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1.0 Introduction 

This installation-wide sampling and analysis plan (SAP) for the former Ramey Air Force Base 

(RAFB) Aguadilla, Puerto Rico, has been prepared by Shaw Enviromnental, Inc. (Shaw) for the 

U.S. Army Corps of Engineers (USACE)-Savannah District and Jacksonville District under 

Delivery Order Number 0030 of indefinite delivery term contract number DACA21-96-D-0018. 

This document will serve as the installation-wide SAP prepared for work to be conducted at 

RAFB and supersedes the previous SAP dated February 2000. This SAP contains detailed 

general procedures for installation-wide activities such as planning, quality control (QC) 

sampling, documentation, analysis, and data management and reporting. Site-specific field 

sampling plans and work plans will be prepared for site activities that will describe the task 

objectives and discuss site-specific procedures and requirements. 

This document should be considered complete but subject to periodic review and update. 

Laboratory reporting limits (RL) and control limits are performance based and are updated 

annually by the laboratory. This document may require updates as new sites are added to the 

current scope of work (SOW). Revisions to this document will be made by Shaw with guidance 

and approval from all pertinent regulatory offices. 

This SAP was prepared in compliance with the document Requirements for the Preparation of 

Sampling and Analysis Plans, Engineer Manual 200-1-3 (USACE, 2001). Data quality sections 

were prepared to meet with the guidance specified in the manual Technical Project Planning 

(TPP) Process, Engineer Manual 200-1-2 (USACE, 1998a). 

1. 1 Project Description 

RAFB covered approximately 4,357 acres north of the city of Aguadilla, on the extreme 

northwestern tip of the island of Puerto Rico. The U.S. Government acquired the property 

between 1939 and 1963 and utilized the site as a fully operational Air Force base until its 

deactivation in 1973. On March 1, 1974, ownership of most of the property was transferred to 

the Puerto Rican Industrial Development Company. Since March 1974, there have been 

numerous transfers of parcels ofland between U.S. Government agencies, between the 

government and private companies, and between the U.S. Government and local government 

agencies. This area is now operated by the Puerto Rico Ports Authority as the Rafael Hernandez 

Airport, a municipal airport and industrial park, except for approximately 125 acres, which are 
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still utilized by the U.S. Government as a U.S. Coast Guard installation. USACE is now 

performing the environmental work at RAFB under the Defense Environmental Restoration 

Program-Formerly Used Defense Sites. 

Under Task Order 0030, Shaw and its subcontractors will provide all scientific engineering, 

technical, and construction services needed to complete the project. Currently, planned activities 

include preparing work plans, reports, and regulatory documents; obtaining permits, clearances, 

and easements; conducting all project planning and management duties; and completing and 

implementing investigative and remedial activities. 

Figure 1 -1 shows the overall RAFB with the general location of each site. 

1.2 Site Descriptions 

Small Arms Range. The small arms range is located on a wave-cut terrace below the former 

base golf course, on the far western edge ofRAFB. The footprint of the entire firing range is 

approximately 225 feet wide and 375 feet long with the long axis and firing direction north 

toward the ocean. The range is flanked on the west, east, and north edges by earthen berms 

approximately 15 feet high and 25 to 35 feet wide. The proposed assessment area extending 

from the firing line to the northern earthen impact berm measures approximately 125 feet wide 

by 125 feet long. During a site visit in January 2006, lead fragments and bullet casings were 

observed on the surface of the impact berm. 

Shaw will conduct a soil investigation using x-ray fluorescence from the firing line to the impact 

berm. Based on the results, confirmation soil samples will be analyzed by a fixed-base 

laboratory. Groundwater monitoring wells will be installed and sampled to determine if the 

shallow groundwater in the vicinity of the small arms range has been impacted by metals. 

Following the receipt of analytical results, a site investigation report will be prepared by Shaw. 

Upon approval of the site investigation report, contaminated soil will be remediated and a 

removal action completion report will be prepared. 

Landfill Area 1. Landfill Area 1 is a six-acre site used for disposal of installation waste from 

1939 to 1973. Originally, waste was disposed of in a low area where a sinkhole has developed 

that is capturing the waste disposal area. Analysis of groundwater samples indicated 

groundwater contamination from volatile organics. Ecology & Environment of Gainesville, 

Florida, investigated the area in 1996 and 1997. 
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The Shaw investigation will consist of collecting surface and subsurface soil samples, collecting 

two semiannual rounds of groundwater samples from the four existing monitoring wells, 

preparing a baseline human health risk assessment, preparing a screening-level ecological risk 

assessment, and preparing a remedial investigation (RI) report. 

Landfill Area 2. Landfill Area 2 is a 20-acre tract currently used for grazing and crop growing. 

Disposal of waste was probably from the nearby housing complex called "Tropical Acres." The 

topography here is gently sloping, with surface drainage to the south. Two geophysical surveys 

have roughly defined the limits of burial. 

The Shaw investigation will consist of collecting surface and subsurface soil samples, collecting 

two semiannual rounds of groundwater samples from the five existing monitoring wells, 

preparing a baseline human health risk assessment, preparing a screening-level ecological risk 

assessment, and preparing an RI report. 

Base Laundry. The base laundry (Building 508) is a vacant one-level block building located 

about 50 feet east of the power plant building. The facility was utilized from 1941 through 1973 

for laundry services, with dry cleaning operations beginning in 1946. The potential contaminant 

of concern here is the dry cleaning solvent trichloroethene. No records documenting storage and 

disposal practices for the trichloroethene have been found. 

Since potential source areas are unknown, Shaw will conduct a passive soil-gas survey to 

qualitatively identify areas that may have been impacted. The soil-gas survey will be 

concentrated in a grid pattern along the sides and back of the laundry building. Soil samples will 

be collected by direct-push methods for laboratory analysis to confirm areas with elevated soil

gas concentrations. Following the receipt of analytical results, a site investigation report will be 

prepared by Shaw. 

Tank Farm No. 1 ASTs. Tank Farm No. 1 is located near the southwestern comer of RAFB 

in a pasture owned by the Puerto Rico Ports Authority. Two aboveground storage tanks (AST), 

listed as 1214 and 1215, each with a capacity of2,814,000 gallons, are still present at Tank Farm 

No. 1. The two tanks were used to store jet propellant (JP)-4 fuel that was offloaded at Crash 

Boat Basin and pumped to the base. Reportedly, AST 1214 contained approximately 169,000 

gallons of fuel in 2001. 
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The SOW includes demolition and disposal of the ASTs and any residual fuel, removal of 

remaining aboveground pipelines and valves associated with the ASTs, abandonment of 

remaining underground portions of the pipeline, excavation and disposal of contaminated soil 

identified below the ASTs, confirmation sampling, site restoration, and preparation of an interim 

removal action (IRA) report. 

Maintenance Building 1029. Building 1029 is located near the center of the base at the 

eastern end of Parallelo Road. During a previous site visit, fill ports for three underground 

storage tanks (UST) and a vent pipe were identified east of the building. Markings at the fill 

ports and vent pipe indicate the tanks previously stored JP-4 fuel. The USTs reportedly each 

have a capacity of 10,000 gallons. 

Shaw will remove and dispose of the US Ts, their contents, and integral piping; excavate and 

dispose of petroleum-contaminated soil associated with the US Ts; bac:kfill and restore the site; 

and prepare an IRA report. 

Crash Boat Station Pipeline Removal. Crash Boat Basin is located approximately 4 miles 

southwest of the main portion of the former Air Force Base, near the western end of Highway 

458. The site is now a public beach. During the operational period of RAFB, fuel was pumped 

from ocean-going tankers to the base tank farms for storage and distribution via an Aqua System. 

The system consisted of a 12-inch diameter JP-4 pipeline and an 8-inch diameter aviation 

gasoline pipeline that ran to the north-northeast from three Crash Boat Beach pump houses to the 

southwestern comer of the base. 

Previously, Shaw removed the aboveground sections of the pipelines from Crash Boat Beach to 

the top of the cliffs, the three pump houses, and.the 15,000-gallon Aqua System storage tank. 

The SOW will include abandonment of the remaining 2.2 miles of underground 8-inch diameter 

aviation gasoline pipeline and 1.8 miles of underground 12-inch diameter JP-4 pipeline and 

removal of 10 remaining valve pits associated with the pipelines. Following removal of the 

valve pits, the surface at those locations will be restored to natural conditions. The activities will 

be documented in an IRA report. 

1.3 Project Tasks 
Under Task Order 0030, the project is divided into multiple Work Allocation Directives. These 

Work Allocation Directives and their proposed activities are listed in Table 1-1. 
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1.4 Historical Data Summary 

The impact of any historical data findings will be discussed in the site-specific work plan for 

each site. 
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2.0 Project Organization and Responsibility 

2.1 Project Organization 
Shaw .personnel associated with the activities at RAFB may include various engineering and 

scientific disciplines, such as geologists; hydrogeologists; human health and ecological risk 

assessment specialists; chemists; construction managers; civil, electrical, mechanical, and 

chemical/process engineers; sampling technicians; QC coordinators; health and safety profes

sionals; and subcontractor personnel. Figure 2-1 shows the organization of the Shaw project 

team as it relates to responsibilities and lines of communication. The text in this section 

discusses the responsibilities of the members ofRAFB team. 

USA CE Technical Manager. Representing the client, USACE has designated a technical 

manager {TM) for RAFB activities from their Savannah District Office. The TM appointed from 

the Savannah District Office is Ms. Ana Vergara. The USA CE TM will represent the 

government interests in the project and administer the implementation of the contract. The 

USACE TM will designate a project chemist who will work with the Shaw project chemist and 

oversee data reporting activities. To assist the USACE TM, the USACE will also designate a 

project geologist who will work with the Shaw task managers and field manager and oversee on

site activities. 

Shaw Program Manager. The Shaw program manager is Shaw's representative responsible 

for execution of the entire Total Environmental Restoration Contract {TERC) program, which 

includes the work to be performed at RAFB as well as other projects covered under the TERC 

program. Bob Culbertson is the Shaw Program Manager for all South Atlantic District TERC 

projects. The Shaw· project manager (PM) reports to the Shaw program manager for guidance 

and consistency in project execution. 

Shaw Project Manager. The Shaw PM is responsible for the effective execution of all 

projects at RAFB and serves as the focal point for all contract environmental restoration 

activities. The Shaw PM will be Glenn Quarles. The Shaw PM oversees the activities of all 

Shaw personnel, ensures compliance with the project SOW, and controls project consistency. He 

provides the USACE TM a Shaw point of contact for the RAFB project. 

Shaw Task Managers. Ken Cunningham and Ken Hurley will serve as the investigative and 

remedial task managers, respectively. They will be responsible for supervising and issuing task 
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work plans and reports and for providing technical oversight to field activities. The Shaw task 

managers will coordinate with the health and safety officer in the preparation of a health and 

safety plan and with the Shaw project chemist in the preparation of all sampling and analysis 

plans. The Shaw task managers will work with on-site personnel and may have additional duties 

assigned by the Shaw PM. 

Shaw Health and Safety Officer. The Shaw health and safety officer will evaluate the 

health and safety aspects of the on-site tasks to ensure that these activities are performed in a safe 

manner. Doug Russell has been designated the Shaw health and safety officer for the RAFB 

project. He will work with the Shaw task managers to complete an updated installation-wide 

health and safety plan and site-specific health and safety plans for each major task. He will also 

work with the on-site personnel to achieve compliance with Shaw corporate and USACE safety 

policies. 

Shaw Quality Assurance/Quality Control Coordinator. Mary Hall is the Shaw quality 

assurance (QA)/QC coordinator for RAFB. She is responsible for ensuring overall project 

quality, specifically the outgoing project plans and reports, and ensuring each project deliverable 

meets the quality standards established in the Shaw quality program and in the contract. She will 

coordinate with the technical members of the project team to evaluate status, procedures, and 

nonconformances from a quality program standpoint. She will gather and coordinate corporate 

resources and references in the areas of quality improvement, corrective action control, and 

quality systems auditing for the project. This person may have additional duties assigned by the 

Shaw PM. 

Shaw Site Coordinator. The Shaw site coordinator will oversee.all on-site activities 

including the supervision of Shaw personnel and work subcontracted to others. He will be 

responsible for all geologic field documentation forms, such as.field activity daily logs (FADL), 

boring logs, and drilling logs, and will oversee on-site and central document filing and storage of 

these forms. He will oversee all sampling activities and supervise field teams. Depending upon 

the size of the field scope to be conducted, the site supervisor may also serve as member of the 

field crew and/or serve as site safety officer. 

Shaw Regulatory Specialist. The Shaw regulatory specialist will oversee waste 

characterization and waste disposal practices. ~e will coordinate with the Shaw PM and 

USACE on disposal options for generated wastes. This person may have additional duties 

assigned by the Shaw PM. 
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Shaw Project Chemist and Sample CoordinatOr. Due to the nature and complexity of 

the program, this position's responsibilities may be filled using two people: the Shaw project 

chemist and an on-site sample coordinator. The Shaw project chemist will be Joyce Dishner 

McGee. An on-site sample coordinator will be chosen prior to each field effort, if necessary. 

The project chemist will work with the project management team in formulating plans and 

approaches and will help to assess sampling, analytical, and QA/QC requirements for each 

project task. The chemist will help to ensure consistency of approach among the various tasks 

regarding these areas and ensure that all activities are performed as specified in Engineer Manual 

200-1-3 (USACE, 2001). The chemist will review analytical data and assist in the interpretation 

and use of sampling and QA/QC data. This individual will also receive and review all analytical 

data. The project chemist coordinates the receipt of incoming :field data and analytical data from 

the laboratory in both hard copy and electronic formats. The chemist will also oversee and track 

the data review process and the preparation and submittal of the Shaw Environmental 

Management System (Shaw View™) database deliverables. 

The Shaw sample coordinator will work with the project team on site to ensure the complete and 

accurate transfer of samples and information from field to laboratory. The sample coordinator 

will support the field team's sample collection and documentation efforts in the field by helping 

the project chemist preplan all samples to be collected in the ShawView :field module using the 

Sample Planning Module. The sample coordi_nator and project chemist will work together to 

identify and resolve analytical issues and nonconformances and will participate in project and 

laboratory audits. Other responsibilities of the project chemist and sample coordinator may 

include the following: 

• Interface with the laboratory PM and laboratory QA officer to ensure the 
laboratory is aware of the project data quality objectives (DQO), program goals, 
and analytical quality objectives. 

• Monitor the deliverables from the laboratory; ensure conformance with authorized 
policies, procedures, and sound practices; and assist in identifying and resolving 
nonconformances. 

• Ensure that all records, logs, standard procedures, and plans are distributed to the 
laboratory PM, site coordinator, and the Shaw sample coordinator. 
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• Communicate with the laboratory PM concerning the schedule of sample 
shipments and the shipment contents, including QA samples. Based on this 

· information, provide status tracking of sample shipments to project management. 

• Review all data submittals and communicate directly with a Commonwealth of 
Puerto Rico-certified chemist designated to review and approve all analytical 
submittals. 

• Ensure that sampling is conducted in a manner consistent with the QA program 
through ongoing communication with field personnel. 

• Review all laboratory data before those data are transferred to permanent storage, 
reported to other project participants, or submitted via ShawView. 

Data Validation Task Leader. For tasks that require data validation, a data validation leader 

will be selected to perform the SOW described in the task work plan. Task work plans will 

define the data validation requirements based on the SOW. The validation leader will work with 

the project chemist to receive the data packages from the laboratory and review the data. They 

will be responsible for validating the data and providing a data validation report that will 

summarize the assigned data qualifiers. 

Contractor Laboratory Organization. For RAFB, all sample analyses will be performed 

by laboratories using the SAP-prescribed U.S. Environmental Protection Agency (BP A) 

methods. The laboratory must hold current USA CE Hazardous, Toxic, and Radiologic Waste 

(HTRW) Center of Expertise (CX) approval as defined in Engineer Manual 200-1-1, Validation 

of Analytical Chemistry Laboratories (USACE, 1994). The laboratory will maintain and follow 

standard operating procedures (SOP) for each method and, as required by the USACE, these 

SOPs will be maintained in the laboratory SOP manual. The SOP manual will be updated as 

needed during the project. 

Shaw has selected Accutest Laboratories Southeast (Accutest) of Orlando, Florida, to be the 

primary supplier of analytical laboratory services for the RAFB project. As such, Accutest meets 

all the specifications of this SAP. Accutest has designated a laboratory PM and QNQC officer 

who will support the laboratory efforts to analyze and report RAFB sample data. 

Laboratory Project Manager. The laboratory will designate a laboratory PM for the 

duration of the RAFB program. The laboratory PM will work with the Shaw project chemist on 

designing and implementing each site-specific analysis program. The laboratory PM will also 

perform the following tasks: 
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• Verify that the laboratory achieves and maintains USACE HTRW CX validation 
approval for applicable analyses as is the requirement in the subcontractor 
agreement with Shaw. 

• Verify that the laboratory can quantify the planned parameters and routinely 
achieve the RLs using the methods specified in Chapter 7.0 and in task work plans. 

• Coordinate sample receipt, processing, analysis, and data reporting with members 
of the laboratory technical staff to ensure accurate and on-time deliverables. 

• Review the deliverables for completeness, accuracy, and compliance with the 
analysis program. 

Laboratory Quality Assurance Officer. In addition to the laboratory PM, the laboratory 

will identify a laboratory QA/QC officer in the contract. He will assist the laboratory PM with 

RAFB projects for their duration and will be responsible for the overall implementation of the 

laboratory QA program, as well as ensuring adherence to this SAP and individual task work 

plans. The laboratory QA/QC officer will assist the laboratory PM during the initial review of 

analytical data generated to verify that the data meet DQOs established in this SAP. and in task 

work plans. He will also assist in defining and resolving analytical nonconformances and 

participate in any project/laboratory audits. 

2.2 Primary Data Users 

Data generated by personnel in the field will be initially reviewed, processed, and evaluated on 

site by the field coordinator and the task managers. Copies of the original forms will be 

maintained on site for reference, and the originals will then be forwarded to the project chemist 

for further review, inclusion into the ShawView database, and final storage in the project central 

files. The Shaw task managers will review the field data and compare the data gathered against 

project objectives. 

Hard copy and electronic analytical data will be delivered to the project chemist for initial 

review, copying, and distribution, with the original hard copy going to project central files. If 

required, data validators will receive a working hard copy to review. Electronic files will be 

forwarded to the Shaw database manager for checking and uploading into the database; The 

Shaw project management team will then be issued summary reports and updates as required as 

final data reviews are completed. 
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3.0 Project Quality Assurance Objectives 

3.1 Data Quality Objectives 
DQOs are qualitative and quantitative statements that specify the quality of data required to 

support decisions during investigation and remedial response activities. This guidance and the 

DQO process were developed specifically for the Comprehensive Environmental Response, 

Compensation, and Liability Act DQOs and are applicable to all data collection activities, and 

the level of detail and data quality needed will vary based on the intended uses of the data. 

The DQO process helps define the purpose for which environmental data will be used and sets 

guidelines for designing a data collection program that will meet regulatory objectives. The 

. process also provides a logical, objective, and quantitative framework for determining the time 

and resources t~at will be used to generate data of the desired level of quality. The DQO 

definition process will be performed on each project task and described in site-specific plans. 

3.2 Development of Data Quality Objective Requirements 

The DQO process identifies the end use of the data for which the samples are to be collected, 

establishes the quality level that data must meet to support .decisions made during an investiga

tion or remedial/corrective action, and helps to identify potential data gaps. The decisions that 

must be made concern the sampling strategies and decontamination procedures, appropriate 

analytical parameters for a particular investigation, appropriate investigation or remediation 

actions to be taken at a site, requirements that the investigated media must meet, and imple

mentation of remedial/corrective actions. 

Data Collection and Measurement. Developing DQOs should be the first step in initiating 

any significant environmental data collection program. The DQO process provides a 

quantitative basis for designing a rigorous, defensible, and cost-effective data collection and 

management program. Decision making is driven by risks to public health and the fact that the 

level of uncertainty in decisions will be affected by the type and quality of data collected. 

3.3 Data Quality Objective Seven-Stage Planning Process 

Remediation activities and supporting investigations at RAFB will require the collection of 

different kinds of data for each site, including both qualitative and quantitative data. From the 

DQO perspective, quantitative data will be categorized as screening data (previously defined by 

EPA as Analytical Levels I and II) or definitive data. The following discussion of the DQO 
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processes will serve as guidance for developing site-specific task work plans to ensure that the 

goals for investigation or other program activities are met. The DQO development process 

consists of seven stages: 

• State the problem. 
• Identify the decision/objective. 
• Identify inputs to the decision/objective. 
• Define the study boundaries. 
• Develop a decision rule. 
• Specify limits on decision errors. 
• Optllnize the design for obtaining data. 

Several of the steps in the seven-stage DQO process can occur simultaneously, and in some 

situations, the process does not have to include all steps. For example, when enforcement or 

compliance monitoring programs are being developed to comply with existing regulations, many 

of the steps may have already been completed. Also, when activities in any stage reveal that new 

environmental data are not needed to make decisions, the process can be stopped. 

3.3.1 State the Problem 

This step requires that the contamination problem that will require new environmental data be 

summarized. The resources available to resolve the contamination problem must be specified. 

Key activities associated with this step include the following: 

• Identifying members of the scoping team 
• Developing or refining the conceptual site model 
• Defining the exposure pathways and exposure scenarios 
• Specifying available resources 
• Writing a brief summary of the contamination problem. 

The main output of this step is a complete description of the contamination problem that includes 

the regulatory and programmatic context of the problem. This description typically consists of 

the following: 

• A list of the known and suspected contaminants in each environmental medium 
and estimates of their concentration, variability, distribution, and location 

• The conceptual site model and exposure pathways 

• A summary of the outcome and status of any previous response(s) at the site, such 
as early actions or previous data collection activities 
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• The site's physical and chemical characteristics that influence migration and 
associated human, environmental, and physical target(s) 

• An estimate of the budget, schedule, and available personnel necessary to 
implement the appropriate response for the site. 

3.3.2 Identify the Decision/Objective 

This step requires identification of the decision/objective that requires new environmental data. 

For example, an early assessment decision is to determine whether a chemical release poses a 

potential threat to human health or the environment. Key activities associated with this step 

include the following: 

• Identifying the key objective for the current phase or stage of the project 

• Identifying altemati ve actions that may be taken based on the findings of the field 
investigation 

• Identifying relationships between this objective and any other current or sub
sequent objectives. 

The output from this step should include the following: 

• A statement of the objectives that will use environmental data 

• A list of the actions that will be taken toward remediation or removal of the 
potential contamination problem based on the outcome of the field investigation. 

3.3.3 Identify Inputs to the Decision/Objective 

The purpose of this step is to identify the information needed to support the objective and to 

specify which inputs require new environmental measurements. Key activities associated with 

this step include the following: 

• Identifying the informational inputs needed to resolve the objective 

• Identifying sources for each informational input and listing those inputs that are 
obtained through environmental measurements 

• Defining the basis for establishing contaminant-specific action levels 

• Identifying potential sampling approaches and appropriate analytical methods. 
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The outputs that will result from this step include a list of informational inputs needed to make 

the decision and a list of environmental variables or characteristics that will be measured. The 

outputs from this step are actually the inputs that will be used to support the objective, 

sometimes referred to as the "decision." 

3.3.4 Define the Study Boundaries 

This step requires definition of the spatial and temporal aspects of the environmental media that 

the data must represent to support the objective. Key activities associated with this step include 

the following: 

• Defining the geographic areas of the field investigation 

• Defining each environmental medium of concern 

• Dividing each medium into strata having relatively homogeneous characteristics 

• Defining the scale of decision making (this is the smallest area, volume, or time 
frame of the medium) in which the scoping team wishes to control decision errors 

• Determining the time frame to which the objective applies 

• Determining when to take samples 

• Identifying practical constraints that may hinder sample collection (reconsider 
previous steps as necessary). 

Outputs from this step may include the following: 

• A detailed description and physical representation (map) of the geographic limits 
(boundaries) of each environmental medium (soil, water, air, etc.) within which the 
decision(s) will be made 

• A detailed description of the characteristics that define the population of interest 

• Definition of the time period in which samples will be taken and to which objec
tives will apply 

• The most appropriate scale of decision making for each medium of concern 

• A description of practical constraints that may impede sampling. 
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3.3.5 Develop a Decision Rule 
The purpose of this step is to integrate the output from the previous steps of the DQO process 

into a statement that defines the conditions that would cause the decision maker to choose among 

alternative actions. Key activities associated with this step include the following: 

• Specifying the parameter of interest (such as mean, medium, maximum, or pro
portion) 

• Specifying the action level for the decision 

• Combining the output of the previous DQO steps into an "if ... then ... " decision rule 
that includes the parameter of interest, the action level, and the alternative actions. 

The output from this step is an "if ... then ... " statement that defines the conditions that would 

cause the decision maker to choose among alternative courses of action. It should include the 

decision, the actions, the parameter of interest, the action level, and the scale (magnitude of 

impact) of decision making. 

3.3.6 Specify Limits on Decision Errors 

The purpose of this step is to specify the acceptable decision error rates based on a consideration 

of the consequences of making an incorrect decision. These limits will be used in the last step of 

the process. 

Key activities associated with this step include the following: 

• Determining the possible range of the parameter of interest 

• Defining both types of decision errors and identifying the potential consequences 
of each 

• Specifying a range of possible parameter values where the consequences of deci
sion errors are relatively minor (gray region), whenever possible 

• Assigning probability values to points above and below the action level that reflect 
the acceptable probability for the occurrence of decision errors, when necessary 

• Checking the limits on decision errors to ensure that they accurately reflect the 
decision maker's concern about the relative consequences for each type of decision 
error. 
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The outputs from this step are the acceptable decision error rates based on a consideration of the 

consequences of making an incorrect decision. These limits on decision errors can be expressed 

in a decision error limits table or in a design goal diagram. 

3.3. 7 Optimize the Design for Obtaining Data 

The purpose of this step is to identify the most resource-effective sampling design that generates 

data that satisfy the DQOs specified in the preceding steps. To develop the optimal design for 

this study, it may be necessary to work through this step more than once after revisiting previous 

steps of the DQO process. 

3.4 Data Quality Objective Quality Indicators 

Part of the review to determine whether DQOs were met will be to evaluate a series of data 

quality indicators that include measurements of the precision, accuracy, representativeness, 

comparability, and completeness (P ARCC) parameters. How each of these. measurements are to 

be performed and assessed is discussed in this section. The target acceptance criteria for the 

results have been developed for a wide variety of anticipated analyses on soil/sediment, surface 

water, and groundwater matrix samples and are presented in the internal laboratory QC check 

discussion found in Chapter 7.0. Chapter 8.0 discusses the data review process and includes a 

detailed discussion of PAR CC parameter data interpretation. Other data quality indicators will 

be developed as needed for other sampling media and other analysis programs and presented in 

their task work plans. 

For a given investigation task, a specific list of target constituents will be formulated and, if they . 

cannot be quantified by the methods summarized in this SAP, then they will be addressed in a 

site-specific work plan .. All applicable analyses will meet the recommended method guidance 

found in Test Methods for the Evaluation of Solid Waste, Physical/Chemical Methods, SW-846, 

Third Edition (EPA, 2002a) and its subsequent updates, EPA, Office of Solid Waste and/or 

EPA's Contract Laboratory Program (CLP) Statement of Work for Organics (EPA, 1999) and 

Statement of Work for Inorganic Analysis (EPA, 2002b), as supplemented by the information 

presented in Chapter 7.0. All other requested analyses must conform to their specified 

method(s). These may include the Annual Book of ASTM Methods (American Society for 

Testing and Materials [ASTM], 1998); Methods for Chemical Analysis of Water and Waste 

(EPA, 2003), and similar sources. 
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3.4.1 Precision 
Precision is defined as a measurement of mutual agreement among individual measurements of 

the same property, usually under ')>rescribed similar conditions." Precision is expressed in terms 

of the relative percent difference (RPD) between duplicate determinations, or in terms of the 

relative standard deviation when three or more detenninations are made. Various measures of 

precision exist depending on the prescribed similar conditions. 

Overall sampling and analysis precision will be assessed using RPD for duplicate environmental 

samples to assess overall sampling and analysis precision. The RPDs for ma~x spike (MS) and 

matrix spike duplicate (MSD) sample results will b~ used to assess laboratory spike and recovery 

precision. RPD is defined as the difference between two measurements divided by their mean 

and expressed as a percent as shown in Equation (1): 

where: 

Relative Percent Difference (RPD) = 

D1 = the result from the original determination 
D2 = the result from a duplicate measurement. 

xlOO 

Relative standard deviation is the standard deviation of a set of values divided by the average 

value expressed as a percent as shown in Equation (2): 

Relative Standard Deviation(%RSD )=( <Yn.J ) xJOO 
. X ( XJ ··X11) 

where: 

O"n-1 = the sample standard deviation of the sample data 
n = · the number of determinations 

X (xi .. xn) = the arithmetic mean of the sample data. 

3.4.2 Accuracy 

(1) 

(2) 

Accuracy is a measure of the bias in a system or the degree of agreement of a measurement X (or 

an average of measurements of the same parameter), against an accepted reference or true value, 
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T. Accuracy is typically expressed as a percent recovery calculated by the ratio of the measure

ment and accepted true value as shown in Equation (3): 

where: 

Percent Recovery= ( ( X; S ) ) x 100 

X = the experimentally determined concentration 
S = the sample concentration before spiking 
T = the "true" concentration. 

(3) 

Analytical accuracy is assessed through the analysis of spikes such as surrogates; MS/MSDs and 

laboratory control samples (LCS), audit samples, and/or standard reference materials; and 

calibration check samples. With the surrogates and MS/MSDs that are spiked onto the actual 

sample matrix and analyzed, these accuracy indicators must take into account the nature of the 

matrix in question and the native concentration of the analyte spiked. Matrix variability or 

interferences from high concentrations of native compounds may adversely affect spike recovery 

and yield less than conclusive data. Accuracy checks that focus on analytical method and consist 

of compounds spiked in a "blank" or noninterfering matrix (e.g., LCSs, standard reference 

materials, or calibration check samples) address the accuracy of the method and/or 
.. ·, 

instrumentation at detecting the target analyte(s) at a certain quantification level and are not 

considered to be subject to matrix effects. 

Measuring the bias of the overall sampling program is also difficult, especially with respect to 

collection of samples for analysis for volatile organic compounds (VOC). These organic 

compounds can be volatilized and lost from collected samples and result in a negative bias, or 

the sample can become contaminated with foreign compounds during sample collection, 

handling, and preparation and result in a positive bias. Using proven sample collection methods 

that incorporate steps to minimize sample disturbance during collection, provide for the isolation 

of samples from known sources of contamination, and incorporate the immediate preservation of 

samples on ice should reduce the potential for bias. Accuracy of the sampling system, 

emphasizing cross contamination with volatile compounds, will be assessed by evaluating 

analytical results for field QC samples, including field-prepared field blanks, laboratory-prepared 

trip blanks, equipment rinsate blanks, and laboratory storage blanks and analytical method 

blanks. 
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3.4.3 Completeness 
Data completeness represents the percentage of valid data collected from a sampling/analytical 

program or measurement system compared to the amount expected to be obtained under optimal 

or normal conditions. The completeness goal for critical samples (i.e., field samples requiring 

chemical or geotechnical analysis) is 95 percent. Site-specific completeness goals may also be 

defined in site-specific work plans. To calculate the 95 percent completeness goal, all validated 

data will be considered for usability purposes. All data collected will be considered usable for 

their intended purpose with the exception of those qualified "R" (rejected) during data validation. 

3.4.4 Representativeness 
Representativeness is a qualitative parameter that expresses the degree to which sample data 

actually represent the matrix cc:mditfons. For example, in conducting groundwater monitoring, 

representativeness requires proper location of wells and the collection of samples under consis

tent, documented procedures. Wells are located based upon the results of the hydrogeologic 

study in progress and are designed to pro~de maximum coverage of the flow conditions. 

Requirements and procedures for sample collection and handling are designed to maximize 

sample representativeness. Representativeness can also be monitored by reviewing field 

documentation and by performing field audits. 

Other sampling approaches where representativeness is a concern are building composite 

samples and using an unbiased grid sampling system. In compositing, individual subsamples are 

collected and combined to represent a greater physical area or cover a particular time period. To 

characterize a large unknown surface area, a grid sampling pattern is often established and then 

samples are collected at randomized node locations where horizontal and vertical traverse lines 

· intersect. Considerations such as number of samples required and their spatial relationship will · 

affect how representative the unbiased grid sample results are. In such cases, the sampling 

objective must be well defined and the intended purpose for the sample data generated must be 

reviewed to establish the DQOs for representativeness through statistical analysis. Parameters 

such as the number of subsamples composited, the number of samples submitted for analysis, 

and the sampling interval can then be specified to increase confidence interval and improve 

representativeness when warranted by the performance objective. 

3.4.5 Comparability 

Comparability is a qualitative parameter expressing the confidence with which one data set can 

be compared with another. Comparability for sampling and analysis tasks is achieved by the 

following: 
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• Specifying well-recognized techniques and accepted standard methods for 
sampling and analysis reporting using well-trained sampling and analysis 
technicians to execute the prescribed methods consistently 

• Requiring that all involved sampling and analysis personnel use adequate 
documentation to record how the prescribed methods were actually executed, 
noting nonconformances and corrective measures taken. 

The specification for standardized fixed-base laboratory methods helps to ensure that the data 

generated for an event are comparable to past and future activities. Periodic field and laboratory 

audits to assess consistency of method implementation for these prescribed procedures is also 

critical in determining comparability. 

3.5 Data Quality Objectives for the Former Ramey Air Force Base Investigations 

Overall precision and accuracy DQOs have been established for this project based on the 

laboratory's previous experience and on analytical method guidance. These specific DQOs are 

summarized in each site-specific SAP prepared prior to field work. These goals may change 

periodically due to new laboratory study and updates; therefore, limits are not listed in this 

installation-wide SAP. As each new decision point or objective in a project is defined, the DQOs 

must be reviewed to ascertain that the subsequent collected data is suitable for environmental 

decision making. This evaluation is conducted by going through the seven-step process, as 

discussed in Section 3.3. 

The DQO development process has both a quantitative and a qualitative aspect. Data generated 

from nonrepresentative samples should not be used for the goal of characterizing some property 

of the site as a whole. Where a given property of a site is being characterized, a statistical design 

basis should be included within the task, addressing the following: 

• Definition of both types of decision errors (false negative/false positive) and the 
consequences of each 

• Identification of acceptable decision error rates 

• Definition of the portion of the site being characterized 

• Definition of the statistical model to be employed and design assumptions 

• Description of resultant design (grid Ia yout, sample size, etc.). 
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3.5.1 Site Investigation Data Quality Objectives 

The objectives of a site investigation {SI) are as follows: 

• Confirming the presence or absence of contamination 

• Conducting a limited characterization to address the nature and possible extent of 
contamination 

• Obtaining adequate data to support the following: 
Implementing an immediate response 
Proceeding with an RI 

- No further action. 

The DQO planning process for an SI allows both data users·and data suppliers to resolve issues 

in a stepwise fashion. The process brings together all key players and enables each participant to 

play a constructive role in the following: 

• Defining the problem 

• Deciding how to address the problem and what data will be needed to make the 
decision 

• Determining how the data will be used 

• Deciding the level of data quality required for that use. 

3.5.2 Remedial Investigation Data Quality Objectives 

The objectives of an RI are to characterize the presence and concentration of chemicals of 

concern in the media at the sites and to evaluate the level of risk to human health and the 

environment posed by releases of the chemicals of concern. Development ofDQOs for an RI 

involves a stepwise planning process that is applied to the collection and use of environmental 

data. The DQO process begins by stating the environmental problem to be addressed or the 

decision to be made. Next, the information required to select an appropriate course of action is 

identified. Specifications regarding the type of data needed, the way data will be used, and the 

acceptable degree of uncertainty in conclusions to be derived from the data are then developed 

through a process that involves the decision makers and data generators. 

3.5.3 Remedial Design/Remedial Action Data Quality Objectives 

The objectives of a remedial design (RD)/remedial action (RA) investigation are as follows: 
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• Providing the data needed to predict the effects of an RA and rate of contaminant 
reduction 

• Evaluating the potential of further impacts 

• Correctly designing a remedy that will cost-effectively reduce the levels of 
chemicals of concern at a site 

• Reducing the potential for adverse effects on human health and the environment. 

Development ofDQOs for an RD/RA investigation involves evaluation of existing data, identi

fication of significant data gaps that result in uncertainty in design, and identification of 

additional data required to establish the cleanup goals. The DQO process begins by identifying 

the cleanup goals and the information required to select and design an appropriate remedy. The 

process is similar to that for an RI with regard to the type of data needed, the way data will be 

used, and determining the acceptable degree of uncertainty; however, the types of data required 

are different. Physical properties of the media and chemical properties of the contaminants are 

usually required for making design decisions. 

3.5.4 Investigation-Derived Waste Data Quality Objectives 

During the course of an investigation, wastes are usually generated and data of sufficient quality 

to ensure proper waste disposal are collected. Process knowledge may also be used to determine 

the proper waste disposal method. Materials destined for off-site disposal will be evaluated with 

regard to off-site disposal regulations and other criteria specified in site-specific work plans. 

3.5.5 Long-Term Monitoring Data Quality Objectives 

The objective of a long-term monitoring (LTM) program is to verify that contaminant levels 

have not increased and migration is not occurring. Application of the DQO process for LTM 

ensures that all data, and the decisions based on the data, are technically sound. 

Several options for LTM will be considered as deemed appropriate. Some examples ofLTM 

options are as follows: natural attenuation, bioremediation, pump and treatment system 

installation, etc. Currently, no LTM is planned at RAFB. 
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4.0 Project Documentation, Record Keeping, and Field 
Operations 

4.1 Overall Project Documentation 

In the perfonnance ofRAFB project tasks, Shaw and its subcontractor personnel will be required 

to complete the necessary documentation to record such events as nonconformances, variances, 

and decisions and action items from meetings held with regulatory agencies or USACE. This 

project documentation will supplement basic documentation that consists of field investigation 

data (discussed in Chapter 5.0), sample collection information (discussed in Chapter 6.0) and 

analytical data records (discussed in Chapter 8.0). To assist in the collection of information, 

project documentation procedures have been developed and specialized forms designed. These 

procedures and documents are discussed in the following sections. 

The examples of required project forms are included in Appendix A of this SAP. Field forms are 

discussed in Chapter 7.0 of this SAP. 

4.1.1 Nonconformance Documentation 

Complex field investigation, sampling, and analysis tasks such as those performed as part of 

RAFB project are sometimes subject to nonconformances. A nonconformance is defined as an 

unplanned deviation that occurs during the implementation of a task that cannot usually be 

corrected until after it has occurred. All nonconformances must go through a cycle of being 

identified, documented, assessed, corrected, and reported. Each of these steps is critical in 

handling nonconformances as they are encountered. 

The identification of a nonconformance is the responsibility of every person who works on the 

RAFB project. This responsibility is incorporated into each person's understanding of the tasks 

assigned to them by their supervisor or task leader and their function on the project. As 

individuals perform their duties on the project, they must constantly be aware of the scope of the 

activity and recognize when a deviation from the planned activity has occurred or is occurring. 

After recognizing the deviation, they must take action by informing their supervisor or task 

leader and documenting in writing the specifics of what occurred using a nonconfonnance log. 

An example nonconformance log is included in Appendix A. When completed, the nonconfor

mance log is reviewed by a peer or supervisor and presented to project management. The Shaw 

PM will assign a lead individual who will work with the person who identified the nonconfor-
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mance, and other team members as needed, to assess its impact on the project and develop a 

corrective action plan. 

As warranted by the situation, the USACE TM and/or appropriate technical support person will 

be contacted and asked to provide input into the assessment and corr~ctive action process. In all 

cases, the Shaw PM will be consulted and the corrective action will be determined and recorded 

on the nonconformance log. Once the corrective action is implemented, the Shaw PM will 

assign a person to verify that the corrective action is successful in preventing future occurrences 

of the nonconformance. When this has been verified, the nonconformance log will be completed 

and copies distributed to all individuals who participated in the identification, assessment, and 

resolution of the nonconformance. The completed log will be included as a permanent part of 

the project file and discussed in the task final report. 

For example, a nonconformance may occur when a sample from a particular well location 

specified in the task work plan is omitted. This omission, due to an oversight, would be noted by 

the sample coordinator after the investigation has been completed. The coordinator would 

describe the deviation in a nonconformance log, and notify the task investigation leader. The 

task investigation leader would review the log and notify the Shaw PM. In this example, the 

USACE TM would be notified, and together, the group would assess the impact of the omission 

on the objectives of the investigation. If the data point is determined to be critical to the outcome 

of the investigation, the group may decide the corrective.action would be to collect the sample at 

this point and accelerate the analysis and reporting process to meet the final report due date. 

Alternatively, the group may decide that the data would have marginal impact on the 

investigation results and simply waive the sampling requirement as the corrective action. A 

long-term solution to the nonconformance must be addressed to prevent reoccurrence. In this 

example, this may include actions such as initiating a sample checklist based on the sampling 

information presented in the work plan and having a peer review of the sample documentation 

before the investigation is completed. In any case, the nonconformance log would be finalized 

by recording the corrective action and the results of the deviation .. The nonconformance and 

actions taken would be discussed in the final report. 

Nonconformances will also be used by project auditors to help focus audits on the historical 

project deviations. The auditors will review the corrective action procedures established from 

the resolution of the nonconformances and determine if the original nonconformance issues have 

been permanently resolved. Modified corrective actions may be indicated by the findings of the 

audit. 
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4. 1.2 Variance Documentation 
Variances are similar to nonconformances with respect to how they are defined, resolved, and 

documented. The primary difference is the timing of when the deviation occurs. A variance can 

be identified prior to implementation of a task, whereas a nonconformance is generally not 

identified until the task is in progress or complete. Therefore, with a variance, alternative 

techniques, modified methods, or a change in task DQOs cari be considered. Substitute data, 

alternate success criteria, or even the deletion of data points may be contemplated after gathering 

information about why the deviatiop. is necessary and examining the intended use of the data as 

planned. Project variances go through the same step-wise process of identification, 

documentation, assessment, correction, and reporting as nonconformances. 

An example project variance form is included in Appendix A. This form has been designed to 

ensure that key information is recorded by the personnel who identify variances, review the 

documentation, assess the impact on task objectives, and consider alternative strategies for 

corrective action. 

· A hypothetical example of a project variance would be a sample technician being directed by a 

task leader to collect a surface water sample from a location in a drainage ditch area. When the 

technician surveys the area, no surface water is present to.sample. A project variance would then 

be initiated by the technician to document the change from the plan. The variance form would 

be· completed and the Shaw PM would be notified; the Shaw PM would then notify the USACE 

TM. A decision would be made by the group to either select an alternative sample location 

where a surface water sample could be collected or delete the sample from the scope. The 

decision making process would take into consideration the intended use of the surface water 

data. When the decision has been made, the result would be recorded on a variance log and 

reported in the final report. 

Variances will be documented in the project file and will be referenced and discussed in the final 

report. Issued variances will be reviewed prior to SAP revision and during preparation for 

project audits. 

4.1.3 Record of Telephone Conferences and Meetings 

Meetings are frequently held via telephone or in person between members of the Shaw project 

team and USACE, the property owners, local government authorities, and/or the regulatory 

agencies. During these meetings, often-critical decisions are made and action items assigned. 
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Some of these decisions include scope and schedule changes that may impact project objectives 

and budgets. These decisions must be carefully documented and distributed to all team members 

who will participate in .or implement the decisions. The primary form to record these meeting 

minutes is the Record ofTelecon/Meeting. An example of this form, along with all other 

pertinent field forms, is included in Appendix A. A blank version of this form should be used by 

at least one designated person during the meeting to record project decisions and assigned action 

items. 

This completed record form will be circulated as a draft and reviewed by other participants in the 

meeting. Comments will be added as needed based on their meeting notes, and a final version of 

the form will be completed and signed by the preparer. The preparer is then responsible for 

distributing the form to the appropriate team personnel. The preparer will confer with the Shaw 

PM in determining the distribution. The original of all completed Record of Tel econ/Meeting 

forms will be sent to the project central files for storage and reference. 

4.2 Record Keeping 

Project documentation consists of field investigation data, sample collection information, and 

analytical data records (hard copy analytical reports and electronic data deliverables [EDD]). 

Supplemental documentation such as nonconformance reports, variance logs, Record of 

Telecon/Meeting forms, letters of transmittal, general correspondence, project proposals/plans, 

drawings, and reports, along with the project documentation, will comprise the project files. 

Copies of these documents may exist elsewhere, but the originals shall be kept in the project file. 

The project files will be kept in a secure, central location and indexed by project number. 

The Shaw PM will designate an individual to assume overall responsibility for maintaining 

project files using file tracking forms for inventory and control. The project files will be a focal 

point for project audits and must be kept current at all times. Project files will be kept in the 

Shaw Knoxville, Tennessee, office. Original documents produced in the field will be copied, the 

copies filed in the field, and the original forwarded to the Knoxville office in a timely manner. 

Task managers will be responsible for verifying that original project plans; field forms, and 

reports are transferred to the project file for long-term storage. Updated information will be 

noted and added to the file as appropriate. 

4.3 Overview of Anticipated Field Operations 

Field operations at RAFB will be conducted as part of Sis, Rls, RD/RAs, operation and 

maintenance activities, and post-remediation confirmation sampling. This chapter outlines 
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activities that may be conducted as part of field operations. Additional activities may be required 

during future tasks and will be discussed in the site-specific work plans. Field operations that are 

either currently planned or may be performed in future activities include the following: 

• Measuring static water levels in monitoring wells 

• Geophysical survey 

• UST and AST removals 

• Hazardous categorization characterization 

• Conducting a passive soil-gas survey 

• Drilling and sampling boreholes in soil and unconsolidated sediment 

• Surface water and sediment sampling 

• Surface and subsurface soil sampling 

• Purging and sampling monitoring wells 

• Conducting in situ permeability tests in selected monitoring wells 

• Installing monitoring wells 

• Surveying and locating sampling points 

• Soil excavation and confirmation sampling 

• Soil stabilization and disposal 

• Collecting samples of investigation-derived waste (IDW), excavated soil or 
sediment, and water samples for disposal characterization. 

Brief descriptions of the most common field procedures are provided in Chapter 5.0. 

Specifications for all applicable activities for each individual site will be provided in the site

specific task work plans. 

4.4 Project Audits, Corrective Action, and Follow-Up Procedures 

Project audits will consist of audits of field activities, audits of project files and record keeping 

practices, laboratory or other subcontractor audits, or a combination of one or more of these. A 

health and safety audit is a specific type of project audit discussed in detail in the RAFB 
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installation-wide safety and health plan. Project audits are planned and scheduled independently 

of project tasks, but take into account when major project tasks or changes are occurring, and 

will be scheduled relative to these events. Audits will include their own objectives, plans, 

personnel, and reports and be separate from the tasks to be implemented. The following sections 

discuss the purpose of audits and the types of audits to be performed. 

Field audits and laboratory or subcontractor audits may involve an on-site visit by a project 

designated auditor. Items to be examined may include the availability and implementation of 

approved work procedures and sample collection methods; calibration and operation and 

maintenance of equipment; packaging, storing, and shipping samples; performance documenta

tion; and nonconformance documentation. An example field audit checklist is included in 

Appendix A. 

Project file and record keeping procedural audits are usually initiated at the request of Shaw 

corporate QA management or the Shaw PM. These audits focus primarily on the management of 

project records, status of the files, and adherence to the project and corporate QA policy and 

procedures by the RAFB project team. These audits may illuminate areas where the actual 

processes are not completely compliant with approved corporate methods and improvement is 

needed. 

In all cases, the records of operation will be reviewed to verify _that home office support, labora

tory, and field-related activities were performed in accordance with approved procedures. Items 

reviewed will include, but will not be limited to, the equipment calibration records, FADL, 

chain-of-custody (COC) documentation, and data resulting from field and laboratory operations. 

Audit Schedule and Records. Field and project audits will be conducted as the scheduled 

activities necessitate and at least annually. Audits may cover field work as well as other project 

and laboratory actions. ·A project-designated auditor or audit team is responsible for planning the 

audit, coordinating activities with the client and auditee, developing an audit checklist, and 

scheduling and performing audits. Audits will be initiated at the request of the Shaw PM or 

client. Within 20 working days of completion of an audit, the auditor will prepare and submit an 

audit report that summarizes the relevant findings and recommendations of the auditors. The 

report will be addressed to the Shaw PM and copies will be sent to the auditee. 

Within 30 working days after receipt of the audit report, the auditee will prepare and submit a 

reply to the audit for the Shaw PM or client. This reply will include, as a minimum, a plan for 
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implementing the corrective action to be taken on any findings indicated in the audit report, the 

date by which such corrective action will be completed, and actions taken to prevent reoccur

rence. If the corrective action has been completed, supportive documentation should be attached 

to the reply. The auditor will ascertain (by reaudit or other means) whether appropriate and 

timely corrective action has been taken. Reaudits will be conducted and reported in the same 

manner as the original audit. 

For short-term field activities, an abbreviated field auditing schedule and scope will be initiated 

as needed. Using an abbreviated schedule, the scope of the audit wiil be reduced and will focus 

only on the current activity or task. Instead of a formal audit report, a summary of audit findings 

and recommendations will be presented in an audit result memorandum. The memorandum, 

while less formal than an audit report, will completely document the audit findings. Corrective 

actions will be planned and immediately executed to resolve audit findings. Follow-up audits on 

short-term activities will also occur on an accelerated basis to meet project time lines. 

Records of audits will be maintained in the project files. Audit files will include, as a minimum, 

the audit report or audit result memoranda, the audit responses, and any supporting documents. 

It is the responsibility of the auditee to conform to the established procedures, particularly with 

timely replies to audit reports and implementation of such corrective action as may be indicated. 

4.5 Inspection and Acceptance Criteria for Supplies and Consumables 

Standard Shaw procurement procedures will be used to obtain supplies and consumables. These 

procedures are initiated by the task manager, field coordinator, or other technical lead person and 

then forwarded to project management and procurement personnel for approval and supplier 

contact. In the request for supplies, the requestor must specify the needed characteristics of the 

material such as any required certifications of purity or QC level. Sample supplies and 

consumables must be inspected upon receipt to verify that they do meet these specifications and 

that any required manufacturer's documentation is present and retained for the proj.ect files. Any 

damaged, unsealed, or used equipment (unless adequately cleaned and returned to service) will 

not be accepted. 

For items that may come in contact with the sampled matrix or sampling device, assurances 

should be made, through adequate receiving inspection, that such materials are not contaminated. 

They must remain sealed or be decontaminated adequately before field use. Examples include 

decontamination water, chemical reagents, sampling probes/instruments, hailers, soil spoons, 

augers, and well construction materials (screen, riser, filter pack, and others). 
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5.0 Field Investigation Procedures 

This section provides brief descriptions of SOPs to be followed for performance of proposed 

tasks necessary for conducting Sis, Rls, RD/RA investigations, and post-remediation confirma

tion sampling at RAFB. Currently, planned procedures that may be performed at RAFB include 

the following: 

• Excavating, stockpiling, sampling, stabilizing, and disposing of contaminated soil 
• Drilling and sampling soil borings 
• Installing groundwater monitoring wells 
• Conducting single and multiple well aquifer tests 
• Conducting land surveys 
• Groundwater sampling 
• Surface and subsurface soil sampling. 

These activities may be conducted in support of work that is carried out at specific sites at 

RAFB; the site-specific specifications for each of the activities required for each investigation or 

RA are provided in site-specific task work plans that will reference this SAP. General sampling 

procedures will be discussed in Section 6.1. 

5.1 Soil Boring Installation and Abandonment 

Soil borings may be drilled to sample the surface and subsurface soil for lithologic descriptions, 

geotechnical testing, or chemical analysis. The soil sample collection method used will depend 

on the depth to which the boring will be advanced and the purpose for which the sample is to be 

taken. 

5.1.1 Boring Advancement and Drilling Methods 

All proposed soil borings will be advanced to the specified total depth by using any of a variety 

of methods: hollow-stem auger, hand (bucket) auger, split-barrel sampler such as portable power 

auger, or direct-push technology. If a hollow-stem auger is used for well installation, it will have 

a nominal inside diameter of at least 4.25 inches and outside diameter of 8.25 inches. This will 

allow a 2-inch annular space between outer well casing and borehole sidewall. The boring 

locations and depths for each site are described in the site-specific task work plans. 

In addition to more traditional subsurface soil investigations techniques, direct-push soil 

investigations may be conducted to gather data useful In confirming or defining soil 

contamination present in a given area. The direct-push system is a less expensive alternative to 
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drill rig-installed soil borings and has the capability of collecting both soil and groundwater 

samples from the same sample location. Due to the depth of groundwater and absence of 

groundwater in unconsolidated sediments above the bedrock, the collection of groundwater 

samples by direct-push technology will not be possible at RAFB. Because the soil probe is 

pushed pneumatically to depth, the direct-push procedure produces little IDW and, therefore, 

·reduces associated disposal costs. Specific procedures are included in Chapter 6.0 to support soil 

sampling activities associated with direct-push investigations. 

5.1.2 Borehole Abandonment 

Boreholes installed using direct-push samplers will be abandoned by backfilling with bentonite 

pellets. A 3-inch-thick grout cap will be placed flush to the ground over the boring to prevent 

the vertical migration of water. 

Boreholes drilled using hollow-stem augers that do not have wells installed will be abandoned by 

placing a bentonite grout slurry into the borehole and will be capped with a 3-inch thick grout 

cap. 

5.2 Monitoring Wei/ Installation and Development 

The current SOW includes the installation of monitoring wells for the purpose of groundwater 

monitoring at the small arms range at RAFB. All equipment decontamination, drilling, 

monitoring or extraction well installation activities, well development, and field documentation 

will be conducted according to the procedures outlined in this section. 

The screened interval for new wells will be placed at a representative depth and will not extend 

deeper than the expected contamination interval. Borings for the installation of the wells will be 

advanced through the soils using hollow-stem auger drilling methods whenever possible. Mud 

rotary, rotasonic, driven casing, and/or reverse circulation drilling methods may be 

recommended to USA CE if field conditions require it but will be performed only if approved 

during the task planning stage. The rationale for the well placement and anticipated depths will 

be given in tl;le site-specific task work plans. If confined aquifers exist and the deeper aquifers 

will be penetrated, double-cased wells will be installed. 

For all wells, soil samples and/or drill cuttings will be collected continuously from the upper 10 

feet and at 5-foot intervals (or as otherwise deemed necessary) thereafter to provide a detailed 

lithologic log. Selected samples will be collected for grain size analysis and Atterberg Limit 

analysis using the ASTM methods listed in Section 6.1.1. 
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A geologist will supervise the drilling of each borehole and will maintain a record of the drilling 

and soil conditions encountered. The geologist will maintain continuous, detailed subsurface 

HTRW logs by examining drill cuttings, recording the collection of samples/cores, and noting 

first-encountered groundwater levels for each borehole as per USACE specifications. Daily field 

notes will be kept and will include sufficient information to reconstruct the progress of drilling 

operations, problems encountered, well installation procedures, etc. After completion of site 

work and report writing, original copies of all field forms and documents will be archived in the 

project files at the Shaw office in Knoxville, Tennessee. 

5.2.1 Monitoring Well Installation 

After completion of the borings, well installations will be performed in conformance with 

USACE and EPA Region 2 geotechnical requirements. Representative samples of graded sand 

pack matenal will be evaluated; the filter sand will be selected before drilling and will be 

specified in the site-specific task work plans. Screen and casing specifications will be given in 

site-specific task work plans where required. Monitoring wells will be constructed by placing a 

less than 1-foot layer of sand in the borehole below the screen and bringing the sand pack to at 

least 2 feet above the top of screen. 

An annular seal will be formed above the filter pack with either fine sand or bentonite pellets. If 

the top of the filter pack is in the unsaturated zone, then ari approximate 3-fooMhick layer of fine 

sand will be placed on top of the filter pack, assuming there is adequate distance between the top 

of the filter pack and ground surface. If not, then sufficient fine sand will be emplaced to bring 

the annular materials to within 0.5 foot of ground surface. A cement grout will be used to seal 

the borehole above the find sand. Ifless than 3 feet of the fine sand seal can be used, then the 

initial grout mixture will be sufficiently viscous to prevent significant penetration into the fine 
sand. 

If the top of the filter pack is below the water table, then an approximate 3-foot-thick bentonite 

seal will be emplaced on top of the filter pack. The remaining annulus will be grouted 

continuously from the top of the hydrated bentonite seal to ground surface. Screen lengths for 

the wells will be provided in the site-specific task work plans. 

A warning plaque will be permanently affixed to the outer protective casing upon completion. 

The plaque will be inscribed with a warning stating that the well is not for drinking water and 
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also show pertinent information such as well identification, date installed, total well depth, 

screen length, borehole size, and well installer. 

Depending on task objectives, final completion methods may differ from this description. When 

necessary, site-specific requirements will be defined in each site-specific work plan. 

5.2.2 Monitoring Well Completion 

A 5-foot length of 6-inch inner diameter protective, clean steel casing with a locking cap will be 

installed over the well pipe to a depth of approximately 2 feet below the ground surface. An 

internal mortar collar will be placed within the steel protective casing and outside the well casing 

to a height of 0.5 foot above the external concrete pad. A square concrete pad will be construc

ted arc;mnd the well. The pad will be a minimum of 3 feet square and 6 inches thick and will 

slope away from the well. An internal drainage hole will be drilled through the steel casing just 

above the mortar collar. After the grout has thoroughly set, the protective steel casing will be 

painted and identified by number in a contrasting color. Three concrete posts will be set radially 

around the well. Depending on site requirements, flush-mounted wells may be alternatively 

installed. When specified, their completion requirements will be described in site-specific work 

plans. 

5.2.3 Well Completion Diagrams 

A well installation diagram will be included in the final report for each site. This diagram will 

illustrate the depth of the boring, screen location, sand filter pack material, seals, grout, and other 

pertinent data. 

5.2.4 Well Development 
Each well will be developed by pumping or bailing as soon as practical but no sooner than 48 

hours nor longer than 7 calendar days after the placement of the surface pad and outer protective 

casing. The well will be developed by bailing, pumping and surging, or by a closed air-lift 

system. During development, the pump inlet will be moved through the entir~ screened interval 

or the bailer will be lifted from different depths in the well. The development procedure will 

continue until the following conditions are met: 

• Water is clear to the unaided eye, free of sand, and free of drilling fluids. 

• Thickness of the accumulated sediment in the well is less than 1 percent of the 
screen length or less than 0.1 foot for screens equal to or less than 10 feet long 
(USACE, 1998b). 
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• Temperature, pH, turbidity, and specific conductance values stabilize. 

• A volume of water equal to a minimum of three times the volume of standing 
water in the well and annular space assuming 30 percent porosity, has been 
removed from the well. 

Typically, well development can be completed within four hours if the seal has not yet been 

placed. If after two attempts to develop a well, all development criteria are not achieved, the 

USACE will be notified for further direction. 

5.3 Water Level Measurements 
Depths to water will be measured to the nearest 0.01 foot from the highest point on the riser 

(inner casing), or from a marking on the riser from which the elevation has been surveyed. 

Measurements will be performed with a decontaminated water level meter that has been scale.;. 

calibrated by the manufacturer to certified lengths. 

5.4 Aquifer Testing 

Aquifer testing may be conducted as a part of the SOW for the SI at the small arms range at 

RAFB. If aquifer testing is necessary, it will be performed using the procedures described in this 

section. Aquifer tests will be conducted to address specific objectives: 

• Slug tests (in situ permeability) will be conducted to provide hydraulic 
conductivity from the aquifer materials directly adjacent to the well screens. 

• Step-drawdown tests will be conducted to establish the specific capacity and 
optimum pumping rates for extraction wells, and to properly size the pump for 
each extraction well. 

• Constant-rate, long-term (72-hour or more) aquifer tests will be conducted to 
provide quantitative estimates of hydraulic properties of the water table aquifer, 
including transmissivity, hydraulic conductivity, and storativity, as well as long
term aquifer performance and chemical concentrations during discharge within the 
area of contamination. 

5.4.1 Slug Tests 

If aquifer testing is conducted, slug tests will likely be chosen to evaluate aquifer characteristics. 

Slug tests provide an estimate of the hydraulic properties of an aquifer in the immediate vicinity 

of a well where the test is conducted and involve causing an instantaneous change in the water 

level in a well and measuring the recovery of the water level with time (Freeze and Cherry, 
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1979). The procedure outlined in this section is based on using a bailer or solid cylinder to 

remove a volume of water from the monitoring well and will follow the sequence of rising 

head/falling head tests. The full bailer should be placed in a bucket for return to the well to 

complete a falling head test. If a solid slug is used instead, then the sequence is reversed (falling 

head/rising head). 

The following equipment is required for this procedure: 

• Electronic data logger with a pressure transducer 
• Stopwatch 
• Aquifer test form 
• Bailer, nylon rope, and 5-gallon bucket. 

The following procedure will be followed for conducting the permeability tests and for recording 
the data: 

• Measure the static water level from the top of casing. 

• Install a pressure transducer and initiate reference information for the electronic 
data recording device. 

• Lower the slug or bailer into the water column. 

• Allow the water level to reequilibrate, then initiate the data logging sequence on 
the recording device and remove the slug to start the rising head test. During the 
test, the depth to water shall be recorded on the aquifer test form. 

• After the rising head test is completed, the bailer is reinserted, and the data logging 
sequence reinitiated on the recording device to begin the falling head test. 

• During both rising and falling head tests, the depth to water should be recorded on 
the aquifer test form. 

Following the tests, the data recorded by the logging device shall be recovered and stored on a 

magnetic medium. Recovery data should be graphed and inspected in the field for consistency 

and completeness. 

Once the test is completed, the pressure transducer and bailer shall be decontaminated following 

the procedures outlined in Section 6.1. 7. 
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5.4.2 Aquifer Test Analysis 
For slug test data, the Bouwer and Rice model (Bouwer and Rice, 1988) will typically be used 

for the unconfined aquifer and the Cooper, Bredehoeft, Papadopulos model (Cooper, et al., 1967) 

will typically be used for confined conditions. 

5.5 Geophysical Surveys 

5.5.1 Electromagnetic Surveys 
Frequency domain electromagnetic profiling using a Geonics EM-3 lDL (EM-31) coupled with 

an OMNI Systems digital data logger will be used to delineate metallic pipes and cables, USTs, 

pits and trenches containing metallic debris, and fill areas. Electromagnetic utility locators will 

be used, when necessary, to trace metallic pipes and cables. 

Prior to collecting data, geophysical survey control points will be marked with surveyor's 

paint/chalk such that the resolution objectives of the investigation are met. This process 

generally involves marking a 10-by-10-foot or 20-by-20-foot control point within a surveyed 

base grid. A site map will be generated in the field showing the geophysical survey area and 

obvious surface cultural features that could potentially affect the data (e.g., structures, fences, 

surface metallic objects, or overhead utilities). 

A geophysical survey base station will be established near the site in an area unaffected by 

buried metallic debris or cultural interference (i.e., subsurface or overhead utilities, fences, 

structures, etc.). Before acquiring EM-31 data, the instrument will be calibrated and the in-phase 

component set to zero at the base station, and several measurements of conductivity and the in

phase component will be taken and stored in the data logger. Measurements of conductivity and 

the in-phase component will then be made at 5-foot intervals along survey lines and stored in the 

data logger. After completing the survey, the base station will be reoccupied and several 

measurements of conductivity and in-phase component will be taken. Comparison of base 

station measurements before and after the survey will provide a quantitative measure of 

instrument drift. The EM-31 survey will also be conducted along perpendicular lines to allow 

for a more accurate delineation of subsurface features such as pipelines and trenches. After 

completing the EM-31 survey, data will be downloaded to a laptop computer and prepared for 

processing. 

Contour maps of conductivity and in-phase component will be generated using the GEOSOFT™ 

mapping system. Contour maps will be color enhanced to facilitate the recognition and interpre-
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tation of subtle anomalies. The contour maps of EM-31 data will be interpreted to determine the 

locations of fill areas containing buried metallic objects, debris, US Ts, and subsurface pipelines 

and cables and to assess the effects of surface cultural features such as high-voltage electric lines, 

fences, and buildings. 

5.5.2 Magnetic Surveys 

Magnetic surveys will be conducted using an optically pumped cesium Geometrics G-858G 

magnetic gradiometer (or equivalent instrument) at sites suspected of containing buried ferrous 

metallic objects or debris. 

Prior to starting the magnetic survey, a magnetic base station will be located away from the site 

in an area free of cultural interferences capable of producing magnetic anomalies. The base 

station magnetometer will be programmed to measure the intensity of.the earth's magnetic field 

every 20 seconds or less and store the data in the instrument's internal memory. The magnetic 

base station will provide a record of diurnal variations in the earth's magnetic field during the 

survey period. 

Measurements of the earth's total magnetic field and vertical magnetic gradient will be made 

with the magnetic gradio?1eter at the preestablished geophysical survey base station prior to 

conducting the magnetit survey. Magnetic data will then be collected along north-south oriented 

·survey lines at 10-foot or less intervals and stored in the instrument's internal memory. 

Following the survey, the geophysical base station will be reoccupied with the magnetic gradio

meter and several measurements will be taken to provide a quantitative measure of instrument 

drift during the survey period. All data stored in the internal memory of the magnetic base 

station and magnetic gradiometer will be downloaded to a laptop computer. The data from the 

field gradiometer and the base station magnetometer will be downloaded simultaneously, with 

corrections for diurnal magnetic drift during the survey period being made automatically. 

Contour maps of total magnetic field and vertical magnetic gradient data will be generated using 

the GEOSOFT geophysical mapping system. The contour maps will be color enhanced to 

facilitate the recognition and interpretation of subtle anomalies. Contour maps of magnetic data 

will be interpreted to determine the locations of buried ferrous metallic objects or debris and to 

assess the effects of surface cultural features such as high-voltage electric lines, fences, and 

buildings. 
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5.5.3 Ground-Penetrating Radar Surveys 
Ground-penetrating radar (GPR) surveys will be conducted with a Geophysical Survey Systems, 

Inc. SIR System 3 or System 10 coupled to either 300- or 500-megahertz antennas, depending on 

site conditions. GPR surveys will be conducted to determine the lateral extent and approximate 

depth below ground surface of significant EM-31 and magnetic anomalies, to delineate 

nonmetallic features such as vitrified clay or concrete pipes, and to characterize the subsurface in 

areas inaccessible with electromagnetic or magnetic instruments (e.g., near buildings, fences, 

reinforced concrete pads). 

Prior to collecting GPR data, the instrument will be calibrated by pulling the antenna over an 

object whose depth is known and observing where the anomaly occurs on the record. The 

electromagnetic signal velocity may then be calculated and used to determine approximate 

depths of other anomalies located in similar subsurface conditions. If no known object is 

available, approximate signal velocities may be obtained from published tables by selecting a 

velocity for the type of soil that most closely resembles the site soil conditions. The GPR signal 

will then be gained by applying specific multipliers relative to depth to the amplitudes of the 

signal in order to maximize the signal to noise ratio. This procedure is done to account for the 

rapid loss of energy of the electromagnetic waves as they travel through the subsurface. 

Following system calibration, GPR data will be acquired semicontinuously as the antenna is 

hand towed along each survey line. A marker switch on the antenna unit will be used at a 

predetermined interval to mark control points on the GPR records. If the System 3 is used, the 

black and white graphic records of the data will be appropriately labeled after each traverse is 

completed. If the System 10 is used, the data will be stored on digital tape and later processed 

and printed on a color printer. 

Digital GPR data acquired with the System 10 will be processed daily during the field program 

using the RADAN 3 TM program written by Geophysical Survey Systems, Inc. Data will first be 

downloaded from 8-millimeter digital tape to an exterq.al hard disk or other storage device. 

Horizontal and/or vertical filters will be applied to the data where necessary to enhance features 

of interest and reduce noise. Additionally, the data will be horizontally stacked to increase the 

signal-to-noise ratio. Color-enhanced GPR records will then be printed on a color printer. GPR 

records will be evaluated to determine the depth penetration at each site and to determine the 

approximate lateral extent and depth below the ground surface of known or suspected targets 

visible on the profiles. 
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5.6 Land Surveying 

Survey requirements in general will include the following: 

• Establish grid comers 

• Locate soil borings and monitoring well positions 

• Establish elevation of installed groundwater monitoring wells and actual drilling 
sites of soil borings. 

Each survey location will be surveyed to determine the horizontal map coordinates referenced to 

the State Plane Coordinate System (SPCS). These surveys will be connected to the SPCS by 

third order, Class II control surveys in accordance with the Standards and Specifications for 

Geodetic Control Networks (Federal Geodetic Control Committee, 1984). All horizontal survey 

coordinates will have an accuracy of plus or minus 0.1 foot within the SPCS. 

Elevations including monitoring well ground elevations and well casings (top of polyvinyl 

chloride casing) and soil boring locations (and other samples as considered necessary) will be 

surveyed to the nearest 0.01 feet and referenced to the National Geodetic Vertical Datum of 1929 

(NGVD 1929). These surveys shall be connected by third order leveling to the NGVD 1929 in 

accordance with the Standards and Specifications for Geodetic Control Networks (Federal 

Geodetic Control Committee, 1984). 

Survey field data (as corrected), to include loop closures and other statistical data in accordance 

with the standards and specifications referenced above, will be provided to Shaw upon 

completion of the survey efforts. Closure shall be within the horizontal and vertical limits given 

above. The data shall be clearly listed in tabular form, including the coordinates (and system) 

and elevation (ground surface and top of well) as appropriate, for all borings, wells, sample 

locations, and reference marks. All permanent and semipermanent reference marks used for 

horizontal and vertical control (benchmarks, caps, chiseled cuts, rail spikes, etc.) shall be 

described in terms of their name, character, physical location, and reference value. 

5. 6.1 Control Monuments 
Existing permanent control monuments will be used for each site. If existing permanent control 

monuments are unavailable, new control monuments will be provided after consultation with 

USACE. Each new control monument will be located horizontally to the nearest 0.1 foot and 

· refer~nced to the previously established SPCS site coordinate system. The elevation of each 

monument will be measured to the nearest 0.01 foot and referenced to the NGVD 1929. Each 

KN6\Ramey\IW SAP\Final\F-SAP-10_06.doc\10/10/06{1 :58 PM) 5-10 



monument will consist of a standard 4-inch diameter brass or aluminum monument embedded 

permanently in concrete. The identification, elevation, and coordinates will be inscribed on the 

monument. Control monument data will be included with other surveying data in the final 

report. 

· 5.6.2 Soil Boring Surveys 
Soil boring locations will be established in the field by the field coordinator or site geologist. 

Each location, once sampled, will be clearly marked with a stake, pin, or similar item until it can 

be surveyed. The sample location identifier will be written in waterproof ink on each marker. 

Soil boring locations (samples below the 1 foot depth), once grouted or backfilled and properly 

marked, will be surveyed for horizontal coordinates to the nearest 0.01 foot and referenced to the 

SPCS. Surface elevations of soil borings will be measured to the nearest 0.01 foot referenced to 

the NGVD 1929, when required or requested. 

5.6.3 Monitoring Well Surveying 

Horizontal coordinates for all new monitoring wells will be measured to the nearest 0.1 foot and 

referenced to the SPCS. Elevations will be measured at ground surface and at the top of the well 

casing to the nearest 0.01 foot. All elevation measurements will be referenced to the NGVD 

1929. The measurement point on the top of the well casing will be clearly and permanently 

marked for future water level measurements. The unique monitoring well identification number 

will be permanently marked on the protective cover. 

5.6.4 Surface Water/Sediment Sample Location Surveys 
Surface water and their corresponding sediment sampling locations will be surveyed for horizon

tal coordinates to the nearest 0.1 foot and referenced to the SPCS. These locations will be 

marked with a surveyor's stake, buoy, or flag after sampling until surveyed. 

5.7 Aboveground Storage TanWUnderground Storage Tank Removal Procedures 

Procedures required for AST or UST removal activities will be discussed in each applicable ~ite

specific work plan. 

5.8 On-Site Analysis 

Shaw will utilize on-site analysis for metals using x-ray fluorescence (XRF) at the small arms 

range. On-site analysis is used to produce data on a real-time basis so that same-day 

interpretation in the fiel~ is possible. Additional push points may be located or deeper depths 
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sampled as determined from the interpretation to further characterize the site. Knowing the 

objective of the investigation, the task manager can plan DQOs for on-site analysis to meet "field 

screening" data quality levels. These DQOs in tum would then be applied to the investigation by 

the on-site analyst who would be responsible for implementing and documenting the 

corresponding QC program. Typically, a predetermined percentage of definitive data quality 

level sampling and analysis is required to confirm that field procedure results are accurate, 

defensible, and usable. The analysis of these confirmation samples would include the use of 

standard methods such as those from EPA or ASTM, with as· few modifications as possible. 

These types of tests are typically analyzed in an off-site, fixed-base laboratory facility. 

Any pertinent field data generated by a direct-push subcontractor or other similar subcontractors 

should be reported to the Shaw task manager or the site supervisor on a daily basis. 

5.9 Off-Site Confirmation Analysis 

Site-specific work plans developed prior to field activities will specify a frequency criteria for 

off-site confirmation analysis. Analytical programs will be defined in each site-specific work 

plan. Method detection limits (MDL), RLs, and QA/QC criteria for each parameter of interest 

will be defined in each site-specific work plan. Target limits, current at the time of the 

production of this installation-wide SAP for Shaw's subcontractor laboratory, are defined in 

Chapter 7.0 for review purposes only. These limits change periodically based on laboratory 

statistical studies and, due to the unknown time frame for completing investigation tasks at 

RAFB, limits current at actual field activity time will be included in each site-specific SAP for 

the contaminants of interest ·at that site. 

Samples receiving VOC analysis will be archived on site no longer than 24 hours from collec

tion. No samples will be stored on site longer than 48 hours unless specifically defined in the 

site-specific work plan. While archived, samples will be stored on site in a secure refrigerator or 

stored on wet ice and will be monitored for temperature compliance ( 4 degrees Celsius [°C] plus 

or minus 2°C) at least once daily. 

If subcontractors are used, they will be required to issue an interpretive final report of their 

investigation results that includes a thorough discussion of the QC program, its results, and the 

impact on data quality and usability. This report will be sent to the task .leader and the results 

reviewed by the project chemist. The on-site data report will then be incorporated into the draft 

task report and the associated quality control summary report (QCSR). 
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5.10 Field Analysis Procedures 
Field analysis procedures such as the analysis of groundwater or surface water samples for 

monitored physical parameters (temperature, pH, and conductivity) and use of organic vapor 

monitor instruments to "field screen" headspace vapors of soil or water samples are commonly 

performed. These analysis data are recorded and documented as part of the sample collection 

log, well sampling log, or FADL. 

As described in Section 5.8, when XRF or similar technologies are used they will be thoroughly 

documented and their findings will be summarized in each site's final report. 

Because the instruments used to perform such analyses are designed for field use and are rela

tively stable in fluctuating field environments, daily calibration checks should be a sufficient 

indicator of performance. Calibration checks are performed by the manufacturer's recommended 

method or SOP and usually consist of a linearity check of the instrument reading while analyzing 

single-point or multiple-point standards of known concentration or value. If the instrument 

reading is inconsistent with the reference value, the instrument calibration will be adjusted or the 

instrument will undergo maintenance or replacement, if warranted. Instrument calibration 

checks and maintenance activities are documented on project data forms and placed in the 

permanent field data record file. 

In addition to field meters and XRF instruments, other instrumentation and/or field test kits such 

as those from Hach or immunoassay tests may be used to generate on-site data: Hach test kits 

are usually specified in task work plans to measure water quality parameters (such as ferrous 

iron) where a field meter may not exist or off-site laboratory results may not provide the 

accuracy required. Immunoassay test kits are used to generate soil sample screening data for a 

variety of organic compound types and are semiquantitative in nature. Both types of kits use 

chemical reagents and some type of quantification meter to analyze the tested sample aliquot. 

The kit manufacturer produces explicit step-by-step instructions that must be followed 

consistently by the field analyst. The Shaw project chemist will review the purpose of the kits 

and the procedures for analysis and assist in the development of analysis-specific checklist forms 

that incorporate the manufacturer's procedures and any additional project-specific QC 

procedures. These forms will be developed during plan preparation and incorporated with the 

example forms presented in the site-specific work plan appendix. Text will be included in the 

site-specific work plan to address the off-site confirmation analysis strategy and will include a 

frequency of analysis and sample selection criteria. 
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For Hach kits, duplicate analysis should be periodically performed to assess precision. Blank 

analysis and the analysis of check standards should be performed as applicable. The instrumen

tation used to complete the quantification should be calibrated daily or be checked daily against 

standards as required by the manufacturer. All results will be recorded on reporting forms that 

include the documentation of the QC checks performed. For immunoassay kits, duplicate 

analyses, blanks, and calibration checks shall be performed routinely at a frequency assigned in 

the site-specific work plan and documented on the appropriate predesigned result summary 

forms. All completed forms will be reviewed in the field by a peer or task leader and by the 

project chemist during preparation of the draft report and discussed in the associated QCSR. 
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6.0 Sample Collection and Data Acquisition 

It is the intent in this chapter of the SAP to identify and describe the pertinent quality aspects of 

the anticipated sampling types/approaches that will be implemented to support RAFB 

environmental activities. This chapter includes a general discussion of planning steps as well as 

a broad range of specific sampling procedures, including soil, sediment, groundwater, and 

surface water sampling. This chapter includes a detailed discussion of sampling documentation, 

field data recording, and data flow procedures. This chapter of the SAP also discusses field 

quality topics such as equipment decontamination procedures; sampling containers, preservation, 

and holding time requirements; and specific field QC sample requirements, including the sample 

types, purpose, and frequency. 

During the establishment of project DQOs, situations may be identified where specialized 

procedures are needed to address site-specific sampling activities that fall outside the scope of 

this SAP. In these cases, the task manager must rely on the guidance in this SAP and in EPA and 

USACE documents to determine the most appropriate method and address the specific quality 

concerns related to those special procedures. The site-specific work plan will then describe the 

selected method and its related quality concerns identified through the DQO process. 

6. 1 Overview of Sample Collection Procedures 

During site-specific planning and DQO planning, careful thought should be given to the design 

of the sampling program. This includes an evaluation of not only the currently planned, intended 

use of the data, but possible future use as well. This is accomplished primarily through a 

thorough definition of the task SOW and evaluation of anticipated future needs. When the scope 

and future needs are well defined, then the objectives for the sampling program can be 

established to meet these task needs. Once the sampling objectives are known, the fundamental 

questions of sample method selection, the actual field procedures to be implemented, the spatial 

or timed frequency of collection, and total sample population can be determined and discussed in 

the site-specific work plan. Included in this SAP are some of the generalized approaches and 

quality concerns a~sociated with the individual sample collection procedures, field QC samples 

and their sampling procedures, sample handling and documentation, and equipment handling 

along with calibration. References to these_generalized approaches should be incorporated as 

appropriate into the sampling sections of the site-specific work plans, with supplementary text 

added to address additional site-specific issues. 
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The following considerations form the basis for each site-specific sampling program: 

• Selection of sampling points 
• Frequency of sampling 
• Methods of sampling to be used 
• Media to be sampled 
• Number of samples· to be collected 
• Volume of samples to be collected 
• Types and kinds of analyses to be performed in the field 
• Types and kinds of analyses to be performed at the laboratories 
• Sample turnaround time 
• Procedures and precautions to be followed during sampling 
• Methods of preservation and shipment. 
• Holding time. 

Sampling will be conducted frequently enough to satisfy all program objectives. The methods 

used during sampling will preserve the integrity of the material parameters. Field procedures for 

sample collection and analysis are presented in this SAP. 

Any sample obtained during the field sampling should be representative of the sample location 

and free of contaminants from sources other than the immediate environment being sampled. 

The equipment and techniques that will be employed to obtain representative samples will be in 

accordance with procedures specified in this SAP. 

For the current SOW, proposed sample matrices include soil and groundwater. Sample 

collection will be accomplished using standard EPA-approved methods and protocols by 

experienced and trained Shaw personnel. Sample technicians selected to collect and document 

samples will review with the task manager and/or field coordinator the requirements of this SAP, 

the task work plans and field sampling plans, and reference documents. Technicians will also 

review the operation and calibration procedures and manufacturer's instructions for field 

analytical instruments such as vapor analyzers, field meters, and test kits before use. Task 

managers and the field coordinator will take responsibility for overseeing the implementation of 

sample collection activities and will review project-specific documents with all technicians 

before initiating these activities. 

Copies of example forms referenced and discussed in the following sections are included in 

Appendix A. 
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6.1.1 Surface and Subsurface Soil Sampling and Logging 
Surface and subsurface soil samples will be collected and analyzed for chemical and/or physical 

parameters and the data used to meet the task objectives, which may include risk assessment. 

Soil samples may also be collected from stockpiles that have been generated as part of an IM at a 

site to determine disposal options based on hazardous material classification. This section 

provides the general details for collection of soil samples. 

Surface soil, at depths between 0 and 12 inches, will be collected using a split-spoon sampler, 

hand auger, spoon, trowel, scoop, or by direct-push technology. Borings advanced for 

subsurface soil samples greater than 1-foot depth will be advanced using hollow-stem augers, 

steel hand augers, direct-push sampling probes, split-core samplers, or portable power augers. If 

hollow-stem augers are used, it will be in accordance with ASTM Method D-1452. If a power 

auger is used, it will be used only to advance the boring to the desired depth and not to collect 

samples for chemical analyses. All soil sampling equipment that may come into contact with 

samples or sampling surfaces will be constructed of stainless steel. 

A soil sample collection log will be completed for each sample. Al.1 soil will be described using 

the Unified Soil Classification System (USCS) soil taxonomy nomenclature. For surface soil 

samples, the soil description will be kept on the soil sample collection log. HTRW drilling logs 

as used by USA CE will be kept for soil borings that have been advanced to depths greater than 3 

feet. 

Section 6.3 .3 discusses the sample collection forms that are used to document the sample 

location, identification, type, and number of sample bottles filled; any additional QC samples 

collected in conjunction with the field sample; and the field notes of the sampling technician 

used to record the actual conditions encountered. The information required to complete these 

forms must be recorded by the technician in the field during sample collection and should be 

peer reviewed by other technicians before leaving the sampling location. Following this 

procedure will help ensure that the field data recorded are accurate and complete for each sample 

collected. In areas of the form that require observations and notes to be recorded by the 

technician, an effort to record factual, observed characteristics, such as a visual description, odor, 

surrounding area, and problems encountered in collecting the sample, will be made. The 

technician must use judgment to record observations that are based on what actually occurred or 

was observed and not what was inferred or interpreted (e.g., sample odor or visual inspection 

indicated chemical contamination). 
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Method 5035. To comply with EPA SW-846 Update III Method 5035, Shaw will use 

laboratory pre-preserved, tarred vials in conjunction with a single-use coring/transfer tool such as 

the Terraeore® sampler manufactured by EnNovative Technologies whenever VOCs are part of 

the analysis program. The Terraeore sampler delivers an approximately 5-gram soil sample to 

the pre-preserved vials. The individual site-specific work plans will specify if both high-range 

(i.e., when compound concentrations are expected to exceed 200 micrograms per kilogram) and 

low-range (i.e., when concentrations are expected to fall within 5 to 200 micrograms per 

kilogram) analyses are needed. Three 5-gram capacity vials will be collected. For samples 

requiring voe analyses only, an additional aliquot of sample will be collected for screening and 

dry weight determinations. 

Since bottles are pre-preserved, the laboratory must weigh the vials before sending them into the 

field and must weigh them again after receipt. The sample technician will take precaution not to 

lose any of the liquid preservative through evaporation or spillage. A sample vial will be 

discarded if any of the contents spill or appear to have leaked during transport. The sample 

technician will use oilly the laboratory-supplied container labels for identification information. 

No additional labels should be applied to the containers. To minimize sample exposure to air, 

samples will be collected directly from the sample source using the provided TerraCore sampler. 

One Terraeore sampler will be used at each sampling location. The approximately 5-gram 

sample will be extruded from the Terraeore sampler directly into the pre-preserved sample vials. 

Once the sample vials are sealed, each sample will be individually numbered using the 

laboratory-provided sample labels. Upon collection, the samples will be sealed into an outer 

resealable plastic bag, placed into a cooler on ice, and chilled to 4°e. 

VOC samples collected in this manner have a 14-day holding time. Additional QA is discussed 

in Section 6.1.6. 

Surface Soil Sampling. Before collecting a surface sample, nonrepresentative debris such as 

rocks and vegetative material will be cleared from the immediate area. After the sample is 

collected, the soil will be homogenized as thoroughly as possible in a stainless-steel bowl. 

Samples for voe analysis will not be homogenized but instead will be directly collected from 

the sampling device using the Terraeore sampler(s) described above. Vapors from surface soil 

samples may be field screened using an organic vapor meter or analyzed via headspace analysis 

method as described in Appendix e. Samples collected for chemical analysis wil~ be placed in . 

the appropriate sample containers, labeled for proper identification, and packed in a cooler with 
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ice pending shipment to the laboratory. The criteria for sample selection will be documented on 

the F ADL and notes as to location, identification, methodology, analysis program, and other 

information will be recorded on the soil sample collection log. 

To be representative of the matrix, the sample must be free of excess vegetation or rock. These 

can be removed using a sampling spoon during the sample mixing step. Sample technicians 

must be careful not to handle the sample with gloves to avoid phthalate contamination. Special 

care must be taken with soil samples for volatile compound analysis not to cause volatilization 

and loss of compounds through agitation of the matrix during collection. This will be prevented 

if sampling precautions are taken and the material is transferred directly from the sampling 

device into the designated sample vials provided as a part of the TerraCore kits. To maintain 

representativeness, saniples collected in the field must be placed in a dedicated sample ice chest, 

on ice, and chilled to 2 to 6°C from the time of collection until receipt by the laboratory for 

analysis. 

If collection techniques are performed that require compositing or mixing, the EPA quartering 

method presented in Environmental Investigations Standard Operating Procedures and Quality 

Assurance Manual (EPA, 1996) will be implemented. A copy of this document will be available 

on site for review. This method includes the following procedures: 

• Extrude the soil from the sampling device. 

• Place sample in a glass or stainless-steel mixing bowl. 

• Divide into four equal quarters using a stainless-steel spatula or glass rod. 

• Mix each quarter individually. 

• Combine the quarters into a central composite. 

• Redivide the sample into four equal quarters and repeat procedure until the soil is 
homogenized as much as possible. 

• Withdraw aliquots from the four quarters equally to fill each sample container. 

It is strongly recommended that this procedure be used especially in cases where field duplicate 

or split samples are performed. This procedure is not to be performed on samples requiring 

voe analysis. 
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All equipment used for collection, transfer, and homogenization will be properly decontaminated 

before collecting samples and between sampling locations, as described in Section 6.1.7. 

Excavation Confirmation. The excavation confirmation sample is a particular type of soil 

sample. This is a soil sample collected from the surfaces of an excavation and is usually used to 

characterize the extent of the excavation to judge completeness. The surfaces sampled may 

consist of the excavation floor, sidewalls, or perimeter, and as such, exact sample locations may 

be slightly different than traditional surface soil samples. The site-specific work plan will 

describe the number and the relative positions of the excavation confirmation samples on a case

by-case basis, as these will vary with the size and shape of the excavation pit. The text must 

describe the process for establishing a representative sample location and whether the sample 

collected will be a grab sample submitted for individual analysis or an aliquot of a larger 

composite sample. Supplementary confirmation samples may be required if additional excava

tion is performed based on the results of the first round of confirmation samples. The task work 

plans must include a sampling strategy to address how these supplemental samples will be 

collected. 

Subsurface Soil Borings and Direct-Push Locations. Two types of soil borings will be 

used to determine subsurface contamination: shallow subsurface (less than or equal to 5 feet 

deep) and deep subsurface (greater than 5 feet deep). Because the intended use of the data is 

different for these types of borings, different techniques will be implemented to collect them. 

Shallow subsurface borings will be advanced and sampled to assess contamination in the vadose 

zone at a single point. They shall be collected manually using a hand auger or split spoon or by 

mechanical means such as a portable power auger or direct-push rig. Deep subsurface soil 

borings will be advanced to sample multiple depths at a single location to investigate the vertical 

extent of contamination in that location. Drill rigs, powered augers, or direct-push rigs will be 

used to drill and sample these deep subsurface samples. 

All soil borings will be logged on USACE HTRW forms and will be completed in accordance 

with ASTM Method D 2488 using the USCS soil taxonomy. The entire length of the sample 

collected from the sampler will be field screened for the presence of organic vapors using a 

hand-held organic vapor monitor and the soil will be visually classified. Depending on task

specific objectives, the headspace vapors of an aliquot of the collected soil may also be measured 

by the headspace screening procedure summarized in Appendix C. All soil screening and 

classification procedures will be detailed in the task work plan. The depth interval and reading 
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in units of parts per million will be recorded on the HTRW log for any portion of the sample 

where organic vapors are detected. 

To supplement the HTRW log, a soil sample collection log will be completed for each sample 

collected from deep or shallow borings and will provide the following information about the 

sample: location and identity, data sampling team members, soil boring number, sample 

number, screening results, sa:m.ple depth interval, analytical parameters, sample containers, 

QA/QC information, and any comments or observations. 

All soil cuttings generated during the drilling of deep subsurface soil borings will be handled in 

accordance with IDW disposal procedures outlined in the site-specific work plan. The specific 

sampling and analysis program for the IDW from each site will be addressed in all site-specific 

work plans. 

Soil Samples- for Geotechnical Analyses. Selected soil samples may be collected for 

geotechnical analysis. All soil and sediment samples collected and submitted to the laboratory 

for chemical analysis will also undergo a moisture content analysis (ASTM D2216) to allow the 

laboratory to report results on a dry weight basis. In addition to this analysis, certain samples 

may be submitted for geotechnical analyses that may include one or more of the following: 

• Sieve analysis (grain size with hydrometer) - ASTM D421/D422 
• Atterberg limits -ASTM D4318 
• Moisture content - ASTM D22 l 6 
• Bulk density 
• Total soil porosity 
• Air-filled porosity 
• Water-filled porosity 
• Particulate density 
• Total organic carbon 
• ' Fraction organic carbon. 

The numbers of samples to be submitted for geotechnical analysis and the specific tests 

requested for each site will be summarized in the site-specific work plans. 

6.1.2 -Sediment Sampling 

Sediment samples may be obtained from the bottoms of surface water features such as ponds, 

creeks, ditches, or sumps with sample collection devices such as an Eckman dredge, sludge 

sampler, or bucket auger. Also, some sediments may be collected from areas with no surface 
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water present using spoons, split spoon, or bucket auger. The sample technician should assess 

the entire area, and unless the sample location is predefined in the task work plan, he should use 

his judgment on selecting the most representative location. The samples will be analyzed for 

chemical and/or physical parameters and the data used to meet the objectives of the task, which 

may include risk assessment. All sediment sampling equipment that may come in contact with 

samples or sampling surfaces will be constructed of stainless steel and will be properly cleaned 

and decontaminated as described in Section 6.1. 7 before collecting samples and between 

sampling locations. Collected sediment samples will be handled in a_ similar way as surface soils 

in that VOC aliquots will be collected and placed directly into sampling jar. TerraCore samplers 

will not be used for sediment sampling as the materials are generally too wet to allow collection 

using these types of devices. Any remaining sediment will be transferred to a stainless-steel 

mixing bowl and any free water will be decanted from the collected sediment samples, if 

possible. The homogenized solid sample will be transferred from the mixing bowl into the 

appropriate container for each requested analysis. Sample container specifications are discussed 

later in this section. After collection, the samples will be packed in coolers with ice and chilled 

to 4°C until sample shipment. 

In cases where sediment and surface water samples are to be collected at the same sampling 

location, the surface water sample will be collected first, followed by the sediment sample, to 

avoid disturbing the sediment and possibly biasing the surrounding surface water with suspended 

sediment. The location, identity, sampling method, analytical requirements, and sample 

collection observations will be recorded using the soil sample collection log. 

At this time, no sediment samples are planned at RA.PB sites of interest. 

6.1.3 Groundwater Sampling 
Groundwater samples will be collected from existing or newly installed monitoring wells. The 

samples will be analyzed for chemical and/or physical parameters and the data used to meet the 

objectives of the task, which may include risk assessment. If samples are collected from 

monitoring wells, a well development/purge log and groundwater sample collection log will be 

completed for each sample. A groundwater elevation log is used to record the static water level 

and total depth (when required) and note the general condition of the well. The analyses to be 

performed on samples collected from each of the wells will be identified in tables located in site

specific work plans. 
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To address potential concerns about the sample collection method used to collect groundwater 

samples from monitoring wells at RAFB, a SOP is included in Appendix C. This SOP provides 

specific procedures on how the monitoring wells will be purged and groundwater samples 

collected using a low-flow peristaltic pump, submersible pump, or disposable bailer. This SOP 

is to be used throughout RAFB for sampling all wells. If field conditions are encountered that 

require an alternative sampling approach, the encountered conditions will be reviewed and the 

best approach will be decided by the task leader after consultation with appropriate members of 

the RAFB proje~t team and USACE. The decision to use an alternative method, other than by 

pump or bailer, will be recorded as a project variance. 

Prior to collecting groundwater samples, a review of previously collected well information and 

analytical data will be performed. A master summary table will be prepared that includes all 

wells to be sampled, known information about each well (well depth, purge volume, history), and 

planned QA/QC sample locations. This list will summarize the specific analytical program to be 

performed for each well location. Groundwater sampling will be conducted from the areas 

assumed to be least contaminated to the areas assumed to be most contaminated based on this 

review of historical data and contaminant plume maps. The sampling sequence will be provided 

on the master list. All sampling and purging equipment (pumps, tapes, discharge piping) will be 

decontaminated before use and before each successive use in accordance with the 

decontamination procedures in Section 6.1. 7. 

Groundwater Sampling Procedure. Sampling of newly installed monitoring wells will 

take place no sooner than 14 days after well development has been completed. Reference 

Appendix C for the monitoring well sampling procedures to be used when collecting samples 

using pumps and hailers. The following are specific QA/QC considerations when implementing 

this SOP. 

As is the case with all environmental samples, complete and accurate documentation of the field 

data recorded in conjunction with water sampling activities is of the utmost importance. This is 

particularly true of groundwater sampling, where the sampling technician must measure and 

record physical parameters of the groundwater during well purging to help assess when the well 

is ready to be sampled. A groundwater sample collection log and groundwater well develop

ment/purge log sample collection log, which are discussed later in this section, have been 

designed for use in collecting these samples and provide space for the technician to record field 

measured values during collection. Use of these log forms prompts the technician to record field 

information. Due to the possible variability of sampling technique because of the encountered 
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conditions, thorough documentation by the technician of the actual sampling method used is 

imperative for maintaining data comparability. It is highly recommended that the technician who 

records the information on the form have that information peer reviewed and verified by another 

technician involved in collecting the sample at that location before leaving the area. Implemen

tation of this practice will help eliminate recording errors and improve overall field data quality. 

To collect groundwater samples from a well, certain basic information must be provided to the 

sampling technician. The master well list will summarize the following: 

• Type of well to be sampled - well depth and diameter, depth to water, aquifer 
sampled 

• Condition of the well - e.g., slow recharge, located in contaminant plume 

• History of the well's groundwater - e.g., organic layer observed, high turbidity 

• Data from previously monitored field sampling parameters - pH, temperature, 
conductivity, turbidity, dissolved oxygen (DO), and analytical program. 

Many of these items will be recorded on the well development/purge log and the groundwater 

sample collection log, which prompts the technician to confirm and record each of these 

important observations before and during sampling. The master well list will also be updated 

after each sampling event to include the most recent information recorded about the well 

conditions or ability to collect samples. Sampling technique and selected equipment may then be 

altered because of the conditions encountered and recorded on the log. 

A primary concern in collecting groundwater samples is avoiding potential high bias by artificial 

contamination. Groundwater samples generally contain a very low concentration of 

contaminants and, as such, are susceptible to trace contamination biases. Good field practice 

includes the following: 

• Remove obvious sources of contamination from the sample location area such as 
vented fuel tanks, exhausts, and motors. 

• Use caution when handling gasoline. Fill gasoline-powered equipment no less 
than 50 feet away from sample containers and supplies. Use disposable gloves 
when filling equipment with gasoline. 

• Thoroughly decontaminate and properly store all reusable sampling and measuring 
equipment. 
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• Use clean outer gloves during well purging and immediately before sampling. 

• Use plastic sheeting to provide a barrier between the ground and the sampling area 
to prevent contact. 

• When sampling flush-mounted wells, the sampling team will take precautions to 
prevent water or debris falling into the well. Flush-mounted wells will be 
recapped as soon as possible after removing pump and/or tubing. · 

The sampling technician must also be aware of the condition of any equipment entering the well 

including sampling devices, water level measurement tapes, field instrument probes, or purging 

pumps and tubing that may introduce an outside source of contamination into the well's 

groundwater. The technician should note the condition of any instruments and sampling 

equipment used on the sample collection log during sampling. 

Because most groundwater samples contain only trace level contamination, any possible analyte 

loss incurred when collecting or handling the sample may result in a measurable low bias. The 

sampling technician must be aware that any excessive turbulence introduced into the sampling 

stream may lead to the volatilization of organic compounds in the sample. Whenever samples 

are collected for a list of parameters, the following collection order will generally be used: voe, 

field-measured parameters, semivolatile organic compounds, pesticides/polychlorinated 

biphenyls (PCB), metals, and then miscellaneous parameters, unless a different collection order 

is specified in the task work plan. Note that for low-flow peristaltic pump sampling, the sample 

collection order will be reversed, with voes collected last directly from the groundwater trapped 

in the pump inlet tubing. Immediately after collection, the prelabeled samples should be sealed 

and volatile samples should be checked for headspace. If bubbles are observed in the volatile 

organic analysis (VOA) vials, additional sample is added and the vial rechecked. Following 

collection, the sample bottle(s) are enclosed in an outer resealable plastic storage bag, placed on 

ice in a dedicated sample ice chest and chilled to 4°e (plus or minus 2°C) and maintained at this 

temperature until the samples are received at the analytical laboratory. 

The following procedures will be followed when collecting groundwater samples from all 

monitoring wells: 

• The well will be checked for proper identification and structural integrity. 

• After unlocking the well and removing the well cap, an appropriate hand-held 
organic vapor monitor will be used to measure the concentration or organic vapors 
at the top of casing and in the breathing zone. If.readings are above background, 
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safety precautions outlined in the health and safety plan will be followed. Water 
quality parameters to be measured in the field during purging include pH, tempera
ture, specific conductance, turbidity, DO, and oxidation-reduction potential (Eh). 
Other parameters may be monitored as detailed in the work plan. These 
parameters will either be measured with meters mounted to a flow-through cell or 
probes placed down the well (for DO) or grab sampled (turbidity). IfDO is 
measured by direct reading during purging instead of down the well, precautions 
will be taken to avoid introducing oxygen to the water before the measurement. 

• The depth to water will be measured using a decontaminated water level indicator. 
This information will be used to calculate the volume of water in the well casing 
and screen 

• Where recharge rates permit, the well will be purged by low-flow peristaltic or 
submersible pump or by using a bailer. At least three times the volume of water in 
the well casing will be removed. Purging shall continue until the parameters have 
stabilized. Where recharge rates are low, wells will be purged to dry and allowed 
to recharge. Physical parameters will be measured at least once each well volume. 

• If a submersible pump is used, then the pump will be decontaminated between 
sampling and operated so that it does not force air through the water column ·to 
generate pressure (this may strip volatiles from the sampled matrix). All 
groundwater samples will be collected with a low-flow peristaltic pump or bladder 
pump whenever possible. If pumps of these types are not available or are unusable 
due to an encountered condition, a single-use polyethylene bailer will be used. 
When collecting samples with a bailer, use caution in filling and emptying the 
bailer to avoid voe loss through volatilization. If the sample is collected with a 
pump, the samples will be collected in the order previously described in this 
section. For those samples collected with a bailer, aliquots for VOCs will be 
collected first, followed by field-measured parameters, semivolatile organic 
compounds, pesticides/PCBs, and metals as required to fulfill the requirements of 
the site-specific scope. 

• After sample collection, if acid or base preservatives are added in the field, the 
preserved sample pH will be checked by placing dropwise a small aliquot of 
preserved sample on the pH strip paper. Except for VOA vials, the preservative 
will be added to a sample container after collecting the sample. Chemical preser
vatives are acquired from the laboratory in specially prepared sealed ampules. As 
each sample is collected, chemical preservatives will be added as specified in 
Section 6.3.2 and as indicated on the prepared sample label. With the exception of 
voe analysis, all samples that are preserved will be checked for the appropriate 
pH using pH paper. Based on the measured pH of the groundwater sample, an 
extra VOA vial will be collected in the field, and the vial opened and the pH of the 
extra vial measured to ensure the final pH of the preserved sample is ~ 2. 
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• When sampling for voes, duplicate samples should always be collected from 
each location. Sample containers should always be 40-milliliter septum vials 
equipped with screw caps and Teflon®-lined silicone disks in the cap to prevent 
contamination of the sample by the cap. The disks should be mounted in the caps 
by the manufacturer prior to laboratory purchase. Hydrochloric acid (Hel) 
preservative will also be added by the laboratory during bottle preparation for 
shipment to the field. During sampling, the voe vials will be completely filled, 
with no headspace to prevent volatilization, and extreme caution should be 
exercised when filling a vial to avoid any turbulence that could also produce 
volatilization. As a rule, it is best to gently pour the last few drops into the vial so 
that surface tension holds the water in a "convex meniscus." The cap is then 
carefully applied and, although some overflow may be lost, air space in the bottle 
is eliminated. After capping, the bottle is turned over and tapped to check for 
bubbles; if any are present, additional sample is added to the vial and the vial is 
rechecked. 

• Sample containers will be labeled with appropriate identifying information (loca
tion, date, time, condition, added preservatives, etc.) using the preprinted labels 
provided by the field coordinator or task leader. Each sample will be logged on a 
groundwater sample collection log at the time of collection. Sample containers of 
appropriate volume and composition will be prepared in advance to ensure the 
collection of sufficient volumes for all specified analyses including duplicate, split, 
and MS/MSD aliquots. 

. • In general, samples for metals· analysis shall consist of two separate aliquots, both 
filtered and unfiltered. The analysis performed on the unfiltered sample aliquot 
will be representative of the "total" metals concentration present in the ground
water. The analysis of the filtered aliquot will be representative of the "dissolved" 
metals concentration. Proper purging of wells using the low-flow peristaltic pump 
or bladder pump SOP will yield low turbidity (less than 20 nephelometric turbidity 
units [NTU] for nonmetals analysis samples and 10 NTU for metals) samples. 
Sample filtering to determine dissolved metals will be performed in the field using 
a single-use, disposable, inline 0.45-millimeter filter. Both filtered and unfiltered 
aliquots will be preserved with nitric acid to a pH of less than 2 in the field upon 
collection. Dissolved metals will not be analyzed and reported without a 
corresponding analysis for total metals for comparison. 

• All sample containers will be transferred immediately upon collection to an ice 
chest, kept on ice at 4°e plus or minus 2°e, and delivered to the laboratory in a 
timely manner. If solid samples are submitted for metals analysis only, then ice 
will not be used. For some general chemistry analysis, the samples must be 
delivered to the laboratory within 24 hours to avoid exceeding the holding time. 
Otherwise, all other samples must be shipped from the field within 48 hours of 
·collection unless special field holding requirements are described in site-specific 
work plans. 
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6. 1.4 Surface Water Sampling 

Surface water samples may be collected from standing water in the ditches, creeks, ponds, and 

seeps located at RAFB; however, none are included in the current SOW. The collected samples 

will be analyzed for chemical and physical parameters and the data used to meet the task 

objectives, which may include risk assessment. The sampling points will be selected to obtain 

information related to surface water and groundwater interactions and to detect residual . 

contamination in basins used to contain potentially hazardous constituents. The proposed 

sampling locations will be discussed in the site-specific work plans. 

Surface Water Sampling Equipment. The following equipment may be required for 

surface water sampling: 

• Shallow-draft rowboat and safety flotation vests 

• Pyrex® ladle, Teflon dipper, or glass beaker, or Wheaton® subsurface water 
sampling apparatus or similar apparatus 

• Nylonrope 

• pH, temperature, turbidity, and specific conductance meters 

• Appropriate sample bottles and ice chest with ice 

• Plastic sheeting 

• 5-gallon buckets with lids. 

Surface water sampling, like groundwater sampling, is also generally considered to be "trace 

level" in nature. Many of the same quality concerns, such as representativeness and introduction 

of bias either from contamination or analyte loss, are also of immediate concern when collecting 

sm:face water samples. In addition to these issues, the sampling technician who collects surface 

water samples must also be careful to thoroughly document the following: 

• Location of the sample in the body of water sampled 

• The presence or absence of possible interfering surface water features such as: 
Tributaries 
Outfalls 
Disturbances (eddies, rapids, falls) 

• Sample collection method 
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• Physical description of the collected sample 

• Water depth 

• Measured field parameters. 

Use of the sample log should prompt the technician to investigate these conditions that may 

impact the selection of sampling location, technique, or equipment. 

To collect a representative sample of a stream or canal, the technician must also take into 

account the approximate depth and width of the body at the anticipated location. EPA provides 

guidance on the selection of sampling points and compositing techniques in the EPA SOP/QA 

manual document. For most locations ·where the depth and width of the stream are not great, a 

single sample collected in midstream is usually sufficiently representative. Use of a water grab

sampling device that allows the technician to submerge a sample collection vessel just beneath 

the surface so that surface water flows into the collection device is recommended. In cases 

where surface water and sediment samples are to be collected in the same location, the surface 

water will be collected first, followed by the sediment sample to avoid undue disturbance of the 

sediment and possible contaminant release into the surrounding surface water. 

A representative sample for water quality testing will be collected at each surface water sampling 

location. The following sample collection procedures will be used to collect these samples: 

• All equipment will be decontaminated as per Section 6.1.7, and will be protected 
from contact with foreign materials and contamination through use of clean plastic 
sheeting. 

• Grab samples will be collected using a Teflon or stainless-steel sampling device. 
Where pond samples are being collected, the mouth of the sample collection 
device will be maintained completely under water, when possible. Note that 
chemical preservatives will not be added until the sample aliquots for analysis are 
transferred from the collection vessel to the sample collection jars. 

• Sample handling requirements will be generally the same as for groundwater 
samples. 

• At the time of sampling, after collection of the sample for chemical analysis, a 
second sample will be collected and analyzed for water quality parameters and the 
field data recorded. 
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• pH will be analyzed immediately after collection. 

• Sample containers will be completely filled with water, wiped clean and dry, 
labeled with a preprinted label, and stored for shipment. Identifying information 
will include the project name and number, time, date, matrix, sampler's initials, 
added preservatives, required analyses, and identification number, as specified in 
Section 6.3.1. 

• Sampling information including instrument readings for temperature, pH, 
conductivity, and additional parameters such as turbidity as required in the work 
plan will be logged on field forms at the time of collection. The labeling and 
logging requirements specified in Section 6.3.1 will be met. 

• All sample containers will be transferred to an ice chest, kept on ice at 4°C plus or 
minus 2°C, and delivered to the laboratory in a timely manner. For general 
chemistry analysis, the samples must be delivered to the laboratory within 24 
hours to avoid exceeding the holding time. Otherwise, all other samples must be 
shipped from the field within 48 hours of collection. 

• If filtered metals analysis is required, the sample will be collected into a sample 
container and then filtered. 

At this time, no surface water samples are planned at RAFB sites of interest. 

6. 1.5 Ecological Samples 
Ecological evaluation techniques can include qualitative field surveys, comparative ecological 

studies, toxicity assessment/testing, bioaccumulation studies, and biomarker investigations. 

Each of these techniques contributes a different type of information to the evaluation. Also, 

although most of these techniques are not invasive, it may be necessary to collect specimens for . 

study and/or chemical analyses. Most of these sampling efforts will be focused on a particular 

task or investigation and, as such, shall be covered in a site-specific work plan. This work plan 

should address major quality issues such as determination of representativeness during sample 

collection, sample collection techniques, field preparation and preservation techniques, analytical 

laboratory preparation and analysis techniques, and general field and laboratory QC procedures 

for biota samples. 

6.1.6 Quality Assurance/Quality Control Sampling 
As established by the DQO process discussed in Chapter 3.0, certain field and laboratory QC 

indicator samples and analyses will be planned to support the task objectives. These samples and 

analyses will yield critical information concerning the measured quality and usability of the field 

sample data. Measured quality indicators will include precision, accuracy, and representative-
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ness. Example types of field QC samples collected during a task may include field duplicates, 

QA split samples to the USACE laboratory, MS/MSD aliquots, and blank samples. The type and 

frequency of these QC samples for each investigation will be specified in the site-specific work 

plans. Consideration will be given during planning to the types of media sampled, the analysis 

program, the expected duration of the task, and the number of sample shipments or events. 

Table 6-1 outlines the types of QC samples and the expected frequency. 

When these QC samples are specified in the task work plan to be collected, the field investiga

tion personnel will review the requirements of the plan and select the sites where these samples 

will be collected to meet the planned frequency. The selected sites may be chosen randomly 

(e.g., every tenth sample) or may be selected based on historical data or field indications of the 

potential contamination present. It is recommended that field duplicates and field split QC 

sample locations be selected based on the probability that the samples will contain moderate to 

high concentrations of the targeted analytes so that the resulting analytical data will be able to 

yield a valid precision estimate. Equipment rinsate blanks, if required, are recommended to be 

collected after the expected highest concentration location has been sanipled to assess cross 

contamination under the most likely conditions. A representative location of the matrices tested 

will be selected for the MS/MSDs and should contain relatively low concentrations of the site 

contaminants so that the laboratory-applied spikes can be adequately quantified. fu all cases, the 

specific location where the field QC sample is collected will always be recorded on the sample 

collection log by the sampling technician during collection. Allowing the field personnel to 

select the location allows for a more representative sample take and prompts the field personnel 

to collect the additional sample volume necessary to perform the multiple analyses specified. 

If a deionized (DI) water system is used, daily inspection and quarterly maintenance will be 

performed on the system to ensure analyte-free water is being produced. If a DI system is not 

available, DI water will be purchased from a Shaw-approved vendor and shipped to the site. 

Material blank samples from the DI water source will be collected annually or as the source 

changes and submitted for laboratory analysis as discussed in Section 6.1.6.5. 

The information in the following sections defines and describes how QC samples will be 

collected, identified, and documented. All field QC samples will be given unique sample 

numbers except for MS/MSD aliquots. 
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6.1.6.1 Field Duplicates and USACE Quality Assurance Split Samples 

To evaluate sampling and analysis method precision, samples will be collected as described in 

the previous sections, homogenized, and split into field duplicates and split samples (if directed 

by the USA CE) at a rate of approximately 10 percent. The original field sample and field 

duplicate aliquots will be sent to the contractor laboratory and the QA split sample will be 

packaged and shipped to a laboratory designated by USACE. The QA laboratory will be 

specified to Shaw by the USACE chemist prior to project start-up. All sets of the samples will 

be analyzed for the same parameter list by the same analysis methods. QA split samples will 

only be collected at the direction of USA CE and at the :frequency specified by USACE. The 

frequency of collection will be defined in each site-specific work plan. Each site-specific work 

plan shall include the mailing address of the government QA laboratory that will analyze the QA 

split samples and all of Shaw's contracted laboratories for the project. The site-specific work 

plan will specify the field duplicate and QA split sample :frequencies, matrices, and analytical 

parameters. 

For duplicate or split solid samples not requiring VOC analysis, the solid material will be 

homogenized in a stainless-steel or glass pan or bowl using a spo9n, scoop, or spatula, following 

the quartering method discussed in the EPA Region 4 SOP /QA manual (EPA, 1996). Homoge

nized samples will then be split into multiple equal :fractions, placed into separate sample 

containers as required, and individually labeled. For duplicate or split solid samples requiring 

VOC analysis, multiple sets of TerraCore sample(s) will be collected separately from the same 

sample taken at a given location by alternating sampling devices so that each sealed soil amount 

will equally represent the sampled medium at a given time. voe samples will not be homoge

nized. Split subsurface soil samples collected with a split spoon may require use of a 3-inch 

diameter by 2-foot-long split-spoon barrel to obtain the required sample volume. Once the 

material is visually logged, the soil will be homogenized and split. If inadequate soil volume is 

collected from the first sample aliquot, multiple sample aliquots from the same depth may be 

required to fill all required sample containers. 

For field duplicate and QA split water samples, the volumes for all three samples will be 

collected for analysis in the following order: voes, other organics, and inorganics. All 

samples for an analysis must be collected at the same time, alternating VOA vials (if voes are 

included). 

For duplicate or QA split samples, the field sampling team will collect double (or triple) volume 

into separate labeled and identified sample collection containers. With the samples collected in 
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this manner, the field sample technician will be able to use judgment in selecting the most 

representative location for a duplicate analysis and ensure that a sufficient sample volume is 

collected for analysis. 

6.1.6.2 Matrix Spike and Matrix Spike Duplicates 

An MS is an aliquot of sample fortified in the laboratory with known concentrations of repre

sentative analytes of interest (before sample preparation and analysis). An MS is used to 

document the analytical accuracy of the method in a given sample matrix. When this is 

performed in duplicate as an MSD, a second aliquot of the sample is spiked with identical 

concentrations of target analytes. The MSD data are used to verify the results of the MS and to 

evaluate the analytical precision of the spiked samples. MS/MSD samples may be required for 

some events or media at a frequency specified in the site-specific work pl~s. At least one 

MS/MSD pair will typically be included for every 20 environmental samples of similar matrix. 

For solid matrix samples, no homogenization will occur. for voe analysis. Instead, multiple sets 

ofTerraCore samplers (i.e., either three sets of two samplers or three sets of four samplers, if 

both high and low-level analyses are required) will be used to collect the soil directly from the 

device. For ease of tracking, field samples will be collected, thoroughly homogenized (only if no 

voe analyses are required), and placed in separate containers for the original, MS, and MSD. 

Although the sample will be given a single sample number, each aliquot will be individually 

designated as the original, MS, or MSD for analysis on the sample label and the analysis request 

(AR)/COe form. The sample number followed by the MS or MSD suffix will be recorded on 

the label and AR/eoc forms to indicate the pmpose of those aliquots to the laboratory. In this 

manner, a representative sample may be taken for use in the MS/MSD spike program and 

adequate sample volume will be collected to perform all of the requested analyses. 

The data and the sample collection identity of the split sample(s) will be forwarded to USAeE as 

requested to meet the USACE minimum data reporting requirements. 

Samples submitted for toxicity characteristic leaching procedure (TCLP) extraction by EPA 

Method 1311 will have associated samples for MS/MSD spiking and analysis collected in the 

field and provided in the same manner as other samples. Because the TCLP extraction is 

susceptible to matrix variabilities, MS/MSDs will be applied to samples of each distinct waste 

stream type at least once during the program or at the frequency specified in the task work plans. 
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collect a sample for environmental analysis. Decontamination procedures are also important in 

reducing the risk of cross contamination and worker exposure when removing contaminated 

nonsampling equipment from a contaminated area, as discussed in the health and safety plans. 

Different levels of decontamination stringency are applied for the different types of equipment 

used. For sampling equipment used to collect environmental samples, the most stringent 

program will be required, and it is this program that is the focus of this discussion. For sampling 

~quipment used to collect samples for geotechnical analysis or soil classification and general 

nonsampling equipment, a simple soap and water rinse or a high-pressure steam cleaning with 

soap and water should be sufficient to remove contamination. If specific health and safety 

requirements are imposed that require a further level of decontamination for grossly 

contaminated equipment, additional decontamination steps may be required. Usually in both 

cases, an area of the site will be designated as the decontamination area and decontamination 

supplies, water, and solvents will be staged in the area for use. 

Field instruments, such as water level meters and pH and temperature probes that come in direct 

contact with the sample matrix, will be adequately decontaminated between measurements by 

detergent solution wash, DI water rinsing, wiping, and final rinsing with Dl water. Grossly 

contaminated or stained probes can be cleaned by dipping the probe momentaiily in strong acids 

such as a 70 percent HCl solution. Electrometric probes will be stored between use in a clean 

environment in the manner specified by the manufacturer. Decontaminated water level meters 

will be sealed in a clean plastic bag or stored in the original shipping case. 

To minimize the possible contribution of even trace levels of contamination from sampling 

equipment, adequate equipment decontamination must be completed prior to the first use of the 

equipment (if new) or reuse at a different sampling location. The decontamination procedure 

may vary depending on the sample matrix, the analytical program, or the materials or construc

tion of the sampling equipment used; therefore, site-specific 'York plans should address the 

specific decontamination procedures. The following general guidelines, however, will be 

followed: 

• Post-Sample Collection Cleanup. After the required samples have been 
properly prepared at a given sampling location, residual visible soil will be 
removed as much as possible from the sampling equipment by scraping or shaking. 
These residues will be handled as IDW. For water sampling equipment, residual 
water should be drained and placed into a waste container (e.g., groundwater purge 
water drums) and handled as IDW. 
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• Gross Wash and Water Rinse. Following the recovery of the sampling 
equipment to the decontamination area, vigorously brush the equipment with 
laboratory-grade, phosphate-free detergent in water and will then be rinsed with 
tap water to remove visible particulate. 

• Acid Rinse. If glass equipment is used and metals are part of the analysis 
program, rinse the interior/exterior surfaces of the glass equipment that will come 
in contact with the sample matrix with 10 percent nitric acid solution. 

• Ana/yte-Free Water Rinse. Rinse decontaminated equipment with DI analyte
free water. The water used should be certified as analyte-free by the manufacturer 
and prepared using filters, an activated carbon bed filtration apparatus, and deioni
zing resin columns. Water that has been field or laboratory prepared using this 
equipment and has been sampled, analyzed for target parameters, and verified to 
contain less than detectable quantities may also be used. For all water sources, 
verify that the same lot or batch that has been documented as analyte-free is 
consistently used or that documentation exists for multiple lots. 

• Solvent Rinse. Depending on the target contaminants of concern and sampling 
matrix, a rinse with isopropanol and air dry may be required. (If high 
concentrations of pesticides or PCBs are expected, perform an additional rinse 
with hexane.) Sainpling equipment should then be air dried. If specific solvents 
are to be used, they will be discussed in the site-specific work plan. 

If used, all solvents should be certified by the American Chemical Society as 
reagent-grade equivalent where such specifications exist. Solvents must be stored 
in a secured, health and safety-approved storage cabinet. Each solvent container 
must be tagged with the date of receipt, date opened, and expiration date(s). The 
expiration date of the solvent will be calculated as 180 days from the date 
received or 30 days from the date opened. 

• Second, Ana/yte-Free Water Rinse. Rinse the equipment following the 
solvent rinse again with analyte-free water. Analyte-free water for this rinse is 
drawn from a secondary container source (such as a Teflon squeeze bottle). (This 
rinse water may be collected as the equipment rinse sample when such a sample is 
required.) 

• Protective Wrap. Prepare decontaminated equipment for storage by draining all 
residual DI water from the equipment, then allowing equipment to air dry (if 
possible) or towel dry. Wrap sampling surfaces in layers of aluminum foil (if 
applicable) and store in a designated storage location, free from sources of 
contamination. Apply outer protection such as sealing in a resealable plastic bag 
or plastic basin/tub with a lid to avoid dust. 
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For dedicated Teflon tubing used to sample wells, drain all residual DI water and seal ends using 

Teflon tape. Secure Teflon tape with caps and place. sealed tubing in a prelabeled polyethylene 

bag for storage. 

When sampling equipment is used to collect samples that contain high concentrations of organic 

compounds, oil, grease, or other hard-to-remove materials, it may be necessary to rinse the 

equipment several times with reagent-grade acetone followed by hexane to remove the materials 

before proceeding with the soap and water wash. If acetone is used in the field to clean equip

ment, extreme caution must be taken by the field crew to avoid sample contamination. In 

extreme cases, it may be necessary to steam-clean the field equipment before washing. If the 

field equipment cannot be adequately cleaned using these procedures, it should be discarded and 

possibly substituted with equipment constructed from a more resistant material. 

6.2 Sample Custody and Tracking Procedures 

Sample custody is a vital aspect of environmental investigation, remediation, and monitoring 

activities because these types of programs generate data that may be used as evidence in a court 

oflaw. The samples must be traceable from the time of sample collection until the time the data 

are introduced as evidence in enforcement proceedings. 

The key aspect of documenting sample custody is thorough record keeping. The appropriate 

logs for geologic interpretation, well completion, well abandonment, and sample collection 

previously described will be filled out for each well drilled and/or each sample collected. All 

loose-leaflog sheets will be arranged in sequential order and bound together upon completion of 

each sampling event. All documents will be completed in ink, dated, and signed by the field 

person conducting the work. 

Transportation and custody procedures will meet U.S. Department of Transportation and EPA 

requirements. COC procedures will document sample possession from collection to disposal in 

accordance with Shaw internal procedures and federal guidelines. A sample is considered in 

custody if the following requirements are met: 

• It is in the sampler's or the transferee's actual possession. 

• It is in the sampler's or the transferee's view, after being in his/her physical 
possession. 

• It was in the sampler's or the transferee's physical possession and then he/she 
secured it to prevent tampering. 
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• It is placed in a designated secure area, with restricted access. This includes a 
locked on-site refrigerator or ice chest sealed with custody seals. 

• It is released to a courier service for shipment to the laboratory. 

6.2.1 Notification to Laboratory of Sample Shipment 
Prior to any sampling activity, the project chemist and data manager, along with the field sample 

coordinator, will contact the laboratory project PM to perform the following tasks: 

• Review sample quantities, types, identification procedures, and analytical methods 
• Review site-specific analysis requirements, RLs, or target analytes 
• Review schedule 
• Set up lines of communication under nonconformance conditions 
• Review deliverable requirements. 

During project implementation, the project chemist or data coordinator notifies the laboratory at 

least weekly of anticipated samples and changes in sampling schedule or scope. Accutest 

accepts samples from Monday through Saturday. 

At least three weeks before sampling begins, the data coordinator or project chemist must contact 

the USACE chemist for the RAFB project to verify the address and contact name for the USACE 

South Atlantic Division-designated laboratory. The USACE chemist is Mr. Barry Hodges 

(912) 652-5677. 

6.2.2 Field Custody Procedures 

Adequate field custody procedure activity includes the following: 

• The sampling team and field sampling coordinator have overall responsibility for 
the care and custody of the samples collected until they are transferred or properly 
dispatched to the laboratory. 

• Samples must be secured in a locked on-site refrigerator or ice chest sealed with 
custody seals. 

• Shipment information is recorded for shipment of samples at the end of the shift, 
day, or collection period on the F ADL and on the site logbook. 
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6.2.3 Transfer of Custody and Shipment 

Samples may be stored on site longer than 24 hours provided they are stored in a secure location 

(locked refrigeratqr or sealed ice chest) and temperature blanks are monitored at least twice per 

day. Storage temperatures will be logged and recorded on a log form and in the logbook. 

Transfer of custody and shipping procedures include the following: 

• All coolers must be· secured at the site with custody seals prior to transport. Seals 
should be signed and dated by person relinquishing samples. 

• An AR/COC record will be initiated in the field for each sample shipment. The 
original of this record will accompany each sample. The copies will be retained at 
the site and will be placed in the project files at the conclusion of field activities. 

• If the laboratory sample custodian judges sample custody to be compromised (i.e., 
samples arrive damaged or seals were applied but broken), the data manager 
and/or project chemist will be notified and the situation reviewed. A consensus 
decision will be made as to the fate of the sample(s) in question. 

• Each time responsibility for custody of the sample changes, the new custodian will 
sign the COC portion of the AR/COC record and note the date and time of 
acceptance. Courier personnel who handle the enclosed sealed coolers will not be 
required to sign for custody transfer. Instead, the airbill or shipping paper will 
signify transfer. 

• The custody of individual sample containers will be documented by recording each 
container's identification on the AR/COC form. 

• Upon sample destruction or disposal, the laboratory custodian responsible for the 
disposal will complete the COC record, file a copy, and send a copy to the Shaw 
PM for project files. 

6.3 Documentation 

6.3.1 Sample Identification and Labeling 

All physical samples for laboratory analysis collected at the sites will be placed in an appropriate 

sample container for shipment to the respective laboratories. Samples will be adequately marked 

for identification from the time of collection and packaging through shipping and storage. The 

sample identification and collection information will be presented on a label attached to the 

sample container. The label will be completed with permanent ink or preprinted from the sample 

tracking system. At a minimum, all sample labels will include the following sample information: 

KN6\Ramey\IW SAP\Final\F-SAP-10_06\I0/10/06(11:04 AM) 6-26 



• Field sample number 
• Field sample description 
• Project name and number 
• Analysis requested for the sample collected 
• Method of preservation/conditioning 
• Date and time of collection 
• Initials of the person collecting the sample. 

6.3.1.1 Sample Numbering System 
The sample numbering system to be utilized in the field has been developed to uniquely identify 

each sample collected at RAFB. Each sample will be assigned a unique four- to six-digit 

alphanumeric sample number. The sample number will be incorporated into a sample descrip

tion consisting of five elements and formatted as follows: 

Site ID Location 
RAFB # :xx:x 

Where location is described as a boring number for soils, well identification for 
groundwater, etc. 

2 Where sample type describes the matrix of the sample collected: 

SD = Sediment 
SS = Surface Soil 
DS = Subsurface or Deep Soil 
SO = Soil (for waste characterization purposes) 
GW = Groundwater 
SW = Surface Water 

3 Where sample purpose describes the purpose of the sample collected: 

REG= Regular Field Sample 
MS = Matrix Spike 
MSD = Matrix Spike Duplicate 
TB =Trip Blank . 
EB = Equipment Rinsate 
FB = Field Blank/Material Blank 
FD = Field Duplicate 
FS = Field Split 
SS = Screening Sample 
GS = Geotechnical Sample. 

The sample number and the entire sample description will be preassigned prior to the initiation 

of the field sampling effort. The samples to be collected at each site and their designated 

descriptions are presented in each of the site·specific field sampling plans. For example, 
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RAFBSAR-SBOOl-SO-AAl 001-REG represents a regular soil sample collected from boring 001 

located at the small arms range with a sample number of AAlOOl. The depth of the sample 

collected, as well as other collection information, is retrieved by linking the sample number to 

the collection data entered into the sample tracking/field module of the electronic database 

employed. 

Each sample to be collected at each site will be described in each site-specific work plan. 

6.3.1.2 Sample Collection Information 

Sample collection information uniquely defines and describes a sample collected during an 

investigation, removal action, or other field event. The sample information for samples collected 

at RAFB will consist of the following: 

• Site from which the sample is collected 
• Sample location (well or boring) 
• Sample matrix 
• Sample depth interval 
• Sample type 
• Associated QC samples 
• Sample collection date and time. 

This information will be recorded on the sample collection forms and entered into the database. 

All QA/QC samples will be associated with their corresponding original samples on the sample 

collection forms. The sampling team will enter this information on the sample collection form 

during collection. 

Sample date (rnmddyy) and time (hh:rnm) will also be recorded on the sample collection forms 

and the AR/COC forms. The sampling team will enter this information on the log, label, and 

ARJCOC form as well. 

6.3.2 Sample Analytical Parameters, Containers, Preservation Methods, 
and Holding Times 

Samples must be placed in sample containers that are certified by the manufacturer to be 

precleaned to EPA specifications. Containers must be compatible with the intended analysis and 

properly prepared and preserved to maintain sample integrity. Contracted analytical laboratories 

often have a laboratory-specific quantity requirement or sample bottle type. The contracted 
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laboratory will be expected to furnish the sampling technician with a sufficient quantity of 

containers to complete a sampling task. 

Containers, preservation methods, and holding times for parameters that may be analyzed for at 

RAFB sites are provided in Table 6-2. If other analytes are found to be necessary, these will be 

addressed in the site-specific work plans. 

Physical and chemical preservation techniques are designed to stabilize the concentrations of 

analytes in the sample matrix from the time samples are collected through preparation and 

analysis. Examples of physical preservation include filling to zero headspace for volatile 

samples, sealing the vials, and chilling samples to 2 ° C to 6 ° C. Examples of chemical preser

vation include adding strong acids (HCl, nitric acid) or bases (sodium hydroxide) to adjust 

sample pH. For those samples requiring field pH adjustment, the final pH of the preserved 

sample will be checked using pH paper and the result recorded the sample log or AR/COC 

forms. A sample's "holding time" establishes the recommended maximum time that a sample 

may be held under preservation before extraction and analysis without compromising sample 

integrity or representativeness. Preservation techniques and suggested holding times are 

standardized by EPA according to analytical method. Table 6-2 summarizes the latest 

information on preservation techniques and holding times for the most commonly requested 

RAFB analyses. 

Chemical preservation is not usually recommended for solid matrix samples or for samples 

known to contain high concentrations of organic solvents, such as waste samples. Unpreserved 

or suspected high-concentration samples sent to the laboratory should be indicated on the sample 

label and/ or flagged on the shipment's AR/COC form. Clear identification of these samples is 

necessary to ensure that the laboratory receiving personnel handle the sample appropriately. 

For soil samples collected for VOC analysis, methanol and sodium bisulfate will be used to 

allow additional sample travel time to the laboratory and extend the 48-hour hold time 

requirement for unpreserved samples to 14 days. 

Sample holding times are calculated from the date and time a sample is collected in the field 

until the time the sample is extracted, digested, or otherwise prepared for analysis. In the case of 

extractable organic compound analyses, sample extracts are assigned a secondary holding time 

from the extraction date to the analysis date. The sample AR/COC must document for the 

laboratory when the sample was collected so that the holding time for each sample in the ship-
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ment can be calculated in reference to its requested analytical program. Field personnel must 

make every possible effort to collect and prepare samples for shipment or courier pickup no later 

than 48 hours following collection. For samples shipped to the laboratory, ove:111ight express 

delivery must be requested to ensure timely delivery. Laboratory personnel must take 

responsibility for calculating the correct sample holding time when preparing and analyzing the 

sample as needed to meet the holding time requirements. The corresponding sample data must 

be flagged for samples that are not analyzed within the holding time window, and a discussion 

on usability of the data shall be included in the analytical report. 

6.3.3 Field Documentation 

Copies of example forms referenced and discussed in the following sections are found in 

Appendix A. 

6.3.3.1 Field Activity Daily Logs/Journals 

To document all field activities, F ADL or journals are kept on site by the field coordinator, 

geologist, and task investigation leader who supervise the activity. The journal records the daily 

progress of the field work for tasks under each delivery order tasks. Larger tasks have their own 

dedicated journals. Examples of the specific information included in the journals are daily 

narratives of the activities that occurred during that day, consisting of the personnel on site; daily 

progress of the investigation, excavation, or monitoring; samples that were collected and 

shipped; daily equipment calibration results; summaries of telephone conversations or meetings 

attended; a record of decisions made; and current action items. The journal will supplement but 

not duplicate the information recorded on the other data forms kept by the field teams. 

6.3.3.2 Soil Sample Collection Logs 
The soil sample collection log will be used during all soil/sediment sample collection activities 

and to document collection information as previously specified. A comments section is also 

included on the form, which will be used to document additional information, such as observa

tions or problems, during the sampling event. Once the information is reviewed for accuracy and 

completeness, it will be entered into the database. 

6.3.3.3 Deep Soil Boring and Soil Classification Logs 

Documentation of deep soil borings will be included in the overall data collection procedures. 

The uses will be used to provide a common language to briefly express the general characteris

tics of soils. The HTRW drilling log and lithology logs will be used to collect and document 
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field data during soil boring activities. Once this information is reviewed for accuracy and 

completeness, the data will be keyed into the database. 

6.3.3.4 Well Completion Logs 
The well completion log will be used in the field to record the data collected during monitoring 

well construction activities. This form includes client, location, driller, site information, and 

detailed well construction information. All form fields will be completed during the field effort 

to ensure accuracy and completeness. 

6.3.3.5 Well Development/Purge Logs 
Development or redevelopment of monitoring wells and purging of wells will be documented on 

the well development/purge log; General information, site-specific information, and physical 

parameters will be recorded. 

6.3.3.6 Groundwater or Surface Water Sample Collection Logs 

Information gathered during groundwater or surface water sampling activities will be docu

mented on the groundwater or surface water sample collection logs. This form provides fields 

for general project information, location, and environmental conditions at the time of sampling. 

The form also references AR/COC and waybill numbers, which provide a means for cross 

referencing to other pertinent forms. The engineer or geologist responsible for a groundwater 

sampling event will review each log to ensure accuracy and completeness and the forms will 

then be maintained at Shaw's Knoxville, Tennessee office. As with the soil sample collection 

logs, once the information is reviewed for accuracy and completeness, it will be keyed into the 

database. 

6.3.3. 7 Groundwater Elevation Logs 

Groundwater depth information for each well will be documented using the groundwater eleva

tion log. Groundwater and any potential free-phase product level readings will be monitored as 

required during the investigation. Information changes in elevation as a function of time will 

provide a correlation between changes in water or product level by well and by site. 

6.3.3.8 Aquifer Test Form 

Data collection for formation drawdown and recovery of water levels during aquifer tests 

(Section 5.4) will be documented on the aquifer test form. A separate form will be maintained 

for each observation point. For step-drawdown tests, the discharge will be recorded along with 

the elapsed time and depth-to-water measurements. 
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6.4 Field Instrument Calibration 

Many types of field analysis may be performed as part of the tasks at RAFB. The following 

section focuses on the calibration of field meters for water quality testing and vapor monitors. 

Additional calibration information for field instruments to perform gas chromatography analysis 

or spectrometry analysis is presented in Chapter 5.0. 

6.4.1 General Procedures and Frequency 

Field testing and monitoring equipment will be inspected and calibrated before use. Testing and 

monitoring equipment includes hand-held organic vapor monitors used for health and safety air 

monitoring, screening soil vapors, combination pH/temperature/specific conductivity meters, 

Eh/DO meters, and turbidity meters. Calibration standards for these instruments will be repre

sentative of the measured parameter's concentrations on site, stored in good condition, and 

replaced when expired. Each day an instrument is used, its calibration will be checked against at 

least one of these certified standards. Equipment calibration protocols are given in Appendix B. 

The date, time, and results will be noted in an instrument calibration log. If an instrument is out 

of calibration, it will be recalibrated and noted in the log. Calibrated equipment will be uniquely 

identified using the manufacturer's serial number or other unique id~ntification. 

6.4.2 Field Calibration Failures 
Equipment that fails calibration or becomes inoperable during use will be tagged, removed from 

service, and separated from serviceable equipment to prevent inadvertent use. Such equipment 

will be repaired and recalibrated or replaced as appropriate. No equipment that has failed 

calibration will be used until the equipment has been repaired or replaced. 

6.4.3 Field Calibration Records 
All equipment to be used during the field sampling will be examined to certify that it is in 

operating condition. This examination includes checking the manufacturer's operating manuals 

and the instructions with each instrument to ensure that all maintenance items are being 

observed. Field notes from previous sampling trips will be reviewed to ensure that any prior 

equipment problems have been remedied. Spare instruments or parts will be maintained in the 

event of instrument failure. 

Field calibration records will be kept for all instruments that are used during the field work. 

These records will include the following: 
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• Type and identification number of instrument 

• Calibration frequency and acceptable tolerances 

• Identification of individual(s) and/or organizations performing the calibration 

• Reference standards, including sources and lot numbers used for each calibration 

• Calibration data 

• Certifications or statements of calibration provided by manufacturers and external 
agencies, and traceability of calibration standards to national standards 

• Information on calibration acceptances or failure. 

6.5 Field Record Retention 

As field logs, forms, and other field documentation are completed by the. sampling team and 

reviewed by the field coordinator, copies will be maintained on site and the originals forwarded 

to Shaw-Knoxville for storage. Incoming field data will be reviewed by the task leader, copied, 

and distributed as needed with the original data forms held for organizing and filing. These files 

will be labeled, numbered, and delivered to the project central files for long-term storage as 

discussed in Chapter 4.0. 
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.7.0 Analytical Program 

The purpose of the analytical QNQC program is to produce data of known quality that 

accurately represent the composition of the matrices sampled at the site and that satisfy or exceed 

the seven requirements of the DQOs defined in Chapter 3.0 of this SAP. To meet this objective, 

samples will be prepared and analyzed by the methods specified in Table 7-1 of this plan 
; 

following the designated QC requirements listed in Tables 7-2 and 7-3. Any modifications or 

deviations from the methods required by this document must have the approval of USA CE prior . 

to implementation and are to be addressed in the site-specific task work plans. Table 7-1 

presents the standard list of compounds/analytes that will be reported when the target compound 

list or target analyte list is requested. Soil and water matrix default reporting units are also 

shown. These limits may change if different preparation methods, dilutions, or purge volumes 

are used. Table 7-3 summarizes the current Accutest precision and accuracy criteria, which are 

statistically derived values based on actually measured and control charted spike recoveries and 

duplicate results. As such, these values are updated by the laboratory periodically and have been 

included in this SAP for reference only. 

The fundamental process that will be used to achieve the project analytical objectives can be 

categorized as prevention, assessment, correction, and implementation and is summarized as 

follows: 

• Prevention of deficiencies in the data quality through proper observance of the 
P ARCC parameter requirements defined for the project by the DQO process 

• Assessment of data quality through a comparison of the data to the established 
project DQOs 

• Correction of problems affecting data quality 

• Implementation of changes originating from corrective actions designed to 
improve the quality of the project analytical data. 

7. 1 Chemical Analysis Program 

All analyses will be performed by laboratories using the prescribed EPA SW-846 Update III 

methods and will meet the QNQC requirements described in the document entitled Engineering 

and Design, Chemical Data Quality Management for Hazardous, Toxic, Radioactive Waste 

Remedial Activities (USACE, 1996). Analysis will be performed by a laboratory that 
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holds current USACE HTRW CX approval. The laboratory will maintain and follow SOPs for 

each method, and as required by USACE, these SOPs will be maintained in the laboratory SOP 

manual, which will be updated as needed during the project. 

All laboratory personnel will be trained in the correct implementation of the laboratory SOPs and 

the analytical methods referenced in Table 7-1 of this plan, as well as general laboratory 

procedures and sound laboratory practices, prior to analyzing samples from RAFB. The 

laboratory will be responsible for documenting and maintaining personnel training records, 

which will be required to be available for review in the event of a laboratory audit. 

Shaw has selected Accutest of Orlando, Florida, to be the primary supplier of analytical 

laboratory services for the RAFB project. As such, Accutest meets or exceeds all specifications, 

approvals, and certifications in this SAP. Currently, Accutest will be able to provide all the 

methods specified in this section of the SAP with the exception of organophosphorus pesticides 

by Method 8141A and dioxin and furan analysis by Methods 8280A or 8290. These methods 

will be subcontracted to Southwest Analytical Services. and Core Labs, respectively. Some tasks 

or situations may require the procurement of analytical services from another vendor and, in 

those cases, the qualifications of those vendors will be reviewed by the Shaw and USA CE 

project chemists before approval is given. Site-specific work plans will include the names and 

shipping addresses of the selected analytical laboratories. 

7.2 Geotechnical Analysis Program 
Selected soil samples will be analyzed for geotechnical properties, which may include one or 

more of the following: sieve analysis with hydrometer {ASTM D421 and D422), Atterberg limits 

(ASTM D4318), and moisture content (ASTM D2216). All soil and sediment samples collected 

will undergo moisture content analysis as part of the chemical analyses in accordance with 

standard chemical analysis laboratory procedures. The moisture results will be used to correct 

and report data on a dry weight basis. 

The geotechnical laboratory selected is the Shaw Environmental Technology Development 

Center. This laboratory has all Resource Conservation and Recovery Act licenses needed to 

handle a variety of wastes, soils, or sediment matrix samples for testing. 
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7.3 Laboratory Sample Custody and Tracking Procedures 

Shipments of samples from the field to the laboratory will be typically within 24 or 48 hours of 

collection. Samples requiring analyses with short holding times will be identified and designated 

as such on the AR/COC forms and will be shipped on the date of collection, if possible. 

This is especially true if soil matrix samples are collected for VOC analysis using the EnCore 

samplers. Upon receipt of the samples at the laboratory, the laboratory sample custodian will 

note the condition and temperature of the cooler received, as well as any questions or observa

tions concerning sample integrity. The laboratory sample custodian will record the condition and 

verify the presence of each sample named on the AR/COC record. Any nonconformances noted 

either in the sample identifications, type of analysis, or condition upon receipt will be noted and 

project management notified. The laboratory will maintain an internal sample tracking record 

that will document the date of sample removal from storage, extraction, preparation, and 

analysis, as well as the laboratory-assigned sample number, which is affixed to each sample 

container upon sample receipt. These tracking records will be used to confirm compliance with 

the handling and holding time requirements specified in Table 6-2. 

Field samples maybe held for a reasonable time, such that the required method extraction.and 

analysis holding times are not exceeded or jeopardized. They may be accumulated at the 

laboratory to form an analytical batch consisting of a maximum of 20 field samples that are of 

the same matrix or of similar composition: Associated field QC samples, including trip blanks 

(if required), equipment rinsates, field duplicates~ and project-specific MS/MSDs (if required), 

are to be designated on the AR/COC forms and may be included in the analytical batch. 

Samples and sample extracts will be stored by the laboratory in their original containers in 

refrigerators designated by the subcontracted laboratory. The minimum storage time for the 

samples and the sample extracts is a function of the analytical method holding time for a given 

analysis. Storage beyond the required holding time for an analysis will depend on whether the 

laboratory is requested to perform additional analyses outside of the holding time. 

As part of the information on the AR/COC record, the samples will be marked for laboratory 

disposal. The laboratory project manager will authorize and oversee the disposal of samples 

when the project is complete and the samples are no longer needed. The disposal of samples will 

be performed in accordance with laboratory SOPs and be in compliance with all -BP A and state 

requirements. 
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7.4 Laboratory Quality Assurance Plan 

The subcontracted laboratory should be aware of and concur with the project DQOs and will be 

responsible for maintaining the project P ARCC and sensitivity requirements in the absence of 

confirmed matrix interferences. Should there be an impediment to meeting the project QA/QC 

objectives, the project chemist, or designee, will be notified by the laboratory QA officer in order 

to establish an appropriate course of corrective action. 

7.4.1 Quality Objectives for Measurement of Data 

The laboratory will provide the necessary documentation that will enable the Shaw project 

chemist and the USACE chemist to evaluate the laboratory's compliance with analytical QA/QC 

requirements in the following areas: 

. • Accuracy and precision of the analytical data 
• Completeness of the data sets 
• Comparability between analyses of the same compounds 
• RLs and project-required RLs 
• Traceability of the sample custody from the field to the laboratory. 

Accuracy and precision (defined in detail in Section 3 .4 of this SAP) are the agreement between 

a measurement and the true value and the degree of variability in replicate measurements, 

respectively. Accuracy and precision are the primary QC indicators for the '.1flalytical result and 

are discussed in the following text. 

Analytical Accuracy Assessments. One way to determine analytical accuracy can be 

through the results of analyte surrogate, matrix, and blank spikes performed. Surrogate spikes 

are applied to all field samples, MS aliquots, method blanks, and blank spike samples to assess 

the preparation and analysis efficiency for targeted organic analytes. MSs are performed on 

selected samples to assess analytical accuracy for a given sample duplicate. At a minimum, an 

LCS is prepared on a blank soil or water matrix. When performed together, MS/MSDs and 

LCS/laboratory control sample duplicates (LCSD) provide important information that is used to 

determine when matrix interferences are present and to indicate a potential bias·in the quantitated 

sample results. 

Analytical Precision. Laboratory replicates, field duplicate samples, and duplicate analysis 

(such as MS/MSD and LCS/LCSD) are used to quantify precision. Laboratory replicates 

measure the analytical precision, whereas field duplicate sample analysis provides a precision 

measurement that includes the sampling and the potential variability of the sample matrix. Soil 
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sample measurements are usually less precise than water sample measurements, because it is 

much harder to achieve a homogeneous, representative sample. In addition to sample hetero

geneity, other fa~tors may negatively impact the precision, such as a different extraction 

efficiency of the duplicate and original .aliquots during preparation, or the subsampling technique 

of the laboratory analysts obtaining the aliquot required for the sample preparation. 

Completeness. Completeness of the data set is evaluated by comparing the data reported to 

the data requested. This issue requires a prompt response, should the contract requirement of 95 

percent for field samples not be met. 

Comparability. Comparability is the extent to which comparisons among different measure

ments of the same quantity or quality will yield valid conclusions. For this project, 

comparability among measurements will be achieved through the use of standard procedures, 

standard field data sheets, and uniform concentration units. 

Representativeness. Representativeness is a qualitative parameter that expresses the degree 

to which sample data actually represent the matrix conditions. For example, the approach taken 

to collect samples is indicative of the representativeness of soil samples for an excavated area. 

The samples to be collected from RAFB will be taken as described in this SAP and in the site

specific work plans. Samples will be collected which fully represent the areas of concern at each 

site to ensure that they are usable for delineating any contamination present. 

Reporting Limits. As a rule, the RL cannot be lower than the lowest calibration standard for a 

given analysis. At a minimum, a verification standard at or near the RL is required to technically 

support the degree of accuracy indicated by the RL. 

The RL for a given analysis should be compared to the RL specified for that analysis in the SAP. 

Table 7-1 contains a laboratory summary listed by method of the list of analytes quantified by 

the method and the laboratory RLs in soil and water matrices. In the absence of matrix inter

ferences, the sample RL should be less than or equal to the project-required RL, but in the 

presence of matrix interferences that require sample dilutions, the project-specified RL often 

cannot be met. When a dilution of a sample is performed, the RL is elevated by multiplying the 

RL by the dilution factor, and the sensitivity of the measurement is decreased by that same 

factor. Therefore, when a dilution of the sample is required, either due to a confirmed matrix 

interference or due to the necessity of bringing targets into the working calibration range of an 
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instrument, the lowest possible dilution of that sample is to be reported by the laboratory in order 

to meet the project objectives as closely as possible. 

Reporting Limits and Method Detection Limits. MDLs are determined as required in 

Title 40, Code of Federal Regulations, Part 136, Appendix B or SW-846, Chapter 1 for each 

method, instrument, project-specified analyte, and applicable matrix (soil/water). The MDLs are 

recorded and documented and updated annually. After the MD Ls are generated, the laboratory 

establishes its RLs, which are higher than the MDL but below the project-required limit, to meet 

the analytical objectives in all cases. As the MD Ls are reevaluated, the RLs may be adjusted to 

reflect the new MDL. When this occurs, the laboratory will notify the project chemist and the 

revised limits will be compared to the project requirements to ensure that the limits still meet the 

analytical objectives. If they do not, alternate preparation and analysis methods will be 

employed to lower the RL so that the project target level can be attained. Site-specific work 

plans will detail these procedures for tasks that require lower-than-standard RLs. 

7.4.2 Calibration Procedures and Frequency 

Traceability. Traceability is the extent to which data can be substantiated by hard copy 

documentation. Traceability documentation exists in two essential forms: one that links quanti-

. tation to authoritative standards and a second that explicitly describes the history of each sample 

from collection to analysis. The sample COC, condition upon receipt, and any associated 

nonconformance reports are to be provided with the sample results in order to track the sample 

history from the field to the laboratory and to assess any negative impact on the sample data 

arising from non conformances occurring in the field or during the transport of the samples. 

Implementation of the RAFB SAP, work plans, and site-specific field sampling plans will 

facilitate compliance with the traceability requirement. 

7.4.2.1 General Calibration Procedures and Frequency 

Laboratory equipment (e.g., balances, refrigerators, water supply, reagents) will be calibrated or 

monitored in accordance with the requirements of the EPA, ASTM or laboratory SOPs. 

Measuring equipment, test equipment, and reference standards will be calibrated at prescribed 

intervals and/or before use. The calibration and maintenance records are subject to examination, 

as the laboratory performing the analytical work is to be USACE validated and is to be audited 

periodically by the contractor. 
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The calibration of analytical instrumentation is necessary to ensure that the system is optimized 

to achieve the proper quantitation and maximum sensitivity and can reliably meet the required 

RLs. Initial and continuing calibrations are to employ primary reference standards and standard 

solutions appropriate to the type of instrument and the working range established for the 

analytical method. The continuing calibration serves to verify the initial calibration and to 

bracket the project samples with acceptable verification standard data. Acceptable initial and 

continuing calibrations are required for all method target analytes prior to analyzing project 

samples. The requirements for initial and continuing calibrations specific to the analytical 

method and are to be performed in accordance with the requirements and corrective action 

indicated in Table 7-3. 

7.4.2.2 Calibration Reference Standards 

Physical reference standards shall be used only for calibration and shall be stored separately from 

equipment used for analyses. In general, physical reference standards shall be at least 4 to 10 

times as accurate as the requirements for the equipment that they are used to calibrate. In 

general, physical standards should be recalibrated every three years by a certified external 

agency. 

Chemical standards and standard solutions must be traceable to a reliable source, such as the 

National Institute of Standards and Technology or EPA, and are to be used within the expiration 

date indicated by the supplier or the method, whichever is first. The concentration of stock and 

working standard solutions is to be verified by analysis prior to use. Laboratory documentation 

for all standards and standard solutions must identify the supplier, lot number, purity, 

concentration, expiration date, preparation date, and any other necessary information, with all 

documentation signed and dated. 

7.4.2.3 Calibration Failures 

If an equipment malfunction is suspected, the device will be tagged and removed from service. 

In the laboratory, such action should be reported to the laboratory PM, laboratory QA officer, 

and project chemist. In the field, the sampling coordinator or field supervisor will be notified. 

7.4.2.4 Calibration Records 

Records will be prepared and maintained for each piece of calibrated measuring and test 

equipment and each piece of reference equipment to indicate that established calibration 

procedures have been followed. Records for equipment used will be kept in the appropriate 

project file. 
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7.5 Laboratory Nonconformances and Corrective Action Procedures 

Nonconforming equipment, items, activities, conditions, and unusual incidents that could affect 

compliance with project requirements will be identified, controlled, and reported in a timely 

manner. A nonconformance is defined as a deviation from the objectives stated in the project 

plans, cited methods, or SOPs. Examples of nonconformances include the following: 

• Nonconformances associated with an instrument malfunction 

• Change in organization or procedure 

• Substitution of equipment or method 

• Undesirable trends in laboratory QC or method QC data 

• Loss of sensitivity as indicated by significant changes in the RLs 

• Deficiencies noted by the laporatory QA department such as performance 
evaluation sample performance or internal/external audits. 

Once a nonconformance is noted and documented, the situation is monitored by project and QA 

personnel who determine how best to still achieve the objectives planned. The formulation of 

how the nonconformance situation will be resolved is termed the corrective action. 

The laboratory QA officer and laboratory PM are responsible fo~ the initial assessment of QC 

sample information. If data fall outside accepted limits, the laboratory QA officer will imme

diately notify the Shaw project chemist. If the situation is not corrected and a condition occurs 

that is not planned or expected to occur, the Shaw project chemist, the laboratory QA officer, the 

laboratory PM, and department leaders are responsible for identifying the source of the noncon

formance, determining the impact of the nonconformance on overall data quality and usability, 

and initiating corrective action. A corrective action may result in a reanalysis method modifi

cation, the use of qualified data or, if necessary, resampling. Completion of corrective action 

should be evidenced by data returning to prescribed target limits or assurances that future data 

will be within target limits. Surveillance of the activity or a project audit of the process may be 

warranted to document the success of the corrective action approach. For instance, if, due to 

oversight, a sample is not spiked with a surrogate compound, a laboratory nonconformance 

would be initiated. If the sample was still within holding times, the laboratory PM could direct 

the laboratory to extract, spike, and reanalyze additional volume from the sample as a corrective 
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action. Table 7-2 summarizes the laboratory corrective action steps to be taken in conjunction 

with analytical method QC checks that are performed on a specified frequency. 

The modification, repair, rework, or replacement of nonconforming equipment, items, or 

activities will require the reverification of acceptability. In certain instances, as determined by 

the project chemist, these actions may require that corrective action be completed and verified 

before site work continues. 

The equipment, item, or activity that has the deficiency may be temporarily stopped while the 

nonconformance is being investigated. If, in the opinion of the Shaw project chemist or Shaw 

PM, the nonconformance does not significantly affect the technical quality or use of the work, 

the work may continue pending resolution of the nonconformance. The basis for such decisions 

will be documented on the nonconformance report and submitted to the QA officer for review 

and approval. The documentation will include the statement that the decision was made prior to 

continuing the work. The records of nonconformance and their dispositions will be kept in the 

project central files. 

7.6 Quality Control Program 

QC procedures are implemented to provide the quality of data suitable for their intended use and 

to ensure that the project DQOs are satisfactorily met. Field QC and laboratory QC checks are 

used to determine if the analysis is in control, as well as if the sample matrix adversely affects 

the quantitated result. To clarify these requirements, the following definitions are provided. 

7. 6.1 Field Quality Control 

Field QC or matrix-specific QC is performed to check the sampling and analytical accuracy and 

precision of field data and to determine the origin of contamination originating from the 

collection, transport, or storage of samples. The purpose of field QC data is to provide important 

information about field operations. Analytical data are not to be altered or corrected for any 

results from the field QC samples. The requirements and frequency is determined by the method 

or specified by the project. The types of matrix-specific QC are MS/MSDs field duplicates, trip 

blanks, equipment blanks, field blanks, and material blanks, as discussed in detail in Chapter 6.0 

ofthis SAP. 

Matrix Spike/Matrix Spike Duplicates. MS/MSDs are used to determine the accuracy and 

precision of the method for a sample matrix. The spiked compounds include representative 

compounds that are quantified during the method and spiked during sample preparation on a 
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specially prepared aliquot of the sample matrix. Results of these spiked aliquots are then 

compared to the native concentrations of the analytes spiked, and a recovery is calculated. 

Recovery of the spiked compound is used as an assessment of analytical accuracy on the sample 

matrix analyzed. These results are essential to identifying sample matrix interferences. Often, 

matrix spikes are performed in duplicate (as an MSD) on a second aliquot of the sample. In this 

manner the preeision of the assessment can be quantified as the RPD of the original and 

duplicate spike. The target acceptance limits for MS recovery and RPD are performance based 

and are statistically determined by the analytical laboratory as specified in the method. As such, 

these values are periodically updated by the laboratory. Example acceptance limits for precision 

and accuracy are presented in Table 7-3 of this SAP for reference. 

Field Duplicates. Field duplicates are used to assess the precision of the sample collection 

procedures for a specific matrix. No data are qualified based solely on the results of field 

dupHcate analyses. 

Field duplicate sample analysis will be performed on a site-specific frequency to address the 

variability of contaminant concentrations in the sample matrix. Because of the additional 

variability introduced during sampling, the target acceptance criteria has been increased to less 

than or equal to 50 percent RPD (whereas analytical duplicates are generally less than or equal to 

20 percent RPD). These checks are summarized in Table 7-2. 

Trip Blanks. Trip blanks are used to evaluate contamination from VOCs originating from the 

transport of the samples. In the event of trip blank contamination, the associated sample data are 

evaluated for false positive results. 

Equipment Blanks. Equipment blanks are used to check the adequacy of the decontamination 

of the sampling equipment used for the samples collected. In the event of equipment blank 

contamination, the associated sample data are evaluated for false positive results. 

Field Blanks. Field blanks are used to check for contamination originating from the ambient 

conditions affecting the field samples. In the event of field blank contamination, the associated 

sample data are evaluated for false positive. results. 

Material Blanks. Material blanks are used to assess the purity of the source water and to 

determine whether contamination originated from the source water on site or from the 
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decontamination process. In the event of material blank contamination, the associated sample 

data are evaluated for false positive results. 

7.6.2 Laboratory Quality Control Proc~dures 
Laboratory QC implements internal QC checks to monitor the precision and accuracy of an 

analytical method in the absence of known matrix interferences and can be categorized as batch 

QC and method QC. These internal QC checks are used together to ensure that the data quality 

is satisfactory and are required to provide confidence in the consistent quality of the data. Table 

7-2 summarizes the QC acceptance criteria and the subsequent corrective action for each 

analytical method. 

The sample batch is a group consisting of a maximum of 20 samples that are of the same matrix 

or of similar composition and that are prepared and/or analyzed together under the same 

analytical conditions. Samples that are prepared together should be analyzed together, with the 

exception of failed QC indicators that warrant reanalysis. There is a distinction between a 

preparation batch and an analytical batch. 

The preparation batch is defined as samples that are prepared together using the same equipment, 

method sequence, the same reagents and undergoing the same process. Each preparation batch 

must contain the required number and type of blanks, laboratory QC samples, and field QC 

samples defined for the method or the project. 

The analytical batch consists of a group of samples that are analyzed together within the same 

analytical run sequence and within the same time period or in sequential time periods with the 

required number of calibration standards and QC samples defined by the method or the project. 

7.6.2.1 Batch Quality Control 

Samples that are required for every batch are, at a minimum, the method blank and an LCS or 

blank spike. Further QC requirements are addressed by the method or on a project-specific 

basis. 

Method Blanks. Method blanks are either water or soil matrices that are known to be free of 

matrix effects, are analyzed with each analytical batch~ and are processed on a per-matrix (i.e., 

soil and water) basis. These blanks are carried stepwise through the same analytical procedu~e as 

the field samples, including the addition of solvents, spikes, and reagents required in the analysis 

process. The purpose of the blank is to identify any possible contaminants that may be 
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introduced to the sample as a result of any part of the analytical process. Contamination 

identified in the method blank can be compared to the results of the field samples and can be 

used to assess the origin of the reported concentration and to identify cases where elevated 

concentrations might be false positive data. 

Laboratory Control Samples or Blank Spikes. LCS or blank spike samples consist of 

known amounts of target analytes in an analyte-free matrix (soil or water). The spiked 

compounds include representative compounds that are quantified during the method and spiked 

during the sample preparation on a specially prepared aliquot of the sample or blank matrix. 

Results of these spiked· aliquots are then compared to the known concentrations of amounts the 

analytes spiked and a recovery calculated. Recovery of the spiked compound is used as an 

assessment of analytical accuracy of the analytical method and to determine control limits for the 

method. These results are useful in distinguishing sample matrix interferences from analysis 

interferences through a comparison of MS and blank spike recovery data. Often, the LCS is 

performed in duplicate (as an LCSD) on duplicately prepared aliquots. In this manner, the 

precision of the assessment can be quantified as the RPD of the original and duplicate spike. The 

target acceptance limits for the LCS recovery and RPD are performance based and are statisti

cally determined by the analytical laboratory as specified in the method. As such, these values 

are periodically updated by the laboratory. Example acceptance limits for precision and 

accuracy are presented in Table 7-3 of this SAP for reference. 

MS/MSDs. MS/MSDs, prepared by spiking duplicately prepared sample matrix aliquots, are 

often requested to be analyzed every 20 samples. The percent recoveries from each spiked 

sample and the RPDs between the spiked pairs provide an assessment of the precision and 

accuracy of the method for the matrix being analyzed. 

Laboratory Replicates. Laboratory replicates are analyses of replicate aliquots or split 

aliquots of a field sample. When specified in the site-specific work plan, these samples can 

provide an indication of the precision of the analytical process. 

7.6.2.2 Method Quality Control 

Surrogates. Surrogates are halogenated or isotopically labeled compounds, not typically 

occurring in nature, that are used in the analytical program to monitor the efficiency of the 

sample preparation and analysis procedures on a sample-by-sample basis for organic compound 

analysis (Methods 8021, 8260B, 8270C, 8082, and 8015B). Known spike concentrations of the 
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surrogate compounds are added to laboratory QC and field samples to determine the accuracy of 

the method for each sample matrix. The compounds used as surrogates are specified in the 

method and their acceptance criteria are performance based and statistically determined by the 

laboratory. Example acceptance limits are shown in Table 7-3 for reference. 

Internal Standards. Internal standards are analytes that have the same characteristics as the 

surrogate but are added to a sample just prior to analysis. The internal standard area and 

retention time are QC indicators, as well as indicators of instrument response for each sample, 

and are controlled according to method specifications. Each sample concentration is normalized 

to its internal standard response. Any QC deficiency for the internal standard will directly 

impact and drive the direction of the bias of a sample result. 

lnterelement Correction Standards. Interelement correction standards are used in the 

inductively coupled plasma analysis to verify interelement correction factors that are designed to 

correct for a predetermined spectral interference from one element to another. The acceptance 

criteria for the interelement correction standards are stated in the analytical method. 

Verifications Standards. Verification standards are standards that originate from a different 

source or lot than the calibration standards and are used to verify initial and continuing calibra

tions for accuracy or linearity after the initial calibration and at a specified frequency of sample 

analysis. Acceptable continuing calibration verification standards are to bracket all sample 

analyses for RAFB. 

7.6.3 Preventive Maintenance Procedures 
Periodic preventive maintenance is required for all sensitive equipment. Instrument manuals will 

be kept on file for reference purposes should equipment need repair. 

Laboratory equipment requiring routine maintenance has a control system indicating the date of 

required maintenance, person maintaining the equipment, and the next maintenance date. Infor

mation pertaining to life histories of equipment maintenance will be kept in individual logs for 

each instrument. 

7.6.4 Performance and System Audits 

Scheduled project/laboratory auditi; will be performed as project activities allow to review and 

evaluate the adequacy of field activities and laboratory performance and to ascertain if the SAP 

is being completely and uniformly implemented. The Shaw PM is responsible for requesting and 
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establishing an audit team. Annual audits may be supplemented by additional audits for one or 

more of the following reasons: 

• When significant changes are made in field or laboratory protocols 

• When it is necessary to verify that corrective action has been taken on a noncon
formance reported in a previous audit 

• When requested by the PM. 

The objectives of performance and systems audits are to verify that the SAP developed for this 

project is being implemented according to the specified requirements, to assess the effectiveness 

of the plan, to identify nonconformances, and to verify that identified deficiencies are corrected. 

Upon discovery of any significant deviation from the SAP, the Shaw PM and QA officer shall be· 

informed of the nature and extent, and a nonconformance documented and corrective action 

taken to remedy the deviation . 

. More info~ation concerning audits is presented in Chapter 4.0. 

7. 7 Laboratory Data Reduction, Review, and Reporting 

The data provided by the laboratory will have been internally reviewed and judged with respect 

to compliance to the QA/QC requirements discussed in Section 7.4. Review of the data by the 

laboratory will be of sufficient quality to assure the validity of the reported data. The laboratory 

is responsible for complying with internal SOPs during the review process, including data 

generation, data reduction, data review, and data reporting. 

Data reduction involves calculating analyte concentration from instrument outputs. The 

equations used to calculate analyte concentrations should be addressed in the laboratory SOP for 

each method. Applicable units and term definitions should also be specified. All software used 

to generate analytical results should be validated by the manufacturer or by following procedures 

established in a laboratory SOP. 

The data review process consists of at least three levels of review. Each stage of the review 

process should be documented with an appropriate checklist form that is signed and dated by the 

reviewer. The following are required elements of the review process: 
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Review Level 1. One-hundred percent of all generated data must be reviewed by the analyst. 

Each analyst reviews their work based on established guideline for each method. The review 

shall at a minimum ensure the following: 

• Sample preparation information is correct ·and complete. 

• Analysis information is correct and complete. 

• Appropriate SOPs have been followed. 

• Analytical results are correct and complete. 

• QC samples are within established control limits. 

• Blanks and laboratory control samples are within appropriate QC limits. 

• Special sample preparation and analytical requirements have been met. 

• Documentation is complete (all anomalies have been documented and forms 
completed, holding time violations documented, etc.). 

Review Level 2. Twenty-five percent of the generated data are reviewed by a supervisor or 

data review specialist to provide an independent review of the data package. This review shall 

also be based on established guidelines and shall ensure the following: 

. • All appropriate laboratory SOPs have been followed. 

• Calibration data are scientifically sound, appropriate to the method, and 
completely documented. 

• QC samples are within established guidelines. 

• Qualitative identification of sample components is correct. 

• Quantitative results are correct. 

• Documentation is complete and accurate and anomalies have been documented. 

• Data are ready for incorporation into the final report. 

• The data package is complete and ready for data archive. 
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Review Level 3. Level 3 review is performed by the technical director or PM who is 

ultimately responsible for the issued report. The review should include the elements of a Level 2 

review and provide a total overview of the data package to ensure consistency and compliance 

with project-specific DQOs. 

Errors discovered during the review process are formally transmitted to the appropriate analyst. 

The cause of the error is then addres~ed and appropriate corrective action is taken to ensure that 

similar errors do not occur. 

In addition to this review process, the laboratory QC coordinator is responsible for reviewing 

hard copy analytical data packages periodically, as specified in the corporate SOP, to ensure that 

the total review process complies with internal guidelines. It is the QC coordinator's responsi

bility to investigate any failures to follow protocol and to take corrective action. 

7.8 Laboratory Reporting and Deliverables 

A standard data reporting format will be required for all laboratory reports. Site-specific field 

sampling plans will address the need for full data package deliverables. EDDs in a ShawView 

format will be submitted with each report. Certificate of analysis deliverables will be sufficient 

for TCLP or IDW samples. 

A standard report contains the following elements: 

• A case narrative, including a description of any method modifications, anomalies, 
or nonconformances occurring during the transportation, receipt, storage, 
preparation, or analysis of samples. 

• Sample results (CLP Form 1 or similar document) and all associated raw data. 

• A copy of the COC. 

• QC sample results including surrogate recoveries, spike (LCS/LCSD, MS/MSD or 
blank spike/blank spike duplicate) recoveries, RPDs, method blanks, as well as all 
·field-specified QC samples such as trip blanks, equipment rinse blanks, and field 
duplicates. The temperature of the cooler upon receipt will also be reviewed. 

Each page of data should include the project number and name, date of issue, and client name. 

Data will be presented in a tabular format when possible. Data presentation must include the 

following: 
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• Sample identification number provided to the laboratory and associated laboratory 
number· 

• Analytical method 

• Chemical parameters analyzed, reported values, and units of measurement 

• RLs of the analytical procedures 

• Flagging of data detected and reported at less than the RL 

• Consistent number of significant figures for sample results 

• Precision and accuracy limits 

• Soil and sediment samples reported on a dry weight basis 

• Footnotes referenced to specific data ifrequired for explanation of results. 

Although not included in a standard report, the laboratory should maintain all raw data including 

instrument chromatograms necessary to produce a Level IV package containing "CLP-like" 

summary forms. Independent validation of data packages may be required based on specific site 

or data requirements. If validation is required, the laboratory must provide all documentation 

necessary for the level of validation requested by Sliaw. 

All original laboratory documents are to be stored by the laboratory in a safe controlled environ

ment for a period of not less than seven years. All original documents should be available for 

review upon request. 

EDDs should be verified by the labor_atory to be free of defects and in agreement with the hard 

copy data. All disks should be scanned for viruses before submittal. Information should comply 

with specified ShawView format and valid values. EDDs found to have significant defects in 

format or information will be returned to the laboratory for correction and resubmittal. It is the 

responsibility of the laboratory to perform corrective action to prevent reoccurrence of errors and 

to provide the documentation necessary to support the review and correction of the errors. 
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8.0 Contractor Data Management and Reporting System 

8. 1 Data Reduction and Review of Field Activities 

Data collected during the field activities will be reviewed by checking the procedures used and 

comparing the data to previous measurements. The field coordinator or sampling coordinator 

will be responsible for checking field QC samples to verify that sample collection and field 

measurement protocols have been observed. ~ese checks will include the following: 

• Use ofSOPs 
• Calibration method and frequency 
• QC bottle lot number 
• Date/time sampled 
• Preservation 
• Samplers 
• Laboratory 
• COCnumber 
• Date shipped 
• Airbill number. 

The field data will be reported in the following units: 

• Water levels - Reported to the nearest 0.01 foot 

• pH - Digital reading rounded to 0.1 standard units 

• Electrical conductivity-Reported in microsiemens per centimeter 

• Survey data- Well casing elevations surveyed to 0.01 foot; horizontal coordinates 
to 0.1 foot 

• Water temperature - °C reported to 0.1 degree unit 

• Eh - Digital reading to nearest 0.1 millivolt 

• DO - Milligrams per liter to nearest scale reading 

• Turbidity - Reported to nearest 1.0 NTU. 

Laboratory data will be reviewed on an ongoing basis. All data reported by the laboratory will 

undergo a three-tiered internal review process by the analyst, a peer or supervisor review, and a 

project management review before being sent to the task manager and data coordinator for 

additional project review. In the data review process, the data are compared to information such 
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as the sample history, sample preparation, and QC sample data to evaluate the validity of the 

results. 

8.2 Data Assessment and Validation Activities 

8.2.1 Data Evaluation/Assessment 

The hard copy and the electronic copy of the data are to be submitted to the Shaw data 

coordinator and project chemist for QC review. This process involves several steps that require a 

complete accuracy check of the hard copy package, the EDD format and content, and the hard 

copy against the EDD to ensure that they agree. Once this is complete, the data are then ready to 

be evaluated for compliance with the project DQOs to assess the data usability and to identify 

problem areas that require data validation. After the validation or review process has been 

completed, the data will proceed to a data evaluation/assessment to determine the ability of the 

data collected to address the project objectives. Outliers will be evaluated using statistical 

procedures and will be described in the task final reports. Issues to be addressed in this 

evaluation/assessment include, but are not limited to, the issues defined in the following sections. 

8.2.2 Reporting Limits 

RLs will be reviewed during the initial accuracy check evaluation/assessment to determine if the 

objectives of the project are being met. If project objectives are not being met, the PM will be 

notified and an appropriate course of action will be determined. Possible corrective actions 

include reanalysis by the original method, the addition of sample cleanup steps prior to analysis, 

resampling and analysis, or analysis by an alternative method. When an appropriate action is 

identified or when it is determined that no reasonable action is apparent to remedy the situation, 

USACE will be notified and a reasonable solution sought. 

The RL cannot be lower than the lowest calibration or verification standard. In the event that 

this occurs, data reported lower than the lowest standard are to be considered as estimated, or 

alternatively, the RL is to be elevated to the concentration of the lowest standard. 

8.2.3 Qualifiers 

8.2.3.1 Laboratory Qualifiers 
The laboratory uses qualifiers to flag analyses for a variety of reasons. Laboratory qualifiers are 

specified in the case narrative along with an explanation of their meaning. Qualifiers are used to 
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provide additional detail to support the review and interpretation of data. These qualifiers and 

their definitions are listed in Table 8-1. 

8.2.3.2 Validation Qualifiers 
Data qualifiers may be added or changed as required by validation guidelines. If 30 percent of 

the results for a given method, or 50 percent of the results for one compound, are qualified as 

estimated, the PM will determine an appropriate course of action. Factors that will be considered 

in determining the appropriate course of action include the number of results qualified, the 

reason for qualification, any pattern in the qualified data, the importance of the qualified 

compound(s), and the importance of the samples. Data validation qualifiers are listed in 

Table 8-2. 

The addition of validation qualifiers does not indicate that data are unusable for any purpose, 

unless they are rejected ("R"). Data may be rejected for various reasons, such as massive 

exceedance of holding time, situations where organic compounds (primarily volatiles) exhibit 

poor calibration responses (i.e., ketones and halogenated hydrocarbons), or compounds with 

extremely low surrogate or MS/MSD recoveries. They do, however, identify the level of 

confidence that can be placed in the data when using it to establish the presence or absence of a 

compound or to quantify the result. Thus, data validation is a mechanism for indicating the 

limits of use of the data, if limits must be applied. 

8.2.4 Blank Verification 

All analytica~ results reported by the laboratory will be evaluated for blank contamination. Field 

QC samples will be associated with corresponding original samples on the sample collection 

logs, which are completed during sampling. This association information will be entered into the 

database. Upon receipt of data packages, the QC associations will be completed, indicating all 

laboratory QC samples, their sample numbers, the date they were run, and the associated field 

samples. Both field and laboratory blank results will also be identified and assessed for inputs 

on data quality. 

When all blanks are associated with the appropriate field samples, each field sample will be 

evaluated based on the 5x/l Ox rule for blank contamination. Blanks that contain concentrations 

of target analytes above the MDLs (including estimated concentrations below RLs) will be 

flagged. The corresponding sample results will be evaluated and additional qualifiers recorded 

for these values where blank contamination was noted. The results of this evaluation will be 
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entered into the database and a summary of these results will be prepared. No blank correction 

will be applied in any presentation of the sample data unless directed by the method. 

For site contaminants of concern, the level of analyte detected in the blank should not exceed the 

MDL. During data review, the project chemist or data validator will determine if any contami

nants of concern were detected in the associated blanks and make a recommendation to the Shaw 

PM or task leader concerning data use. The site-specific final reports will identify any 

contaminants of concern that have been possibly affected. 

8.2.5 Assessment of Data Precision, Accuracy, and Completeness 

Table 7-3 summarizes the target acceptance criteria for the analyses requested. Note that all 

criteria that are included in the SAP are to be considered as target goals. When QC data fall 

outside these ranges, it may be necessary to reanalyze the samples. Generally, the data are 

flagged in the laboratory with laboratory qualifiers. Evaluation of the data by the project 

chemist, data validator, analytical data coordinator, the laboratory project manager, and the 

laboratory QA officer will be completed and a recommendation made to the PM concerning the 

usefulness of the data. Corrective action procedures may then be formulated and implemented in 

the field or laboratory to avoid reoccurrence of the condition. In all cases, the results of the data 

usefulness evaluation will be documented and discussed in a QCSR and all other project reports. 

During data validation all data anomalies will be assessed for their impact on the usability of the 

data. Data anomalies will be flagged with the appropriate qualifiers defined in the National 

Functional Guidelines. The lab qualifiers and data validation qualifiers to be used are 

summarized in Tables 8-1 and 8-2, respectively. 

To determine the precision of an analytical method and/or laboratory analyst, a routine program 

of replicate analyses is performed. The results of the replicate analyses are used to calculate the 

RPD, which is the governing quality control parameter for precision. Shaw will determine the 

precision of the analyses conducted during this investigation by reviewing the results of field 

replicate samples and laboratory duplicate samples (where applicable); then, if sufficient data are 

obtained, the arithmetic mean and standard deviation of a group of results may be calculated. 

Statistical comparison of both field and laboratory duplicate samples as a measure of precision 

evaluating both sample collection procedures and laboratory instrument performance may be 

accomplished by first comparing the obtained duplicate results with the published EPA criteria 

for method precision. If EPA criteria are not available, the RPD may be calculated and 

compared to the precision criteria established by the laboratory for the analysis oflaboratory 
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duplicates. Should the RPD exceed the QC acceptance range, the associated data should be 

considered as estimated. 

The accuracy of a method is an estimate of the difference between the true value and the 

determined mean value. Certain QA parameters such as LCSs, reagent water spike samples, QC 

check samples, MS samples, and surrogate spike samples all have known concentrations prior to 

analysis. By comparing the percent recovery of the analysis of these samples to the true value, it 

is possible to ·measure the accuracy of the analysis. 

Percent recovery values and control limits or DQOs are reported by the laboratory as a measure 

of method accuracy and will be compared with the published EPA criteria for the accuracy of an 

individual method. QC data not meeting the EPA target criteria for accuracy will be flagged 

during data validation using the appropriate qualifiers as defined in the National Functional 

Guidelines as previously discussed. 

Data completeness will be expressed both as the percentage of total tests conducted that are 

deemed valid and as the percentage of the total tests required in the scope of work that are 

deemed valid. Percent completeness is calculated with respect to the purpose of analysis (i.e., 

chemical, geotechnical, soil classification) as well as type of sample (i.e., field sample or QA/QC 

sample) .. The purpose and total number of each type of sample planned in the scope of work will 

be calculated and tabularized in the task work plan for each specific task. As part of the. evalua

tion of the task completeness performed in the task final report, the actual number of samples 

collected will be compared to the planned number, and completeness will be discussed in the 

site-specific report. The completeness goal for all the different types of samples on this project 

is 95 percent, except for QA/QC samples. Completeness of QA/QC samples will have to be 

judged on a case-by-case basis in the report documents .. Enough QAJQC data must be available 

to allow a thorough assessment of data quality to be performed. 

Representativeness is discussed In Section 7.4.1 of this SAP. 

8.2.6 Background 

For investigation activities, a sufficient number of background samples to gather mean, standard 

deviation, and concentration range data may be collected and analyzed. These samples may be 

collected from multiple sites, then averaged for installation-wide background. These data will be 

reviewed to determine if any chemicals of concern are present and at what concentration. Site 

data will then be compared to mean background data to determine if site concentrations are 
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statistically different from background concentrations. If background samples contain 

significant concentrations of chemicals of concern, or if it is determined that site samples contain 

concentrations of these chemicals that are statistically different from background, determinations 

will be made concerning the appropriate actions. Possible actions could include relocating 

background samples and collecting additional background or site samples to determine the extent 

of contamination. 

8.2.7 Tentatively Identified Compounds 

Tentatively identified compounds will be quantified only when incorporated as part of the 

planned SOW for each individual site. They will be reviewed to determine if they appear in the 

field samples at concentrations significantly greater than the field and laboratory blanks. 

Tentatively identified compounds present at concentrations significantly greater than the blank 

concentration in less than 5 percent of the field samples for a given matrix will not be considered 

in the data review. It is not anticipated at this time that tentatively identified compounds will be 

reported. 

8.2.8 Data Validation Requirements and Procedures 

One hundred percent of the samples collected will be validated by the Shaw data validation staff. 

Data validation will be based on the QC acceptance criteria specified in Table 7-3 of this SAP or 

according to the DQOs established in the site-specific task work plans. In addition, the National 

Functional Guidelines (EPA, 1993; 1994) will be followed for application of the data validation 

qualifiers, and they will serve as default data validation guidelines for method or instrument QC 

requirements not addressed in this SAP. Since samples will mainly be analyzed by SW-846 

methodologies, the data validators will evaluate the QA/QC guidance provided in each method 

used to analyze samples. Overall, the SW-846 guidelines mimic the most current edition of the 

National Functional Guidelines. Following completion of the data validation, the validator will 

compile the data review notes and assemble them into a standardized data validation report 

format. The Shaw project chemist or her designee will review all data and assess the usability of 

the data based on the validation effort :findings. 

8.3 Field Data Evaluation/Assessment 

Upon receipt, the field data package will be reviewed by the data coordinator and task manager 

for completeness and accuracy. The field data package includes all of the field records and 

measurements developed by the sampling team personnel. The field data package verification 

procedure will consist of the following: 
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• Reviewing field data contained in water, air, soil, and sediment sampling lots for 
accuracy and completeness 

• Verifying that field samples and field QC samples were properly prepared, pre
served, and identified 

• Checking on field analyses (pH, specific conductance, and temperature) for 
equipment calibration and instrument condition 

• Reviewing AR/COC records for proper completion with signatures of field 
personnel and dates. 

8.4 Quality Control Summary Report 
The QCSR is designed to evaluate all of the representative data from the field analyses and the 

fixed laboratory analyses. For each group of data, a data review checklist is completed that 

addresses specific QC indicators for each method and enables the reviewer to .identify problem 

areas that may require additional data validation. In addition to laboratory data, field and sample 

collection data are reviewed. This includes a review of daily QC reports completed by the field 

manager and/or lead field geologist. The QCSR addresses nonconformances, QC deficiencies, 

or other problems that would impact the data quality. The overall useability of the data is 

summarized in this report. 

8.5 Record Keeping 

At least two copies of all data forms and deliverables will be generated during the project and 

stored at different locations. Wherever practical, original forms will be archived at Shaw in 

Knoxville, Tennessee, and copies will be retained by the laboratory and field personnel. 

Analytical data will be archived at least seven years by the laboratory. 

8.6 Nondirect Measurements 

Nondirect measurements are sometimes used to gather data. Examples of these include literature 

searches and database query and retrieval. In these measurements, it is important to use reliable, 

documented sources. Once the source of the data is identified and verified as reliable, a 

reference of this source document should be cited in all data summaries and reports. Whenever 

possible, veri(ication from multiple, independent sources that yield comparable data should be · 

obtained and documented. This should then be noted in associated data summaries and reports. 
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8. 7 Electronic Data Management 

Data for the project will be managed using ShawView, Shaw's Oracle-based information 

management system. An RAFB project database is used to store all the data collected and to 

produce site reports with various analytical, physical, and geographic data. The field program 

will yield data from planned field samples and associated QA/QC samples that will be planned, 

tracked, validated, reported, and entered into the database. Using ShawView, Shaw will manage, 

report, and produce an electronic data deliverable (if required) upon completion of the project for 

all samples collected. 

Analytical data will be managed beginning at the point of sampling, continuing through the 

laboratory analysis, data reporting and validation, and culminating with any requested electronic 

data submission for the project. During the field program, samples will be packaged and shipped 

to the laboratory, submitted for analysis, and tracked through the laboratory system. Reported 

data will be reviewed, validated as required, and entered into RAFB database for use by Shaw 

technical staff in the preparation of reports and submit any electronic deliverables to the USACE. 

Waste samples sent off site during the field program for analysis to characterize the waste for 

disposal will not typically be validated or submitted electronically. 

Database Management. The existing RAFB database will be used to store both field and 

laboratory analytical data. ShawView will be used to access, manage, and report the data and 

produce the any specified electronic data deliverables for the project. The following tasks will 

be performed in the data management activity: 

• Sample Planning. The RAFB database will be set up in this task and all planned 
field and QC samples will be entered into the database using the ShawView 
Sample Planning Module. The existing ShawView Sample Planning Module will 
be used to produce a detailed sampling plan for review prior to field mobilization. 
This will help to ensure QC sample requirements are met as well as provide a basis 

·for logistical planning. 

• Field Data Entry. This task includes manual entry (and QC checking) of key field 
measured parameters into the database. The existing ShawView Field Module will 
be used to generate sample labels and COC forms and store field recorded data on 
site. This information will be integrated into RAFB database. 

• Data Validation Qualifier Entry. The task includes the manual entry (and QC 
checking) of data validation-assigned qualifiers into the database. 

• Data Management and Routine Reporting. This task includes receiving, 
uploading, and checking electronic data deliverables from Accutest; populating the 
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database; and producing reports for end users. This includes the following 
subtasks: 

Database administration (table space, backups, system maintenance, technical 
support, etc.). 

Database maintenance, review, and setup of tables by the database manager for 
planned locations, chemical parameters, sampling methods, and generating 
field forms for data collection. 

Loading of the laboratory-provided EDDs into the database by the database 
manager. Coordination by the database manager with Accutest on the format 
of their EDDs and creation of import specifications to accept the deliverables. 
Appendix E describes the default specifications for the submittal oflaboratory 
data in ShawView format. 

Programming by the database manager to support the projectMrequired report 
formats specified in the work plan. Adding these formats to the list of 
available reports is also addressed. Downloading the data for erro~ 
identification and verificatiqn of error correction by the database manager is 
also included. 

Additional customization by the database manager to add the specific field 
projects into RAFB database. Typical additional requests, based on 
experience, may include additional reports, new forms, customization to 
existing forms or the need to include other data not required at the beginning of 
the project. The forms and reports are written using Oracle Developer 
products. 

• Production of Electronic Deliverables. Generating EDDs of the field and 
analytical data from RAFB database is the focus of this task. These deliverables 
will be prepared after the final report is complete based on the specific needs of 
USACE. The database manager will be responsible to resolve any errors and 
perform any correction to the data. 
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WAD 
No. 

1 

3 

5 

7 

9 

11 

Table 1-1 

Summary of Planned Activities 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 1 of 2) 

Area of Concern Planned Activities 

Small Arms Range Soil Preparation of a combined SSAP/SSHP, metals 
Assessment screening of soil using x-ray fluorescence (XRF), 

confirmation soil sampling for metals, and preparation of 
a site assessment report. 

Small Arms Range Groundwater Preparation of a combined SSAP/SSHP, monitoring well 
Assessment installation and sampling, collection of groundwater 

levels, well abandonment, and preparation of a site 
assessment reoort. 

Landfill Remedial Investigations: An investigation to determine the nature and extent of 
Landfill #1 and Landfill #2 suspected contamination will be performed at each 

these sites. Surface soil, subsurface soil, surface water, 
and sediment samples will be collected. Groundwater 
samples will be collected from the existing monitoring 

. wells. A surface survey and inspection will be 
conducted. 

Base Laundry Site Inspection Update of an existing SSAP/SSHP, completion of a 
(Building 508) passive soil-gas survey, confirmation soil sampling and 

analysis, and preparation of a site assessment report. 

Small Arms Range Remediation Preparation of a site-specific interim removal action 
(IRA) work plan/SSHP/SSAP. A treatability study to 
determine the appropriate stabilization agent. Clearing 
and grubbing. Remediation of the small arms range 
including the excavation and stabilization of 
contaminated soils. Collection of confirmation soil and 
waste characterization samples. Removal of the 
existing firing line structures. Site restoration. 
Preparation of an IRA report. 

Tank Farm No.1 Remediation Preparation of a site-specific IRA work 
plan/SSHP/SSAP. An environmental assessment of the 
paint covering of the ASTs and aboveground piping to 
determine the presence of lead-based paint and 
asbestos. Removal and disposal of the contents of the 
ASTs and pipelines. Demolition of the ASTs. Removal 
of the remaining aboveground pipeline and valves. 
Abandonment of the remaining below ground pipeline. 
Excavation and disposal of contaminated soil identified 
below and adjacent to the ASTs. Confirmation 
sampling. Site restoration. Preparation of an IRA 

·report. 
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· .... ·-

WAD 
No. 

13 

15 

Table 1-1 

Summary of Planned Activities 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 2 of 2) 

Area of Concern Planned Activities 

Maintenance building 1029 UST Preparation of a site-specific IRA work 
Removal plan/SSHP/SSAP. Acquisition of the UST removal 

permit. Removal and disposal of the contents of the 
USTs. Removal of the USTs. Removal of the 
remaining integral piping. Excavation and disposal of 
contaminated soil identified below and adjacent to the 
USTs. Confirmation sampling. Site restoration. 
Preoaration of an IRA reoort. 

Crashboat Pipeline Abandonment Removal and disposal of the contents of the pipelines. 
Abandonment of the underground portion of the 
pipelines. Removal of the 1 O remaining valve pits. Site 
restoration. Preparation of an IRA reoort; 

AST - Aboveground storage tank. 
SSAP - Site-specific sampling and analysis plan. 
SSHP - Site-specific safety and health plan. 
UST - Underground storage tank. 
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Table 6-1 

Suggested Field Quality Control Sample Types, Matrix, and Frequency 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

Applicable 
QC Sample QA Sample Field Sample Analysis 

Type Matrix Matrix Program Frequency 

Field Duplicates Same as the field All Same as the 1 in 10 (10%) or as 
sample matrix corresponding field specified in task-specific 

sample work olan 

USAGE QA Split Same as the field All Same as the At the direction of the 
Samples sample matrix corresponding field USACE Technical 

sample Manager or his desianee 

MS/MSD Same as the field All Organic compounds, 1 in 20 (5%) or as specified 
sample matrix metals, and ion in task-specific work plan 

chromatography 
parameters 

Trip Blanks(a) Water Water voes only 1 per shipment or ice chest 
that contains aqueous VOA 
samples 

Equipment Rinse Water All Same as the Per event (on reusable 
Blanks corresponding field sampling equipment only) 

sample or as specified 
in task-specific work plan 

Material Varies<bl All Same as the As specified in task-
Blank/Field corresponding field specific work plan (or 

Blank sample annually for the DI water 
filtration system) 

a Trip blanks are required only if water matrix samples for VOC analysis are collected. 
bMaterial blank/field blank samples will consist of an unused or unexposed sample of the media used to collect the sample 
(e.g., the source water or chemical reagent source) and, therefore, may be of any media. 

DI - Deionized. 
MS/MSD - Matrix spike/matrix spike duplicate. 
QA - Quality assurance. 
QC - Quality control. 
VOA - Volatile organic analysis. 
VOC - Volatile organic compound. 
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Analytical 
Matrix Parameter 

'Valer Diesel Range Organics 

Gasoline Range Organics 

Or~nochlorine 
PC sf Pesticides 

GC/MSorGC 

Volatile Organics 

Semivolatile Organics 

HPLC 

Nitroexplosives 

PAH Compounds 

ICAP/CVAA/GFAA Metals 

Metals-Filtered b 

(Dissolved) 
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Analytical 
Reference 

SW 80158 

SW 80158 

SW 8081A 
SW 8082 

SW 82608 
SW8021 

SW 8270C 

SW 8330 

SW 8310 

Table 6-2 

Laboratory Sample Containers, Preservation Methods, 
and Holding Times for Potential Analyses 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 1 of 5) 

· Container Type 
and Quantity Preservative 

1x1 Lamber glass wfTeflon-lined cap H2S04 to pH <2, cool to 4°C 

2x40 mL glass wffeflon-lined septum (minimum) HCI to pH <2, cool to 4°C 

2x1 Lamber glass wfTeflon-lined cap Cool to4°C 

2x40 mL glass wffeflon-lined septum (minimum) HCI to pH <2, cool to 4°C 

· 2x1 Lamber glass wfTeflon-lined cap Cool to 4°C 

2x1 L amber glass wfT eflon-lined cap Cool to 4°C 

2x1 Lamber glass wfTeflon-lined cap Cool to4°C 

SW 60108/7000 1 x500 mL poly HN03 to pH <2 
Series 

Holding Time• 

7 days pre-extraction, 40 days post-
extraction 

14 days 

7 days pre-extraction, 40 days post-
extraction 

14 days 

7 days pre-extraction, 40 days post-
extraction 

7 days pre-extraction, 40 days post-
extraction 

7 days pre-extraction, 40 days post-
extraction 

6 months (mercury - 28 days) 



Analytical 
Matrix Parameter 

Nater Metals - Unfiltered b 

~Continued) (Total) 

Wet Chemistry 

Alkalinity 

BOD 

COD 

Sulfide 

Chloride, Fluoride, Nitrate, 
Nitrite, Orthophosphate, 
Sulfate 

Cyanide 

Phenol 

Sulfite 

Hardness 

Nitrogen, Kjeldahl 

Nitrate/Nitrite 

Ammonia 
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Analytical 
Reference 

Table 6-2 

Laboratory Sample Containers, Preservation Methods, 
and Holding Times for Potential Analyses 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 2 of 5) 

Container Type 
and Quantity Preservative 

SW 60108/7000 1x500 mL poly HNOa to pH <2 
Series 

EPA310.1 1 x250 mL poly Cool to4°C 

EPA405.1 1x1 L poly Cool to4°C 

EPA 410.4 1x125 mL poly or glass H2S04 to pH <2 

EPA376.1 1x1 L poly Zinc acetate/NaOH pH >9, cool 
to 4°C 

EPA 300.0 (ion 1x250 mL poly None 
chromatography) 

SW 90108 1x1 L poly NaOH to pH >12, cool to 4°C 

EPA420.1 1x1 Lglass H2S04 to pH <2, cool to 4°C 

EPA 377.1 1x125 mL poly None 

EPA 130 1x250 mL poly or glass HNOato pH <2 

EPA351.3 1x1 L poly H2SQ4 to pH <2, cool to 4°C 

EPA353.1 1x250 mL poly H2SQ4 to pH <2, cool to 4°C 

EPA350.2 1x1L mL poly H2S04 to pH <2, cool to 4°C 

Holding Time• 

6 months (mercury - 28 days) 

14 days 

48 hours 

28 days 

7 days 

28 days 

14 days 

28 days 

Immediate 

6 months 

28 days 

28 days 

28 days 



Analytical Analytical 
Matrix Parameter Reference 

Water pH SW 9040B 
(Continued) 

Sulfate EPA375.4 

TDS EPA 160.1 

TOC EPA415.1 

TSS EPA 160.2 

Methane, Ethane, Ethane RSKSOP 

Fe2• HACH (Field) 

5oil/Sediment GC 

Field GCNolatile Organics SW 8021B 

Diesel Range Organics SW 8015B 

Gasoline Range Organics SW 8015B 

Or~mochlorine SW 8081A 
PC sf Pesticides SW 8082 

GC/MSorGC 

Volatile Organics SW 8260B 
SW8021 
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Table 6-2 

Laboratory .Sample Containers, Preservation Methods, 
and Holding Times for Potential Analyses 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 3 of 5) 

Container Type 
and Quantity Preservative 

1x100 ml poly or glass None required 

1 x500 ml poly or glass Cool to4°C 

1 x250 ml poly or glass Cool to4°C 

1x125 ml poly or glass HCI or H2S04 to pH <2, cool to 
4°C 

1 x250 ml poly or glass 
Cool to 4°C 

2 x 40 ml glass - VOA vials Cool to 4°C 

1 x 250 ml poly Cool to4°C 

1x120ml glass wide-mouth w/T etlon cap · Cool to 4°C 

250 ml wide-mouth glass w/Teflon-lined cap Cool to 4°C 

2 x 5 gm EnCore (minimum); 4x5 gram for medium Cool to4°C 
and low level 

250 ml wide-mouth glass w/Teflon-lined cap Cool to 4°C 

Soils: 
3 x 5 gm TerraCore preserved in 40ml VOA vials; 

Coolto4°C 
Seglment: 
1 x 4oz glass jar 

Holding Time" 

Analyze immediately 

28 days 

7 days 

28 days 

7 days 

48 hours 

Immediately 

24 hours 

14 days pre-extraction, 40 days post-
extraction 

48 hours pre-extraction, 14 days post 
extraction 

14 days pre-extraction, 40 days post-
extraction 

Soils in Terracores: 
14 days to analysis 

Sediments in jars: 
48 hr to pre-extraction, 14 days to analysis 



Analytical 
Matrix Parameter 

Soil/Sediment Semivolatile Organics 
(Continued) 

HPLC 

Nitroexplosives 

PAH Compounds 

ICAP/CVAA/GFAA Metals 

Metals 

TCLP (Extraction) 

Metals -
Volatiles 

Semivolatiles 

Pesticides 
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Analytical 
Reference 

SW 8270C 

SW 8330 

SW 8310 

Table 6-2 

Laboratory Sample Containers, Preservation Methods, 
and Holding Times for Potential Analyses 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 4 of 5) 

Container Type 
and Quantity Preservative 

250 ml wide-mouth glass wfTeflon-lined cap Coolto4°C 

250 mL wide-mouth glass wffeflon-lined cap Cool to 4°C 

250 ml wide-mouth glass wffeflon-lined cap Cool to4°C 

SW 601 OB/7000 120 ml wide-mouth glass wffeflon-lined cap None 
Series 

SW 1311 

SW 601 OB/7000 120 ml wide-mouth glass wffeflon-Jined cap Cool to4°C 
Series 

SW 82608 120 ml wide-mouth glass wffeflon-lined cap Coot to 4°C 

SW 8270C 250 mL wide-mouth glass wfTeflon-lined cap Cool to 4°C 

SW 8081A 250 mL wide-mouth glass wffeflon-lined cap Cool to 4°C 

Holding Time• 

14 days pre-extraction, 40 days post-
extraction 

14 days pre-extraction, 40 days post-
extraction 

14 days pre-extraction, 40 days post-
extraction 

6 months (mercury- 28 days) 

7 days TCLP extraction, 6 months to 
analysis (mercury- 28 days) 

7 days TCLP extraction, analyze 14 days 

7 days TCLP extraction, 14 days to prep 
extraction, analyze 40 days 

7 days TCLP extraction, 14 days to prep 
extraction, analyze 40 days 



Analytical 
Matrix Parameter 

Soil/Sediment Miscellaneous 
(Continued) 

Grain size and moisture 

Atterberg Limits 

Heating value 

Total Oroanic Carbon 

:>TM - American Society of Testing and Materials. 
)0 - Biological oxygen demand. 
: - Degrees Celsius. 
)A - U.S. Environmental Protection Agency. 
'.;/MS - Gas chromatography/mass spectrometry. 
!S04 - Sulfuric acid. 
:1 - Hydrochloric acid. 

Analytical 
Reference 

ASTM 02216, 
0421,0422 

ASTM D-4318 

ASTM D-3588 

SW 9060 

olding time is calculated from the sample collection date and time. 

Table 6-2 

Laboratory Sample Containers, Preservation Methods, 
and Holding Times for Potential Analyses 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 5 of 5) 

Container Type 
Holding Time• and Quantity Preservative 

1x250 ml wide-mouth glass Cool to4°C None specified 

Air tight container Cool to4°C None specified 

1x250 ml wide-mouth glass Cool to 4°C Suggested 30 days 

1x120 ml wide-mouth class Cool to4°C 28 davs 

HN03 - Nitric acid. OD - Chemical oxygen demand. 
HPlC - High-performance liquid chromatography. 
ICAP/CV AA /GF AA- Inductively coupled argon plasma/cold vapor 

PAH - Polynuclear aromatic hydrocarbon. 
PCB - Polychlorinated biphenyls. 

atomic adsorption/graphite furnace atomic adsorption 
l - Liter. 
ml- Milliliter. 
NaOH - Sodium hydroxide. 

TClP -Toxicity characteristic leaching procedure. 
TDS - Total dissolved oxygen. 
TSS-Total suspended solids. 

iltered groundwater samples will be collected in the field using a disposable inline filter. Samples will be preserved in the field. 
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Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Fore~ Base 
Aguidilla, Puerto Rico 

(Page 1of11) 

Water Soil 
Hiah Level 

Grouo/Parameter RL I Units RL T Units 

Total Petroleum Hvdrocarbons bv GC (50308, 5035/80158, 35008/80158-SW-846\a 
Diesel RannA Oraanics <DRQ) 250 uo/L 8.3 ma/ka 
Gasoline Ranae Orru:inics lGRO) 100 uo/L 0.1 mnlkn 

Volatile Oraanlc ComDounds bv GC (50308, 5035/80218 - SW-846} 
1,3-0ichlorobenzene 1 ua/L 
1 4-Dichlorobenzene 1 uo/L 
1 2-Dichlorobenzene 1 uo/L 
1,2-0lchlorobenzene 1 ua/L 

1, 1.2-Trichloroethane 1 ua/l 
1, 1, 1-T richloroethane 1 ua/L 
11.2 2-Tetrachloroethane 1 ua/L 

1,2-Dichloroorooane 1 11n/L 
1, 1-Dichloroethene 1 ua/L 
1,2-Dichloroethane 1 ua/L 
1, 1-Dichloroethane 1 ua/L 
2-Chloroethvl vinvl ether 1 ua/L 
Benzene 1 uo/L 
Bromodichloroemethane 1 ua/L 
Bromoform 1 ua/L 
Bromomethane 1 ua/L 
Carbon tetrachloride 1 ua/L 
Chlorobenzene 1 ua/L 
Chloroethane 1 ua/L 
Chloroform 1 un/L 

Chloromethane 1 11n/L 
cis-1. 3-Dichloroorooene 1 ua/L 
cis-1,2-Dichloroethene 1 ua/L 
Dibromochloromethane 1 ua/L 
Dichlorodifluoromethane 1 ua/L 
Dichloromethane (DCM) 5 ua/L 
Ethvl benzene 1 ua/L 
Tetrachloroethene 1 ua/L 
Toluene 1 ua/L 
trans-1 ,3-Dichloroorooene 1 ua/L 
trans-1 2-Dichloroethene 1 ua/L 
Trichloroethene 1 ua/L 
Trichlorofluoromethane 1 rin/L 

KN6\Ramey\IW SAP\Final\7-1\lOll 0/06\11:-0S AM 
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Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, ,Puerto Rico 

(Page 2 of 11) 

Water Soil 
Hiah Level I Low Level 

Group/Parameter RL I Units RL I Units I RL I Units 

Vinvl Chloride 1 ua/L 

Xylene (total) 3 ua/L 

Pesticides by GC (3500B\8081A- SW-846ld 
4,4'-DDD 0.1 ua/L 3.3 ua/ka 

4,4'-DDE 0.1 ua/L 3.3 ua/ka 

4,4'-DDT 0.1 ua/L 3.3 ua/ka 

Aldrin 0.05 ua/L 1.7 11n/ka 

alpha-BHC 0.05 11n/L 1.7 un/ka 

beta-BHC 0.05 11n/L 1.7 un/ka 

Chlordane (Technical) 0.5 ua/L 17 ua/ka 
Chlordane {alpha) 0.05 11n/L 1.7 un/ka 

delta-BHG 0.05 ua/L 1.7 un/ka 

Dieldrin 0.05 ua/L 1.7 un/ka 
Endosulfan I 0.05 un/L 1.7 un/ka 
Endosulfan II 0.1 

.. 
un/L 3.3 un/ka 

Endosulfan sulfate 0.1 un/L 3.3 ua/ka 
Endrin 0.1 ua/L 3.3 ua/ka 
Endrin aldehyde 0.1 ua/L 3.3 ua/ka 
Endrin ketone 0.1 ua/L 3.3 ua/ka 
Heotachlor 0.05 ua/L 1.7 ua/ka · 
Chlordane (aamma) 0.05 un/L 1.7 un/ka 
Heptachlor epoxide 0.05 un/L 1.7 un/ka 
Methoxychlor 0.1 un/L 3.3 ua/ka 
Toxaphene 2.5 ua/L 170 ua/ka 
aamma -BHC CLindane) 0.05 ua/L 1.7 ua/ka 

Polychlorinated Biphenyls by GC (3500B\8082A - SW-846)d 
Aroclor 1016 0.5 ua/L 17 ua/ka 
Aroclor 1221 0.5 ua/L 17 ua/ka 
Aroclor 1232 0.5 ua/L 17 ua/ka 
Aroclor 1242 0.5 ua/L 17 ua/ka 
Aroclor 1248 0.5 ua/L 17 11n/ka 
Aroclor 1254 0.5 un/L 17 ua/ka 
Aroclor 1260 0.5 ua/L 17 ua/ka 

Organophosphorous Pesticides by GC (8141A- SW-846} 
Azinohos-methyl NA NA 
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Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, Puerto Rico 

(Page 3 of 11) 

Water Soil 
Hiah Level I Low Level 

Grouo/Parameter RL I Units RL I Units I RL I Units 

Bois tar NA NA 

Chlorovrifos NA NA 

Coumaohos NA NA 

Demeton-0 NA NA 

Demeton-S NA NA 

Diazinon NA NA 

Dichlorvos NA NA 

Thionazin NA NA 

Dimethoate NA NA 

Disulfoton NA NA 

EPN NA NA 

Eth ion NA NA 

Ethooroo NA NA 

Famohur NA NA 

Fensulfothion NA NA 

Fenthion NA NA 

Malathion NA NA 
Merohos NA NA 
Methyl parathion NA NA 
Mevinphos NA NA 
Naled NA NA 
Parathion NA NA 
Phorate NA NA 
Ronn el NA NA 
Stiroohos NA NA 
Tetraethvldithioovroohosohate lSulfoteoo) NA NA 
Tokuthion NA NA 
Trichloronate NA NA 
o,o,o-Triethvl phosohorothioate NA NA 
T richlorfon NA NA 
Hexamethvlohosohoram ide NA NA 

Herbicides bv GC (8151A- SW-846 
2,4-0 1.5 ua/L 33 ua/ka 
2,4,5-TP (Silvex) 0.2 ua/L 13 ua/ka 
2,4-DB 2 ua/L 66 ua/ka 

·--•-•UM""-"'~ 

2,4,5-T 0.2 µa/L 6.6 uo/ka 
Dalaoon 1 ua/L 33 110/ka 
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Table 7-1 
·., 

J' 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, Puerto Rico 

(Page 4 of 11 ) 

Water Soil 
Low Level 

Grou /Parameter RL RL Units 

Dicamba 0.2 6.6 
Dichlor o 33 
Dinoseb 0.2 . 6.6 

MCPA 50 170 

MCPP 50 170 

GC/MS 5030B, 5035182608 - SW846 c 
lso ro benzene 1 /L 250 

1, 1-Dichloroeth lene 1 250 

1 , 1-Dichloroethane 1 250 
1 2-Dichloroethane 1 250 
1 2-Dichloro ro ane 1 250 
1, 1, 1-Trichloroethane 1 250 

1,11,2-Tetrachloroethane 1 250 
1,1,2,2-Tetrachloroethane 1 250 
1, 1 2-Trichloroethane 250 
Meth I eth ketone 5 1250 

1 250 
5 250 

ntanone 5 250 
Acetone 25 2500 
Acrolein 20 1250 
Acr onitrile 10 1250 
Benzene 1 250 
Bromodichloromethane 1 250 
Bromoform 1 250 
Meth I bromide 2 250 
Meth ene bromide 2 250 
Carbon disulfide 2 250 
Carbon tetrachloride 1 250 
Chlorobenzene 1 250 
Chloroethane 1 250 
Meth I chloride 2 250 

'· Chloroform 1 250 
1 250 

' -·/ cis-1,3-Dichloro ro ene 1 250 
Dibromochloromethane 1 250 
Eth benzene 1 250 
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Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
· ·Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, Puerto Rico 

(Page 5of11) 

Water Soil 
Hi h Level 

Grou /Parameter RL RL 
Meth ene chloride 5 500 

Bromobenzene 1 250 

Bromochloromethane 1 250 
1 250 
1 250 
1 250 

o-Chlorotoluene 1 250 

hlorotoluene 1 250 

1 2-0ibromo-3-chloro ro ane 2 250 
1 2-Dibromoethane 1 250 

o-Dichlorobenzene 1 250 
m-Dichlorobenzene 1 250 

-Dichlorobenzene 1 250 
Dichlorodifluoromethane 1 250 

1 250 
1 250 
1 250 
2 250 
1 250 
2 250 
1 250 
1 250 

1,2,3-Trichlorobenzene 1 250 
1,2 4-Trichlorobenzene 1 250 

2 250 
2 250 

1,3,5-Trimeth !benzene 2 250 
Toluene 1' 250 

1 250 
1 250 
1 250 
1 250 

T richlorofluorornethane 2 250 
1 250 

10 1250 
2 500 
1 250 
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Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, Puerto Rico 

(Page 6 of 11) 

Water Soil 
Hiah Level I LowLevel 

Grouo/Parameter RL I Units RL I Units I RL I Units 

Semivolatile Oraanics bv GC/MS (3500B/8270C - SW-846}d 
1-Methvlnaohthalene 5 ua/L 170 ua/ka 

1,4-Dichlorobenzene 5 ua/L 170 ua/ka 

1,2,4-Trichlorobenzene 5 ua/L 170 ua/ko 

1,2-Dichlorobenzene 5 ua/L 170 ua/ka 

1,3-Dichlorobenzene 5 ua/L 170 ua/ka 

2, 6,..Dinitrotoluene 5 ua/L 170 ua/ko 

2,4-Dimethvlohenol 5 ua/L 170 ua/ka 

2,4-Dinitrotoluene 5 ua/L 170 ua/ka 

2,4,5-Trich!oroohenol 5 ua/L 170 ua/ka 

2,4,6-Trichlorooheno! 5 ua/L 170 ua/ko 

2,4-Dinitrooheno! 25 ua/L 830 ua/ka 

2,4-Dich!orophenol 5 ua/L 170 µa/ka 

2-Chloronaohthalene 5 ua/L 170 ua/ko 

2-Chloroohenol 5 ua/L 170 ua/ka 

2-Methvlnaohthalene 5 ua/L 170 ua/ka 

2-Methvlohenol 5 ua/L 170 ua/ka 

2-Nitroaniline 5 µa/L 330 ua/ka 

2-Nitroohenol 5 ua/L 170 ua/ka 
3,3'-Dichlorobenzidine 10 ua/L 330 µa/ka 
3-Nitroaniline 5 ua/L 330 ua/ka 
4, 6-Dinitro-o-cresol 10 ua/L 330 uo/ka 
4-Bromophenvl-ohenvl ether 5 ua/L 170 ua/ka 
4-Chloro-3-methvl ohenol 5 ua/l· 170 ua/ka 
4-Chloroaniline 10 ua/L 670 ua/ka 
4-Chloroohenvl-ohenvl ether 5 110/L 170 ua/ka 
3-/4-Methvlohenols 10 un/L 170 11n/ka 
4-Nitroaniline 5 ua/L 330 ua/ka 
4-Nitroohenol 25 ua/L 830 ua/ka 
Acenaohthene 5 ua/L 170 ua/ka 
Acenaothvlene 5 ua/L 170 ua/ka 
Anthracene 5 ua/L 170 ua/ka 
Benzo( a )anthracene 5 ua/L 170 11n/ka 
Benzo( a )ovrene 5 ua/L 170 un/ka 
Benzo(b )fluoranthene 5 ua/L 170 µa/ka 
Benzola,h,i)oervlene 5 ua/L 170 un/ka 
Benzo(k )fluoranthene 5 ua/L 170 110/ka 
Benzoic acid 25 ua/L 830 11n/ka 
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Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidllla, Puerto Rico 

(Page 7 of 11 ) 

Water Soil 
Hiah Level 

Group/Parameter RL I Units RL T Units 

bis(2..Chloroethoxv)methane 5 uQ/L 170 11nlka 

bisC2-Chloroethvl)ether 5 ua/L 170 ua/ko 

bis(2-Chloroisooroovl)ether 5 ua/L 170 un/ka 
bls(2-Ethvlhexvl\ohthalate 5 ua/L 170 ua/ka 
Butyl benzvl ohthalate 5 ua/L . 330 un/ka 

Benzvl alcohol 5 ua/L 170 ua/ka 
Carbazole 5 ua/L 170 un/ko 

Chrvsene 5 ua/L 170 11n/ka 

Di-n-butvl phthalate 5 uaJL 330 11n/ka 

Di-n-octvt ohthalate 5 ua/L 330 ua/ko 
Dibenzo( a,h )anthracene 5 ua/L 170 11n/ka 
Dibenzofuran 5 ua/L 170 11nfka 

Diethvl ohthalate 5 ua/L 330 un/ko 
Dimethvl ohthalate 5 ua/L 330 11n/ka 

Fluoranthene 5 ua/L 170 un/ko 

Fluorene 5 ua/L 170 11n/ka 
Hexachlorobenzene 5 uo/l 170 ua/ko 
Hexachlorobutadiene 5 ua/L 170 11n/kn 
Hexachlorocvclooentadiene 5 uo/L 170 uo/ka 
Hexachloroethane 5 uo/L 170 un/ka 
lndeno(1,2,3-ccnovrene 5 ua/L 170 11n/ka 
lsoohorone 5 11n/L 170 11n/ka 
N-Nitroso-di--n-oroovlamine 5 . ua/L 170 uo/ko 
N-Nitrosodiohenvlamine 5 ua/L 170 un/ko 
Naohthalene 5 uaJL 170 ua/ka 
Nitrobenzene 5 uoJL 170 uo/ka 
Pentachloroohenol 25 ua/L 830 ua/kc:i 
Phenanthrene 5 ua/L 110· uo/ko 
Phenol 5 uaJL 170 ua/ka 
Pvrene · 5 uQ/L 170 uo/ko 

Dioxins/Furans bv GC/Low Res MS 18280 - SW-846} 
2 3,7,8-TCDD NA NA 
Total-TCDD NA NA 
1,2,3, 7,8-PeCDD NA NA 
TotaJ-PeCDD NA NA 
1 2,3,4 7,8-HxCDD NA NA 
1 2,3,6,7,8-HxCOD NA NA 
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Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, Puerto Rico 

(Page 8of11} 

Water Soil 
Hiah Level I Low Level 

Group/Parameter RL I Units RL I Units I RL I Units 

1,2,3, 7,8,9-HxCDD NA NA 
Total-HxCDD NA NA 
1,2,3,4,6, 7,8-HoCDD NA NA 
Total-HpCDD NA NA 
OCDD NA NA 
2,3,7,8-TCDF NA NA 
Total-TCDF NA NA 
1,2,3, 7,8-PeCDF NA NA 
2,3,4, 7 ,8-PeCDF NA NA 
Total-PeCDF NA NA 
1,2,3,4, 7 ,8-HxCDF NA NA 
1,2,3,6, 7 ,8-HxCDF NA NA 
2,3,4,6, 7,8-HxCDF NA NA 
1,2,3,7,8,9-HxCDF NA NA 
Total-HxCDF NA NA 
1,2,3,4,6, 7,8-HoCDF NA NA 
1,2,3,4,7,8,9-HoCDF NA NA 
T otal-HoCDF NA NA 
OCDF . NA NA 

Dioxins/Furans bv GC/Hiah Res MS (8290 - SW-846) 
2,3,7,8-TCDD 
Total-TCDD 
1,2,3,7,8-PeCDD 
Total-PeCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,6, 7 ,8-HxCDD 
1,2,3, 7,8,9-HxCDD 
Total-HxCDD 
1,2,3,4,6, 7,8-HoCDD 
Total-HoCDD 
OCDD 
2,3,7,8-TCDF 
Total-TCDF 
1,2,3, 7,8-PeCDF 
2,3,4,7,8-PeCDF 
T otal-PeCDF 
1,2,3,4,7 ,8-HxCDF 
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Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, Puerto Rico 

(Page 9 of 11) 

Water Soil 
Hiah Level 

Group/Parameter RL I Units RL I Units 

1,2,3,6,7,8-HxCDF 
2,3,4,6, 7,8-HxCDF 
1,2,3, 7,8~9-HxCDF 
T otal-HxCDF 
1,2,3,4,6, 7,8-HoCDF 
1,2,3,4,7,8,9-HoCDF 
Total-HpCDF 
OCDF 

Polvnuclear Aromatic Hvdrocarbons by HPLC (35008/8310- SW-846\d 

Acenaohthene 4 ua/L 130 ua/ka 

Acenaothvlene 4 ua/L 130 ua/ka 

Anthracene 2 ua/L 67 ua/ka 

Benzo(a)anthracene 0.2 ua/L 67 ua/ka 

Benzo(a)ovrene 0.2 un/L 13 ua/ka 

Benzo(b )fluoranthene 0.2 ua/L 13 un/ka 

Benzo(a,h,i)pervlene 0.2 ua/L 13 110/ka 

Benzo(k)fluoranthene 0.2 ua/L 13 µa/ka 

Chrysene 2 ua/L 67 ua/ka 

Dibenz(a,h)anthracene 0.2 ua/L 13 ua/ka 

1-Methvlnaohthalene 2 ua/L 67 ua/ka 
2-Methvlnaphthalene 2 11n/L 67 11n/ka 

Fluoranthene 2 ua/L 67 ua/ka 

Fluorene 2 ua/L 67 ua/ka 
lndeno(1,2,3-cd)Pvrene 0.2 ua/L 13 ua/ka 
Naphthalene 2 ua/L 67 ua/ka 
Phenanthrene 2 ua/L 67 ua/ka 
Pyrene 2 ua/L 67 ua/ko 

Nitroaromatics and Nitramines bv HPLC (8330-SW-846) 
HMX 0.2 ua/L 0.25 ma/ka 
ROX 0.2 ua/L 0.25 ma/ka 
1,3,5-Trinitrobenzene 0.2 ua/L 0.25 ma/ka 
1.3-Dinitrobenzene 0.2 ua/L 0.25 mo/ka 
Tetrvl 0.2 ua/L 0.25 ·ma/ka 
Nitrobenzene 0.2 ua/L 0.25 ma/ka 
2,4, 6-T rinitrotoluene 0.2 ua/L 0.25 ma/ka 
4-Amino-4,6-dinitrotoluene 0.2 ua/L 0.25 ma/ka 
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Table 7-1· 

Summary of Sample Preparation and Analysis Methods and 
·Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, Puerto Rico 

(Page 10of1 1) 

Water Soil 
Hiah Level 

Grouo/Parameter RL I Units RL I Units 

2,6-Dinitrotoluene 0.2 ua/L 0.25 ma/ko 

2,4-Dinitrotoluene 0.2 un/L 0.25 ma/ka 

2-Nitrotoluene 0.2 ua/L 0.25 mo/ko 

4-Nitrotoluene 0.2 11n/L 0.25 ma/ka 

3-Nitrotoluene 0.2 uQ/L 0.25 moll<a 

Metals bv ICP and CVAA (3000/60108, 7470/7471 • SW-846le 
Aluminum 200 ua/L 20 ma/ka 

Antimonv 6 ua/L 6 mo/ka 

Arsenic (1) 10 un/L 0.8 ma/ka 

Barium 200 ua/L 20 mo/ko 
Bervlllum 4 ua/L 0.5 ma/ka 

Cadmium 5 ua/L 0.4 mo/ka 

Calcium 1000 uo/L 500 ma/ka 
Chromium total 10 ua/L 1 ma/ka 

Cobalt 50 ua/L 5 · ma/ka 
Coooer 25 11n/L 2.5 ma/ka 
Iron 300 ua/L 10 ma/ka 
Lead (1) 5 lJO/L 10 ma/ka 
Maqnesium 5000 ua/L 500 mo/ko 
Manaanese 15 ua/L 1.5 ma/ka 
Mercurv (2) 1 ua/L 0.083 ma/ka 
Nickel 40 uo/L ·4 mo/ka 
Potassium 10000 11n/L 1000 ma/ka 
Selenium (1) 10 ua/L 1 ma/ka 
Silver 10 un/l 1 ma/ka 
Sodium 10000 ua/L 1000 ma/ko 
Thallium (1) 10 ua/L 1 ma/ka 
Vanadium 50 uo/L 5 mQ/ko 
Zinc 20 ua/L 2 ma/ka 

Metals by GFAA (7000 Series· SW-846) 
Arsenic (1) 
Lead (1) 
Selenium (1 ) 
Thallium (1) 
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Low Level 
RL I Units 



Table 7-1 

Summary of Sample Preparation and Analysis Methods and 
Their Standard Reporting List and Limits 

Former Ramey Air Force Base 
Aguidilla, Puerto Rico 

(Page 11 of 11) 

Water 

Grouo/Parameter 

Anions bv Ion Chomatography (300.0 - EPA 600) 
Chloride 
Fluoride 
Nitrate 
Nitrite 
Orthoohosohate EPA 365.3 
Sulfate 

Other Parameters {Methods in Parentheses} 
Alkalinity (310.1-EPA 600) 
Ammonia (350.2-EPA 600) 
BOD (405.1-EPA 600) 
COD (410.4-EPA 600) 
Cyanide (9010B-SW846) 
Methane, Ethane, Ethene (RSKSOP-175) 
Oil and Grease (n-Hexane extractable material) 
600) 
oH (9040B/9045C-SW-846) 
Sulfate (375.3-EPA 600) 
Sulfide (376.1-EPA 600) 
Sulfite (377.1- EPA 600) 
Total Oroanic Carbon <TOC) (415.1-EPA 600) 
Total Kieldahl Nitrogen <TKN) (351.3-EPA 600) 
Total Organic Carbon (TOC) (9060-SW-846) 

TSS (160.2- EPA 600) 

µg/kg - Micrograms per kilogram. 

µg/L - Micrograms per liter. 

mg/kg- Milligrams per kilogram. 

RL - Reporting limit. 

GC - Gas chromatography. 

MS- Mass spectrometry. 
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(1664-EPA 

RL I Units 

2 ma/L 
0.1 ma/L 
0.1 ma/L 
0.1 mQ/L 
0.1 ma/L 

2 ma/L 

5 mg/L 
0.1 mall 

2 mg/L 
20 mg/L 

0.01 mg/L 
0.001 mg/L 

5 mg/L 
0.01 SU 

1 mg/L 

1 mg/L 
1 mg/L 

-.~ .. 4 mg/L 

Soil 
High Level I Low Level 
RL I Units I RL I Units 

20 mo/ka 
1 mg/kg 

1 ma/kg 
1 ma/kg 
1 mg/kg 

20 mg/kg 

1.1 mg/kg 

200 mg/kg 
1.2 mg/kg 

100 mQ/ka 
0.01 SU 

20 ma/ka 

50 mg/kg 
1000 mg/kg 

NA --



Parameter/Method 

Total Petroleum Hydrocarbon -
Diesel Range Organics by 
3500B/8015B 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 1 of 18) 

Calibration or QC Check Frequency Acceptance Criteria 

Initial 5-point calibration with Initially and as needed RSD of the average calibration factors is ,20% 
low standard at RL or correlation coeff. (r) > 0.995 (or r> 0.990) 

Continuing calibrati1:m Beginning and end of each %Dis<15% 
verification (CCV)- at the run, and every 10 samples. 
midpoint of the initial 
calibration 

Retention Time Range Verified every 12 hour shift < 3 standard deviations; analyst's judgement 
Check (C10 to C28) and as needed 

Solvent Blank After CCV All concentrations are <1/2RL 

Method blank 1 per batch consisting of no All concentrations are <1 /2RL 
more than 20 samples 

LCS (Blank Spike) 1 per batch consisting of no Within the performance based, control chart 
more than 20 samples derived acceptance criteria 
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Corrective Action 

1) Determine problem 
2) Clean/service GC 
3) Recalibrate 

1) Determine problem 
2) Clean/service GC and/or 

purge and trap system, if 
needed 

3) Reanalyze samples not 
bracketed by acceptable 
CCVs or recalibrate 

Repeat check if needed. 

1) Identify and correct source 
2) Reprep and/or reanalyze 

blank and associated 
same I es 

1) Identify and correct source 
2) Reprep and[or reanalyze 

blank and associated 
samoles or flag data 

1) Check calculations and 
instrument performance 

2) Re-extract and reanalvze 



Parameter/Method 

Total Petroleum Hydrocarbon -
Diesel Range Organics by 
35008/80158 
(Continued) 

Total Petroleum Hydrocarbon -
Gasoline Range Organics by 
50308/5035/801 SB 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 2 of 18) 

Calibration or QC Check Frequency Acceptance Criteria 

MS/MSD 1 per batch consisting of no Within the performance based, control chart 
more than 20 samples derived acceptance criteria 

Surrogate Every sample, QA sample, Refer to Table 7-3 
and standard : 

Initial 5-point calibration with Initially and as needed RSD of the average calibration factors is 
low standard at the RL <20% or correlation coeff. (r) > 0.995 (or r2> 

0.990) 

CCV Beginning and end of each %D is<15% 
run and after every 10 
samples 

Retention Time Range Verified every 12 hour shift < 3 standard deviations; analyst's judgement 
Check (C6 to C10) and as needed 

Solvent Blank After CCV All concentrations are <1/2 RL 
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Corrective Action 

1) Check calculations and 
instrument performance 

2} Re-extract and reanalyze as 
needed 

3) Flag data that exceed 
criteria as estimated due to 
matrix effects as indicated 

1) Check calculations and 
instrument performance 

2) Re-extract and reanalyze as 
needed 

3) Flag data that exceed criteria 
as estimated due to matrix 
effects as indicated 

1) Determine problem 
2) Clean/service GC 
3) Recalibrate 

1) Determine problem 
2) Clean/service GC and/or 

purge and trap system, if 
needed 

3) Reanalyze samples not 
bracketed by acceptable 
CCVs or recalibrate 

Repeat check if needed. 

1) Identify and correct source 
2) Reprep and/or reanalyze 

blank and associated 
samoles 



Parameter/Method 

Total Petroleum Hydrocarbon -
Gasoline Range Organics by 
50308/5035/80158 
(Continued) 

voes by 5030B, 5035/8021 B 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 3 of 18) 

Calibration or QC Check Frequency Acceptance Criteria 

Method blank 1 per batch consisting of no All concentrations are <1/2 RL 
more than 20 samples 

LCS (Blank Spike) 1 per batch consisting of no Within the performance based, control chart 
more than 20 samples derived acceptance criteria 

MS/MSD 1 per batch consisting of no Within the performance based, control chart 
more than 20 samples derived acceptance criteria 

Surrogate Every sample, QA sample, Within the performance based, control chart 
and standard derived acceptance criteria 

" 

Initial calibration: 5 levels, Initially and as needed R~ 0.995 or compound-specific RSD criteria 
otherwise 6 levels for per SOP 
quadratic 

CCV Beginning and the end, and Compound-specific % D as per SOP 
after 10 samples. 
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Corrective Action 

1) Identify and correct source 
2) Reprep and/or reanalyze 

blank and associated 
samples or flag data 

1) Check calculations and 
instrument performance 

2) Re-extract and reanalvze 

1) Check calculations and 
instrument performance 

2) Re-extract and reanalyze as 
needed 

3) Flag data that exceed 
criteria as estimated due to 
matrix effects as indicated 

1) Check calculations and 
instrument performance 

2) Re-extract and reanalyze as 
needed 

3) Flag data that exceed criteria 
as estimated due to matrix 
effects as indicated 

Recalibrate 

Samples must be bracketed by 
acceptable CCVs or 
recalibrate/reanalvze 



Parameter/Method 

voes by 5030B, 5035/8021 B 
(Continued) 

Pesticides by 3500B/8081A and 
PCBs by 3500B/8082A 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 4of18) 

Calibration or QC Check Frequency Acceptance Criteria 

Surrogates Method-specific, added to Within the performance based, control chart 
every sample, QA sample derived acceptance criteria 

Method blank 1 per batch of~ 20 samples < 1/2RL 

LCS 1 per batch of~ 20 samples Within the performance based, control chart 
derived acceptance criteria 

MS/MSD 1 pair per batch of~ 20 Within the performance based, control chart 
samples (each batch must derived acceptance criteria 
have LCS or MS) 

5-point calibration Initially for pesticides; <20% RSD or R =:_ 0.995 
calibration as required for 
multi-peak pesticides/PCBs 
for qualitative purposes only 

CCV 
Beginning and end of 

% difference ~15% for reported as found 

sequence, and every 10 analytes or average% D ~15%. 

samples. Multicomponents % D~ 15%. 
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Corrective Action 

1) Recalibrate, evaluate system 
performance 

2) Check surrogate and 
standard mix concentra-
!ions/aliquots 

3) Reanalyze sample if above 
checks reveal oroblem 

Reanalyze blank samples 
unless samples are 20X blank 
value or are < RL 

Reanalyze LCS and associated 
samples unless MS/MSD show 
acceptable accuracy 

Check LCS data if LCS is 
unacceptable reprep and 
reanalyze batch; else, reanalyze 
to confirm suspected matrix 
effects and flag associated 
samole data as necessarv 

1) Service/clean instrument 
2) Recalibrate 

1) Determine problem 
2) Clean/service GC injector 

liner/or EC detector/or 
capillary column 

3) Reoeat calibration 



Parameter/Method 

Pesticides by 3500B/8081A and 
PCBs by 35008/8082A 
(Continued) 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 5 of 18) 

Calibration or QC Check Frequency Acceptance Criteria 

Degradation standard (% Every 12 hours. Not to exceed 15% 
breakdown for DDT and 
endrin fPEMll 

Method blank 1 per batch consisting of no <1/2RL 
more than 20 samples 

MS/MSD 1 per batch consisting of no Within the performance based, control chart 
more than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

Surrogates Every sample, QA sample, Within the performance based, control chart 
standard derived acceptance criteria (example criteria 

are shown in Table 7-3) 

LCS One per batch consisting of Within the performance based, control chart 
no more than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

Second column confirmation All detects: 1) Within retention time windows on both 
columns 

2) Quantitated >PQL on both columns 

3) Values agree within factor of 50% 
difference 

4) For multi-responders compare 
chromatoarams 
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Corrective Action 

1) Stop sequence 
2) Determine cause and repair 
3) Reanalvze PEM 

Investigate source; re-extract 
and reanalyze associated 
samoles 

1) Compare to control limits 
2) Re-extract and reanalyze or 

flaa data as necessarv 

1) Check for calculation errors 
2) Check instrument perfor-

mance 
3) Recalculate data and/or 

reanalyze 
4) Re-extract and reanalyze if 

within holding time and not 
as a result of matrix 
interference 

5) Flaa data as necessarv 

1) Evaluate system 
2) Re-extract and reanalyze 

LCS and all samoles 

Do not accept value as detect if 
first two items are not met 

Flag data that meet items 1 and 
2 but not item 3 



Parameter/Method 

Pesticides by 3500B/8081A and 
PCBs by 3500B/8082A 
(Continued) 

Organophosphorous Pesticides 
by8141 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 6 of 18) 

Calibration or QC Check Frequency Acceptance Criteria 

Retention times and For each column type Refer to method SW 846 - 8000 
retention time window 

Initial Calibration: 7 levels Initially, then as needed R~0.995 

ICV Immediately following 5- Within 20% of the true value 
point calibration. 

ICB Immediately following the ± the CROL from zero 
ICV 

CCV: mid-point calibration Analyze at.the beginning of %0 ~ 15% on the primary column and %0 ~ 
standard the day, after every ten 25% on the confirmation column 

samples, and at the end of 
the run 

CCB Same as CCV ±the CROL from zero 
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Corrective Action 

Refer to method SW 846 - 8000 

Recalibration 

Repeat samples that were 
analyzed before (since the last 
acceptable ICV) and after the 
invalid ICV to next acceptable 
ICV 

Reanalyze samples that were 
analyzed before (since last 
acceptable ICB) and after the 
invalid ICB to next acceptable 
ICB 

1) Re-analyze CCV and if 
acceptable, re-analyze 
samples back to last 
acceptable CCV 

2) Recalibrate 

1) Re-analyze CCB and if 
acceptable, re-analyze 
samples back to last 
acceptable CCB 

2) Recalibrate 



Parameter/Method 

Organophosphorous Pesticides 
by8141 
(Continued) 

Chlorinated Herbicides by 8151A 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico . 

(Page 7 of 18) 

Calibration or QC Check Frequency Acceptance Criteria 

Surrogates Method specific; added to Within the performance based, control chart 
every sample, QA sample, derived acceptance criteria 
and standard 

Method Blank One per extraction batch of < RL or< 5% of the measured concentration 
not more than 20 samples of that analyte in the associated samples, 
or 1 per 12 hours, whichever whichever is higher. 
is more freQuent 

LCS At a minimum, one per . Within the performance based, control chart 
batch of not more than 20 derived acceptance criteria 
samples 

MS/MSO One per batch of not more Within the performance based, control chart 
than 20 samples, or per derived acceptance criteria 
client request 

Initial Calibration: a minimum Initially, then as needed R2
,::: 0.995 or compound specific RSO criteria 

of 5 levels or 6 levels for per the SOP 
quadratic calibrations 

Continuing Calibration Analyze at the beginning of the 1) %0 ~ 15% or 2) If all analytes are non-detect, 
Standard: mid-point calibration sequence, after every 10 average %0 for all analytes ~ 15% 
standard samples, and at the end of the 

sequence 
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Corrective Action 

1) Recalibrate, evaluate 
system performance, 

2) Check surrogate and 
standard mix 
concentration, or 

3) Reanalyze sample if above 
checks reveal a problem 

Reanalyze blank and/or 
samples unless the samples are 
~20X the blank value or <RL 

1) RepeatLCS 
2) Reanalyze LCS and 

associated samples as 
indicated 

1) Reanalyze; confirm 
suspected matrix effects 

2) For associated samples, 
flaa data as necessarv 

Recalibration 

1) Re-analyze CCV and if 
acceptable, re-analyze 
samples back to last 
acceptable CCV or 

2) Recalibrate. 



Parameter/Method 

Chlorinated Herbicides by 8151 A 
(Continued) 

voes by 50308, 5035/82608 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 8of18) 

Calibration or QC Check Frequency Acceptance Criteria 

Surrogates Method specific; added to Within the performance based, control chart 
every sample, QA sample, and derived acceptam::e criteria 
standard 

Method Blank One per extraction batch of not < 1/2RL or< 5% of the measured concentration 
more than 20 samples or 1 per of that analyte in the associated samples, 
12 hours, whichever is more whichever is higher. 
frequent 

LCS At a minimum, one per batch Within the performance based, control chart 
(or SDG) of not more than 20 derived acceptance criteria 
samples 

.. 
MS/MSD. One per batch (or SDG) of not Within the performance based, control chart 

more than 20 samples, or per derived acceptance criteria 
client request 

Check of mass spectral ion Every 12 hours Refer to Method 82608 and the SOP 
intensities using BFB 

Rev.: SW846 Update Ill, Date: 12/96 (or latest 
version 

Initial 5-point calibration, 6- Initially and as needed 1) %RSD of target compounds <15% except 
point quadratic forCCCs 

2) %RSD for CCCs ~30% 
3) Min. RF< 0.10 (0.3 for 1,1,2,2-

tetrachloroethane and chlorobenzene) for 
SPCCs 
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Corrective Action 

1) Recalibrate, evaluate system 
performance, 

2) Check surrogate and standard 
mix concentration, 

3) Reanalyze sample if above 
checks reveal a problem 

Reanalyze blank and/or samples 
unless the samples are 20X the 
blank value or < RL 

Reanalyze LCS and associated 
samples unless MS/MSD show 
acceptable accuracy 

1) Reanalyze; confirm 
suspected matrix effects 

2) For associated samples, flag 
data as necessarv 

1) Retune or service mass 
spectrometer 

2) Repeat BFB analysis 

1) If %RSD for any non-CCC 
target compound exceeds 
criteria, check mean RSD for 
all analytes. If :S:15%, the 
calibration may be accepted. 

2) Clean/service GC/MS and/or 
purge and trap system 

3) Reoeat calibration 



Parameter/Method 

voes by 50308, 5035/82608 
(Continued) 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 9of18) 

Calibration or QC Check Frequency Acceptance Criteria 

CCV: 8F8 tune check, mid- Every 12 hours 1) Acceptable 8F8 Tune 
level calibration standard 2) %0<20% for CCCs; %0<20% for target 

analytes 
3) Min. RF for SPCCs meet same criteria as 

initial calibration 

Internal standards Every sample, 3 compounds 1) Retention times for internal standard in the 
per sample, QA sample, and continuous calibration cannot change by 
standard more than 0.5 minutes from the mid-level 

initial calibration standard. 
2) Internal standard response is continuous 

calibration within 50-200% of the 
response in the mid-level of the initial 
calibration standard. 

Surrogates Four compounds added to Within the performance based, control chart 
every sample, QA sample, derived acceptance criteria (example criteria 
standard are shown in Table 7-3) 

Method blank One per 12 hour shift or one 
per batch of not more than 
20 samples at a minimum 

<1/2 RL 
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Corrective Action 

1) Evaluate system 
2) Repeat calibration check 
3) Perform new initial 

calibration 
4) Reanalvze affected samoles 

1) Check. system 
Reanalyze if change in 
sensitivity is due to 
instrument problems 

2) Flag data as necessary 

1) Evaluate system 
performance, recalculate 

2) Check surrogate and 
standard mix 
concentrations/aliquots 

3) Reanalyze sample if above 
checks reveal problem 

4) Reanalyze at least once to 
confirm suspected matrix 
effect. Flag data as 
Oestimated concentration(] if 
indicated. 

1) Service system/glassware to 
eliminate contamination 

2) Reanalyze blank and all 
associated samples if 
samples have target 
compound concentrations 
s:20X the blank value and 
are >RL. 



Parameter/Method 

VOCs by 5030B, 5035/82608 
(Continued) 

SVOCs by 3500B/8270C 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 10of18) 

-
Calibration or QC Check Frequency Acceptance Criteria 

LCS One per batch of not more Within the performance based, control chart 
than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

MS/MSD One pair per batch of not Within the performance based, control chart 
more than 20 samples derived acceptance criteria (example criteria are 

shown in Table 7-3) 

Check of mass spectral ion Every 12 hours Refer to Method 8270C and SOP; 
intensities using DFTPP 

SW846 Update Ill (12/96)- or latest revision 

Initial 5-point calibration, 6- Initially and as needed 1) %RSD for CCCs <30%; min. avg RRF 
point for quadratic ;>0.050 for SPCCs 

2) All other (non-CCC) compounds, %RSD 
<15%. If >15%, use linear or quadratic 
rearession lr>0.995) 

CCV Every 12 hours RF >0.050 for SPCCs; %0<20% for CCCs 
and target compounds 

Method blank One per extraction batch 

<1/2RL 
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Corrective Action 

1) Evaluate instrument 
2) Reanalyze/reprep LCS 
3) Reanalyze samples in 

associated batch 

1) Evaluate system 
2) Reanalyze; confirm 

suspected matrix effects 
3) For assoc. samples flag data 

as necessarv {minimize) 

1) Retune or service mass 
spectrometer 

2) Repeat DFTPP analvsis 

1) Clean/service GC/MS 
injector liner/or capillary 
column 

2) Repeat calibration 

1) Evaluate system 
2) Repeat calibration check 
3) Repeat initial calibration and 

reanalvze affected samoles 

1) Evaluate system/glassware 
2) Re-extract and reanalyze 

samples if samples have 
target compound 
concentrations ;;20X the 
blank value and >RL 



Parameter/Method 

SVOCs by 3500B/8270C 
(continued) 

Dioxins/Furans by 8280 and 
8290 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 11 of 18) 

Calibration or QC Check Frequency Acceptance Criteria 

Surrogates (six; three Every sample, QA sample, Within the performance based, control chart 
base/natural fraction and and standard derived acceptance criteria (example criteria 
three acid fraction are shown in Table 7-3) 
compounds) 

Internal standard (six; three Every sample, QA sample, 1) Internal standard (1/S) retention times ~30 
base/neutral fraction and and standard seconds from last calibration 
three acid fraction 2) l/S EICP area does not change more than 
comoounds) 50% to 200% from last dailv CCV 

MS/MSD One per batch consisting of Within the performance based, control chart 
no more than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

LCS One per batch consisting of Within the performance based, control chart 
no more than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

Method Blank One per extraction batch of < Minimum level (water: 10 ng/L; soil: 2 ng/g; 
not more than 20 samples waste: 10 ng/g) 
or 1 per 12 hours, whichever 
is more frequent 

LCS At a minimum, one per Native analyte % Recovery: 60-140% 
batch (or $DG) of not more 
than 20 samples 

MS/MSD One pair for every 20 Native analyte % Recovery: 60-140% 
samples for a given matrix 
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Corrective Action 

1) Evaluate system 
2) Check surrogate and 

standard mix 
3) Re-extract and reanalyze 

sample if outliers are not 
from matrix interference 

4) Flag data as necessary 

1) Check system/reanalyze, if 
still outside criteria 

2) Flag data as necessary 

1) Compare to control limits 
2) Re-extract and reanalyze 
and flai:i data as necessary 

1) Evaluate system 
2) Reanalyze LCS 
3) Re-extract batch and 
reanalvze 

If blank fails, evaluate data. 
May re-extract if sufficient 
sample volume remains. 

If LCS fails, evaluate the data. 
May re-extract the batch if 
sufficient sample volume 
remains. 

Evaluate LCS recovery. If LCS 
is ok and MS/MSD outside limits 
due to matrix, note in narrative. 



Parameter/Method 

Dioxins/Fu rans by 8280 and 
8290 (Continued) 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 12of18) 

Calibration or QC Check Frequency Acceptance Criteria 

Window defining mixture Prior to initial calibration, Set the switchpoints for the MID descriptors. 
continuing calibration and at 
end of 12 hour shift 

Column Performance Check Prior to initial calibration, Chromatographic resolution of 2,3,7,8-TCDD 
Mixture continuing calibration and at and closest eluting TCDD isomer ~25% valley 

end of 12 hour shift 

Initial Calibration (5 Initially, then as needed RSD for natives is <15% Ion ratios must meet 
calibration standards limits specified in SOP. 0.2 ng/ul std must 
analyzed in triplicate). meet signal to noise ratio specified in SOP. 

Continuing Calibration Every 12 hours Window defining mixture or column 
performance mixture must meet criteria 
specified in SOP. Continuing calibration std 
must meet instrument sensitivity and ion 
abundance criteria specified in SOP. Daily 
RRFs for natives must be within ±30% of avg. 
RRF of initial calibration. 

Internal Standards Every sample & QA sample % Recovery; > 40% or S/N ratio~ 10:1 
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Corrective Action 

Recalibrate 

Perform GC and/or column 
maintenance. Replace column 
if necessary. Reanalyze column 
performance check mixture. 

Identify root cause, perform 
corrective action and repeat 
initial calibration. lfroot cause 
points to problems with 
individual analysis, repeat that 
analysis and recalculate RSD. 
If acceptable, continue with 
analysis. If still unacceptable, 
reoeat initial calibration. 

Repeat continuing calibration. If 
samples are ND and daily RRFs 
are high, may be able to 
narrate. Recalibrate. 

If IS recovery is <40%, SIN of IS 
should be> 10, and minimum 
levels met. Report data with 
aualifiers. 



Parameter/Method 

Dioxins/Furans by 8280 and 
8290 (Continued) 

Polynuclear aromatic 
hydrocarbons by 35008/8310 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 13of18) 

Calibration or QC Check Frequency Acceptance Criteria 

5-Point calibration Initially and as required Response factors < 20% RSD or the 
correlation coefficient~ .995 

Daily calibration check Before sample analysis .±15% difference from expected concentration 
standard 

Calibration check standard Every 10 analyses and end .±15% difference from expected concentration 
(CCV) of sequence, excluding for each standard bracketing samples 

CCVs and instrument 
blanks 

Method blank 1 per batch consisting of no <1/2RL; surrogate recovery within method 
more than 20 samples limits 

MS/MSD 1 per batch consisting of no Within the performance based, control chart 
more than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

Surrogates Every sample, QA sample, Within the performance based, control chart 
standard derived acceptance criteria (example criteria 

are shown in Table 7-3) 
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Corrective Action 

1) Service/clean instrument 
2) Recalibrate 

1) Evaluate system . 
2) Repeat calibration standard. 
3) Recalibrate. 
4) Reanalyze affected samples 

1) Evaluate system 
2) If greater than 15%, and 

samples are ND, report data 
and evaluate standard for 
trends 

3) If still out, reanalyze samples 
back to last acceptable CCV 

4) Perform new ICAL as 
needed. 

Investigate source; re-extract 
and reanalyze associated 
samoles 

1) Compare to control limits 
2) Re-extract and reanalyze or 
flao data as necessarv 

1) Check for calculation errors 
2) Check instrument 

performance 
3) Recalculate data and/or 

reanalyze 
4) Re-extract and reanalyze if 

within holdlng time and not 
result of matrix interference 

5) Flao data as necessarv 



Parameter/Method 

Polynuclear aromatic 
hydrocarbons by 35008/8310 
(Continued) 

Nitroaromatics and Nitramines 
by HPLC by 8330 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 14of18} 

Calibration or QC Check Frequency Acceptance Criteria 

LCS One per batch consisting of Within the performance based, control chart 
no more than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

Retention times and For each columr type Refer to method 
retention time window 

Initial Calibration Initially , then as needed % RSD of CV < 20% or correlation coefficient 
>0.995 

Daily Calibration (triplicate At beginning of analytical %0± 15% 
injection of mid-level std) sequence and every 24 

hours 

Continuing Calibration Every 24 hours and at the %0~ 15% 
end of the analytical 
sequence 

Surrogates Every sample, QA sample, Within the performance based, control chart 
and standard derived acceptance criteria (example criteria 

are shown in Table 7-3} 

Second Column Verification If analyte found above RL. If analyte found above RL, must be detected 
within retention time window for both columns 

Method blank 1 per batch consisting of <1/2 RL, or less than 5% of the measured 
less than or equal to 20 concentration of that analyte in the associated 
samoles samoles, whichever is areater 
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Corrective Action 

1) Evaluate system 
2) Re-extract and reanalyze 

LCS and all samoles 

Refer to method 

Recalibrate 

If the standard is outside QC 
limits after the second injection, 
the sequence is done. A new 
initial calibration is required. 

%0 must be~ 15% for any 
reportable analyte. %0 may be 
- 15% to +30% for any analyte 
not detected in the samoles. 

Evaluate data. Re-extraction 
and/or reanalysis may be 
necessary. 

NA 

Investigate source, re-extract 
and reanalyze associated 
samoles. 



Parameter/Method 

Nitroaromatics and Nitramines 
by HPLC by 8330 (Continued) 

ICP Metals by 3000/60106 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico. 

(Page 15 of 18) 

Calibration or QC Check Frequency Acceptance Criteria 

LCS 1 per batch consisting of Within the performance based, control chart 
less than or equal to 20 derived acceptance criteria 
samples 

MS/MSD 1 per batch consisting of no Within the performance based, control chart 
more than 20 samples derived acceptance criteria 

2-point calibration (Blank + Daily, as needed prior to Analysis of calibration standard within ±5% of 
2 Std) analysis of samples or once true value 

every 12 hours and each 
time instrument is set up 

Initial calibration verific.Stion Immediately following the Within <10% of true value 
llCVl calibration 

Initial calibration blank (ICB) Immediately following ICV <RL for each element 

Continuing calibration After every 10 samples and Within ± 10% of true value 
verification (CCV) at end of run 

Continuing calibration blank After every 10 samples and <RL for each element 
(CCB) at end of run 

CRI standards and chemical Immediately after ICB at the For all spiked elements <20% of true value, 
interference check: Low beginning and end of run; or for unspiked elements <1/2RL 
level sample analyses 2x RL every 8-hours, whichever is 

more freouent 
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Corrective Action 

If LCS fails, evaluate the data. 
May re-extract the batch if 
sufficient sample volume 
remains. 

Evaluate LCS recovery. If LCS 
is OK and MS/MSD outside 
limits due to matrix, note in 
narrative. 

1) Service/adjust instrument 
2) Recalibrate 

Recalibrate 

Recalibrate 

1) Reanalyze CCV to confirm 
initial value 

2) If reanalysis is outside 
criteria, reanalyze all 
affected samoles 

1) Reanalyze CCB to confirm 
initial value 

2) If reanalysis is outside 
criteria, reanalyze all 
affected samples 

Adjust instrument and 
recalibrate. Reanalyze affected 
samples. 



Parameter/Method 

ICP Metals by 3000/601 OB 
(Continued) 

Mercury by 3000/7470A/7471A 
(Cold Vapor) 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 16of18) 

Calibration or QC Check Frequency Acceptance Criteria 

Serial dilution One per prep batch of not <10% of reported concentrations (undiluted) 
more than 20 sa!"lples, or (provided that the sample and dilution results 
whenever matrix are >10x the RL or 50x the IDL) 
interference is susoected 

Method blank (digestion 1 per prep batch (consisting <1/2RL 
blank) of llE samples) prepared 

per day 

MS/MSD 
1 per prep batch (consisting Within the performance based, control chart 
of llE samples) prepared derived acceptance criteria (example criteria 
per day are shown in Table 7-3) 

.. 

LCS 1 per prep batch (consisting Within the performance based, control chart 
of KE samples) prepared derived acceptance criteria (example criteria 
oerdav are shown in Table 7-3) 

lnterelement corrections Yearly or when instrument is See SOP 
adiusted 

5-point calibration Initially Correlation coefficient •0.995 

ICV Immediately following 5- Within 20% of the true value 
point calibration. 
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Corrective Action 

1) Report using different 
i;lilution levels 

2) Flag data for matrix effects 

1) Identify and correct source 
2) Reanalyze blank and 

associated samples or flag 
data as indicated 

1) Compare data to LCS 
2) Flag sample data as 

necessary for matrix effects 
as indicated 

1) Reanalyze LCS to confirm 
2) Re-prepare and reanalyze all 

affected samples 
Update corrections annually 

1) Service/adjust instrument 
2) Recalibrate 
3) Reprep and reanalyze 

Repeat samples that were 
analyzed before (since the last 
acceptable CCV) and after the 
invalid CCV to next acceptable 
CCV 



Parameter/Method 

Mercury by 3000/7470N7471A 
(Cold Vapor) 

Ion Chromatography by 300.0 
(chloride, fluoride, nitrate, nitrite, 
orthophosphate, sulfate) 

Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

(Page 17of18) 

Calibration or QC Check Frequency Acceptance Criteria 

CCV Every 10 samples or every 2 Within 20% of the true value 
hours and at end of 
sequence 

Initial calibration blank (ICB) Immediately following the ±._the CRDL from zero 
ICV 

Continuing calibration blank Every 10 bottles and end of ±._the CRDL from zero 
ICCB) sequence 

Method blank (digestion 1 per batch consisting of <1/2RL 
blank) <20 samples prepared per 

day 

MS/MSD 1 per batch consisting of not Within the performance based, control chart 
more than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

LCS 1 per batch consisting of not Within the performance based, control chart 
more than 20 samples derived acceptance criteria (example criteria 

are shown in Table 7-3) 

Initial calibration (5 levels Daily when samples are run Correlation coefficiency ,:::0.995 
plus a blank) 

CCV 1 level every 10 samples ± 10% of true value 
and at the end of the 
seauence 
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Corrective Action 

1) Reanalyze CCV to confirm 
initial value 

2) If reanalysis is outside 
criteria, reanalyze all 
affected samcles 

Reanalyze samples that were 
analyzed before (since last 
acceptable CCB) and after the 
invalid CCB to next acceptable 
CCB 

1) Identify and correct source 
2) Reprep and reanalyze blank 

and associated samples or 
flaq data 

Flag data as necessary 

1) Evaluate system 
2) Reanalyze LCS and 

associated samcles 

Recalibrate 

Reanalyze samples not 
bracketed by acceptable CCVs 



Table 7-2 

Summary of Calibration and Internal Quality Control Procedures, 
Criteria, and Associated Corrective Actions 

Former Ramey Air Force Base, Aguadilla, Puerto Rico 

Parameter/Method 
Calibration or QC Check 

Ion Chromatography by 300.0 Method blank 
(chloride, fluoride, nitrate, nitrite, 
orthophosphate, sulfate) 
(Continued) 

LCS 

MS/MSDs 

BFB - p-Bromofluorobenzene. 
CCC - Continuing calibration compounds. 
SPCC - System performance check compounds. 
RF - Response factor. 
RSD - Relative standard deviation. 
RL - Reportable limit. 
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(Page 18of18) 

Frequency Acceptance Criteria 

1 per batch of not greater < 1/2RL 
than 20 samples 

1 per batch of not greater Within the performance based, control chart 
than 20 samples derived acceptance criteria 

1 pair per batch of not Within the performance based, control chart 
greater than 20 samples derived acceptance criteria 

SOP - Standard operating procedure. 
LCS - Laboratory control sample. 
DFTPP - Decafluorotriphenylphosphine. 
ND - Not detected. 
VOC - Volatile organic compound. 
GC/MS - Gas chromatography/mass spectrometry. 

Corrective Action 

Reanalyze samples and blank 
unless samples are greater than 
20 times the blank value or less 
than the RL 

Reanalyze LCS and associated 
samples 

Flag data associated with 
unacceptable MS 



j 

Method 
Reference Parameter 

Volatile Organics 

8260B 1, 1-0ichloroethene 

Benzene 

Chlorobenzene 

Toluene 

T richloroethene 

Vin I Chloridea 

Surro ates 

4-Bromofluorobenzene 

1,2-Dichloroethane-d4 

Dibromofluorornethane 

Toluene-dB 
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Table 7-3 

Laboratory Control Limits for Quality Control Samples 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 1of 9) 

Laboratory Control Standard/ 
Matrix Spike/Matrix Spike Duplicate Laboratory Control Standard Duplicate 

% Recovery RPO % Recovery RPO 

Water Soil Water Soil Water Soil Water 

61-137 55-149 15 28 67-134 71-118 

72-125 63-135 7 23 80-120 74-124 

79-113 64-130 7 24 82-112 78-117 

67-123 62-142 8 29 81"-114 74-118 

73-1 17 59-143 10 25 80-115 72-122 

63-161 64-165 18 27 70-151 64-144 

83-119 74-125 

73-126 71-137 

86-115 78-123 

86-1 12 61-157 

,,, .. · .. . 

Soll 



' ·, 

\ 

Method 
Reference Parameter 

80219 Benzene 

Elhvl benzene 

Total Xvlenes 

Toluene 

Surrogates 

4-Bromofluorobenzene 

Semivolatile Oraanics 

8270C 2-Chloroohenol 

4-Chloro-3-methvlohenol 

1,4-Dichlorobenzene 

2,4-Dinitrotoluene 

4-Nitroohenol 

1 2.4-Trichlorobenzene 

Acenaohthene 

N-Nitroso-di-n-propvlamine 
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Table 7-3 

Laboratory Control Limits for Quality Control Samples 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 2 of9) 

Laboratory Control Standard/ 
Matrix Spike/Matrix Spike Duplicate Laboratory Control Standard Duplicate 

o/o Recovery RPO o/o Recovery RPO 

Water Soil Water Soil Water Soil Water 

74-126 11 81-121 

71-131 8 79-124 

71-127 8 79-121 

69-132 7 79-122 

71-130 

62-103 69-97 24 23 16-73 13-117 

60-101 33-123 18 38 64-103 60-105 

51-101 42-93 23 27 60-101 59-90 

60-110 44-118 16 26 65-1 11 60-108 

32-81 44-111 28 22 22-50 52-116 

54-102 49-98 24 23 64-101 64-94 

55-103 57-106 20 19 62-101 66-104 

57-103 41-107 24 23 64-109 54-99 

Soil 



Table 7-3 

Laboratory Control Limits for Quality Control Sam1ples 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 3 of 9) 

Laboratory Control Standard/ 
Matrix Spike/Matrix Spike Duplicate Laboratory Control Standard Duplicate 

% Recovery RPO % Recovery RPO 

Method 
Reference Parameter Water Soil Water Soil Water Soil Water Soil 

8270C (Confd) Pentachloro henol 44-118 42-110 16 25 50-111 54-111 

Phenol 31-77 32-111 26 29 25-53 59-96 

Pyrene 59-107 50-126 21 25 64-105 65-115 

Surro ates 

2-Fluorobi hen I 45-118 46-122 

2-Fluoro henol 19-90 45-114 

2 4,6-Tribrom enol 36-137 50-128 

Nitrobenzene-05 49-1 19 41-123 

Phenol-05 10-68 44-124 

46-135 45-135 

Pol nuclear Aromatic drocarbons 

8310 Acena hthene 42-119 51-123 25 25 60-98 67-112 

Ch sene 60-123 65-132 17 21 70-106 79-123 

Fluorene 52-108 46-133 22 23 61-100 69-114 

1-Meth Ina hthalene 41-109 44-115 25 26 54-94 60-104 

Na hthalene 41-102 44-107 24 28 52-91 57-101 
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Method 
Reference Parameter 

8310 (Cont'd) rene 

Surro ates 

o-Te en I 

Pesticides 

8081A 44-0DT 

Aldrin 

Chlordanea 

Dieldrin 

Endrin 

Gamma-BHC Lindane 

He tachlor 

Surr ates 

Decachlorobi hen I 

T etrachloro-m- lene 
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Table 7-3 

Laboratory Control Limits for Quality Control Samples 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 4 of 9) 

Laboratory Control Standard/ 
Matrix Spike/Matrix Spike Duplicate Laboratory Control Standard Duplicate 

% Recovery RPO % Recovery RPO 

Water Soil Water Soil Water Soil Water 

65-106 61-127 15 21 65-104 77-119 

36-114 49-124 

31-121 56-141 

65-147 60-157 29 25 74-134 84-141 

73-135 57-142 25 23 70-127 67-130 

50-150 50-150 20 20 50-150 50-150 

74-141 59-142 23 20 76-131 79-136 

72-149 59-153 21 21 78-134 79-138 

75-140 59-146 21 21 69-137 73-136 

74-136 61-145 25 24 62-137 71-136 

31-148 61-153 

60-138 60-142 

Soil 



Method 
Reference Parameter 

Pol chlorinated Bi hen Is 

8082 Arocfor 1016 

Aroclor 1260 

Surro ates 

Decachlorobi en I 

T etrachloro-m-x lane 

Other Or anics 

TPH-DRO 80158 Diesel Ran e Or anics 

Surr ates 

0-Te hen I 

TPH-GRO 80158 Gasoline Ran e Or anics 

Surro ates 

4-Bromofluorobenzene 

a,a,a,-T rifluorotoluene 
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Table 7-3 

Laboratory Control Limits for Quality Control Samples 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 5 of 9) 

Laborator/ Control Standard/ 
Matrix Spike/Matrix Spike Duplicate laboratory Control Standard Duplicate 

% Recovery RPO % Recovery RPO 

Water Soil Water Soil Water Soil Water 

66-123 54-138 20 22 75-122 75-123 

70-158 45-143 25 25 70-158 45-143 

30-139 38-174 

30-133 40-134 

41-146 31-136 36 57-116 62-114 

44-123 57-115 

56-171 37-142 

65-127 65-135 . 

65-124 65-118 

· .. , 

Soil 



Method 
Reference Parameter 

Metals 

7060A, 60108 Arsenic 

7421, 60108 Lead 

7740,60108 Selenium 

7841,60108 Thallium 

7470A, 7471A Mercury 

60108 Aluminum 

60108 Antimony 

60108 Barium 

60108 Bervllium 

60108 Cadmium 

60108 Calcium 

60108 Chromium, total 

60108 Cobalt 

60108 Copper 
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Table 7 .. 3 

Laboratory Control Limits for Quality Control Samples 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 6 of 9) 

Laboratory Control Standard/ 
Matrix Spike/Matrix Spike Duplicate Laboratory Control Standard Duplicate 

% Recovery RPO % Recovery RPO 

Water Soil Water Soil Water Soil Water 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

Soil 



Method 
Reference Parameter 

Metals 

60108 (Cont'd) Iron 

60108 Maonesium 

60108 ManQanese 

60108 Nickel 

60108 Potassium 

60108 Silver 

60108 Sodium 

6010B Vanadium 

60108 Zinc 

Nitroaromatics and Nitramines bv HPLC 

8330 HMX 

ROX 

1,3,5-Trinitribenzene 

1,3-Dinitrobenzene 

Tetrvl 
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Table 7-3 

Laboratory Control Limits for Quality Control Samples 
Former Ramey Air Force Base 

Aguadilla, Puerto Rico 

(Page 7 of 9) 

Laboratory Control Standard/ 
Matrix Spike/Matrix Spike Duplicate Laboratory Control Standard Duplicate 

% Recovery RPD % Recovery RPO 

Water Soil Water Soil Water Soil Water 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120 80-120 

80-120 80-120 20 20 80-120· 80-120 

80-120 80-120 20 20 80-120 80-120 

73-123 67-138 13 24 79-119 74-131 

65-126 59-146 13 23 73-119 77-125 

72-116 61-136 12 18 77-115 80-122 

77-117 71-134 12 17 77-117 80-124 

42-135 39-143 15 26 63-122 63-128 

Soil 



Method 
Reference Parameter 

Nltroaromatics and Nitramines b HPLC 

8330 (Cont'd) Ni!Tobenzene 

2.4.6-Trinltrotoluene 

4-Amino-2,6-dinltrotoluene 

2-Amino-4,6-dinitrotoluene 

2,6-Dinitrotoluene 

2,4-Dinltrotoluene 

2-Nitrotoluene 

4-Nitrotoluene 

3-Nitrotoluene 

Surro ates 

3.4-Dlnitrotoluene 

Other Parameters 

90408 

9045C 
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Table 7.3 

Laboratory Control Limits for Quality Control Samples 
Former Ra_mey Air Force Base 

Aguadilla, Puerto Rico 

(Page 8 of 9) 

Matrix Spike/Matrix Spike Duplicate 

% Recovery RPD 

Water Soil Water Soil 

73-121 71-140 15 17 

70-117 59-138 14 27 

67-127 63-145 16 23 

68-128 70-137 17 22 

77-122 65-146 16 18 

72-121 62-145 15 18 

75-119 75-142 17 18 

75-122 71-146 18 21 

66-129 7-139 16 19 

61-124 71-130 

NA NA 2oc NA 

NA NA NA 

Water 

66-122 

76-113 

76-121 

77-121 

77-123 

74-119 

68-120 

75-118 

69-120 

NA 

NA 

Laboratory Control Standard/ 
Laboratory Control Standard Duplicate 

% Recovery RPO 

Soil Water 

78-132 

79-121 

81-132 

88-122 

83-125 

79-129 

84-131 

83-131 

84-132 

NA 

NA 

Soil 



Table 7-3 

Laboratory Control Limits for Quality Control Samples 
Former Ramey Air Force Base 

• Limits established from guidelines given in method and are advisory only. 
b Alternate surrogate compounds may be used. 
c Duplicate analysis. 
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Aguadilla, Puerto Rico 

(Page 9 of 9) 

RPD - Relative percent difference. 
DDT - Dichlorodiphenyltrichloroethane. 
BHC - Betahexachlorocyclohexane. 
NA - Not applicable. 



Table 8-1 

Definitions of Common Data Qualifiers Assigned by the Laboratory 
for Organic and Inorganic Analyses 

Former Ramey Air Force Base 
Aguadilla, Puerto Rico 

Qualifiers (a) Definition 

Organic Qualifiers 

u The analyte is not detected at a concentration above the MDL. The sample 
result is reported as not detected at the reporting limit (Reference Table 7-1 ). 

J The analyte is detected at a concentration above the MDL but below the 
reporting limit. The sample result is reported at the concentration detected 
as an estimated value. 

B The analvte was detected in an associated laboratorv preparation blank. 

D The sample result reported is taken from the analysis of a diluted sample. 

Inorganic Qualifiers 

u The analyte is not detected at a concentration above the IDL. The sample 
result is reported as not detected at the reportinq limit (Reference Table 7-1 ). 

B The analyte is detected at a concentration above the IDL but below the 
reporting limit. The sample result is reported at the concentration detected 
as an estimated value. 

IDL - Instrument detection limit. 
MDL - Method detection limit. 

(a) The laboratory may apply qualifiers to the date other than those listed in this table. Those qualifiers will be 
defined in the laboratory's summary package contained in each hard copy deliverable. 
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Qualifier 

J 

R 

UJ 

B 

Table 8-2 

Definitions of Common Data Qualifiers Assigned by 
Data Validation for Organic and Inorganic Analyses 

Former Ramey Air Force Base 
Aguadilla, Puerto Rico 

Definition 

The associated value is an estimated quantity. See the data validation report for 
explanation. 

The data are unusable. See the data validation report for an explanation. 

The material was analyzed for, but was not detected at the given reporting limit. The 
associated reporting limit is an estimate and may be imprecise due to method quality 
control problems as summarized in the data validation report. 

Contamination present in the associated blank samples. 
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Figure 2-1 
Organization Chart 
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