.4 Make sure CARs promptly closed upon resolution 

 

13.1.3.6.5 Review all CARs on an ongoing basis to assure all CARs have been closed and  

necessary follow up took place (follow up with QA Manager and Technical 

Director, if needed) 
 

13.1.3.7 Procedure to generate CAR in LIMS, follow the following steps: 

13.1.3.7.1 From Main Menu go to Quality Assurance 
 

13.1.3.7.2 Select Corrective Action Reports 
 

13.1.3.7.3 Click “Add” and number will be automatically assigned through the LIMS 
 

13.1.3.7.4 Enter PM under Department 
 

13.1.3.7.5 Enter Client ID 
 

13.1.3.7.6 Fill in the “Summary” field by writing short description of the CAR 
 

13.1.3.7.7 Fill in the “Initiate By” and “Initiated On” fields 
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13.1.3.7.8 Write a complete and thorough description of the Nonconformance in the  

“Complete Description of the Non-Conformance” field. The following details must be 

included for all CARs: 

13.1.3.7.8.1 Client’s company name 
 

13.1.3.7.8.2 Work order number and all sample number(s). 
 

13.1.3.7.8.3 Date, time and name of all communications with client representative 

regarding this issue. 
 

13.1.3.7.8.4 If the problem is internal, make sure to include laboratory department 

involved and names of laboratory analysts, etc. 
 

13.1.3.7.8.5 If CAR is related to the bottle order or quote, please make sure to include 

bottle order or quote number 
 

13.1.3.7.8.6 If  a credit needs to be issued please make sure to include explanation why, 

prices used, new prices and documentation supporting new prices, such as 

quotes, or previous invoice, etc. 
 

13.1.3.8 Once CAR number is assigned, this number must be entered in the comment section of 

LIMS under work order/work orders associated with the CAR! (please note that in some 

cases, no work order may be associated with the CAR) 
 

13.1.3.9 Every CAR must be detailed and contain supporting documentation. This documentation 

must be present in order for the CAR to be closed. CAR that has missing info or details 

will be returned to the PMs and will not be closed until all the info is provided. Complete 

CAR must be forwarded to the Assistant Vice President of Operations or Laboratory 

Manager in case of the Assistant Vice President of Operations’ absence. These are some 

of the examples for the supporting documentation required: 

13.1.3.9.1 In case of CAR about additional analytes requested after final report has been  

           mailed to the client, please do the following: 

13.1.3.9.1.1 Describe client’s request in the CAR and e-mail the Assistant Vice President 

of Operations (when possible, forward the client’s email). 
 

13.1.3.9.1.2 the Assistant Vice President of Operations will review the CAR and  

determine if AES can fulfill the request 
 

13.1.3.9.1.3 If AES can fulfill the request, the Assistant Vice President of Operations will 

e-mail to PM to make necessary changes in the log in 
 

13.1.3.9.1.4 Assistant Vice President of Operations will then email the appropriate lab  

        manager referencing the CAR number, and the requested changes to be made. 
 

13.1.3.9.1.5 After changes are made, necessary corrections will be made to the report. 
 

13.1.3.9.1.6 Once corrections are made, the Assistant Vice President of Operations will  

inform PM to proceed with report revision. Make sure to issue revision note 

on the cover letter. We are required by NELAC and other certifying / 

accrediting agencies to document any changes that were made after final  

  copy of the report is mailed to the client. 
 

13.1.3.9.1.7 If revision reflects in a price change, M invoice must be generated or old  
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invoice amended, depending on the arrangements made with a client. It is PM’s 

responsibility to list any additional charges when submitting CAR and provide a 

decision if new M invoice or changes to an old invoice are required. 
 

13.1.3.10 In case of CAR about incorrect prices or invoice please make sure to provide the: 

13.1.3.10.1 Old invoice 
 

13.1.3.10.2 COCR 
 

13.1.3.10.3 Copy of COC 
 

13.1.3.10.4 Price quote (if any) 
 

13.1.3.10.5 If invoice is being changed in the LIMS system please make sure to save as a 

revised invoice on portal.  The revised invoice, and COCR are then email to 

Accounts Receivable, referencing the CAR number.  Accounts receivable will then 

update Peachtree, COCR, and add comments to CAR indicating this. 
 

13.1.3.11 For a CAR about bottle order or shipping, provide a copy of the bottle order tracking 

number and any other documentation that will support the CAR, such as client’s fax, etc. 
 

13.1.3.12 The Assistant Vice President of Operations will address issues that involve pricing, 

inclusion of an additional analyte from the existing method, addition of another test to the 

work order, or a request for another report format (i.e. MDL Report).  All other issues should 

initially be brought to the Vice President of Operations or Laboratory Manager for review. 

When the Vice President of Operations or Laboratory Manager has assessed the corrective 

action report, he will either give it back to the Project Manager with the action to resolve the 

issue or forward it to another person to continue the investigation.  Typically, these CARs will 

go to the Department Directors, the Technical Director, or the QA Manager. 
 

 When CAR is completed by the laboratory personnel, the CAR file will be returned to the  
 

 PM for client resolution (i.e. price changes, report reissued, etc.). The Assistant Vice 

President of Operations must be notified about the completion of all PM CARs.  All PM 

CARs that have not been closed by the QA Manager or Technical Director are closed by the  

 Assistant Vice President of Operations. 
 

13.1.4 Instances when an expedited Corrective Action Report is Required 

13.1.4.1 Missed hold times (in which the sample was received within hold) 

13.1.4.2 Broken or spilled samples limiting analysis 

13.1.4.3 Client submits what appears to be blind QC samples or spiked duplicates 

13.1.4.4 Any time a sample exhibits peculiar behavior such as strong chemical odor, makes eyes  

water, sample steaming when lid removed, sample smoking, effervescing, or pressure 

release when opened (like a soda) etc. 

13.1.4.5 A known hazardous sample received (PCB oil, jar of mercury, Hydrofluoric Acid, etc.) 

13.1.4.6 When meeting the client/sample requirements involve OT or unscheduled weekend work 

13.1.4.7 When incorrect sample preservation is noted 

13.1.4.8 When litigation or public investigation (a news story) associated with sample is involved. 

13.1.4.9 When a CAR has been initiated for reanalysis in order to reissue a new result. 

 

13.1.5 Per AIHA-LAP, LLC LQSR section 4.8, complaints about the quality of reported results may be 

referred to the accrediting body if such complaints cannot be resolved directly with the customer.  
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13.2 General Procedures and Responsibilities for Corrective Action Reports Involving Deficiencies. 

13.2.1 When the QA Dept. or Technical Director issues a corrective action report (CAR) for a non- 

conformance classed as a deficiency, the Laboratory Manager, Assistant V.P. of Operations or  

Technical Director will be informed immediately. 
 

13.2.2 The QA Manager will track the completion of the corrective actions required to correct the 

deficiency. The assigned personnel are responsible for completing the corrective action within 

the specified time frame. 
 

13.2.3 The chain of custody and the Sample Receipt Forms are used to document non-conformance 

during log-in. 
 

13.3 Method Suspension or Restriction 

13.3.1 In some cases, it may be necessary to suspend or restrict the use of a method that constitutes 

significant risk and or liability to AES.  Suspension or restriction procedures can be initiated by 

the Quality Assurance Manager, Technical Director, Laboratory Manager, or VP of Operations. 

13.3.1.1 Prior to suspension or restriction, confidentiality is respected, the problem and the 

required corrective action is stated in writing on the associated CAR and presented to the 

Laboratory Manager. 
 

13.3.1.2  The Laboratory Manager, Technical Director, Quality Assurance Manager, and the 

affected supervisor are notified. 
 

13.3.1.3  The Laboratory Manager arranges for the operations people to speak with the Quality 

Assurance Manager or Technical Director the day of notification.  This meeting is held to 

confirm that there is a problem and that suspension/restriction of the method is required. 
 

13.3.2  The suspension or restriction meeting will conclude with a discussion of the steps necessary to 

bring the method or test fully back on line if the method is suspended or restricted.  The 

Quality Assurance Manager will also specify any documentation necessary to verify that  

corrective action has occurred.  
 

13.3.3 After suspension or restriction, the laboratory will hold all reports to clients pending review.  No 

faxing, mailing or distributing through electronic means may occur.  It is the responsibility  

of the Laboratory Manager to hold all reports.  Clients will not generally be notified at this  

time.  Analysis may proceed in some instances depending on the non-conformance issue. 
 

13.3.4  Upon completion of the required corrective actions per the CAR, laboratory management will 

determine if the affected systems are back in control.  Once documentation and data associated with 

the CAR have been reviewed and approved by upper management, the VP of Operations, Laboratory 

Manager, Quality Assurance Manager, or Technical Director will notify laboratory personnel to 

resume testing.  At that time, reports can be released. If systems are still deemed out of control, 

further corrective actions are required. A team, with all principals involved can devise a start up plan 

to cover all steps from client notification through compliance of method and release of reports. 
 

13.3.5  If the QA Dept. or Technical Director recommends client notification regarding affects on past or 

current data quality, all associated information is forwarded to the Laboratory Manager and VP of  

Operations.  They will review the data and determine appropriate actions.   
 

13.3.6  Client notifications are the responsibility of the Laboratory Manager and VP of Operations.  
 

13.4 Procedure for the issuing, completing, and closing of a Project Management or Customer Service 

related CAR. 
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13.4.1 CAR should be opened for the following reasons: 

a) Any client complaints regarding prices, customer and laboratory service provided,  

courier service, bottle orders, shipping, invoices, analyses, additional requests after  

reports have been issued and files archived, etc. 
 

b) Any situation that might have occurred within the laboratory such as results not 

reported on time, missing information (i.e. reporting limits, analysis dates and times, 

missing samples, missing analytes, etc.).  
 

13.4.2 CAR must be generated through LIMS as follows: 

a) From Main Menu go to “Quality Assurance” 

b) Select Corrective Action Reports 

c) Click “Add” and number will be automatically assigned through the LIMS 

d) Enter PM under Department 

e) Enter Client ID 

f) Fill in the “Summary” field by writing short description of the CAR 

g) Fill in the “Initiate By” and “Initiated On” fields 

h) Write a complete and thorough description of the Nonconformance in the “Complete 

Description of the Non-Conformance” field. For all CARs details must include: 

client’s name, work order number, date, time and name of the person spoken to. If the 

problem is internal, make sure to include laboratory department involved and names 

of the laboratory analysts, etc. If CAR is related to the bottle order or quote, please 

make sure to include bottle order or quote number. If a credit needs to be issued 

please make sure to include explanation why, prices used, new prices and 

documentation supporting new prices, such as quotes, previous invoice, etc. 
 

13.4.3 Once the CAR number is assigned, this number must be entered in the comment section of  

LIMS under Work order / Work orders associated with the CAR. 
 

13.4.4 Every CAR must contain supporting documentation.  This documentation must be present for the 

CAR to be closed.  CARs that are missing information or details will be returned to the PM.  

Complete CARs must be forwarded to the Director of Project Management or Laboratory 

Manager if Director of Project Management is absent. 
 

13.4.4.1 Examples of supporting documentation are as follows: 

13.4.4.1.1 In case of NCR about incorrect prices or invoice please make sure to provide following  

info: old invoice; Chain of Custody Record (COCR), copy of COC, price quote. If 

invoice is being changed in the LIMS system please make sure to issue revision note on 

the cover letter. We are required by TNI and AIHA-LAP, LLC to document any changes 

that were made after final copy of the report is mailed to the client. This cover letter is 

for in-house purposes only unless requested by client. All revised documents must be 

given to receptionist for rescanning. 
 

13.4.4.1.2 In case of NCR about bottle order or shipping please provide a copy of the bottle 

order, tracking number and any other documentation that will support the NCR, such 

as client’s fax, etc. 

13.4.5  After all the facts and documents are gathered, they must be turned in to Director of Project 

Management or the Laboratory Manager.  They will review all the information and come up 

with the decision that will be recorded under “Description of the Corrective Action”.  QA 

Manager is notified, if QA Action is required.  All Project Manager or Customer Service CARs  

must be closed by the Director of Project Management or his designee within 3 business days. 
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13.5 Exceptionally Permitted Departures from Documented Policies and Procedures 

13.5.1 Due to the frequently unique nature of environmental samples, it may be necessary to depart  

from documented policies and procedures when dealing with the sample(s). When the analyst 

encounters this type of situation, he presents the problem to his supervisor for advice.  The 

supervisor may elect to discuss it with the Technical Director or have a technical 

representative contact the client to decide on a logical course of action.  Once an approach is 

agreed upon, the analyst notes it in the raw data folder. This information can then be supplied 

to the client in the form of a footnote or a case narrative with the report. 
  

13.6 Addressing Complaints 

13.6.1 Addressing complaints is a normal function of conducting business and a valuable tool to improve  

services to and relationships with clients.  The goal of AES is to provide expeditious resolution of 

complaints.  At AES, the supervisor and the management team handle complaints related to 

sample results.  Client Services resolves specific complaints concerning container orders, shipping, 

expected report dates, and results.  This information is documented in LIMS. The procedure used 

for addressing complaints follows the Corrective Action Report. 
 

13.6.2  In the event that a complaint is related to the laboratory’s compliance with its own policies and 

procedures, the rules of an accrediting agency, or the validity of data, the Quality Assurance 

Manager and or Technical Director initiate an internal audit of the areas involved. These 

personnel document the complaint, audit findings and recommendations. 
 

13.7 Immediate and Long Term Corrective Action 

Immediate corrective actions are necessary to correct or repair non-conforming equipment and  

systems. This type of corrective action is usually identified by the section supervisor through the 

use of calibration checks and QC sample analysis. 

13.7.1  Long term corrective actions are necessary to eliminate causes of non-conformance.  The need 

for such actions may be identified by audits.  Examples of this type of action include: 

13.7.1.1 Staff training in technical skills or in implementing the quality assurance program. 
 

13.7.1.2 Rescheduling of laboratory routines to ensure analyses are performed within holding times. 
 

13.7.1.3 Identifying vendors to supply reagents of sufficient purity. 
 

13.7.1.4 Revision of quality assurance system or replacement of personnel. 
 

13.7.2 Various auditing authorities may also initiate a corrective action, when deemed necessary. 
 

13.7.3  For either immediate or long term corrective actions, the steps comprising a closed loop 

corrective action system are as follows: 

13.7.3.1 Define the problem. 
 

13.7.3.2 Assign responsibility for investigating the problem. 
 

13.7.3.3 Investigate and determine the cause of the problem. 
 

13.7.3.4 Determine a corrective action plan to eliminate the problem. 
 

13.7.3.5 Assign and accept responsibility for implementing the corrective action. 
 

13.7.3.6 Establish effectiveness of the corrective action and implement the correction. 
 

13.7.3.7 Verify that the corrective action has eliminated the problem. 
 

13.7.3.8 Update risks and opportunities determined, if applicable 
 

13.7.3.9 Make changes to the management system, if necessary 
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13.8 Responsibility for Document Control 

The QA department is responsible for document control for the laboratory.  Critical documents 

include the QA Manual, the SOPs, the Corrective Action forms and reports, internally used forms 

and information, the training files, the MDL studies, the retention time studies, safety training files, 

performance evaluation reports, certification correspondence and manuals, audit reports and 

responses, and traceability certificates. 
 

14.0 PERFORMANCE AND SYSTEM AUDITS 

14.1 Purpose 

The purpose of conducting audits is to monitor and verify compliance and overall effectiveness of 

the QA Program. Communication of audit findings to management is required for timely 

consideration and implementation of corrective actions.  
 

14.2 External Audits 

14.2.1  External audits are performed when certifying agencies or clients conduct on-site inspections.  It 

is AES’ policy to cooperate fully with certifying agencies.  It is also AES’ policy to comply 

fully with system audits conducted by regulatory agencies and clients. 
 

14.2.2  The laboratory is involved in external performance audits conducted semi-annually through the 

analysis of Performance Testing (PT) samples provided by a third party.  EPA performance 

testing studies have been referred to as Water Pollution Study (WP) and Water Supply Study 

(WS).  Additional PTs including soil studies are analyzed per the requirements of TNI and 

AIHA-LAP, LLC.  
 

14.2.3  During on-site audits, auditors may come into possession of information claimed as business 

confidential.  A business confidentiality claim is defined as “a claim or allegation that business 

information is entitled to confidential treatment for reasons of business confidentiality or a 

request for a determination that such information is entitled to such treatment”.   
 

When information is claimed as business confidential, the laboratory must place on, or attach  

to, the information at the time it is submitted to the auditor, a cover sheet, stamped or typed 

legend, or other suitable form of notice, employing language such as “trade secret”, 

“proprietary” or “company confidential”.  Confidential portions of documents must always be 

clearly identified.  Confidential business considerations may be purged of references to client 

identity by the responsible laboratory official at the time of removal from the laboratory.  

Sample identifiers may not be obscured from the information.   
 

14.3 System Audits 

14.3.1 It is the responsibility of the Quality Assurance Manager to plan and organize audits as required 

by a predetermined schedule and as requested by management.  Such audits are carried out by 

trained and qualified personnel who are, whenever resources permit, independent of the activity 

to be audited.   
 

Laboratory audits are split into smaller audits that are performed within the calendar year at the specified 

frequency. Audits are performed monthly, quarterly and annually by the Quality Assurance Manager, the 

Quality Assurance Officer, Department Managers, or an appointed representative.  These audits are performed 

using the laboratory monthly, quarterly, and annual checklists along various regulatory program checklists. 

These audits provide information on whether the management system: 

• conforms to the laboratory’s own requirements for its management system (including 

the laboratory activities) 

• conforms to the requirements of ISO/IEC 17025:2017 and Assessment Checklists 

• is effectively implemented and maintained 
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Additional audits may be necessary throughout the year to address specific project 

requirements or issues that arise from other audits. Findings of all audits and their associated 

corrective actions are presented in management reports and posted to the portal server. 
 

14.3.2 Routine report audits are the responsibility of the laboratory Quality Assurance Manager. The 

Quality Assurance Manager performs an independent systems review of reports generated by 

the laboratory.   

14.3.2.1 The reviewer is not expected to pursue the correctness of every reference in the file 

contents, but instead concentrates on the internal consistency of the data package. 
 

14.3.2.2 Areas that are reviewed include the chain-of-custody, correspondence with the analytical 

request, batch QC status, completeness of any corrective action statements, calculations, 

format, holding time, sensibility and completeness of the project, and file contents. A list 

of reports reviewed is maintained in an audit file. 
 

14.3.3  Internal audits are planned and conducted in accordance with a schedule developed by the QA 

Manager. Unscheduled audits or surveillance are also conducted when senior management 

deems it necessary.  QA Department checklists, which are located on the portal server, are used 

during these in-house assements. 
 

14.3.4  The responsible management personnel are required to make all personnel, records, reports and 

documents available to the audit team. 
 

14.3.5  Responsible management of the areas audited is required to provide prompt corrective action in 

accordance with the provisions of this manual. 
 

14.3.6  Follow-up audits or surveillance is performed, as required, to verify the implementation of 

corrective action. 
 

14.3.7  When the required corrective action is not implemented within the specified time period, the QA 

Manager notifies the Vice-President of Operations.  A Corrective Action Notice form is used  

for this purpose. The Vice-President of Operations performs any required corrective actions. 
 

14.3.8  Audit planning and findings are recorded and filed as part of the QA records. 
 

14.3.9  At the discretion of the Vice-President of Operations, impacted clients are notified in writing if 

the audit result findings indicate any reported data has been compromised. 
 

14.4 Blind Sample Audits 

14.4.1 Blind sample audits are performed through the submittal of QC samples to the analyst along 

with the sample true values, which are only made known to the analyst after the test is 

complete. Blind sample audits are carried out by the Quality Assurance Manager, Technical 

Director, clients and certifying agencies as necessary to assure the laboratory is capable of 

achieving success with a blind QC sample. For continuing TNI and AIHA-LAP, LLC 

accreditation, the laboratory must, on a continuous basis, successfully complete two of the last 

three consecutive proficiency rounds for a given PT field of testing. 
 

14.4.2 In addition to the PT samples submitted to the laboratory through third party vendors, the 

laboratory may also participate in a company-wide internal PT program to evaluate methods 

that are not commonly included in the semi-annual PT studies. These studies usually occur 

between January and February and more frequently if deemed necessary. 

 

14.4.3 It is recognized that PT samples are often not representative of "real world" samples either in  
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their form (e.g., vials), content (e.g., multiple target analyte hits), or documentation (e.g., no 

chain of custody) and, as such, present the laboratory with special challenges. 
 

14.4.4 It is the policy of AES that PT samples are treated as typical samples in the normal production 

process wherever possible. Further, if PT samples present special or unique problems in the 

normal production process, then they should be treated differently, as would any special or 

unique request submitted by any client. Holding time begins when the vial is opened. Full 

volume PT samples follow normal holding time procedures and storage requirements. 
 

14.4.5 Login obtains the normal COC information from the documentation provided with the PT 

samples with review by QA or other designated staff. 
 

14.4.6 Vials are prepared as required in the instruction set provided with the samples.  After 

preparation to full volume, the samples may be spiked, digested, and or concentrated as 

necessary in a manner similar to normal samples received at the laboratory. 
 

14.4.7 In special cases, the following procedures may be required for the analysis and reporting of PT 

samples. 

14.7.7.1 PT samples will not undergo multiple preparations, multiple runs, multiple methods 

(unless they are being used to evaluate multiple methods), or multiple dilutions, unless 

these are the procedures that are normally applied to typical client samples. 

14.7.7.2 PT sample(s) will not be subjected to special reviews by operational staff or QA unless 

this would be normal laboratory practice. To the degree that special report forms or login 

procedures are required by the PT supplier, it is reasonable that the laboratory would 

apply special review procedures as would be performed for any client requesting unusual 

reporting or login processes. 
 

14.4.8 Special QC samples can be included in any analytical run. 
 

14.5 Quality Systems and LIMS Management Review 
At least annually, either President or Vice-President of Operations conducts a formal 

management review to evaluate the effectiveness of the laboratory’s quality systems, 

management system, and LIMS to ensure their continuing suitability and effectiveness in 

meeting client and regulatory requirements and to introduce any necessary changes or 

improvements. During this process, the laboratory identifies opportunities for improvement 

and implements the necessary actions.  Inputs to the management review and opportunities for 

improvement can be identified by suitability procedural and policy review, fulfilment of 

objectives, internal and external issues, actions from previous management reviews, internal 

and external audit findings, corrective actions, recurring issues, suggestions from personnel, 

feedback from Client Satisfaction Survey, complaints, changes in volume/type of work, 

adequacy of resources, effectiveness of improvements, training, risk assessment, and 

Proficiency Test results among others.  Following the review, the Quality Assurance Manual 

or SOPs may be revised to reflect any significant changes made to the quality systems.   
 

14.5.1 The quality systems and LIMS management review uses information generated during the 

preceding year to assess the total laboratory and ensures that routine quality actions taken and 

reviewed on a quarterly basis are not components of larger systematic concerns.  The quarterly 

review (see section 15) is designed to keep the quality systems current and effective. 
 

14.5.2 Significant issues from the following documentation are summarized by the Quality Assurance 

Manager prior to the review meeting: 

14.5.3.1  Matters arising from the previous annual review.  
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14.5.3.2  Prior Quarterly Quality Assurance Reports. 
 

14.5.3.3 Review of report reissue requests. 
 

14.5.3.4 Minutes from prior management and staff meetings 
 

14.5.3.5 Minutes from prior senior management meetings that discuss adequacy of staff, 

equipment and facility resources. 
 

14.5.3.6 Prior customer service or business development meeting information. 
 

14.5.3.7 Internal and external audits, including computer audits performed during the past year. 
 

14.5.4 The annual review can occur anytime during the year.  Based upon the annual review, a report is  

generated by the Quality Assurance Manager.  This report includes the following information. 

14.5.4.1  The date of the review and the names and titles of participants.  
 

14.5.4.2  References to the existing documents and topics that were covered in the review process.  
 

14.5.4.3 Quality system or LIMS changes/improvements that will be made as a result of the review. 
 

14.5.4.4 Decisions and actions shall be documented. 
 

14.5.4.5 The effectiveness of the management system and its processes will be included. 
 

14.5.4.6 Provision for required resources. 
 

14.5.4.7 Needs for change and a schedule including assigned responsibilities for the changes. 
 

14.5.5 Following any review, the Quality Assurance Manual or SOPs may be revised to reflect any 

significant changes made to the quality systems.  
 

14.6 Corrective Action  

14.6.1 All deficiencies found during audits are reported to the Laboratory Manager, Quality 

Assurance Manager, and the Technical Director (see Section 15, “Quality Assurance Reports 

to Management”). The Laboratory Manager, Technical Director, and Quality Assurance 

Manager agree upon a time frame for correction. The laboratory's response and corrective 

action procedures are evaluated by the Quality Assurance Manager and when acceptable, are 

attached to each audit and filed. If issues arise that may require method suspension or 

restriction, the procedures outlined in Section 13, “Corrective Action,” are followed.  
 

14.6.2 External audits often require written reports that include proof of correction. The Quality 

Assurance Manager coordinates the written response to the external auditing facility. 
 

14.6.3 Written responses to PT results are required. The response must address the reason for any 

unacceptable or "Check for Error" result. In some cases it may be necessary for blind QC 

samples to be submitted to the laboratory to show a return to control. 
 

14.6.4 Whenever a laboratory fails a study, it shall determine the root cause for the failure and take 

any necessary corrective action. If a laboratory fails two out of the three most recent studies for 

a given PT field of testing, its performance is considered unacceptable under the TNI and 

AIHA-LAP, LLC standards for that field. The laboratory shall then need to meet the 

requirements of initial accreditation. For initial studies, the PT samples shall be analyzed at 

least 15 days apart. The laboratory must successfully complete two PT studies out of the most 

recent three rounds attempted for each requested PT field of testing.   
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15.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

15.1 Internal Reports 

The Quality Assurance Manager submits quarterly reports regarding the status of QA/QC activities 

to the Vice-President of Operations.  Section 15.3 lists the minimum content of this report.  The 

Quality Assurance Manager also submits an annual report to the Vice-President of Operations. 
 

15.2 External Reports 

Certain projects under regulatory review require establishment of explicit quality assurance 

objectives and quarterly summaries of QA conformance and corrective action.  The laboratory 

technical and quality assurance staffs provide the necessary information required to establish 

quality assurance objectives for particular projects.  Once the QA deliverables options are selected 

for the project, sufficient quality control data will be provided in the individual analytical report to 

allow a periodic assessment of the overall progress of the project.  Upon request, any information or 

reports needed are provided by laboratory management with review by the QA Manager. 
 

15.3 Quarterly and Annual Reports 

The quarterly or annual reports to management include the following information. 

15.3.1 SOP.  The report indicates any changes to existing SOPs or any new SOPs. 
 

15.3.2 Corrective action reports.  The report contains information about any corrective action reports 

that may have been written during the time period since the last QA report. 
 

15.3.3 MDL. Any changes in MDL should be included in the QA report. 
 

15.3.4 Audits.  The QA report includes the results of any audits performed during the time period 

since the last report. 
 

15.3.5 PE samples.  The report includes the results of PE samples analyzed since the last report.  The 

PE report indicates the status of performance as it relates to current laboratory accreditations. 
  

15.3.6 Certifications.  Changes or additions to the laboratory’s certifications are addressed in the reports. 
 

15.3.7 The annual report is reviewed and signed by the Vice President of Operations, Laboratory 

Manager, and the Technical Director.  A copy of this report is kept for 5 years. 
 

16.0 REAGENT STORAGE AND DOCUMENTATION 

16.1 Safety and Shelf Life 

Reagents are stored with consideration for safety and maximum shelf life. Storage conditions and 

documentation maintenance status for various classes of reagents are given in Table 16-1 and Table 

16-2, and are discussed below. 

16.1.1 All acids, except those poured into small marked containers for immediate use and those that are 

standardized for specific purposes, are stored in the original containers in acid storage cabinets. 
 

16.1.2 All bases, except those poured into small containers for immediate use and those that are 

standardized for specific purposes, are stored in the original containers within designated areas 

or storage cabinets. 
 

16.1.3 All flammable solvents, except those poured for immediate use, are stored in original  

 containers in approved, vented, flammable storage cabinets, which are located indoors. 
 

16.1.4 Dry reagents are stored in designated cabinets in cool, dry areas. Reactive chemicals, cyanides 

and sulfides are labeled and isolated from other chemicals. 
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16.1.5 All acids used for metal sample digestions and all solvents used for semi-volatile sample  

extraction may be tested prior to initial use. Lot numbers used for digestions or extractions are 

recorded in bound notebooks in the appropriate departments. 

 

16.1.6 Reagent blanks are analyzed with each sample batch for all methods, validating the purity of all 

reagents. All reagent containers are dated when received, and dated and initialed when opened 

(except high use items consumed in less than one week). Documentation is maintained to provide 

traceability of the reagents used with the analysis of any batch to specific reagent lot numbers. 
 

 TABLE 16-1 

 STORAGE OF REAGENTS AND CHEMICALS 
 

i. CHEMICAL REQUIREMENTS       STORAGE  

ii. Concentrated acids and bases     1 

ii) Standards for metals analysis      2 

Standards for extractable organics       3 

Standards for volatile organics       4 

Bulk dry chemicals         5 

Working solutions containing organic compounds     6 

Working solutions containing only inorganics     7 

Flammable solvents         8 

Non-flammable solvents        9 

 Table 16-2 

(a) STORAGE REQUIREMENT KEY 
 

1. Stored in the original containers in acid/base cabinets. All organics must be stored separately. 

2. Stored at room temperature in the standards cabinet of the metals department. 

3. Stored below 0o C in the department. 

4. Neat standards are stored at room temperature in the standard cabinet in the department. Stock solutions 

and working solutions are stored in the freezer. 

5. Bulk reagents are stored at room temperature in reagent storage cabinets located throughout the 

laboratory. 

6. Stored refrigerated at 1-4o C in the department.  

7. Stored at room temperature in the department; refrigeration is optional. 

8. Stored in solvent cabinets in the organic extraction laboratory. 

9. Stored separately from the flammable solvents in cabinets in the organic extraction laboratory. 

 

17.0 WASTE DISPOSAL 

17.1 AES operates as a conditionally exempt, small quantity generator. 
 

17.2 All waste disposal is carried out in accordance with AES Waste Disposal SOP, HS-03005. These 

documents include procedures for identification, storage, personnel training, tracking forms, report 

forms and safety, as well as details of the disposal. Hazardous waste disposal procedures are 

discussed below. 

17.3 Hazardous Waste Requirements: 

17.3.1 Hazardous waste is stored in non-leaking containers that are in good condition with close-

fitting lids. The lids are kept closed when wastes are not being added or removed. 
 

17.3.2 Hazardous waste storage containers are labeled with waterproof labels. The labels specify the 

words “Hazardous Waste”, composition and physical state of the waste, hazardous properties  

of the waste (e.g., flammable, reactive, etc.), and the name and address of the generator. 
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17.3.3 Each hazardous waste container is clearly labeled with the date the period of accumulation began. 

The date is also documented on the Hazardous Waste Tracking Log Form (see Section 17.5.8). 
 

17.3.4 All containers are handled in a way that minimizes the possibility of spills and escape of 

wastes into the environment. 
 

17.3.5 Wastes are stored in an area that is regularly inspected for deteriorating or leaking containers. 
 

17.3.6 All wastes are segregated during temporary accumulation, storage, and for disposal. Prior to 

disposal, waste materials are carefully combined into categories or waste streams based upon 

their compatibility. 
 

17.3.7 The following three types of waste are stored in 55-gallon drums. 

17.3.7.1 Halogenated solvents such as methylene chloride (closed cap metal drum) 
 

17.3.7.2 Non-halogenated flammable solvents (closed cap metal drum). 
 

17.3.7.3 Heavy metals or other aqueous wastes except cyanide (poly drum) 
 

17.3.8 All other wastes are stored in the original container or 4-liter glass bottles and disposed of via a 

“lab pack” (i.e., packed by a disposal company in 55-gallon open top drums). 
 

17.4 Sample Disposal (See also AES SOP HS-03005) 

17.4.1 After completion of the analysis, unused sample portions, extracts, or digests are transferred to 

a central secured storage area until they are disposed. Unless a client requests that the project 

manager save unused samples, digests, or extracts, disposal from the central storage occurs 30 

days after submission for test results. 

17.4.1.1 Summary of sample disposal procedure: 

17.4.1.1.1 Samples are initially put into labeled bins in the walk-in cooler for 30 

days in case client decides to add test(s) that require refrigerated storage.  

All bins must be labeled.  Labels include storage location and date of 

disposal. 

17.4.1.1.2 Sample reporting date is used to initiate the 30 day time period. Samples 

that were put on hold upon receipt should use the date associated with 

the earliest reported test result unless otherwise indicated by the client or 

noted by the project manager. 

17.4.1.1.3 When attaching labels to the bin, use both the adhesive on the label as 

well as a piece of clear tape as a second measure to ensure the label does 

not come off. 

17.4.1.1.4 Sample Management Supervisor (a.k.a. Bottle Prep Supervisor) 

maintains a list of bin disposal dates.  Supervisor must sign and date this 

sheet in order for bins to be disposed.  No bins are to be disposed of by 

disposal technician without management approval.   
 

17.4.2 Requests for extended sample, digest or extract storage must be provided by the client to the 

AES project manager in writing (contract form) prior to sample receipt. Extended storage may 

result in the charging of additional fees by the AES project manager prior to sample receipt. 

AES is not responsible for evaporation or other deterioration of samples, extracts, or digests 

during extended storage periods. 
 

17.4.3 Clients that desire the return of samples may pick them up at the laboratory, request shipment  

by Federal Express (at the client’s expense for packaged shipping), or utilize any other legal  
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means that they choose. Clients requesting the return of samples should provide detailed 

shipping instructions. 
 

17.4.4 If a client, by contract, specifies sample disposal by a hazardous waste contractor, the client’s 

name and EPA ID number will be used on the manifest and the client will be invoiced for all 

disposal-related costs. 
 

17.4.5 Other excess sample portions are composited by the laboratory according to matrix (solids, soils 

or aqueous). Composited soils, sediments & other solid samples are sub-sampled and analyzed 

for hazardous waste characteristics (ignitability, reactivity, (releasable cyanide and sulfide), 

corrosivity (pH), toxicity (TCLP by SW-846 Method 1311) and PCBs). If the pooled sub-sample 

is characterized as hazardous by any of the hazardous waste characteristics or contains greater 

than 50 ppm PCBs, the excess sample is disposed of through the use of a hazardous waste 

contractor. If the pooled sub-sample is not deemed hazardous based upon the results of these 

tests, the composited excess material is disposed of in an industrial/municipal landfill. 
 

17.4.6 Aqueous samples are neutralized and disposed of via the municipal sewer system, following all 

discharge requirements outlined in 40 CFR Part 261.3 (a)(2)(iv)(E). 
 

17.5 Organic Waste Disposal (See also AES SOP HS-03005) 

17.5.1 Similar waste disposal procedures for samples from the volatile, semi-volatile and GC/HPLC 

pesticide laboratories are employed at AES.  
 

17.5.2 All personnel should be familiar with the SOP prior to the disposal of wastes in the laboratory. 
 

17.5.3 AES is considered as a Conditionally Exempt, Small Quantity Generator under 40 CFR Part 

261.5 (a generator who generates no more than 100 kilograms of hazardous waste or 1 

kilogram of acute hazardous waste in a calendar month and accumulates no greater than 1000 

kilograms of hazardous waste).  Hazardous waste storage is limited to quantity and/or 

accumulation and must comply with RCRA regulations as specified in 40 CFR.  These wastes 

are packaged and separated according to compatible groups (e.g., solvents, acids, etc.) 
 

17.5.4 The pH of the discharged waste MUST be between 5 and 10. If the pH of the discharged waste 

is out of this range, it is diluted with water or treated with the appropriate acid or base.  
 

17.5.5 Apparatus and Equipment 

17.5.5.1 Respirator and gloves 
 

17.55.2 5-gallon plastic buckets with lids 
 

17.5.6 Reagents and Chemicals. 

17.5.6.1 Marble chips for neutralizing acid waste 
 

17.5.7 Procedure 

Prior to the disposal of any waste, the Health and Safety Officer provides a sample disposal list to  

the laboratory employee performing the task.  Included in this list is the method of disposal and 

location of disposal for each sample.  The Health and Safety Officer obtains this information from 

the AES LIMS system and categorizes the samples as hazardous or non-hazardous.  

17.5.7.1 The procedure for the collection and disposal of expired organic chemicals and solutions 

is outlined in the subsequent sections. 

17.5.7.1.1 Neat standards are sealed and labeled.  
 

17.5.7.1.2 All stock standards, working standards and unused sample extracts are emptied into  
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a properly labeled (contents are listed using the official waste storage labels) 4-L 

empty solvent bottle. 
 

17.5.7.1.3 Waste standards or samples containing Silvex (2,4,5-TP), 2,4,5-T, or PCBs are 

stored separately from other waste standards. These compounds are potential dioxin 

wastes. All acid herbicide standards or sample waste are stored separately from other 

standard wastes. 
 

17.5.7.1.4 HPLC/GC vials containing solvents, standards and extracts are stored in a labeled,  

4-liter, empty solvent bottle. 
 

17.5.7.1.5 Wastes are never allowed to accumulate in the laboratory for longer than 3 days.  

Wastes that are stored for longer time periods are stored in the waste storage room 

located at the back of the laboratory. All dated waste is disposed of in drums. 
 

17.5.7.1.6 Each drum is labeled according to contents, i.e., chlorinated, non-chlorinated 

solvents, acid and mercury waste. Acid wastes are stored in the acid waste room that 

is separate from the solvent waste room. 
 

17.5.7.1.7 All wastes are treated inside the fume hood using appropriate safety equipment such 

as a respirator, gloves, laboratory coat, and safety glasses. 
 

17.5.7.1.8 The Safety Officer is notified in the event of any leaks or spills of hazardous wastes. 
 

17.5.7.1.9 The waste drums available are: 

Flammable Waste  

Soil Waste 

Acid Waste 

Methylene Chloride Waste 

Neutralized Waste 
 

17.5.7.1.10 Autosampler vials full of sample waste are placed into an empty 4-liter solvent bottle, 

properly labeled, dated, and stored in waste room, where they are lab-packed. 
 

17.5.7.1.11 High-level organic wastes are treated as hazardous substances and are placed in clearly 

labeled containers. Full containers are stored in the inorganic waste storage room. 
 

17.5.7.1.12 Containers that have been used for the storage of high level wastes are not reused. 
 

17.5.7.1.13 Soil samples are transferred to 55-gallon drums. When full, a composite sample is 

analyzed for TCLP and characterized for disposal through the use of a Hazardous 

Waste Contractor. 
 

17.5.7.1.14 The contents of used VOC vials are neutralized prior to disposal in the sanitary 

sewer system. 
 

17.5.7.2 The neutralization of alkaline or acidic wastes is performed with the following procedure. 

17.5.7.2.1 A 5-gallon bucket with a strainer bottom is placed directly into a sink. 
 

17.5.7.2.2 The bucket is filled with 6 to 8 inches of marble chips. 
 

17.5.7.2.3 Pass a generous flow of water through the bucket containing the marble chips. 
 

17.5.7.2.4 The samples are added to the bucket at the same time that the water is flowing  

allowing the samples to drain through the chips and become neutralized. 
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17.5.8 The Waste Disposal Logbook is located in close proximity to each drum.  The following 

information is added to the logbook:  

AES WORK ORDER Number 

Client Sample I.D. Number 

Employee(s) Name(s) 

Nature of Disposal 
 

17.5.9 The Health and Safety Officer maintains a separate waste disposal record file.  These files 

contain the master list of samples that have been disposed, TCLP analytical results, raw data, 

and disposal manifest receipts. 
 

17.6 Inorganic Waste Disposal (See also AES SOP HS-03005) 

The procedure for the collection and disposal of expired inorganic chemicals and solutions is 

outlined in the subsequent sections. 

17.6.1 AES is considered as a Conditionally Exempt, Small Quantity Generator under 40 CFR Part 

261.5 (a generator who generates no more than 100 kilograms of hazardous waste or 1 kilogram 

of acute hazardous waste in a calendar month and accumulates no greater than 1000 kilograms of 

hazardous waste).  Hazardous waste storage is limited to quantity and/or accumulation and must 

comply with RCRA regulations as specified in 40 CFR. These wastes should be packaged and 

separated according to compatible groups (e.g., solvents, acids, etc.).  Waste water containing 

toxic waste from the laboratory that does not exceed 1% of total waste water flow can be disposed 

of into the sanitary sewer system as specified in 40 CFR part 261.3E. 
 

17.6.2 The pH of the discharged waste MUST be between 5 and 10. If the pH of the discharged waste 

is out of this range, it is diluted with water or treated with the appropriate acid or base. 
 

17.6.3 Apparatus and Equipment 

17.6.3.1 Large polyethylene tank (250 gallon)  
 

17.6.3.2  Latex gloves 
 

17.6.3.3  Stirring rod (glass or wood) 
 

17.6.4 Reagents and Chemicals 

17.6.4.1 Soda Ash, sodium carbonate (NaCO3) 
 

17.6.5 Procedure 

Prior to the disposal of any waste, the Health & Safety Officer provides a sample disposal list to 

the laboratory employee performing the task.  Included in this list is the method of disposal and 

location of disposal for each sample.  The Health and Safety Officer obtains this information 

from the AES LIMS system and categorizes the samples as hazardous or non-hazardous. 

17.6.5.1 All inorganic aqueous waste is poured into a 250 gallon tank in the disposal room by 

disposal personnel. When the tank is approximately half full, the solution can be neutralized.  
 

17.6.5.2 Soda Ash is slowly added to the waste solution while it is stirred. The solution will 

effervesce as the Soda Ash neutralizes the acid in the solution. 
 

17.6.5.3 When the pH of the liquid has been sufficiently neutralized, the waste is drained slowly.  

The tank is flushed with copious amounts of water. 
 

17.6.5.4 Samples with observed concentrations of measured analyte above the calibration level of 

the various instruments are treated as hazardous waste. This includes the sample waste  
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generated from the flame AA or ICP instrument. This waste is collected in a storage  

bottle and is disposed of as an acidic waste when the bottle is filled. 
 

17.6.5.5 High-level inorganic wastes in organic solvents are treated in the following manner: 

17.6.5.5.1 The high-level waste is placed into a clearly labeled container. When the container is 

full, the container is placed into the waste storage room. 
 

17.6.5.5.2 Containers used for the storage of high-level wastes are not reused. 

 

17.6.6 The Waste Disposal Logbook is located in close proximity to each drum.  The following 

information is added to the logbook: 

AES WORK ORDER Number 

Client Sample I.D. Number 

Employee(s) Name(s) 

Nature of Disposal 
 

17.6.7 The Health and Safety Officer maintains a separate waste disposal record file.  These files 

contain the master list of samples that have been disposed, TCLP analytical results, raw data, 

and disposal manifest receipts. 
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APPENDIX I 

 

WASTE DISPOSAL PROCEDURES 

Waste Associated Analytical and Storage Disposal 

Type Sample Prep Methods Procedures Procedures 

Halogenated Solvents 

Methylene Chloride 

Pesticides, Herbicides, BNA, GPC, 

etc. 

Store in glass bottles, then in 

drums.** 

Reclaimed by HW 

contractor. 

Freon Oil & Grease, Petroleum 

Hydrocarbons 

Store in glass bottles. Reclaimed by 

laboratory. 

Mixed Solvents 

(Flammable & 

nonhalogenated) 

VOC Standards, Herbicides, 

Pesticides 

Store in glass bottles, then in 

drums. 

Disposal by HW 

contractor. 

All neat standards All analyses Store in original bottles of 

glass/plastic bottles, then lab 

pack. 

Disposal by HW 

contractor (Packed by 

also) 

Heavy Metals Solutions Metals, COD, Chloride Store in glass bottles, then in 

drums. 

Disposal by HW 

contractor. 

Acid Solutions Metals, General Inorganics, 

Extractions 

Store in glass bottles or add to 

neutralizing chambers. 

Neutralize; sanitary 

sewer. 

Alkaline Solutions General Inorganics, Extractions Store in glass bottles. Neutralize; sanitary 

sewer. 

All samples containing 

Organics or Inorganics 

exceeding hazardous waste 

standards* 

All analytical groups Store in original bottles or jars 

in sample custody storage area. 

Return to client or 

disposal by HW 

contractor. 

    

    

*      Hazardous Waste Characteristics (D001-D017) (40 CFR Part 261), HCN>250 mg/kg, TCLP Toxicity 

    Characteristics (Federal Register, 55FR 11798), March 29, 1990, or contains greater than 50 ppm PCBs. 

    

**     Bottles are kept in each laboratory and are periodically moved to the hazardous waste storage area. 
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APPENDIX II 
LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE 

 Service Interval  

EQUIPMENT ITEM D W M Q SA A AN SERVICE LEVEL 

ICP-AES and ICP-MS         

Pump Tubing    X    Change 

Nebulizer   X     Clean 

Filters   X    X Inspect - clean or replace. 

Spray Chamber   X     Clean 

Quartz Torch     X   Clean and realign. 

D-Shaped Mirrors   X    X Inspect - clean or replace 

MERCURY ANALYZER AND AUTOSAMPLER 

Pump Tubing X      X Inspect – replace 

Standard Cups X      X Inspect – replace 

Drying Tube X       Repack  

Mixing Coil  X      Inspect - clean or replace 

Sample Probe   X     Inspect - clean or replace 

Mercury Lamp       X Clean or replace 

CONDUCTIVITY METER         

Battery       X Check or replace 

Probe Contacts       X Clean or replace 

pH METER         

Probe(s) X       Check fluid levels and fill  

Connectors X       Check for corrosion and clean if necessary 

AUTOANALYZER (TRAACS/LACHAT) 

Pump Platen       X Replace 

Pump Tubes    X    Replace 

Flow Cell    X    Inspect and clean. 

Autosampler X       Check alignment 

Cobalt Column       X Inspect for channeling and repack 

BLOCK DIGESTER         

Heating Elements       X Replace as needed 

Thermostat     X   Check against calibrated thermometer for accuracy 

UV/VIS SPECTROPHOTOMETER 

Light Source       X Replace 

Belt X       Check for wear, replace if frayed 

Cuvettes X      X Check for scratches and buildup - replace 

ION SELECTIVE ELECTRODE 

fluid filled probe X      X Check fluid level - empty and replace if crystals form 

solid probe X       Check for salt build-up on tip, clean if necessary 

BOMB CALORIMETER         

Thermometer      X  Calibrate Thermometer 

Seals  X       Check for breaks in seals and replace if needed 

GAS CHROMATOGRAPH – SEMIVOLATILES 

Autosampler System       X Syringe and tubing cleaned – Needles/ tubing replaced 

Septa  X      Replace 

Column/Injector       X Chance sleeve and cut front of guard column. 

Gas Cylinder X       Inspect - change when pressure reads <500 psi. 

GAS CHROMATOGRAPH - MASS SPEC SEMIVOLATILES 
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APPENDIX II 
LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE 

 Service Interval  

EQUIPMENT ITEM D W M Q SA A AN SERVICE LEVEL 

Column/Injector  X      Chance sleeve and cut front of column. 

Septum  X      Replace 

Splitless Disc     X   Replace 

Autosampler X     X  Syringe and tubing cleaned                                                               

Needles and tubing replaced 

Rough Pump      X  Oil change by HP service 

Mass Spectrometer       X Clean 

Gas Cylinder X       Inspect - Change when pressure reads <500 psi. 

Hard Drive  X      Archive 

ATOMIC ABSORPTION         

Pump  X       check for leaks and corrosion 

Lamps       X If intensity drops, replace 

Nebulizer  X      Clean, sonicate 

Tubing X       If leaking or weak, replace 

Burner Head  X      Clean, sonicate 

Bottled Gases X       Replace if pressure reaches 500 psi. 

Spray Chamber   X     Clean, sonicate 

GAS CHROMATOGRAPH – VOLATILES 

Column       X Replace 

Septum   X     Replace 

Gas Cylinder X       Inspect - change when pressure reads <500 psi. 

Hydrocarbon/Moisture Trap      X  Replace 

GAS CHROMATOGRAPH - MASS SPEC VOLATILES 

Column       X Replace 

Rough Pump      X  Oil change by HP service 

Gas Cylinder X       Inspect - change when pressure reads <500 psi. 

Septum   X     Replace 

Transfer Line       X Check for leaks 

GAS CHROMATOGRAPH – ECD 

Autosampler X     X  Syringe  cleaned                                                               

Needles and tubing replaced 

Column       X Replace 

Septa       X Replace 

Glass Insert       X Replace 

Gold Disk       X Replace 

Gas Cylinder X       Inspect - change when pressure reads <500 psi. 

EC Detector(s)      X  Send off for replacement of radioactive nickel foil. 

GAS CHROMATOGRAPH – FID 

Autosampler X      X Syringe and tubing cleaned                                                               

Needles and tubing replaced 

Column       X Replace 

Septa       X Replace 

Gas Cylinder        Inspect daily, change when pressure reads <500 psi. 

Glow Plug        Determine if glow is enough to ignite Hydrogen 
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APPENDIX II 
LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE 

 Service Interval  

EQUIPMENT ITEM D W M Q SA A AN SERVICE LEVEL 

Housing and chimney        Check for rust and corrosion that will cause a short, and clean 

if necessary. 

Glass Insert       X Replace 

Column       X Replace 

PURGE AND TRAP         

Sorbent Trap     X   Change 

Heater Pockets X       Check, replace if defective 

Transfer Lines       X Inspect and replace if needed 

Purge Flow     X   Inspect, adjust as needed 

TCLP EQUIPMENT         

Volatile Rotator X       Check rotation (± 30 rpms) 

Semi-volatiles/Metals Rotator X       Check rotation (± 30 rpms) 

BALANCES         

Balances  X       Calibrate, service annually 

Auto-Pipettors    X    Calibrate 

 

BALANCE WEIGHTS – for daily balance checks 

Set “B” – 10 weights        Verified every 5 years by a body that can prove traceability to 

NIST 

THERMOMETER (CERTIFIED) – for in-house thermometer calibrations 

HB #28199 (CMI #32478)     –1 

to 200oC 

      X Certified every 5 years by a body that can prove traceability 

to NIST  

DISSOLVED OXYGEN METER 

Batteries X       Check for strength, if < 13.20 replace 

Membrane    X    Replace. Sooner if signal will not stabilize 

Spill housing and stirrer X       Clean 

 

  

The service intervals listed in Appendix II are as follows: D = daily; W = weekly; M = monthly; Q = quarterly; 

SA = semi-annually; and AN = as needed.  
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APPENDIX III 
LAB EQUIPMENT LIST 

ID No. Instrument Type Manufacturer Model Serial Number Age 

1000 MS-4 Auto Sampler Varian Archon 13405 1999 

1001 MS-4 Sample Concentrator OI Analytical 4560 J448460426 1999 

1002 MS-4 GC HP 6890 430021BJ4 1999 

1003 MS-4 MS HP 5973 US82311468 1999 

1004 MS-5 Auto Sampler Varian Archon 12110 2001 

1005 MS-5 Sample Concentrator OI Analytical 4560 H413460123 2001 

1695 MS-5 Sample Concentrator OI Analytical 4660 D63646651P 2006 

1006 MS-5 GC Agilent 6850 US00001050 2001 

1007 MS-5 MS Agilent 5973 US94240080 2001 

1008 MS-7 Auto Sampler Varian Archon 12999 1999 

1009 MS-7 Sample Concentrator OI Analytical 4560 D310211 1999 

1838 MS-7 Sample Concentrator OI Analytical 4660 D807466325P 2008 

1010 MS-7 GC Agilent 6850 US00001051 2001 

1011 MS-7 MS Agilent 5973 US94240092 2001 

1012 MS-8 Auto Sampler Varian Archon 13322 2001 

1013 MS-8 Sample Concentrator Tekmar 3000 98259003 2000 

1623 MS-8 Purge & Trap OI Corporation Eclipse 4660 D524466126P 2005 

1014 MS-8 GC Agilent 6850 US00001100 2001 

1015 MS-8 MS Agilent 5973 US94240107 2001 

1020 GC-2 GC HP 5890SII 3336A5502 1994 

1021 GC-2 Auto Sampler HP 18596M 3209A27907 1994 

1022 GC-2 Tower HP 18593B 3202A29321 1994 

1023 GC-3 GC HP 5890SII 3140A38355 1995 

1024 GC-3 Auto Sampler HP 18596M 3433A36260 1995 

1025 GC-3 Tower HP 18593B 3341A36564 1995 

1026 GC-4 GC HP 5890SII 302218A29420 1997 

1027 GC-4 Autosampler HP 18596B 3320A32113 1997 

1028 GC-4 Tower HP 18593B 3013A22544 1997 

1029 GC-5 GC HP 5890SII 3140A39201 1998 

1030 GC-5 Auto Sampler HP 18596B 3050A23709 1998 

1031 GC-5 Tower HP G1513A US81205611 1998 

1643 GC-6 GC HP 5890SII 3235A46102 1995 

1644 GC-6 A Sampler Controller HP 7673 / 18594B 3318A32045 1995 

1645 GC-6 Tower HP 7673 / 18593B 3442A40453 1995 

1537 GC-7 Computer  Agilent MXZ3460BJW MXZ3460BJW 2004 

1538 GC-7 GC (ECD) Agilent 6890N CN10427041 2004 

1539 GC-7 Tower Agilent 7683 CN42437159 2004 

1032 MS-6 GC HP 6890 US00021363 1999 

1033 MS-6 MS HP 5973 US80310957 1999 

1034 MS-6 Auto Sampler Agilent G2614A US00807551 1999 

1035 MS-6 Tower Agilent G2613A US00811878 1999 

1036 MS-3 GC HP 5890SII 336A55978 1995 

1037 MS-3 MS HP 5972A 3501A02369 1995 

1038 MS-3 Auto Sampler HP 18596B 3342A33508 1995 

1039 MS-3 Tower HP 18593B 3013A22290 1995 

1040 HPLC-1 Degasser HP G1322A JP73017078 1999 

1041 HPLC-1 Quatpump HP G1311A DE91606476 1999 

1042 HPLC-1 ALS HP G1313A DE91608580 1999 
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1043 HPLC-1 Colcom HP G1316A DE91609970 1999 

1044 HPLC-1 UV Detector HP G1314A JP92108737 1999 

1045 HPLC-1 Fluorescence Detector Jasco FP-920 D398 1892 1999 

1046 HPLC-1 Interface HP 35900E CNDDQ1250 1999 

1047 TOC-1 TOC Analyzer Shimadzu TOC5050A 36201577A 1999 

1048 TOC-1 Auto Sampler Shimadzu ASI5000A 36N02328A 1999 

1089 Balance 5 Top Loader Denver Inst AL500 B039416 2002 

1099 MIDI Distillation Distillation Lachat 1700 2000-419 2002 

1129   Concentrator Zymark TurboVap II TV9909N8714   

1177   Velometer Alnor Jr. N/A   

1182 Balance 4 Analytical Mettler AE100-240 L39952   

1888   Concentrator Zymark TurboVap II TV0116N10262   

1187 MS-9 GC Agilent 6890N US10133113 2000 

1188 MS-9 MS Agilent 5973 US10441238 2000 

1189 MS-9 Auto Sampler Agilent G2614A US12419350 2000 

1210 MS-10 GC/MS Agilent 5973 US82311282 1998 

1211 MS-10 GC/MS Agilent 6890 US00024777 1998 

1212 MS-10 Autosampler Agilent 7683 US84302879 2001 

1217 TOC-2 TOC Rosemount DC-190 L9408399 2002 

1218 TOC-2 Auto Sampler Rosemount 183 9401165 2002 

1224 MS-11 Auto Sampler Varian Archon 12536 1999 

1225 Autosampler Auto Sampler Varian Archon 12535   

1226 MS-11 Sampler Concentrator OI Corporation 4560 3515A10291 1999 

1227 MS-11 GC Agilent 5890 3336A56613 1994 

1228 MS-11 MS Agilent 5973 3435A01886 1994 

1229 Concentrator Concentrator OI Corporation 4560 94284012   

1265 Microscope M2 LabScope LW Scientific LW 200 301473   

1502 Microscope M2 LabScope LW Scientific LW 200 30H584 1998 

1503 MS-12 5973 HP 5973 US81221559 2003 

1504 MS-12 6890/GC HP 6890 DE00020822 2003 

1505 MS-12 Sample Concentrator OI Corporation 4660 A350466159 2003 

1620 MS-13 GC Agilent 6850N US10506012 2005 

1621 MS-13 MS Agilent 5973N US52047399 2005 

1622 MS-13 Autosampler Varian Archon 14371 2005 

1602 MS-13 Purge Press/4660 OI Analytical 4660 B421466132P 2004 

1519 Lachat-2 YXZ Lachat ASX-500 Series A81010-774 2003 

1520 Lachat-2 Autoanalyzer Lachat QuickChem FIA+ 800 A8300-2107 2003 

1521 Lachat-2 Reagent Pump Lachat RP-100Series   2003 

1522 Autosampler YXZ Lachat ASX-500 Series A81010-774   

1523 Autosampler Autosampler Varian SPS 5 EL00043932   

1609 IC2 ICS 1000 Ion Chrom. Sys Dionex ICS-1000 5010499 2005 

1610 IC2 AS 40 Auto Sampler Dionex   4100492 2005 

1674 GC-8 GC-8 Agilent 6890N CN 10609020 2006 

1675 GC-8 Injector (Tower) Agilent 7683B CN603330862 2006 

1676 GC-8 ALS Sampling Tray Agilent G2614A CN60638448 2006 

1700 Balance 12 Analytical Mettler AL104 1227330378 2006 

1707 MS-14 MS Inert  5975B  US62714424 2006 

1708 MS-14 GC Inert 6890 N CN10631084 2006 

1709 MS-14 Autosampler Inert 7683B  CN63835818 2006 
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1714 Microscope  Vision Microscope Lab Essentials, Inc. Vision  505007 2006 

1715 Microscope  Vision Microscope Lab Essentials, Inc. Vision  505019 2006 

1716 Microscope Vision Microscope Lab Essentials, Inc. Vision  505029 2006 

1717 Balance 13 Analytical Mettler AL104 1227300041 2007 

1722 Stage Micrometer   Microscope Service, Inc. L & W   2005 

1728 MS-15 GC Agilent 6850A US10710001 2007 

1729 MS-15 MS Agilent 5973 Inert US44610842 2007 

1730 MS-15 Purge & Trap OI Corporation Eclipse 4660 D713466088P 2007 

1731 MS-15 Autosampler Varian Archon 15099 2007 

1732 MS-15 Computer HP Compaq ESO USV3400DTH 2007 

1837 Microscope Meiji PLM Asbestos MilesCo Scientific ML6130 600091 2008 

1841 Balance 14 Analytical Ohaus AP3105 M52542 2003 

1900 Turbovap II Concentrator Caliper Life Sci 103187 TV0953N15641 2010 

1910 DO Meter BOD Meter YSI 500-115V 07H101424 2010 

1921 MS-16 Autosampler OI Corporation 4552 MS1003W023 2010 

1922 Conductivity Probe Conductivity Meter Probe Orion 11510 Lot OX7-10019 2010 

1924 MS-16 Sampler Concentrator OI Corporation 4660 E008466762P 2010 

1925 IC3 Ion Chromatograph Dionex ICS1500 1598656 2010 

1930 MS-16 GC Agilent 7820A CN10202030 2010 

1931 MS-16 MS Agilent 5975 US10200403 2010 

1936 Injector Injector (Tower) HP 18593B 3531A43472 2010 

1955 MS-8 Autosampler EST Centurion  Cents221031111 416080003183 2011 

1986 GC-3 Tower HP 18593B Motor # PJ5001W-17 1995 

1987 ORP Probe REDOX Potential Accumet Cat. 13-620-115 SN2362021P 2013 

1988 ICP/MS-Agilent ICPMS Agilent - 7700X Series (G3281A) JP11391304 2013 

1989 ICP/MS Autosampler Auto Sampler Agilent - ASX-500 Series (G3286A) US10167A520 2013 

1990 ICP/MS Chiller Recirculating Chiller Agilent - QC3292-80000 (G3292A) 3K10B1258 2013 

1991 ICP/MS Vac Pump ICPMS Edwards- G1833-81003 / A36324904 119496740 2013 

1995 DI Water System DI Water ELGA Centra-R200 CN200RL220228 2013 

2003 Balance Analytical Mettler Toledo AB104-S 1121311765 2003 

2004 Balance Toploader Mettler Toledo PM4800 M86379 2004 

2005 Balance Toploader Mettler Toledo S12000S 2644872 2005 

2006 COD Reactor Block HACH Part #45600-00 9.512E+11 2002 

2017 COD Reactor Hot Block HACH 45600-00 1030021841 2000 

2027 Walk-in Cooler #2 Cooler Trenton 
CS18K6ETF5256/T
EHA030E6HT3BB 13GCE793M/130311991T 2013 

2036 Volatiles Cooler Walk-in Refrigeration 4G3 5605266 2000 

2057 INCUBATOR 2 Oven Fisher Scientific 655G N/A 2002 

2060 Electron Microscope TEM Philips EM-420 943206007001 1985 

2065 Balance Analytical Fisher Item # ALF64 N0588330030008P 2010 

2067 Balance Analytical Mettler AE160 0578 2002 

2069 Lachat-3 Quick Chem QC8500 Lachat Series 2  140600001703 2014 

2085 Sonicator EDP No.  100-132-1640R Fisher 500 BCK08014450A 2008 

2086 Hach Incutrol 115v, 60Hz   2150 1752 2014 

2087 Incubator Kenmore    253.2274241 WB43851388 2014 

2091 Sonicator Output 550watt Fisher F500 F1657 2008 

2092 MS-17 GC Agilent 7890B CN14403051 2014 

2093 MS-17 MS Agilent 5977A US1441M401 2014 

2100 Turbidity Meter Turbidimeter Lovibond Lot# 7374 3078 2014 
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2101 MS-17 Cleaning Module Entech 3100D 1687 2014 

2102 MS-17 Oven Entech 09-0V6L-12 0135 2014 

2103 MS-17 Diluter Entech 4700 0026 2014 

2104 MS-17 Concentrator Entech 7200 1217 2014 

2105 MS-17 Autosampler Entech 7650 0025 2014 

2108 GC-9 GC Agilent 7890B (G3440B) CN14483265 2015 

2109 GC-9 Auto Sampler Tray Agilent 7693 (G4514A) CN14380119 2015 

2110 GC-9 Tower Agilent 7693 (G4513A) CN14490172 2015 

2111 GC-9 ECD (Front) Agilent G2397A U26039 2015 

2112 GC-9 ECD (Back) Agilent G2397A U26040 2015 

2114 IC Autosampler Automated Sampler Dionex AS40-1 96040432 1999 

2120 MS-13 Autosampler Centurion   CentW502100614 2014 

2130 Hydrogen Generator Whatman Parker Balston 75-32   2013 

2131 GC-9 ECD Cell Agilent G2397-60610 U25762 2015 

2143 Zero Air Generator FID Whatman 76-803 76-803 2013 

2146 Zero Air Generator FID Whatman 76-830 E1523 2013 

2148 ICP-OES ICP-OES Agilent 5100 MY15120005 2015 

2149 Auto Sampler CETAC CETAC ASX-520 011552A520 2015 

2156 Auto Sampler Sample Prep System Varian SPS 5 EL 02056309 2010 

2172 BOD Analyzer BOD Auto EZ Thermo Scientific BODAUTOEZ A0128 2015 

2173 GC-10 6890 GC System HP G1530A US00006903 2015 

2174 GC-10 Auto-Sampler Controller HP G1512A US70300684 2015 

2175 GC-10 6890 ALS Tray HP 18596C 4570100464 2015 

2176 GC-10 7673 GC/SFC Injector HP 18593B 3250A33325 2015 

2177 GC-10 6890 Injector HP G15130 USZ0300Z10 2015 

2178 GC-10 6890 Injector HP 18593B 3042A23879 2015 

2191 TKN Block Digestor Block Environmental Express TKN100 2015TKNBC105 2015 

2192 Carbon Coater Vacuum Evaporator SPI   Vacu-Prep II None 1992 

2193 Carbon Coater Vacuum Evaporator Akashi  VEF  2007 1973 

2195 Incubator Refrigerator like Thermo Scientific 815 300033500 2015 

2196 Zero Air Generator for FID Makeup gas Peak Scientific Precision 3500cc ZA15-09-457 2015 

2217 pH Probe pH Meter Probe Thermo Scientific Cat. 10010-778 Lot # TO1-16409 2015 

2218 pH Probe pH Meter Probe Thermo Scientific Cat. 10010-778 Lot # TO1-16402 2015 

2233 Spectrophotometer   Hach DR3900 1669679 2016 

2238 pH Meter Benchtop Thermo Electron Orion 3 Star S/N B38810 2011 

2242 pH Meter Benchtop Orion 520A S/N 038734 1998 

2244 Zero Air Generator for FID Makeup gas VWR / Whatman 26000-020/ 76-803 S/N ZA10000190 2013 

2246 Auto Sampler for Lachat Cetac Technologies ASX-520 070570A520 2011 

2247 Dilutor for Lachat Lachat PDS 200 50700000344 2011 

2249 Balance Precision Advanced OHAUS GT 4100 8709 2007 

2250 Balance Research Sartorius R200D 60095 2000 

2254 Sonicator Water Bath Bransonic 5510E-MT ENA070028318F 2007 

2255 Sonicator Dismembrator Fisher Scientific F550 F1808 2008 

2257 Spectrophotometer SPEC-5 Shimadzu UV-1601 A10753782917 2016 

2261 MS-7 Autosampler Centurion M/S 462071416 2016 

2282 Turbidimeter Tungsten Lamp Lovibond 194200 3463 2016 

2285 GC-11 7890B GC System Agilent G3440B CN16473170 2016 

2286 GC-11 7890B ALS Tray Agilent G4567A CN15030021 2016 
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2287 pH Probe Orion-4 (for Alkalinity) Thermo Scientific Orion 9102BNWP 9102SC 2017 

2288 pH Probe Glass Thermo Scientific Orion 910 QR1-12852 2002 

2291 TOC Analyzer TOC-3 Shimadzu TOC-L CPN H54315432055 CS 2017 

2292 TOC Autosampler 40 mL Shimadzu ASI-L H57415401560 SA 2017 

2293 Mercury Analyzer Soil Combustion Nippon MS-3000 15740318 2017 

2295 Liquid Sampler Autosampler Nippon SC-3 13410578 2017 

2296 Hg Analyzer CVAA Nippon RA-4500 15780180 2017 

2297 Hygrometer Digital Fisher 11-661-12 170254699 2017 

2298 MS-18 GC Agilent 7890B GC CN15173094 2017 

2299 MS-18 MS Agilent 5977B MSD US1715M029 2017 

2300 MS-18 Autosampler Agilent ALS CN15250014 2017 

2301 MS-18 vacuum pump Pfeiffer DUO2.5 22032890 2017 

2306 Thermoanemometer Velometer Extech AN300 Z350828 2017 

2307 Vulcan Digestor  Automated Hot Block Questron Technologies V84-P VU17-1027-V1.1.1 2017 

2309 FAA 240 AA Agilent G8431A MY17220002 2017 

2310 FAA Autosampler SPS 4 Agilent G8410A AU17112735 2017 

2311 Soil TOC Analyzer Soil Analyzer Shimadzu SSM-5000A H52735400079 NK 2017 

2320 MS-4 Purge & Trap EST Analytical Evolution EV806012517 2017 

2321 MS-11 Purge & Trap EST Analytical Evolution EV850061517 2017 

2322 MS-15 Autosampler EST Analytical Centurion CENTW597072017 2017 

2332 Balance Analytical U.S. Solid USS-DBS5 USS-DBS1709029 2017 

2333 pH Probe Glass Thermo Scientific Orion 9104BNWP UT1-17346 2017 

2339 Zero Air Generator 3500cc Peak Scientific Zero Air 3500cc 770004350 2017 

2340 Nitrogen Generator 600cc Peak Scientific N2 Trace 600cc 770004363 2017 

2341 C’prssd Air Generator Compressed Peak Scientific Precision Air 770004231 2017 

2345 Hydrogen Generator Precision Peak Scientific H2 Trace 500 cc 000000000770005503 2017 

2346 Pipettor Adjustable, 1-10 mL Oxford Benchmate II A86010041 2017 

2350 MS-19 GC Agilent 7820A CN1723204 2017 

2351 MS-19 MS Agilent 5977B MSD US1741R002 2017 

2358 pH Probe Glass Thermo Scientific 9157BN   2017 

2359 ICP/MS 7900 Agilent G8403A JP17281926 2017 

2360 ICP/MS Autosampler SPS 4 Agilent G8410A AU17092619 2017 

2362 Hotblock Digital Reactor Block Hach DRB 200 17120C0305 2017 

2367 Microwave Extractor Ethox X Milestone 49380 17122726 2018 

2368 Discrete Analyzer rAPID-T Astoria-Pacific 4600 4660-1046 2018 

2373 pH Meter probe Fisher Scientific accumet AE150 ae95002608 2018 

2375 Oxygen Probe BOD Probe YSI 5010   2018 

2380 Discrete Analyzer rAPID-T Astoria-Pacific 4600 4660-1053 2018 

2381 Balance Analytical U.S. Solid USS-DBS5 USS-DBS1803053 2018 

2382 Balance Analytical U.S. Solid USS-DBS5 USS-DBS1803045 2018 

2395 Vulcan Metals Digestor  Automated Hot Block Questron Technologies V42P VU18-1005-V1.1.1 2018 

2397 Hg Digest Analyzer CVAA Nippon RA-4500 17780287 2018 

2398 Flashpoint Pensky Marten Stanhope-Seta 35000-0 U 1053813 2018 

2400 ICP-OES ICP-OES Agilent 5100 MY15500001 2018 

2401 Auto Sampler CETAC CETAC ASX-520 101525A520 2018 

2407 pH Probe Glass Thermo Scientific 9102BNWP WV1-16437 2018 

2408 pH Probe Glass Thermo Scientific 9102BNWP WV1-16423 2018 

2421 MS-17 Concentrator Entech 7200CTS 1595 2018 
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2434 HPLC-1 ALS HP G1313A DE65102508 2018 

2439 Auto Titrator   Thermo Scientific T910 T10147 2018 

2440 ATC Probe   Thermo Scientific 927007MD   2018 

2441 Ultra pH Electrode ROSS  Thermo Scientific 8102BNUWP   2018 

2442 Sonicator Dismembrator Fisher Scientific F550 F1768 2018 

2444 pH Meter Digital Unit Thermo Scientific VSTAR10 V13409 2018 

2445 pH Meter Module   Thermo Scientific VSTAR-PH VA18803 2018 

2446 pH Electrode Glass Thermo Scientific 8302BNUMD WR3 2018 

2450 Waterbath KD Concentration Fisher Scientific FSGPD20 300207609 2018 

2452 ICP/MS 7900 Agilent 7900 SG1804244 2018 

2454 Autosampler   OI Analytical 4100 Processor D833410620 2018 

2455 Purge/Trap Conc.   OI Analytical 4760 Eclipse A832447935 2018 

2458 Microscope PLM Stereomicroscope LW Scientific Z4 Zoom Z4H-BSF7-77SE 2018 

2459 GC-12 6850A GC System Agilent 6850A US10540009 2018 

2460 GC-12 6850A ALS Tray Agilent G2880A CN53821085 2018 

2462 Spectrophotometer SPEC-6  Thermo Scientific Genesys 30 9A1W264118 2018 

2463 Ultra pH Probe ROSS  Orion 8102NUWP   2018 

2464 Turbovap II   Zymark   04373 2018 

2469 GC-14 6850A GC System Agilent 6850A US10406012 2018 

2470 GC-14 6850 Autosampler Agilent 6850 (G2880A) CN14520114 2018 

2471 pH Probe Glass Thermo Scientific Orion 8104BNUWP XZ3-15334 2018 

2485 Balance Top Loader RADWAG WTC 2000 485747 2010 

2491 Spectrophotometer SPEC-7 ShImadzu Biospec-1601 A1075 2019 

2493 N Generator   Peak Scientific Precision 600cc 77005589 2019 

2494 Discrete Analyzer-3   rAPID-T 4600 4660-1061 2019 

2495 Discrete Analyzer-4   rAPID-T 4600 4660-1062 2019 

2496 Discrete Analyzer-5   rAPID-T 4600 4660-1063 2019 

2512 Discrete Analyzer-6   rAPID-T 4600 4660-1067 2019 

2514 Balance Top Loader RADWAG WTC 2000 607423 2019 

2515 Balance Top Loader RADWAG WTC 2000 607428 2019 

2516 Balance Top Loader RADWAG WTC 2000 607458 2019 

2522 Balance Analytical Mettler Toledo ML204 B110120209 2019 

2526 Balance Analytical Mettler Toledo AE240 G50492 2019 

2527 Meter Conductivity/pH Meter  Oakton pH/Con 10 Series 101196 2019 

2528 Meter Conductivity/pH Meter  Oakton pH/Con 10 Series 76106 2017 

2531 Balance Top Loader Radwag WTC2000 607498 2017 

2535 GC-15 GC Unit Agilent 6850A US10305001 2019 

2536 Autosampler For GC-15 Agilent G2880A CN31220462 2019 

2537 pH Probe   Orion 8302BNUMD XY3-15146 2019 

2538 Autosampler Autosampler EST Analytical Centurion  CENTW687040219 2019 

2539 Autosampler Autosampler EST Analytical Centurion  CENTS625040219 2019 

2543 Titrator Autotitrator Thermo Fisher Orion Orion T910 T10233 2019 

2544 Probe pH Electrode Thermo Fisher Ross Ultra 8102BNUWP 2019 

2545 Autosampler Autosampler Dionex AS-40 n/a 2019 

2546 Dilutor LaChat Dilutor   DRD A89000-1192 2019 

2549 Auto Soxlet Extractor Soxtherm Gerhardt SOX 416 1/8465 19 0009 2019 

2555 TEM Digital Camera Digital SIA SIA-L3C ML0081508 2016 

2556 Conductivity Probe Conductivity Thermo Fisher Orion 013610MD 248930 G180035 2019 
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2557 Conductivity Probe Conductivity Thermo Fisher Orion 013005MD 248910-A01 2019 

2567 Sonicator Dismembrator Fisher F550 F2727 2019 

2569  Autoclave  Sterilizer Market Forge/Sterilmatic STM-E 166815 2019 

2579 UV Lamp Lamp Analytikjena UVGL-58 C103098 2020 

2580 Bod Incubator Incubator Norlake LR1201WWW/0 1502550 2020 

2581 Bod Incubator Incubator Fisher 307C 311N0304 2020 

2583 Autosampler VOA  Centurion EST Analytical Centurion-Water CENTW1726012220 2020 

2584 Autosampler VOA  Centurion EST Analytical Centurion-Water CENTW727012220 2020 

2585 Autosampler SPS4 Metals  Agilent G8410A AU18164857 2020 

2592 Probe Redox (ORP) Thermo Fisher Scientific 9180BNMD 248994-A01 2020 

2593 Quanti-Tray Sealer Tray Sealer Idexx 89-10894-04 QT04545-06-073 2020 

2579 UV Lamp Lamp Analytikjena UVGL-58 C103098 2020 

2603 IC-4 Ion Chromatograph Thermo-Fisher (Dionex) Integrion 20043128 2020 

2604 IC-4 Autosampler Autosampler Thermo-Fisher (Dionex) AS-AP (P/N 074922) 20043210 2020 

2606 Ozone Generator Ozone Generator 
Oxidation Technologies/  

Azco Industries VMUS-DG 58066 2020 

2607 
Nitrogen 

Generator Nitrogen Generator Peak Scientific 
Precision Nitrogen 

Trace 600cc 771053987 2020 

2608 TOC-4 TOC Analyzer ShImadzu TOC-L CPN 
H54315332035 

CS 2017 

2609 KD Evaporator Solvent Evaporator Organomation 
16165 

(PN12018) 63500 2020 

2611 Rotary Agitator Agitator/Tumbler AES AES-3000 N/A 2020 

2612 Rotary Agitator Agitator/Tumbler AES AES-3000 N/A 2020 

2613 Rotary Agitator Agitator/Tumbler Analytical Testing Corp DC-20 5046XFCF0003 2020 

2614 Hot Block Hot Block Environmental Express SC154 2020CECW5369 2020 

2616 Incubator VWR Forced Air 6.3 CF VWR 
(Type Code 
51030020) 42586417 2020 

2618 Sonicator Ultrasonic Cleaner Hardwarefactorystore.com JPS-20A None listed 2020 

2619 Rotary Agitator Agitator/Tumbler Analytical Testing Corp DC-20 5046XFCF0015 2020 

2622 Microscope 
LW i4 Infinity 
Microscope LW i4 Infinity G2020015050 2020 

2623 
Microscope 

Camera 
Mini Vid USB 

Microscope Camera LW TP 605100 C1803140389 2020 

2624 
Shaking Water 

Bath 
Precision Shaking 

Water Bath Thermo Scientific GTTSSWB15 300433831 2020 

2625 Rotary Agitator Agitator/Tumbler AES AES-3000 N/A 2020 

2626 Rotary Agitator Agitator/Tumbler AES AES-3000 N/A 2020 

2636 Discrete Analyzer  (DA-6) rAPID-T Astoria-Pacific 4600 4660-1091 2021 

       

       

       

       

       

       

       

       

       

       

       



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 172 of 200 
  

 

APPENDIX IV - Chain of Custody 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Analytical Environmental Services, Inc.  

3080 Presidential Drive, Atlanta, GA 30340     Phone: (770)-457-8177

CHAIN OF CUSTODY

Work Order: _____________
Page  ___  of  ___

 PHONE:  

 SAMPLED BY:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Standard

2 Business Day Rush

Next Business Day Rush

Same-Day Rush (auth req.)
   OUT:           /         /    VIA: Other ______________

   IN:             /          /    VIA: REGULATORY PROGRAM (if any):    

     

   QUOTE #:_______________         PO#:________________ DATA PACKAGE:  I       II       III       IV

Matrix Codes:      A = Air      GW = Groundwater      SE = Sediment      SO = Soil      SW = Surface Water     ST=Stormwater    WW = Waste Water      W = Water (Blanks)      DW = Drinking Water (Blanks)      O = Other (specify)

Preservative Codes:      H+I = Hydrochloric acid + ice      I = Ice only      N = Nitric acid      S+I = Sulfuric acid + ice      S/M+I = Sodium Bisulfate/Methanol + ice      O = Other (specify)      NA = None
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determine if the field or sample transporting 
procedures and environments have 
contaminated the sample. 

GC—Gas chromatograph or gas 
chromatography. 

Internal standard—A compound added to 
an extract or standard solution in a known 
amount and used as a reference for 
quantitation of the analytes of interest and 
surrogates. In this method the internal 
standards are stable isotopically labeled 
analogs of selected method analytes (Table 
8). Also see Internal standard quantitation. 

Internal standard quantitation—A means of 
determining the concentration of an analyte 
of interest (Tables 1–3) by reference to a 
compound not expected to be found in a 
sample. 

DOC—Initial demonstration of capability 
(section 8.2); four aliquots of reagent water 
spiked with the analytes of interest and 
analyzed to establish the ability of the 
laboratory to generate acceptable precision 
and recovery. A DOC is performed prior to 
the first time this method is used and any 
time the method or instrumentation is 
modified. 

Laboratory Control Sample (LCS; 
laboratory fortified blank; section 8.4)—An 
aliquot of reagent water spiked with known 
quantities of the analytes of interest and 
surrogates. The LCS is analyzed exactly like 
a sample. Its purpose is to assure that the 
results produced by the laboratory remain 
within the limits specified in this method for 
precision and recovery. 

Laboratory fortified sample matrix—See 
Matrix spike. 

Laboratory reagent blank—A blank run on 
laboratory reagents; e.g., methylene chloride 
(section 11.1.5). 

Matrix spike (MS) and matrix spike 
duplicate (MSD) (laboratory fortified sample 
matrix and duplicate)—Two aliquots of an 
environmental sample to which known 
quantities of the analytes of interest and 
surrogates are added in the laboratory. The 
MS/MSD are prepared and analyzed exactly 
like a field sample. Their purpose is to 
quantify any additional bias and imprecision 
caused by the sample matrix. The 
background concentrations of the analytes in 
the sample matrix must be determined in a 
separate aliquot and the measured values in 
the MS/MSD corrected for background 
concentrations. 

May—This action, activity, or procedural 
step is neither required nor prohibited. 

May not—This action, activity, or 
procedural step is prohibited. 

Method blank—See blank. 
Method detection limit (MDL)—A 

detection limit determined by the procedure 
at 40 CFR part 136, appendix B. The MDLs 
determined by EPA in the original version of 
the method are listed in Tables 1, 2 and 3. 
As noted in section 1.5, use the MDLs in 
Tables 1, 2, and 3 in conjunction with 
current MDL data from the laboratory 
actually analyzing samples to assess the 
sensitivity of this procedure relative to 
project objectives and regulatory 
requirements (where applicable). 

Minimum level (ML)—The term 
‘‘minimum level’’ refers to either the sample 
concentration equivalent to the lowest 

calibration point in a method or a multiple 
of the method detection limit (MDL), 
whichever is higher. Minimum levels may be 
obtained in several ways: They may be 
published in a method; they may be based on 
the lowest acceptable calibration point used 
by a laboratory; or they may be calculated by 
multiplying the MDL in a method, or the 
MDL determined by a laboratory, by a factor 
of 3. For the purposes of NPDES compliance 
monitoring, EPA considers the following 
terms to be synonymous: ‘‘quantitation 
limit,’’ ‘‘reporting limit,’’ and ‘‘minimum 
level.’’ 

MS—Mass spectrometer or mass 
spectrometry, or matrix spike (a QC sample 
type). 

MSD—Matrix spike duplicate (a QC 
sample type). 

Must—This action, activity, or procedural 
step is required. 

m/z—The ratio of the mass of an ion (m) 
detected in the mass spectrometer to the 
charge (z) of that ion. 

Preparation blank—See blank. 
Quality control check sample (QCS)—See 

Laboratory Control Sample. 
Reagent water—Water demonstrated to be 

free from the analytes of interest and 
potentially interfering substances at the 
MDLs for the analytes in this method. 

Regulatory compliance limit (or regulatory 
concentration limit)—A limit on the 
concentration or amount of a pollutant or 
contaminant specified in a nationwide 
standard, in a permit, or otherwise 
established by a regulatory/control authority. 

Relative retention time (RRT)—The ratio of 
the retention time of an analyte to the 
retention time of its associated internal 
standard. RRT compensates for small changes 
in the GC temperature program that can affect 
the absolute retention times of the analyte 
and internal standard. RRT is a unitless 
quantity. 

Relative standard deviation (RSD)—The 
standard deviation times 100 divided by the 
mean. Also termed ‘‘coefficient of variation.’’ 

RF—Response factor. See section 7.2.2. 
RSD—See relative standard deviation. 
Safety Data Sheet (SDS)—Written 

information on a chemical’s toxicity, health 
hazards, physical properties, fire, and 
reactivity, including storage, spill, and 
handling precautions that meet the 
requirements of OSHA, 29 CFR 1910.1200(g) 
and appendix D to § 1910.1200. United 
Nations Globally Harmonized System of 
Classification and Labelling of Chemicals 
(GHS), third revised edition, United Nations, 
2009. 

Selected Ion Monitoring (SIM)—An MS 
technique in which a few m/z’s are 
monitored. When used with gas 
chromatography, the m/z’s monitored are 
usually changed periodically throughout the 
chromatographic run, to correlate with the 
characteristic m/z’s of the analytes, 
surrogates, and internal standards as they 
elute from the chromatographic column. The 
technique is often used to increase sensitivity 
and minimize interferences. 

Signal-to-noise ratio (S/N)—The height of 
the signal as measured from the mean 
(average) of the noise to the peak maximum 
divided by the width of the noise. 

Should—This action, activity, or 
procedural step is suggested but not required. 

SPE—Solid-phase extraction; an extraction 
technique in which an analyte is extracted 
from an aqueous solution by passage over or 
through a material capable of reversibly 
adsorbing the analyte. Also termed liquid- 
solid extraction. 

Stock solution—A solution containing an 
analyte that is prepared using a reference 
material traceable to EPA, the National 
Institute of Science and Technology (NIST), 
or a source that will attest to the purity, 
authenticity, and concentration of the 
standard. 

Surrogate—A compound unlikely to be 
found in a sample, and which is spiked into 
sample in a known amount before extraction 
or other processing, and is quantitated with 
the same procedures used to quantify other 
sample components. The purpose of the 
surrogate is to monitor method performance 
with each sample. 

* * * * * 

� 9. Appendix B to part 136 is revised 
to read as follows: 

Appendix B to Part 136—Definition and 
Procedure for the Determination of the 
Method Detection Limit—Revision 2 

Definition 

The method detection limit (MDL) is 
defined as the minimum measured 
concentration of a substance that can be 
reported with 99% confidence that the 
measured concentration is distinguishable 
from method blank results. 

I. Scope and Application 

(1) The MDL procedure is designed to be 
a straightforward technique for estimation of 
the detection limit for a broad variety of 
physical and chemical methods. The 
procedure requires a complete, specific, and 
well-defined analytical method. It is essential 
that all sample processing steps used by the 
laboratory be included in the determination 
of the method detection limit. 

(2) The MDL procedure is not applicable to 
methods that do not produce results with a 
continuous distribution, such as, but not 
limited to, methods for whole effluent 
toxicity, presence/absence methods, and 
microbiological methods that involve 
counting colonies. The MDL procedure also 
is not applicable to measurements such as, 
but not limited to, biochemical oxygen 
demand, color, pH, specific conductance, 
many titration methods, and any method 
where low-level spiked samples cannot be 
prepared. Except as described in the 
addendum, for the purposes of this 
procedure, ‘‘spiked samples’’ are prepared 
from a clean reference matrix, such as reagent 
water, spiked with a known and consistent 
quantity of the analyte. MDL determinations 
using spiked samples may not be appropriate 
for all gravimetric methods (e.g., residue or 
total suspended solids), but an MDL based on 
method blanks can be determined in such 
instances. 

II. Procedure 

(1) Estimate the initial MDL using one or 
more of the following: 
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(a) The mean determined concentration 
plus three times the standard deviation of a 
set of method blanks. 

(b) The concentration value that 
corresponds to an instrument signal-to-noise 
ratio in the range of 3 to 5. 

(c) The concentration equivalent to three 
times the standard deviation of replicate 
instrumental measurements of spiked blanks. 

(d) That region of the calibration where 
there is a significant change in sensitivity, 
i.e., a break in the slope of the calibration. 

(e) Instrumental limitations. 
(f) Previously determined MDL. 

Note: It is recognized that the experience 
of the analyst is important to this process. 
However, the analyst should include some or 
all of the above considerations in the initial 
estimate of the MDL. 

(2) Determine the initial MDL. 

Note: The Initial MDL is used when the 
laboratory does not have adequate data to 
perform the Ongoing Annual Verification 
specified in Section (4), typically when a 
new method is implemented or if a method 
was rarely used in the last 24 months. 

(a) Select a spiking level, typically 2—10 
times the estimated MDL in Section 1. 
Spiking levels in excess of 10 times the 
estimated detection limit may be required for 
analytes with very poor recovery (e.g., for an 
analyte with 10% recovery, spiked at 100 
micrograms/L, with mean recovery of 10 
micrograms/L; the calculated MDL may be 
around 3 micrograms/L. Therefore, in this 
example, the spiking level would be 33 times 
the MDL, but spiking lower may result in no 
recovery at all). 

(b) Process a minimum of seven spiked 
samples and seven method blank samples 
through all steps of the method. The samples 
used for the MDL must be prepared in at least 
three batches on three separate calendar 
dates and analyzed on three separate 
calendar dates. (Preparation and analysis 
may be on the same day.) Existing data may 
be used, if compliant with the requirements 
for at least three batches, and generated 
within the last twenty four months. The most 
recent available data for method blanks and 
spiked samples must be used. Statistical 
outlier removal procedures should not be 
used to remove data for the initial MDL 
determination, since the total number of 
observations is small and the purpose of the 
MDL procedure is to capture routine method 
variability. However, documented instances 
of gross failures (e.g., instrument 
malfunctions, mislabeled samples, cracked 
vials) may be excluded from the calculations, 
provided that at least seven spiked samples 
and seven method blanks are available. (The 
rationale for removal of specific outliers must 
be documented and maintained on file with 
the results of the MDL determination.) 

(i) If there are multiple instruments that 
will be assigned the same MDL, then the 
sample analyses must be distributed across 
all of the instruments. 

(ii) A minimum of two spiked samples and 
two method blank samples prepared and 
analyzed on different calendar dates is 
required for each instrument. Each analytical 
batch may contain one spiked sample and 
one method blank sample run together. A 

spiked sample and a method blank sample 
may be analyzed in the same batch, but are 
not required to be. 

(iii) The same prepared extract may be 
analyzed on multiple instruments so long as 
the minimum requirement of seven 
preparations in at least three separate batches 
is maintained. 

(c) Evaluate the spiking level: If any result 
for any individual analyte from the spiked 
samples does not meet the method 
qualitative identification criteria or does not 
provide a numerical result greater than zero, 
then repeat the spiked samples at a higher 
concentration. (Qualitative identification 
criteria are a set of rules or guidelines for 
establishing the identification or presence of 
an analyte using a measurement system. 
Qualitative identification does not ensure 
that quantitative results for the analyte can be 
obtained.) 

(d) Make all computations as specified in 
the analytical method and express the final 
results in the method-specified reporting 
units. 

(i) Calculate the sample standard deviation 
(S) of the replicate spiked sample 
measurements and the sample standard 
deviation of the replicate method blank 
measurements from all instruments to which 
the MDL will be applied. 

(ii) Compute the MDLs (the MDL based on 
spiked samples) as follows: 

MDLS = t(n ¥1, 1¥α = 0.99)Ss 

Where: 

MDLs = the method detection limit based on 
spiked samples 

t(n-1, 1¥α = 0.99) = the Student’s t-value 
appropriate for a single-tailed 99th 
percentile t statistic and a standard 
deviation estimate with n-1 degrees of 
freedom. See Addendum Table 1. 

Ss = sample standard deviation of the 
replicate spiked sample analyses. 

(iii) Compute the MDLb (the MDL based on 
method blanks) as follows: 

(A) If none of the method blanks give 
numerical results for an individual analyte, 
the MDLb does not apply. A numerical result 
includes both positive and negative results, 
including results below the current MDL, but 
not results of ‘‘ND’’ (not detected) commonly 
observed when a peak is not present in 
chromatographic analysis. 

(B) If some (but not all) of the method 
blanks for an individual analyte give 
numerical results, set the MDLb equal to the 
highest method blank result. If more than 100 
method blanks are available, set MDLb to the 
level that is no less than the 99th percentile 
of the method blank results. For ‘‘n’’ method 
blanks where n ≥ 100, sort the method blanks 
in rank order. The (n * 0.99) ranked method 
blank result (round to the nearest whole 
number) is the MDLb. For example, to find 
MDLb from a set of 164 method blanks where 
the highest ranked method blank results are 
. . . 1.5, 1.7, 1.9, 5.0, and 10, then 164 × 0.99 
= 162.36 which rounds to the 162nd method 
blank result. Therefore, MDLb is 1.9 for n = 
164 (10 is the 164th result, 5.0 is the 163rd 
result, and 1.9 is the 162nd result). 
Alternatively, you may use spreadsheet 
algorithms to calculate the 99th percentile to 
interpolate between the ranks more precisely. 

(C) If all of the method blanks for an 
individual analyte give numerical results, 
then calculate the MDLb as: 

MDLb = X + tn¥1,1¥α = (0.99)Sb 

Where: 

MDLb = the MDL based on method blanks 
X = mean of the method blank results (use 

zero in place of the mean if the mean is 
negative) 

t(n¥1, 1α = 0.99) = the Student’s t-value 
appropriate for the single-tailed 99th 
percentile t statistic and a standard 
deviation estimate with n¥1 degrees of 
freedom. See Addendum Table 1. 

Sb = sample standard deviation of the 
replicate method blank sample analyses. 

Note: If 100 or more method blanks are 
available, as an option, MDLb may be set to 
the concentration that is greater than or equal 
to the 99th percentile of the method blank 
results, as described in Section (2)(d)(iii)(B). 

(e) Select the greater of MDLs or MDLb as 
the initial MDL. 

(3) Ongoing Data Collection. 
(a) During any quarter in which samples 

are being analyzed, prepare and analyze a 
minimum of two spiked samples on each 
instrument, in separate batches, using the 
same spiking concentration used in Section 
2. If any analytes are repeatedly not detected 
in the quarterly spiked sample analyses, or 
do not meet the qualitative identification 
criteria of the method (see section 2(c) of this 
procedure), then this is an indication that the 
spiking level is not high enough and should 
be adjusted upward. Note that it is not 
necessary to analyze additional method 
blanks together with the spiked samples, the 
method blank population should include all 
of the routine method blanks analyzed with 
each batch during the course of sample 
analysis. 

(b) Ensure that at least seven spiked 
samples and seven method blanks are 
completed for the annual verification. If only 
one instrument is in use, a minimum of 
seven spikes are still required, but they may 
be drawn from the last two years of data 
collection. 

(c) At least once per year, re-evaluate the 
spiking level. 

(i) If more than 5% of the spiked samples 
do not return positive numerical results that 
meet all method qualitative identification 
criteria, then the spiking level must be 
increased and the initial MDL re-determined 
following the procedure in section 2. 

(ii) [Reserved] 
(d) If the method is altered in a way that 

can be reasonably expected to change its 
sensitivity, then re-determine the initial MDL 
according to section 2, and the restart the 
ongoing data collection. 

(e) If a new instrument is added to a group 
of instruments whose data are being pooled 
to create a single MDL, analyze a minimum 
of two spiked replicates and two method 
blank replicates on the new instrument. If 
both method blank results are below the 
existing MDL, then the existing MDLb is 
validated. Combine the new spiked sample 
results to the existing spiked sample results 
and recalculate the MDLs as in Section 4. If 
the recalculated MDLs does not vary by more 
than the factor specified in section 4(f) of this 
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procedure, then the existing MDLs is 
validated. If either of these two conditions is 
not met, then calculate a new MDL following 
the instructions in section 2. 

(4) Ongoing Annual Verification. 
(a) At least once every thirteen months, re- 

calculate MDLs and MDLb from the collected 
spiked samples and method blank results 
using the equations in section 2. 

(b) Include data generated within the last 
twenty four months, but only data with the 
same spiking level. Only documented 
instances of gross failures (e.g., instrument 
malfunctions, mislabeled samples, cracked 
vials) may be excluded from the calculations. 
(The rationale for removal of specific outliers 
must be documented and maintained on file 
with the results of the MDL determination.) 
If the laboratory believes the sensitivity of the 
method has changed significantly, then the 
most recent data available may be used, 
maintaining compliance with the 
requirement for at least seven replicates in 
three separate batches on three separate days 
(see section 2b). 

(c) Include the initial MDL spiked samples, 
if the data were generated within twenty four 
months. 

(d) Only use data associated with 
acceptable calibrations and batch QC. 
Include all routine data, with the exception 
of batches that are rejected and the associated 
samples reanalyzed. If the method has been 
altered in a way that can be reasonably 
expected to change its sensitivity, then use 
only data collected after the change. 

(e) Ideally, use all method blank results 
from the last 24 months for the MDLb 
calculation. The laboratory has the option to 
use only the last six months of method blank 
data or the fifty most recent method blanks, 
whichever criteria yields the greater number 
of method blanks. 

(f) The verified MDL is the greater of the 
MDLs or MDLb. If the verified MDL is within 
0.5 to 2.0 times the existing MDL, and fewer 
than 3% of the method blank results (for the 
individual analyte) have numerical results 
above the existing MDL, then the existing 
MDL may optionally be left unchanged. 
Otherwise, adjust the MDL to the new 
verification MDL. (The range of 0.5 to 2.0 

approximates the 95th percentile confidence 
interval for the initial MDL determination 
with six degrees of freedom.) 

Addendum to Section II: Determination of 
the MDL for a Specific Matrix 

The MDL may be determined in a specific 
sample matrix as well as in reagent water. 

(1) Analyze the sample matrix to determine 
the native (background) concentration of the 
analyte(s) of interest. 

(2) If the response for the native 
concentration is at a signal-to-noise ratio of 
approximately 5–20, determine the matrix- 
specific MDL according to Section 2 but 
without spiking additional analyte. 

(3) Calculate MDLb using the method 
blanks, not the sample matrix. 

(4) If the signal-to-noise ratio is less than 
5, then the analyte(s) should be spiked into 
the sample matrix to obtain a concentration 
that will give results with a signal-to-noise 
ratio of approximately 10–20. 

(5) If the analytes(s) of interest have signal- 
to-noise ratio(s) greater than approximately 
20, then the resulting MDL is likely to be 
biased high. 

TABLE 1—SINGLE-TAILED 99th PERCENTILE t STATISTIC 

Number of replicates 
Degrees of 

freedom 
(n¥1) 

t (n¥1, 0.99) 

7 ............................................................................................................................................................................... 6 3.143 
8 ............................................................................................................................................................................... 7 2.998 
9 ............................................................................................................................................................................... 8 2.896 
10 ............................................................................................................................................................................. 9 2.821 
11 ............................................................................................................................................................................. 10 2.764 
16 ............................................................................................................................................................................. 15 2.602 
21 ............................................................................................................................................................................. 20 2.528 
26 ............................................................................................................................................................................. 25 2.485 
31 ............................................................................................................................................................................. 30 2.457 
32 ............................................................................................................................................................................. 31 2.453 
48 ............................................................................................................................................................................. 47 2.408 
50 ............................................................................................................................................................................. 49 2.405 
61 ............................................................................................................................................................................. 60 2.390 
64 ............................................................................................................................................................................. 63 2.387 
80 ............................................................................................................................................................................. 79 2.374 
96 ............................................................................................................................................................................. 95 2.366 
100 ........................................................................................................................................................................... 99 2.365 

III. Documentation 

The analytical method used must be 
specifically identified by number or title and 
the MDL for each analyte expressed in the 
appropriate method reporting units. Data and 
calculations used to establish the MDL must 

be able to be reconstructed upon request. The 
sample matrix used to determine the MDL 
must also be identified with MDL value. 
Document the mean spiked and recovered 
analyte levels with the MDL. The rationale 
for removal of outlier results, if any, must be 

documented and maintained on file with the 
results of the MDL determination. 

[FR Doc. 2017–17271 Filed 8–25–17; 8:45 am] 
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APPENDIX VI 

 QUALITY ASSURANCE MANUAL TRAINING SUMMARY (FORM 1) 
 

Quality Assurance Manual Date and Revision Number: 

                                                       Revision 26; February 12, 2021 
 

Initial each section as reviewed. Please complete and return this form to Technical Director for placement in 

Employee’s Training File: 

_____ Section 3.0, Statement of Policy 

_____ Section 4.0, Organization 

_____ Section 5.0, Quality Assurance Program 

_____ Section 6.0, Sample Bottle Preparation 

_____ Section 7.0, Custody of Samples, Equipment and Supplies 

_____ Section 8.0, Analytical Procedures 

_____ Section 9.0, Calibration Procedures and Frequency 

_____ Section 10.0, Preventative Maintenance 

_____ Section 11.0, Quality Control Checks & Routines to Assess Precision, Accuracy & MDLs 

_____ Section 12.0, Data Reduction, Review and Reporting 

_____ Section 13.0, Corrective Action and Nonconformances 

_____ Section 14.0, Performance and System Audits   

_____ Section 15.0, Quality Assurance Reports to Management 

_____ Section 16.0, Reagent Storage and Documentation 

_____ Section 17.0, Waste Disposal 

_____ Appendix I, Waste Disposal Procedures 

_____  Appendix II, Lab Equipment Preventive Maintenance Schedule 

_____ Appendix III, Lab Equipment List 

_____ Appendix V, 40 CFR Part 136, Method Detection Limit 

_____ Appendix VII, Corrective Action Form 

_____ Appendix IX, List of all methods under which lab is Accredited 

_____ Appendix XI (Outside Reference Documents) 

  

 

Comments:__________________________________________________________________________________

___________________________________________________________________ 

_______________________________________________________________________________ 

 

 

Print Name: __________________________________ Date:______________________ 

 

Signature: ____________________________________ Date:______________________ 

 

Supervisor:___________________________________ Date:______________________ 

 

Technical Director:_____________________________ Date:______________________ 

 

Quality Assurance Manager:_____________________ Date:______________________ 
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APPENDIX VI  
 QUALITY ASSURANCE MANUAL TRAINING SUMMARY NON-TECHNICAL (FORM 2) 

 

 Quality Assurance Manual Date and Revision Number: 

                                                              Revision 26; February 12, 2021 

 

Initial each section as reviewed. Please complete and return this form to Technical Director for placement in 

Employee’s Training File: 

 

_____ Section 3.0, Statement of Policy 

_____ Section 4.0, Organization 

_____ Section 5.0, Quality Assurance Program 

_____ Section 6.0, Sample Bottle Preparation 

_____ Section 7.0, Custody of Samples, Equipment and Supplies 

_____ Section 13.0, Corrective Action and Nonconformances 

_____ Section 14.0, Performance and System Audits   

_____ Section 16.0, Reagent Storage and Documentation 

_____ Section 17.0, Waste Disposal 

_____ Appendix I, Waste Disposal Procedures 

_____ Appendix VII, Corrective Action Form 

_____ Appendix IX, List of all methods under which lab is Accredited 

 

 

 

Comments:__________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________ 

 

 

Print Name: __________________________________ Date:______________________ 

 

Signature: ____________________________________ Date:______________________ 

 

Supervisor:___________________________________ Date:______________________ 

 

Technical Director:_____________________________ Date:______________________ 

 

Quality Assurance Manager:_____________________ Date:______________________  
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APPENDIX VII - CORRECTIVE ACTION FORM 
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APPENDIX VIII - SAMPLE RECEIPT CHECKLIST 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SAMPLE/COOLER RECEIPT CHECKLIST

1. Client Name: AES Work Order Number: 

2.  Carrier:   FedEx           UPS           USPS           Client          Courier          Other

Yes No N/A Details Comments

3. Shipping container/cooler received in good condition? damaged              leaking              other  

4. Custody seals present on shipping container?

5. Custody seals intact on shipping container?

6. Temperature blanks present?

7.
Cooler temperature(s) within limits of 0‐6⁰C? [See item 13 and 14 for 
temperature recordings.]

Cooling initiated for recently collected samples / ice 
present

8. Chain of Custody (COC) present?

9. Chain of Custody signed, dated, and timed when relinquished and received?

10. Sampler name and/or signature on COC?

11. Were all samples received within holding time?

12. TAT marked on the COC? If no TAT indicated, proceeded with standard TAT per Terms & Conditions.   

13. Cooler 1 Temperature                                  ⁰C             Cooler 2 Temperature                                  ⁰C             Cooler 3 Temperature                                  ⁰C             Cooler 4 Temperature                                  ⁰C

  Cooler 5 Temperature                                  ⁰C             Cooler 6 Temperature                                  ⁰C             Cooler 7 Temperature                                  ⁰C             Cooler 8 Temperature                                  ⁰C

15. Comments: 

I certify that I have completed sections 1‐15 (dated initials). 

Yes No N/A Details Comments

16. Were sample containers intact upon receipt?

17. Custody seals present on sample containers?

18. Custody seals intact on sample containers?

19. Do sample container labels match the COC?
incomplete info                illegible                          

no label                              other 
20. Are analyses requested indicated on the COC?

21. Were all of the samples listed on the COC received?
samples received but not listed on COC

samples listed on COC not received
22. Was the sample collection date/time noted?

23. Did we receive sufficient sample volume for indicated analyses?

24. Were samples received in appropriate containers?

25. Were VOA samples received without headspace (< 1/4" bubble)? 

26. Were trip blanks submitted? listed on COC                 not listed on COC

27. Comments: 

I certify that I have completed sections 16-27 (dated initials). 

Yes No N/A Details Comments

28. Have containers needing chemical preservation been checked? *

29. Containers meet preservation guidelines?

30. Was pH adjusted at Sample Receipt?

I certify that I have completed sections 28‐30 (dated initials). 

tech
Typewritten Text
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                                 APPENDIX IX - List of all methods for which lab is Accredited  
Potable or Drinking Water (Safe Drinking Water Act - SDWA) 

Matrix Category Method Description 

PW Microbiology   SM9223B Total Coliforms 

PW Microbiology   SM9221D E. coli  

PW Microbiology   SM9221D Fecal Coliforms 

PW Metals   EPA 200.8  Metals 
        

Non-Potable Water (Clean Water Act - CWA) 

Matrix Category Method Description 

NPW Microbiology   SM9222B Total Coliforms  

NPW Microbiology   SM9222D  Fecal Coliforms  

NPW Microbiology   SM9223B E. coli 

NPW Gen Chem   EPA 1010  Ignitability  

NPW Gen Chem   EPA 120.1 and EPA 9050 Conductivity  

NPW Gen Chem   EPA 160.4  Residue-volatile  

NPW Gen Chem   EPA 1664B and EPA 9070 Oil & Grease  

NPW Gen Chem   EPA 180.1  Turbidity  

NPW Gen Chem   EPA 300.0   Ion Scan 

NPW Gen Chem   EPA 350.1  Ammonia as N  

NPW Gen Chem   EPA 351.2  Kjeldahl nitrogen - total  

NPW Gen Chem   EPA 353.2  Nitrate as N and Nitrate-nitrite  

NPW Gen Chem   EPA 353.2 and SM4500NO2 B  Nitrite as N  

NPW Gen Chem   EPA 365.1  Orthophosphate as P  

NPW Gen Chem   EPA 365.1  Phosphorus total  

NPW Gen Chem   EPA 365.3  Orthophosphate as P  

NPW Gen Chem   EPA 410.4  Chemical oxygen demand  

NPW Gen Chem   EPA 420.1 and EPA 420.2  Total phenolics  

NPW Gen Chem   EPA 7196 and SM3500Cr B Chromium VI  

NPW Gen Chem   EPA 9010/9014  Total cyanide  

NPW Gen Chem   EPA 9030/9034  Sulfide  

NPW Gen Chem   EPA 9040 and SM4500H+B  pH  

NPW Gen Chem   EPA 9056  Ion Scan  

NPW Gen Chem   EPA 9060  Total organic carbon  

NPW Gen Chem   EPA 9065  Total phenolics  

NPW Gen Chem   SM2310B Acidity  Acidity as CaCO3  

NPW Gen Chem   SM10200H  Chlorophylls  

NPW Gen Chem SM2120B Color Color 

NPW Gen Chem SM2120E Color ADMI 

NPW Gen Chem   SM2320B Alkalinity Alkalinity as CaCO3  

NPW Gen Chem   SM2340B  Hardness  

NPW Gen Chem   SM2540B TS  Residue-total  

NPW Gen Chem   SM2540C TDS  Residue-filterable (TDS)  

NPW Gen Chem   SM2540D TSS  Residue-nonfilterable (TSS)  

NPW Gen Chem   SM2540G  Total fixed and volatile residue  

NPW Gen Chem   SM2540F Settleable Solids  Residue-settleable  

NPW Gen Chem   SM3500-Fe B  Ferrous Iron  

NPW Gen Chem   SM5210B BOD  Biochemical oxygen demand  

NPW Gen Chem   SM4500ClG Residual Chlorine  Residual free chlorine  

NPW Gen Chem   SM4500CN E Total Cyanide  Cyanide  
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Non-Potable Water (Clean Water Act - CWA) 

Matrix Category Method Description 

NPW Gen Chem   SM4500CN G Amenable Cyanide  Amenable cyanide  

NPW Gen Chem   SM4500O G Dissolved Oxygen  Dissolved Oxygen  

NPW Gen Chem   SM4500S2 F Sulfide  Sulfide  

NPW Gen Chem   SM4500SO3 B Sulfite  Sulfite-SO3  

NPW Gen Chem   SM5210B Carbonaceous BOD (CBOD)  

NPW Gen Chem   SM5310B TOC  Total organic carbon  

NPW Gen Chem   SM5540C MBAS Surfactants  Surfactants - MBAS  

NPW Gen Chem   TKN - AMMONIA  Organic nitrogen  

NPW Metals   EPA 200.7 and EPA 6010 Metals 

NPW Metals   EPA 200.7  Total Phosphorus 

NPW Metals   EPA 6010  Total Phosphorus 

NPW Metals   EPA 200.8 and EPA 6020 Metals 

NPW Metals   EPA 245.1 and EPA 7470 Mercury  

NPW Ext Organics   EPA 8015  Diesel range organics (DRO) 

NPW Ext Organics   FL-PRO  Total Petroleum Hydrocarbons (TPH)  

NPW Ext Organics   EPA 610 and EPA 8310 Polynuclear Aromatic Hydrocarbons (PAHs) 

NPW Ext Organics   EPA 8315  Formaldehyde and Acetaldehyde 

NPW Ext Organics   EPA 625.1 and EPA 8270 Semi-Volatile (Base-Neutral-Acid) Organics 

NPW Ext Organics   RSK-175  GC Analysis of Gaseous Samples 

NPW Pest-Herb-PCB  EPA 8081 Pesticides 

NPW Pest-Herb-PCB  EPA 8082  Polychlorinated Biphenyls 

NPW Pest-Herb-PCB  EPA 615 and EPA 8151 Herbicides 

NPW Vol Organics   EPA 8011  EDB & DBCP 

NPW Vol Organics   EPA 8015  Gasoline range organics (GRO)  

NPW Vol Organics   EPA 8015  Various Nonhalogenated Volatile Compounds 

NPW Vol Organics   EPA 624.1 and EPA 8260 Volatile Organics 

 

Solids & Hazardous Materials (Resource Conservation & Recovery Act - RCRA) 

Matrix Category Method Description 

Solids  Gen Chem   EPA 350.1 in Soil Ammonia 

Solids  Gen Chem   EPA 351.2 in Soil Kjeldahl nitrogen - total  

Solids  Gen Chem   EPA 365.1 in Soil Total Phosphorus 

Solids  Gen Chem   EPA 1010  Ignitability  

Solids  Gen Chem   EPA 1030  Ignitability of Solids  

Solids  Gen Chem   EPA 1311  TCLP  

Solids  Gen Chem   EPA 1312  SPLP  

Solids  Gen Chem   EPA 7196  Chromium VI  

Solids  Gen Chem   EPA 9010/9014  Total cyanide  

Solids  Gen Chem   EPA 9030/9034  Sulfide  

Solids  Gen Chem   EPA 9040  pH  

Solids  Gen Chem   EPA 9045  pH  

Solids  Gen Chem   EPA 9050  Conductivity  

Solids  Gen Chem   EPA 9056  Ion Scan 

Solids  Gen Chem   EPA 9060  Total organic carbon  

Solids  Gen Chem   EPA 9065  Total phenolics  

Solids  Gen Chem   EPA 9071  Oil & Grease  

Solids  Gen Chem   EPA 9081  Cation exchange capacity  

Solids  Gen Chem   EPA 9095  Paint Filter Liquids Test  
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Solids & Hazardous Materials (Resource Conservation & Recovery Act - RCRA) 

Matrix Category Method Description 

Solids  Gen Chem   Sec. 7.3 SW-846  Reactive cyanide  

Solids  Gen Chem   Sec. 7.3 SW-846  Reactive sulfide  

Solids  Metals   EPA 6010  Metals 

Solids  Metals   EPA 6020  Metals 

Solids  Metals   EPA 7471  Mercury  

Solids Metals EPA 7473 Mercury 

Solids Ext Organics   EPA 8015  Diesel range organics (DRO) 

Solids  Ext Organics   FL-PRO  Total Petroleum Hydrocarbons (TPH)  

Solids  Ext Organics   EPA 8310  Polynuclear Aromatic Hydrocarbons (PAHs) 

Solids  Ext Organics   EPA 8315  Formaldehyde  

Solids  Ext Organics   EPA 8270   Semi-Volatile (Base-Neutral-Acid) Organics 

Solids  Pest-Herb-PCB  EPA 8081  Pesticides 

Solids  Pest-Herb-PCB  EPA 8082  Polychlorinated Biphenyls 

Solids  Pest-Herb-PCB  EPA 8151  Herbicides 

Solids  Vol Organics   EPA 8015  Gasoline range organics (GRO)  

Solids  Vol Organics   EPA 8015  Various Nonhalogenated Volatile Compounds 

Solids  Vol Organics   EPA 8260  Volatile Organics 
    

Matrix Category Method Description 

Air & Emissions 

Air Vol Organics   EPA TO-14A Volatile Organics 

Air Vol Organics   EPA TO-15  Volatile Organics 

    

  AIHA-LAP,  LLC Methods  

Matrix Category Method Description 

Air Metals NIOSH 7300M/7303 Elements by ICP 

Solids Metals NIOSH 7082 Lead in Paint 

Solids Metals SW3050B/7000B Total Lead in Solids 

Air Metals NIOSH 7082 Lead on Wipes 

Air Asbestos  NIOSH 7400 PCM 

Air Microbiology Fungal Air Direct Exam MB - 15019, MB - 15022, MB - 15028 

Air Microbiology Fungal Bulk Direct Exam MB - 15020 

Air Microbiology Fungal Surface Direct Exam MB - 15020 
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Attachment 5 
 

Quality Assurance Manual Acceptance Agreement 
 

 

The information in this Quality Assurance Manual including its tables, appendices, figures, and / or attachments 

may be legally privileged and is confidential information intended for the use of reviewing Analytical 

Environmental Services Quality System policies and procedures.  You are hereby notified that any dissemination, 

distribution, or copy of this manual or information therein including tables, appendices, figures, and / or 

attachments is strictly prohibited without written permission from a representative of Analytical Environmental 

Services Customer Service Department.  If you have received this manual in error, please notify Analytical 

Environmental Services Customer Service by telephone at (770) 457-8177 for instructions on returning the 

document.  If an electronic copy has been received in error by email, contact info@aesatlanta.com and delete the 

message. Thank you. 

 

SOP No. QA-01000 

 

Date Revised Revision No. 

February 12, 2021       26 

 

 

I have read, understood and agree to comply with the above statement. 

 

 

 

______________________________________ ___________________ 

Signature Date 

 

 

______________________________________  

Printed Name 

 

 

______________________________________ 

Company 

 

 

______________________________________  

Phone Number with extension 

 

 

 

 

 

 

 



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 182 of 200 
  

 APPENDIX X - Training Form 1 

 
New Employee Initial Quality Assurance Manual Training 

 

 

TRAINING: Initial Training on AES SOP No. QA-01000,  

“SOP for the Quality Assurance Manual” 

 

 

My signature confirms that I attended the initial training of the company’s Quality Assurance 

Manual, which includes a discussion of the various sections contained within as well as 

responsibilities I have while performing my daily duties.  I will be reading various sections of 

that document according to my job function.  Upon completion I will sign-off on form ‘Appendix 

VI – Quality Assurance Manual Training Summary’.  

 

 

Supervisor: _______________________________________________________________ 

 

Section/area: ______________________________________________________________ 

 

 

Print Name: ________________________________________________________________ 

 

Employee Signature: 

________________________________________________________________ 

 

 

Date: ___________________________ 
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APPENDIX X - Training Form 2 

 
Employee SOP / QA Manual Training & Retraining Form 

 

 

SOP and/or Training Description: ________________________________________   

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________ 

 

 

My signature confirms that I was explained the reasons for this training/retraining and I have 

read/reviewed sections of the SOP, where applicable, along with other appropriate information 

including Interim Change Notices (ICNs), spreadsheets, logbook pages, sections in LIMS, 

calculations, and other forms as they apply. Further, I understand my responsibilities to follow 

the items presented in this training/retraining as they pertain to my job.  

 

 

Supervisor: _______________________________________________________________ 

 

Section/area: ______________________________________________________________ 

 

 

Print Name: ________________________________________________________________ 

 

Employee Signature: 

________________________________________________________________ 

 

 

Date: ___________________________ 
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APPENDIX XI 

 

QUALITY ASSURANCE MANUAL 

STANDARD OPERATING PROCEDURE ACKNOWLEDGEMENT 
 

 

 

Name (Printed): _____________________________________ 

 

SOP Title:  Quality Assurance Manual 

 

SOP Number:  QA-01000    Rev. No.  26 

 

  

  

The laboratory analyst signature on this approved SOP signifies the following: The analyst has read the SOP in its 

entirety and has read the analytical methods referenced in the SOP. 

 

The analyst understands that the SOP is to be followed explicitly.  Any deviation from the SOP must be noted in 

writing.  Furthermore, the deviation from the SOP must be approved in writing by the laboratory supervisor and 

the QA staff prior to the analyst’s adoption of the deviation from the SOP. 

 

The controlled electronic of this SOP is located on the portal server at:  Documents: Quality Assurance: QA 

Manuals: QA Manual: 2021_QA_Manual_Rev_26.pdf.    If a hard copy is desired, you may request one from the 

Supervisor.   

 

 

Do not make a copy or print out the QA Manual yourself.  Printed copies are uncontrolled documents. 

 

 

 

Print Name: _____________________________________________ Date: ____________ 

 

Analyst’s Signature: ______________________________________ Date: ____________ 

 

Department Manager Signature: _____________________________ Date: ____________ 

 

Technical Director's Signature: ______________________________ Date: ____________ 

 

 

 

 

 

 

 

 

 

 



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 185 of 200 
  

 APPENDIX XII 

 Outside Reference Documents 

 

1. 2003 NELAC Standards, National Environmental Laboratory Accreditation Conference (NELAC), EPA 

600/R-041-003, June 5, 2003, www.nelac-institute.org. 

 

2. 2009 NELAC Standards, National Environmental Laboratory Accreditation Conference (NELAC), EL-V1 

through V4-2011, www.nelac-institute.org. 

 

3. AIHA-LAP, LLC Policy Modules for AIHA Laboratory Accreditation Programs, current revisions posted 

to web, www.aiha.org. 

 

4. American National Standard, General Requirements for the Competence of Testing and Calibration 

Laboratories, ANSI/ISO/IEC 17025:2017. 

 

5. North Carolina Administrative Code, Title 15:  Department of Environment, Health and Natural 

Resources; Chapter 2, Environmental Management Division; Subchapter 2H; Procedures for Permits, 

Approvals; Section .0800; Laboratory Certification, August 1, 2002, Environmental Management 

Commission, Raleigh, North Carolina, http://deq.nc.gov/about/divisions/water-resources/water-resources-

rules/nc-administrative-code-statutes. 

 

6. North Carolina Administrative Code, Title 15:  Department of Environment, Health and Natural 

Resources; Chapter 2, Environmental Management Division; Subchapter 2L; Groundwater Classification 

and Standards, Environmental Management Commission, Raleigh, North Carolina, 

http://deq.nc.gov/about/divisions/water-resources/water-resources-rules/nc-administrative-code-statutes. 

 

7. Analytical Methodology for Groundwater and Soil Assessment Guidelines, SCDHEC UST Program 

Guidance document, July 14, 2014, http://www.scdhec.gov/Environment/Guidance/. 

 

8. Quality Assurance Program Plan for the Underground Storage Tank Management Division, Revision 3.1, 

SCDHEC, February 2016, http://www.scdhec.gov/Environment/LW/UST/ReleaseAssessmentClean-

up/QualityAssurance/. 

 

9. Solutions to Analytical Chemistry Problems with Clean Water Act Methods, EPA 821-R-07-002 (revision 

to the “Pumpkin Document”, EPA 821-B-93-001), March 2007, www.epa.gov. 

 

10. Code of Federal Regulations, Title 40, Part 136, U. S. Government Printing Office:  Washington DC, 

current revision posted on the web, www.epa.gov. 

 

11. Manual for the Certification of Laboratories Analyzing Drinking Water, Fifth Edition, EPA 815-R-05-

004, January 2005, www.epa.gov/safewater/methods/laboratorycertification.html. 

 

12. Supplement 1 to the Fifth Edition of the Manual for the Certification of Laboratories Analyzing Drinking 

Water, EPA 815-F-08-006, June 2008, www.epa.gov/safewater/methods/laboratorycertification.html. 

 

13. Methods for Chemical Analysis of Water and Wastes,  EPA 600/4-79-020, Revised March 1983. 
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14. Methods for the Determination of Metals in Environmental Samples, Supplement I, EPA 600/R-94/111, 

May 1994. 

 

15. Methods for the Determination of Inorganic Substances in Environmental Samples, EPA 600/R-93/100, 

August 1993. 

 

16. HACH Procedures Manual, Seventh Edition, Chemical Oxygen Demand, Method 8000, HACH Chemical 

Company:  Loveland, CO, 1999. 

 

17. Standard Methods for the Examination of Water and Wastewater, Twentieth Edition, American Public 

Health Association, Washington, DC, 1998. 

 

18. Standard Methods for the Examination of Water and Wastewater, Twenty First Edition, American Public 

Health Association, Washington, DC, 2005. 

 

19. Standard Methods for the Examination of Water and Wastewater, Twenty Second Edition, American 

Public Health Association, Washington, DC, 2012. 

 

20. Methods and Guidance for Analysis of Water, The Determination of Chlorinated Herbicides in Municipal 

and Industrial Wastewater, Method 615, EPA 821-C-99-004, June 1999. 

 

21. EASY DIST Manual of Environmental Methods, Rev. 9/5/1996. 

 

22. Method 1664, Revision B: N-Hexane Extractable Material (HEM; Oil and Grease) and Silica Gel Treated 

N-Hexane Extractable Material (SGT-HEM; Non-Polar Material) by Extraction and Gravimetry, EPA-

821-R-10-001, February 2010, www.epa.gov. 

 

23. Method for the Determination of Extractable Petroleum Hydrocarbons by GC/FID, State of Tennessee 

Department of Environment and Conservation, Division of Underground Storage Tanks, current revision 

posted to web, http://www.tennessee.gov/environment/topic/ust-suspected-or-confirmed-release. 

 

24. Method for Determination of Petroleum Range Organics, Method # FL-PRO, Florida Department of 

Environmental Protection, Revision 1, November 1, 1995, www.dep.state.fl.us/. 

 

25. Test Methods for Evaluating Solid Waste, Third Edition, SW-846 (including Updates I, II, IIA, IIB, III, 

IIIA, IIIB, IV, and V), US EPA Office of Solid Waste and Emergency Response:  Washington, DC, April 

1998, www.epa.gov. 

 

26. Methods of Soil Analysis, No. 5, Part 2, Section 10-2 Saturation Extract and Other Aqueous Extracts, 

Chemical and Microbiological Properties, Second Edition, American Society of Agronomy, Inc., 1982.  

 

27. ASTM Standards, latest editions, www.astm.org. 

 

28. NIOSH Manual of Analytical Methods, Fourth Edition (August 1994) and Fifth Edition (August 2016), 

US Department of Health and Human Services, Cincinnati, Ohio, www.cdc.gov/niosh/. 

 

29. Code of Federal Regulations, Title 40, Part 60 Appendix A, Test Method 18, VOC by GC, U. S. 

Government Printing Office:  Washington DC, current revision posted on the web, www.epa.gov. 
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30. Laboratory Guide to Common Aspergillus Species and Their Telemorphs, Klich, Maren, and John Pitt, 

CISRO Food Research Laboratory, 1988. 

 

31. Identifying Filamentous Fungi, A Clinical Laboratory Handbook, St-Germain, Guy, and Richard 

Summerbell, 1996. 

 

32. Environmental Monitoring Services Recommendations for Identification and Quantification of Airborne 

Fungal Spores, Hyphae, Skin Fragments, Pollen, Fibrous particulaes, and Arthropod (insect) Fragments, 

Revision 110402. 

 

33. McCrone Research Institute of Chicago, IL, Recommendations for Identification and Quantification of 

Airborne Fungal Spores, Hyphae, and Pollen as instructed in Course 1630:  Indoor air Quality:  Fungal 

Spore Identification. 

 

34. Environmental Monitoring Services Micro5 Analysis Standard Operating Procedure for Examining 100% 

of Total Trace, Revision 11/4/02. 

 

35. Standards of Practice for the Assessment of Indoor Environmental Quality, Indoor Environmental 

Standards Organization, Volume 1, First Edition, April 2002. 

 

36. The Alaska Methods: AK101-GRO (4/8/2002), AK102-DRO (4/8/2002), and AK103-RRO (4/8/2002), 

Alaska Contaminated Sites Approval, Division of Environmental Health, Environmental Health 

Laboratory, http://dec.alaska.gov/eh/lab/CS/CSapproval.htm. 

 

37. EPA’s Volunteer Monitor’s Guide to Quality Assurance Project Plans, EPA 841-B-96-003, September 

1996. 
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APPENDIX XIII 
 

Environmental Microbiology Laboratory Accreditation Program (EMLAP) Specific 

Requirements  

 

1.0 INTRODUCTION 

Analytical Environmental Services, Inc. is dedicated to providing quality analytical services. Analytical 

Environmental Services, Inc. (AES) specializes in the analysis of microorganisms commonly detected in air (e.g., 

spore trapping), surface (e.g., tape lifts, swabs, wipes), and bulk (e.g., wallboard, carpet, building materials) 

samples collected from schools, hospitals, offices, industrial, agricultural, and other work environments. AES has 

implemented a quality assurance and quality control (QA/QC) program to establish quality control standards 

necessary for compliance to guidelines by The American Industrial Hygiene Association’s Laboratory 

Accreditation Program (AIHA-LAP, LLC) Environmental Microbiology Laboratory Accreditation Program 

(EMLAP). In order to consistently maintain high standards of precision and accuracy in analytical testing, AES 

participates in AIHA-LAP, LLC’s Proficiency Analytical Testing (PAT) program.  

 

This quality assurance plan will establish the procedures that will be followed to ensure accuracy, precision, 

completeness, and representation of data obtained from the analysis of environmental microbiology samples.  

 

2.0 PURPOSE 

AES has implemented a quality assurance, quality control program for the purpose of providing a baseline of 

standards which will allow for a continuous surveillance quality performance for the benefit of AIHA-LAP, LLC 

EMLAP compliance, client satisfaction, and minimization of liability. 

 

3.0 SCOPE 

This QA/QC program provides the necessary guidelines to secure and maintain: 

 

• High level of quality work 

• Comprehensive accountability of all activities relevant to laboratory services. 

• Continuous compliance with ISO/IEC 17025 and AIHA-LAP, LLC’s EMLAP quality requirements. 

 

This QA/QC program includes the following information: 

 

• Comprehensive system of daily, weekly, monthly, and annual record keeping. 

• Definition of routine monitoring activities. 

• Sampling techniques for air, surface, and bulk collection. 

• Sampling Equipment 

• Calibration of Sampling Equipment 

• Analysis of Air, Surface, and Bulk samples. 

• Analytical Equipment 

• Calibration of Analytical Equipment 

• In-House training of analysts. 

• QA/QC activities within lab. 

4.0 FACILITIES 

The laboratory has adequate facilities for the scope of services and meets the requirements for the most current and 

relative biosafety guidelines set forth by CDC, WHO, and AIHA-LAP, LLC. The lab has a documented routine 
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monitoring program for the verification of adequate contamination control. The laboratory has the proper facilities 

for biological and chemical storage and disposal of refuse. 
 

5.0 EQUIPMENT 

Microscope/Magnification System 

• Microscope/Magnification System consisting of Compound optical microscope with a high 

magnification (100x) oil immersion objective having a numerical aperture (n.a.) of at least 1.25.   

• Alignment of each microscope shall be documented with each day of use. 

• Each microscope shall have an ocular micrometer that shall be checked annually with a NIST 

traceable stage micrometer. 

• Field of View Diameter for each objective on the microscope shall be checked annually.  
 

Class II Biological Safety Cabinet 

• Performance certified annually according to NSF Standard 49. 
 

Steam Sterilizer/Autoclave 

• An autoclave with functioning temperature and pressure gauges for the disposal of potentially 

viable waste. 

• Routine use of indicators to document successful sterilization with each use. 

• Routine use of biological indicators to document the sterilization process. 
 

Incubators and Refrigerators 

• Temperature settings appropriate for the scope of testing. 

• Temperatures recorded twice daily. 
 

6.0 PERSONNEL 

The laboratory conforms to the personnel requirements of the AIHA-LAP, LLC EMLAP guidelines. In all cases 

training records for degreed laboratory staff shall include a copy of transcript or diploma from an accredited 

college/university. 
 

 Technical Manager 

• The laboratory shall be under the overall direction of an onsite, qualified person, who for the purposes of this 

document, is designated as the Technical Manager, and has the responsibility for the function, administration, 

and day-to-day   operation of the laboratory. The Technical Manager or designee shall serve as the approved 

signatory. 

• The Technical Manager shall have an earned microbiology or life science degree, minimally at the 

baccalaureate level, with the required combination of semester hours in microbiology and/or non-

academic work experience as listed below. All non-academic work experience and coursework must be 

documented in the employee’s training and personnel files. 

(a) Microbiology degree and a minimum of two (2) years of full time equivalent documented 

environmental microbiological work experience (bacteriology  

and/or mycology). 

(b) Life Science degree and: 

i. Twenty (20) semester hours in Microbiology and a minimum two  

(2) years of full time equivalent documented environmental microbiological 

work experience (bacteriology and/or mycology). 
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ii. Sixteen (16) semester hours in Microbiology and a minimum three (3) years of 

full time equivalent documented environmental microbiological work 

experience (bacteriology and/or mycology). 

 

iii. Twelve (12) semester hours in Microbiology and a minimum four (4) years of 

full time equivalent documented environmental microbiological work 

experience (bacteriology and/or mycology). 

 

iv. Eight (8) semester hours in microbiology and a minimum of five (5) years of 

full time equivalent documented environmental microbiological experience 

(bacteriology and/or mycology). 

(c) Experience must reflect the scope of work of the laboratory. 
 

• The Technical Manager shall be experienced in the selection and the use of bioaerosol, surface, fluid, and 

raw material sampling methods and in sample processing for the quantification  and identification 

appropriate to the FoTs of mesophilic  and thermophilic bacteria, and mesophilic, xerophilic, thermo 

tolerant fungi  (molds and yeasts), and fungi identified by spore trap collection methods. 
 

• Training records for the Technical Manager shall include documentation of ability to identify genus/group of 

fungi from spore trap analysis and genus/species of fungi that are reported. 
 

Laboratory Analytical Staff 

The environmental microbiological program distinguishes two titles for those conducting analytical 

procedures within the laboratory.  An analyst is one who has a bachelor’s degree and a technician is one 

who does not have a degree.     
 

 Laboratory Technicians 

• These staff members shall have a high school diploma or General Education Development (GED)  During 

this required training period, the trainee shall perform work (and have work reviewed prior to release) 

under the direct supervision of a qualified technician, analyst and/or the Technical Manager. 
 

• Technicians may function in the same manner as analysts for Air – Direct Examination (spore trap) analysis 

after completion of six (6) months documented on the job training and demonstrated proficiency. For all other 

analyses, technicians may function in the same manner as analysts after one (1) year documented on the job 

training and demonstrated proficiency.  
 

Laboratory Analysts 

• These staff members shall have a bachelor’s degree in a physical or biological science.  Analysts shall have 

three (3) months of documented training for Air - Direct Examination (spore trap) and six (6) months of 

documented on-the-job training functioning for all other analyses as an analyst trainee.  During the required 

analyst training period, the trainee shall be under the direct supervision of another qualified analyst and/or 

the Technical Manager.  During this period, the trainee shall have all work reviewed prior to release by 

another qualified analyst and/or the Technical Manager. Training records for technicians and analysts shall 

include documentation of ability to identify genus/species of fungi and genus/group of fungi that are 

reported. Bacterial identification training records shall document training of relevant diagnostic procedures 

(e.g., gram stain, oxidase, biochemical reactions). 
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• All analysts and technicians shall have demonstrated ability to produce reliable results through accurate 

analysis of certified reference materials (CRMs), proficiency testing samples or in-house quality control 

samples.  This demonstration shall be performed and documented at a minimum of every six (6) months. 
 

Laboratory Quality Assurance Coordinator 

• This Quality Assurance Coordinator (QAC) of the laboratory shall possess a bachelor’s degree in an 

applicable basic or applied science and have six (6) months of non-academic relevant and documented 

microbiological laboratory analysis experience. In lieu of bachelor’s degree, four years of non-academic 

analytical experience is acceptable. 
  

• The QAC shall have documented training in statistics. Additional training may consist of quality control 

procedures. 
 

7.0 ANALYTICAL METHODS: See SOP’s 
 

8.0 QUALITY ASSURANCE/QUALITY CONTROL 

• Routine QA/QC procedures shall be an integral part of the laboratory procedures and functions. The 

laboratory is in compliance with APHA-AWWA-WPCF guidelines in Standard Methods for the 

Examination of Water and Wastewater, 21st Edition, APHA, 2005 for microbiology laboratories. 
 

• Five (5) percent intra-analyst analysis shall be completed by each analyst to assess the precision of the 

analyst. 
 

• Five (5) percent inter-analyst analysis shall be completed to assess the accuracy of the analysis performed 

within the laboratory.  
 

• The laboratory shall use control charts or databases to compare intra- and inter-analyst analysis 

performance to established control charts. 
 

• The laboratory shall ensure the quality control of culture media and analytical reagents per  

lot number for appropriate sterility, microbial growth, and/or analytical reactions. Records 

  will be maintained and acceptance criteria will be documented.  
 

• Acceptance Criteria on 5% replicate and duplicate analysis, daily reference slide analysis (spore traps) and 

monthly reference culture analysis will be documented and shall include the following: 

(a) Taxon identification acceptability 

(b) Taxon abundance ranking acceptability 

(c) Count of concentration acceptability determined statistically with use of control charts or databases 

(Spore Traps only). 
 

• Laboratory will maintain routine records of temperature documentation for refrigerators and incubators. 

Acceptance criteria will be documented. 

 

• The laboratory maintains a microbial culture collection of common organisms relevant to the methods 

performed. Cultures will be from recognized sources including EMPAT rounds. The culture collection 

will include the source and date of acquisition.  
 

• The culture collection will be used monthly to prepare blind cultures to be used as part of the routine QC 

program to monitor accuracy in culture identification. 
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• The laboratory has a reference slide collection with various count levels and genera/groups of spores 

which is maintained and used as part of total spore analysis quality control.  
 

• Each day of analysis, at least one slide from the collection shall be reviewed by each analyst. Slides are 

viewed on a rotational schedule so a different slide is viewed each day until the entire slide collection is 

examined. The analysis of these slides is incorporated into the daily QC plan. Acceptance criteria will be 

documented.  
 

• Statistically derived control charts with control limits are used to assess performance. 
 

• The laboratory participates and has documentation of a round robin slide exchange of real samples consistent 

with AIHA-LAP, LLC Policy 6A.3.2 Requirements for Round Robin Programs.  
 

• Round robins include the participation of three (3) laboratories. Round robin program will consist of at least two 

(2) rounds per year, with each round completed within a 6-month timeframe. 
 

• Each round will consist of four (4) samples at varying concentrations. 
 

• Each analyst within the laboratory will analyze the samples independently and each of the analyst’s results 

will be reported.  
 

• The round robin analytical data will include raw counts and final concentrations for each fungal structure 

observed.  
 

• Round Robin acceptance criteria shall include the organism identification, ranking, and quantification. 
 

• A designated laboratory shall be responsible for data collection and distribution. The participating 

laboratories shall rotate this designation.  
 

• A routine air monitoring program is used to verify adequate contamination control. 
 

(a) Two (2) spore trap samples are collected each month. One (1) inside sample and One (1) outside sample 

are collected and compared. Acceptance criteria will be documented.  

 

SAFETY, HEALTH, ENVIRONMENTAL AND TRANSPORTATION REGULATIONS 

Analytical Environmental Services, Inc. adheres to all applicable federal, state, and local regulations regarding 

safety, health, environment or transportation.  Potentially viable microbial waste shall be collected in properly 

designated biohazard containers and disposed of properly through autoclaving.  
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Attachment 6 
 

ANALYTICAL ENVIRONMENTAL SERVICES, INC. 

ANNUAL MANAGEMENT REVIEW 
 

REQUIRED PARTICIPANTS:  

President     VP Operations 

QA Manager     Technical Director 

PCM Manager     Metals Lab Manager 

Sample Rec. Manager    Semi-Volatile Lab Manager 

Micro Bio Lab Manager   Customer Service Manager 

HR Manager     Volatiles Lab Manager 

IC Manager     Wet Chem Lab Manager 

TEM Manager     PLM Manager 

IT Manager     General Chemistry Manager 

Filtration Manager    Volatile Air & Soil Manager 
 

The review will be conducted by the President or Vice President of Operations with the assistance of the 

Quality Assurance Manager. 
  

AGENDA    
1. Follow Up-Actions from previous Management Review meetings.   

a. Changes in Policy and Procedures (QA) 

b. Facility Improvements (President/VP) 
 

2. Quality Assurance Report: 

a. Accreditation Requirements (QA) 

b. Changes in Management Structure (President/VP) 

c. Changes/Expansion of laboratory Services (President/VP) 

d. New/Updates of Procedures/SOP’s/Reference Materials (QA) 

e. Outcomes to the Assurance of the Validity of Results from 

i. Internal QC Samples; Certified or Second source Reference Materials 

ii. Proficiency Tests 

iii. Replicate Testing 

iv. Correlation of Results for different sample tests (e.g. COD / BOD ratio) 

f. Results of Risk Identification 
 

3. Review of Performance in Quality Areas 

a. Handling of failed QC Data: Each Department Supervisor provide an overall statement of finding 

these errors and how they are being handled in their department as they relate to the items listed.  

How the lab control listed affected Quality Control Performance if relative (e.g. Pipettor AES 1234 

was received in April.  Quarterly checks were noticeably tighter than the +/-2% acceptance criteria 

listed on the sheet.)  

i. General Quality Assurance (indicate ability of the equipment to meet verification frequency 

requirements) 

1. Balance Performance: 

2. Pipettor Performance: 
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3. Hotblock Temperature Checks: 

4. Thermometer Verifications: 

5. Incubator Temperature Checks: 

6. Annual QC Acceptance Limits Update: 

7. Annual Reporting Limit Verification: 

8. Annual MDL Studies (where applicable): 

9. Other:  

ii. Metals:  

1. Balance Performance: 

2. Pipettor Performance: 

3. Annual QC Acceptance Limits Update: 

4. Annual Reporting Limit Verification: 

5. Annual MDL Studies (where applicable): 

6. Linear Calibration Range Studies: 

7. Quarterly Pb Contamination Checks: 

8. New Personnel: 

9. Other (Annual vs. Quarterly IDL Check): 

iii. Metals Prep:  

1. Balance Performance: 

2. Pipettor Performance: 

3. Hotblock Temperature Checks: 

4. Annual Reporting Limit Verification: 

5. Annual MDL Studies (where applicable): 

6. New Personnel: 

7. Other: 

iv. Wet Chemistry:  

1. Equipment Performance 

2. Hotblock Temperature Checks: 

3. Pipettor Performance: 

4. Balance Performance: 

5. Annual QC Acceptance Limits Update: 

6. Annual Reporting Limit Verification: 

7. Annual MDL Studies (where applicable): 

8. Linear Calibration Range Studies (EPA 180.1): 

9. New Personnel: 

10. Other (Such as ongoing comparison studies): 

v. IC:  

1. Equipment Performance 

2. Linear Range Calibration Study: 

3. Hotblock Temperature Checks: 

4. Pipettor Performance: 

5. Balance Performance: 
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6. Annual QC Acceptance Limits Update (e.g. 365.1_S): 

7. Annual Reporting Limit Verification: 

8. Annual MDL Studies (where applicable): 

9. Linear Calibration Range Studies: 

10. New Personnel: 

11. Other: 

vi. Semi-Volatiles/Semi-Prep:   

1. Equipment Performance 

2. Balance Performance: 

3. Annual QC Acceptance Limits Update: 

4. Annual Reporting Limit Verification: 

5. Annual MDL Studies (where applicable): 

6. New Personnel: 

7. Other: 

vii. Volatiles:  

1. Equipment Performance 

2. Balance Performance: 

3. Annual QC Acceptance Limits Update: 

4. Annual Reporting Limit Verification: 

5. Annual MDL Studies (where applicable): 

6. New Personnel: 

7. Other (e.g. Quarterly GRO check): 

viii. Asbestos:  

1. Microscope Performance 

2. Balance Performance: 

3. Microscope Alignment Calibration: 

4. Monthly Air Contamination Checks: 

5. New Personnel: 

6. Other: 

ix. Microbiology:  

1. Microscope Performance 

2. Balance Performance: 

3. Microscope Alignment Calibration: 

4. Monthly Air Contamination Checks:  

5. New Personnel: 

6. Other: 

x. General Chemistry Manager 

1. Equipment Performance 

2. Balance Performance: 

3. Annual QC Acceptance Limits Update: 

4. Annual Reporting Limit Verification: 

5. Annual MDL Studies (where applicable): 
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6. New Personnel: 

7. Other: 

xi. Filtration Manager 

1. Equipment Performance 

2. Balance Performance: 

3. Annual QC Acceptance Limits Update: 

4. Annual Reporting Limit Verification: 

5. Annual MDL Studies (where applicable): 

6. New Personnel: 

7. Other: 

xii. Volatile Air & Soil Manager 

1. Equipment Performance 

2. Balance Performance: 

3. Annual QC Acceptance Limits Update: 

4. Annual Reporting Limit Verification: 

5. Annual MDL Studies (where applicable): 

6. New Personnel: 

7. Other: 

b. Major PT Failure issues (QA) 

c. Repeat and total number of deficiencies per department  (Each Dept. Supervisor provide info. on 

repeat and total number of deficiencies related to a specific analysts or your dept. and how it is 

being handled, technical reprimands, etc.) 

Wet Chemistry: 

IC: 

Metals: 

Metals Prep: 

Volatiles: 

Semi-Volatiles: 

Semi-Prep: 

Sample Receiving: 

Asbestos:  

Microbiology: 

General Chemistry: 

Filtration: 

Volatile Air & Soil (VAS): 
 

4. Managerial Reports 

a. Equipment Needs  (Each Dept. Supervisor to provide info. on current equip./staff needs) 

Wet Chemistry: 

IC: 

Metals: 

Metals Prep: 
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Volatiles: 

Semi-Volatiles: 

Semi-Prep: 

Sample Receiving: 

Asbestos: 

Microbiology: 

General Chemistry: 

Filtration: 

Volatile Air & Soil (VAS): 

b. Equipment Maintenance 

i. Calibration Information  (VP) 

ii. Repair and maintenance data (VP) 

iii. Equipment downtime logs/review (Each Dept. Supervisor) 

Wet Chemistry: 

Metals: 

Metals Prep: 

Volatiles: 

Semi-Volatiles: 

Semi-Prep: 

Sample Receiving: 

Asbestos: 

Microbiology: 

General Chemistry: 

Filtration: 

Volatile Air & Soil (VAS): 

iv. Resources 

1. Staffing Needs (Each Dept. Supervisor/VP) 

2. Department Training Needs (Technical Director) 

3. Facility and Equipment Needs  (President/VP) 
 

5. Internal Auditing 

a. Audit Results (QA) 

b. Audit Schedule (QA) 

c. Nonconformance by Department (HR) 

d. Results of Inter-Laboratory comparisons or proficiency  (QA) 
 

6. Corrective Actions 

a. Type and source of issues (Each dept. Supervisor) 

Wet Chemistry: 

IC: 

Metals: 

Metals Prep: 

Volatiles: 

Semi-Volatiles: 

Semi-Prep: 



Analytical Environmental Services, Inc. SOP No.: QA-01000 

3080 Presidential Drive Date Revised:  2/12/21      Revision No.26  

Atlanta, GA 30340-0370 Page No Page 198 of 200 
  

Sample Receiving: 

Asbestos: 

Microbiology: 

General Chemistry: 

Filtration: 

Volatile Air & Soil (VAS): 

b. Areas most commonly having problems (QA) 

c. Trends of root causes (QA) 

d. Reoccurring problems (QA) 

e. Summary and review of corrective action log (QA) 
 

7. External Audit  

a. Performance Evaluation for Quality System and Technical Aspects (VP) 

b. Evaluation common weak areas from each auditing agency (QA) 
 

8. Quality Planning 

a. Upcoming projects (Customer Service Manager) 

b. Status of ongoing projects (Customer Service Manager) 

c. Significant changes including staff/equipment/required accreditations (VP) 
 

9. Customer Feedback (Customer Service Manager) 

a. Customer complaints 

i. Review of Customer Complaint Corrective Action Logs 

1. Repeated complaints 

2. Related/Unrelated issues 

3. Cause of issues identified and corrective measures followed 

4. Weekly meeting review 

b. Client satisfaction survey 
 

10. Improvements (President/VP) 

a. Review of Quality Policy/Objectives  

b. Review of Quality Systems effectiveness and improvement of system and services 

  

Detail and assign responsible party time line for implementation of task. 
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ANALYTICAL ENVIRONMENTAL SERVICES, INC. 

________ ANNUAL MANAGEMENT REVIEW 

 

 

 

 

My signature confirms that I participated in the Annual Management Review: 

 

Name                                                             Position                                                         Date 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

           

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 

 

______________________________          ______________________________          _________ 
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Analysis to 

Subcontract
Method Required

Holding Time/ 

Container/ Preservative

Certification 

Information (i.e. 

state specific)

Subcontract Lab 

Name/Location

Subcontract Lab 

Phone Number

Subcontract Lab 

Contact

2,3,7,8-TCDD 8280 Most Pace Minneapolis

2,3,7,8-TCDD 8290 Most Pace Minneapolis

2,3,7,8-TCDD 1613 DW Most Pace Minneapolis

2,3,7,8-TCDD 1613 DW Most TA Knoxville (865) 291-3065 Terry Wasmund

2,3,7,8-TCDD 8290/1631 non DW Most TA Knoxville (865) 291-3065 Terry Wasmund

2,3,7,8-TCDD 8290 amber unp, ice most SGS Wilmington (910) 350-1903 Michael Page

2,3,7,8-TCDD 8290 amber unp, ice Most SGS Wilmington (910) 350-1903
Amber 

Kornegay

2,3,7,8-TCDD in 

Potable Water
EPA 1613B

NELAP, ISO 17025, 

DoD, most states
Eurofins Lancaster (717) 945-4521 Jenifer Lewis

2,3,7,8-TCDD (not-

potable water/soil)

EPA 1613B or SW-

846 8290A

NELAP, ISO 17025, 

DoD, most states
Eurofins Lancaster (717) 945-4521 Jenifer Lewis

Acrylamide 8316 most
TA Various 

locations
912-944-7847 Debbie Harbuck

ASTM Leaching 

Procedure
D3987-85 most

TA Various 

locations
912-944-7850 Debbie Harbuck

Carbamates 8318 most
TA Various 

locations
912-944-7848 Debbie Harbuck

Compound Specific 

Isotope analysis
NA

They need 7-8 VOA HCL 

vials. Holding time not 

more than 6 months

NA Pace/Microseeps 412-826-4483 Robin

17 Dioxins/Furans
EPA 1613B or SW-

846 8290A

NELAP, ISO 17025, 

DoD, most states
Eurofins Lancaster (717) 945-4521 Jenifer Lewis

17 Dioxins/Furans 

w/Nontoxic Totals

EPA 1613B or SW-

846 8290A

NELAP, ISO 17025, 

DoD, most states
Eurofins Lancaster (717) 945-4521 Jenifer Lewis

Dioxins 17 isomers 8290
2 1L unpreserved 

ambers
most

TA Various 

locations
912-944-7837 Debbie Harbuck

Dioxins 17 isomers 8280
2 1L unpreserved 

ambers
most

TA Various 

locations
912-944-7840 Debbie Harbuck

Dioxins/Furans TCL 1631/8290 A9 Most TA Knoxville (865) 291-3065 Terry Wasmund

Dioxins/Furans TCL 1631/8290 Full List Most TA Knoxville (865) 291-3065 Terry Wasmund

Dioxins/Furans TCL 

17 isomers

8280 (low 

resolution)
Most Pace Minneapolis

Dioxins/Furans TCL 

17 isomers
8290 Most Pace Minneapolis



EMSL AHERA TEM EMSL/Smyrna 770-956-9150

EMSL TEM EMSL/Smyrna 770-956-9150

EOX 9023 most
TA Various 

locations
912-944-7849 Debbie Harbuck

Free CN
OIA-1677-09

NaOH NELAP Eurofins Lancaster
717-556-7263

Marrissa 

Williams

Free CN A4500 NaOH NELAP ALS Env 616-399-6070 Tom Beamish

Grainsize with 

hydrometer
ASTM D7928 16 oz (500 g Min) US Army Corp

Schnabel 

Engineering, LLC
803-796-6240 Stephen Hahn

Grainsize Distribution
ASTM Method 

D422-63

Grainsize Distribution
ASTM Method 

D1140-92

Grainsize particle
ASTM Method 

D1140
United Consulting 770-582-2843 Mahvand Saleki

Grainsize with 

hydrometer
ASTM D6913  Timeley Eng 770-938-8233 Lev Buchko

Grainsize with 

hydrometer
ASTM D6913 United Consulting 770-582-2843 Mahvand Saleki

Grainsize without 

hydrometer
ASTM D422  Timeley Eng 772-938-8233 Lev Buchko

Grainsize without 

hydrometer
ASTM D422 United Consulting 770-582-2843 Mahvand Saleki

Herbicides 8321
2 1L unpreserved 

ambers
most

TA Various 

locations
912-944-7838 Debbie Harbuck

Hex  Chrome 7199 most
TA Various 

locations
912-944-7843 Debbie Harbuck

Hex Cr in Air N7600
MAS Labs 

(Suwanee, GA)
770-866-3200



amherrit
Text Box
Meter Calibration Log



No.
PROJECT NAME: INSTALLATION DATE:

INSTALLED BY:

FACILITY: DRILLER:

LOCATION: DRILLING RIG:

CLIENT: ENGINEER:

DEPTH 
(ft)

ELEV. 
(msl) W

EL
L 

D
ET

AI
L

S DEPTH 
(ft)

Top of Riser

0.0 Ground Surface Topsoil Classification: 0

Top of Sand

Top of Screen

Bottom of Screen
Bottom of Well
Bottom of Bore Hole

FEATURE GENERALIZED SOIL CONDITIONS

NOT TO SCALE  -  STRATA BOUNDARIES MAY NOT BE EXACT

GROUNDWATER LEVEL DATA ADVANCEMENT METHOD NOTES

WELL DEVELOPMENT

MONITORING WELL INSTALLATION LOG

Ter NO.:

Well Screen:
2 "  Diameter PVC with 0.010 " slots. 

Flush threaded to _____ riser above.  Flush 
threaded to ____ riser above and plug below.

Annulus Seal:(cement/bentonite grout)
Describe:_______________________
____________________________
____________________________

Well Cap:

Filter Materials:
SAND        or        GRAVEL

TYPE: 20/40__________NO. OF 
BAGS: ________________

Soil Boring:
_____inch Diameter Borehole.  

Riser Pipe:
2     inch Diameter PVC.

Flush Threaded Joints w O-rings.
Note:________________________

See Soil boring log ________ for detailed description 
of soil conditions.

_____" Aluminum Protective Shroud

Top of Pellets: Placed from Ground 
Surface to ______ feet.

Page 1 of 1



Log of Soil Boring No. ______

Project No.: 

   
D

ep
th

 (f
ee

t)

G
ro

un
dw

at
er

Sa
m

pl
e

C
on

ta
in

er

          Sample  Classification                        Stratigraphy

Laboratory Test Assignments

Boring Advancement
Depth Range Method Boring Abandonment Ground Water Information Special Laboratory Instructions

Project: _ _________________      Location: _ ________   Client: _ _______________ 

Logged By:  _ _    Date: __________   Driller:  Drill Rig: _ __ _____  Weather:_______________________________

Location:   Latitude: _____________________    Longititude: ________________________
Field Data

Assigned By:  _______   Date: ________

Need By:  ________________________Pe
ne

t. 
(P

) 
or

 
SP

T 
(b

/f)

D
ep

th
 

R
an

g

Sheet No:  __ ___  of __ ___



Client: Project #:

Location:

Date: Weather: Temp. (F):

Development Purging Sampling Free Product Recovery

1. Elevation of
    Top of Casing

10. Odor Concentration

Field Notes:

Well Volume Factors:
2 inch = 0.163
4-inch = 0.652

Signature:

11. Dissolved Oxygen

12. Temperature (F)

13. pH

14. Conductivity

8. Volume Purged

9. Pumped/Bailed Dry

4. Total Depth of Well

5. Depth to Water

    (3 to 5 well volumes)

Well I.D.

2. Casing Diameter

3. Depth to Product

6. Volume of Well Water
    (#4-#5)(factor)
7. Volume to Purge

TERRACON CONSULTANTS, INC.
MONITORING WELL FIELD REPORT
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