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ANALYTICAL SERVICES AND PROCEDURES

ANALYTICAL SERVICES

The analytical services for the field investigation program were provided by the following
USACE and National Environmental Laboratory Accreditation Conference (NELAC) validated
laboratories:

« Accutest Laboratories, Inc. (Accutest), Orlando, FL: Accutest used USEPA Office of
Soil Waste and Emergency Response Test Methods for Evaluating Soil Waste Physical
and Chemical Methods, Update 111B. (SW-846) (USEPA, 2004) methodologies in
providing analytical support for this investigation. Chemical analyses included: volatile
organic compounds (VOCs), semivolatile organic compounds (SVOCs), polynuclear
aromatic hydrocarbons (PAHSs), metals, pesticides, polychlorinated biphenyls (PCBs),
herbicides, explosives, full toxicity characteristic leaching procedure (TCLP) analysis,
ignitability, reactive sulfide, reactive cyanide, and corrosivity as pH. Accutest used
USEPA Methods for Chemical Analysis of Water and Wastes (MCAWW) (USEPA,
1983) for chemical oxygen demand (COD) and biological oxygen demand (BOD)
analysis.

« Datachem Laboratories, Inc. (Datachem), Salt Lake City, UT: Datachem was
subcontracted by Accutest to perform analytical support for perchlorates. Datachem
used USEPA Office of Soil Waste and Emergency Response Test Methods for
Evaluating Soil Waste Physical and Chemical Methods, Update I11B (SW-846)
(USEPA, 2004) methodologies for this analysis.

« SGS Environmental Services, Inc. (SGS), Wilmington, NC: SGS was subcontracted by
Accutest to perform analytical support for dioxins/furans. SGS used USEPA Office of
Soil Waste and Emergency Response Test Methods for Evaluating Soil Waste Physical
and Chemical Methods, Update 111B (SW-846) (USEPA, 2004) methodologies for this
analysis.

ANALYTICAL PROCEDURES

Analytical protocols used were in accordance with USEPA-approved methods for the analysis of
environmental (i.e., organic, and inorganic parameters) and waste characterization samples. All
methods performed were within the DoD Quality Systems Manual for Environmental
Laboratories, Final Version 3 (DoD, 2006) and the DoD Perchlorate Handbook (DoD, 2006)
guidelines. The methodologies for environmental samples are summarized in Table A-1 and for
waste characterization samples in Table A-2. A brief discussion of the methodologies is
presented in the following sections below.

Organics

Target compound list (TCL) VOCs, TCL SVOCs, TCL pesticides, TCL PCBs, herbicides,
explosives, including nitroglycerin (NG) and pentaerythritol tetranitrate (PETN), PAHs, and
dioxins/furans were analyzed using USEPA-approved methodologies. The laboratory
procedures and methodologies for organic compounds are summarized below.



Table A-1
Summary of Analytical Methods for Environmental Samples

Parameter | Matrix | Analytical Method
Chemical Parameters
TCL VOCs Agqueous | USEPA SW-846 5030B/8260B
Soil USEPA SW-846 5035/8260B
TCL SVOCs Aqueous | USEPA SW-846 3510C/8270C
Soil USEPA SW-846 3550B/8270C
TCL Pesticides Aqueous | USEPA SW-846 3510C/8081A
Soil USEPA SW-846 3550B/8081A
TCL PCBs Aqueous | USEPA SW-846 3510C/8082
Soil USEPA SW-846 3550B/8082
Herbicides Agqueous | USEPA SW-846 3510C/8151A
Soil USEPA SW-846 3550B/8151A
Explosives Aqueous | USEPA SW-846 3535A/8330A Modified
Soil USEPA SW-846 8330B/8330A Modified
Nitroglycerin & PETN Aqueous | USEPA SW-846 3535A/8332
Soil USEPA SW-846 8330B/8332
Polynuclear Aromatic Hydrocarbons | Aqueous | USEPA SW-846 3510C/8270C SIM
Soil USEPA SW-846 3550B/8270C SIM
Perchlorates Agqueous | USEPA SW-846 LC-MS-CL0O,/6850 SIM
Dioxins/furans Aqueous | USEPA SW-846 8290
Soil USEPA SW-846 8290
TAL Metals Aqueous | USEPA SW-846 3010A/6010B & 7470A
Soil USEPA SW-846 3050B/6010B & 7471A




Table A-2
Summary of Analytical Methods for Waste Characterization Samples

Parameter Matrix Analytical Method
TCLP VOCs Solid USEPA SW-846 1311/5030B/8260B
TCLP SVOCs Solid USEPA SW-846 1311/3510C/8270C
TCLP Pesticides Solid USEPA SW-846 1311/3510C/8081A
TCLP Herbicides Solid | USEPA SW-846 1311/3510C/8151A
TCLP Metals Solid USEPA SW-846 1311/3010A/6010B & 1311/7470A
TCL PCBs Solid | USEPA SW-846 3550B/8082
Explosives Solid | USEPA SW-846 8330B/8330A Modified
Nitroglycerin & PETN Solid USEPA SW-846 8330B/8332
Ignitability Solid | USEPA SW-846 1010
Reactive Cyanide Solid | USEPA SW-846 Chapter 7.3.3
Reactive Sulfide Solid | USEPA SW-846 Chapter 7.3.4
Biological Oxygen Demand | Aqueous [ USEPA MCAWW 405.1
Chemical Oxygen Demand | Aqueous | USEPA MCAWW 410.1
Corrosivity as pH Aqueous | USEPA SW-846 9040C

TCL VOCs: Aqueous and solid samples were analyzed for TCL VOCs using USEPA SW-846
Method 5030B/8260B for aqueous samples and USEPA SW-846 5035/8260B for solid matrices
using purge and trap technology. TCLP extracts were analyzed according to USEPA SW-846
Method 1311/5030B/8260B for investigative-derived material (IDM) solid samples. Soil
samples were collected using field preservation techniques. Approximately 5 grams of soil
sample was added to pre-tared vials containing methanol and/or de-ionized ultra filtered water
(DIUF); then sent to the laboratory for analysis. Aqueous samples were sent to the laboratory in
zero headspace vials. An inert gas was bubbled through a mixture of reagent water and 5 gram
soil sample or through a 25 mL aqueous sample contained in a specifically designed purging
chamber at 40°C for soil and ambient temperature for water. The vapor was swept through a
sorbent column where the purgeable compounds were trapped. After purging was completed for
both solid and aqueous samples, the sorbent column was heated and backflushed with the inert
gas to desorb the purgeable compounds onto a gas chromatograph programmed to separate the
purgeable compounds, which were then detected with a mass spectrometer. The gas
chromatography/mass spectroscopy (GC/MS) instrument was calibrated for a series of target
analytes using chemical standards of known concentration and purity. Quantification of these
target analytes was performed against specific internal standards as identified in the respective
method. Identification of these target analytes was based on a comparison of the analyte to the
chemical standards used during calibration based on the analyte's retention time and mass
spectra.



TCL SVOCs/PAHs: Agueous and solid samples were analyzed for TCL SVOCs and PAHs
using USEPA SW-846 Method 8270C. The use of selective ion monitoring (SIM) using USEPA
SW-846 Method 8270C SIM was employed for PAH analysis to achieve lower quantitation and
detection limits in order to meet screening criteria. Soil samples were extracted using ultrasonic
extraction according to USEPA SW-846 Method 3550B and aqueous samples were extracted
using a separatory funnel liquid-liquid extraction technique according to USEPA SW-846
Method 3510C. TCLP SVOC extracts were extracted using a separatory funnel liquid-liquid
extraction technique according to USEPA SW-846 Method 1311/3510C for solid IDM samples.
The extracts were injected into a gas chromatograph programmed to separate the compounds,
which are then detected with a mass spectrometer. The gas chromatograph/mass spectrometer
instrument was calibrated for a series of target analytes using chemical standards of known
concentration and purity. Quantification of these target analytes was performed against specific
internal standards as identified in the respective method. ldentification of these target analytes
was based on a comparison of the analyte to the chemical standards used during calibration
based on the analyte’s retention time and mass spectra.

TCL Pesticides/PCBs: Aqueous and solid samples were analyzed for TCL pesticides using
USEPA SW-846 Method 8081A and for TCL PCBs using USEPA SW-846 Method 8082.
Samples were prepared for analysis using extraction techniques. Soil samples were extracted
using ultrasonic extraction according to USEPA SW-846 Method 3550B and aqueous samples
were extracted using a separatory funnel liquid-liquid extraction technique according to USEPA
SW-846 Method 3510C. TCLP pesticide extracts were extracted using a separatory funnel
liquid-liquid extraction technique according to USEPA SW-846 Method 1311/3510C for solid
IDM samples. The extracts were injected onto a gas chromatography programmed to separate
the compounds, which are then detected with an electronic capture device (ECD). Sulfur
cleanups were employed to aid in the quantification based upon the matrix interferences. Sample
concentrations were confirmed on dissimilar columns.

Herbicides: Aqueous and solid samples were analyzed for herbicides according to USEPA SW-
846 Method 8151A. Samples were prepared for analysis using extraction techniques. Soil
samples were extracted using ultrasonic extraction according to USEPA SW-846 Method 3550B
and aqueous samples were extracted using a separatory funnel liquid-liquid extraction technique
according to USEPA SW-846 Method 3510C. TCLP herbicide extracts were extracted using a
separatory funnel liquid-liquid extraction technique according to USEPA SW-846 Method
1311/3510C for solid IDM samples. Aqueous and solid samples were extracted with diethyl
ether and then esterified with diazomethane. The derivatives were determined by gas
chromatography with an electron capture detector (GC/ECD). The results were reported as acid
equivalents. Sample concentrations were confirmed on dissimilar columns.



Explosives: Aqueous and solid (including IDM) samples were analyzed for explosives using
USEPA SW-846 Method 8330A Modified. Aqueous samples were extracted using a Solid-
phase Extraction (SPE) procedure USEPA SW-846 3535A. A measured volume of sample was
adjusted to a specified pH and then extracted using a SPE device. Target analytes were eluted
from the solid-phase media using methylene chloride. The resulting solvent extract was dried
using sodium sulfate and concentrated. The concentrated extract were exchanged into a solvent
compatible with subsequent cleanup procedures and then measurement of the target analytes
separated on a C-18 reverse phase column. The wavelength was set at 254 nanometers and
confirmed on a cyanide reverse column. For soil samples, they were homogenized and analyzed
using USEPA SW-846 Method 8330B/8330A Modified. Because only a small 2-g portion (sub-
sample) of the 10-g or larger sample was taken for analysis, the bulk sample was thoroughly
mixed to allow for representative sub-sampling. This was achieved by air-drying at room
temperature for 24 hours, sieving through a 30-mesh sieve, grinding, and mixing the bulk
sample, after subjectively removing vegetation (organic debris) and pebbles. Soil samples were
extracted using acetonitirile in an ultrasonic bath, then filtered and determined similarly to
aqueous samples. Sample concentrations were confirmed on dissimilar columns.

Nitroglycerin/PETN: Aqueous and solid (including IDM) samples were analyzed for
nitroglycerin and PETN using USEPA SW-846 Method 8332. For soil samples, they were
homogenized and analyzed using USEPA SW-846 Method 8330B/8330A Modified. Solid
samples were extracted with acetonitrile in an ultrasonic bath, then filtered and mixed with a
calcium chloride solution. Aqueous samples were extracted using a Solid-phase Extraction
(SPE) procedure USEPA SW-846 3535A, as described for explosives. The concentrations were
quantified using an isocratic high pressure liquid chromatography (HPLC) system equipped with
a column heater and ultraviolet (UV) detector. Sample concentrations were confirmed on
dissimilar columns. Identification of these target analytes was based on a comparison of the
analyte to the chemical standards used during calibration based on the analyte's retention time
using primary and secondary columns.

Dioxins/Furans: Aqueous and solid samples were analyzed for dioxin/furans using USEPA
SW-846 Method 8290. The analytical method used high-resolution gas chromatography and
high-resolution mass spectrometry (HRGC/HRMS) on purified sample extracts. This method is
specific for the analysis of 2,3,7,8-tetrachlorinated dibenzofuran (2,3,7,8-TCDD), substituted
penta-, hexa-, hepta- and octachlorinated dibenzo-p-dioxins and substituted penta-, hexa-, hepta-
and octachlorinated dibenzofurans in aqueous and solid samples. The extracts were injected onto
a high-resolution gas chromatograph programmed to separate the compounds, which are then
detected with a high-resolution mass spectrometer as confirmation.

Inorganics

Target analyte list (TAL) metals and perchlorates were analyzed using USEPA SW-846
methodologies. The laboratory procedures for inorganic compounds are summarized below.



TAL Metals: Aqueous and solid samples were analyzed for TAL metals using a combination of
the following methodologies: inductively coupled plasma (ICP) and cold vapor atomic
absorption (CVAA). Trace metals were analyzed using USEPA SW-846 3010A/6010B for
aqueous samples and USEPA SW-846 Method 3050B/6010B for solid samples. TCLP extracts
were digested according to USEPA SW-846 Method 1311/3010A/6010B for the solid IDM
samples. The ICP method involved the simultaneous or sequential multi-element determination
of trace elements in solution. The basis of the method is the measurement of atomic emission by
optical spectrometry. Samples were nebulized and the aerosol that was produced was
transported to the plasma torch where excitation occurs. Characteristic atomic-line emission
spectra are produced by a radio-frequency ICP. A background correction technique was utilized
to compensate for variable background contribution for the determination of trace elements.

Aqueous and solid samples were analyzed for mercury using CVAA according to USEPA SW-
846 Method 7470A for aqgueous samples and Method 7471A for solid samples. TCLP extracts
were digested according to USEPA SW-846 Method 1311/7470A for solid IDM samples. A
sample aliquot was initially digested with nitric acid to free combined mercury. The mercury
was then reduced to its elemental state and aerated from the solution into a closed system. The
mercury vapor was passed through a cell positioned in the path of the mercury light source and
the measured abundance was proportional to the concentration of mercury in the sample.

Perchlorate: Perchlorate was analyzed for aqueous samples by using either USEPA SW-846
Method 6850 SIM by HPLC/MS following the DoD Perchlorate Handbook (DoD, 2006b)
requirements. The HPLC-MS method 6850 uses a second order external standard approach
using laboratory ChemStation software. The method provides HPLC-MS conditions for the
detection of perchlorate in SIM mode at m/z 83 and 85, which corresponds to the loss of one
oxygen atom from the perchlorate molecule. In general, water samples were extracted at a
neutral pH with methylene chloride, using LC-MS-CLO, method. Sample extracts were injected
into the HPLC-MS and the ion ratio of m/z 83 to 85 was used to positively identify the response
peak as perchlorate. Quantitation was performed using the m/z 83 peak area. An internal
standard of *®0 labeled perchlorate was added to each sample to establish the perchlorate peak
retention time and used in the quantitation. Confirmation was obtained by the use of the mass
spectrometer.

Waste Characterization

Samples collected to characterize IDM were analyzed for hazardous waste characteristics using
USEPA-approved methodologies, including TCLP VOCs, TCLP SVOCs, TCLP metals, TCLP
pesticides, TCLP herbicides, ignitability, reactive cyanide, reactive sulfide, TCL PCBs,
explosives, chemical oxygen demand (COD), biological oxygen demand (BOD), and corrosivity
as pH. The laboratory procedures and methodologies are summarized below and in the prior
section.

TCLP Extraction: Solid IDM samples were collected for full TCLP waste characterization and
extracted using the USEPA SW-846 Method 1311. Aqueous IDM samples were collected for
TCLP metals analysis. The final liquid extract was separated from the sample material and
combined with the initial liquid phase (if applicable). The sample TCLP extract was then treated
as an aqueous sample for analysis for TCLP VOCs, TCLP SVOCs, TCLP pesticides, TCLP
herbicides, and TCLP metals. Brief discussions of the procedures and methodologies are
presented below and in the prior section.



Explosives/PETN/NG: Solid IDM samples were analyzed for explosives and PETN using
USEPA SW-846 Method 8330B/8330A Modified and for NG using USEPA SW-846 Method
8330B/8332 Modified. Brief discussions of these procedures and methodologies are presented in
the prior section.

Reactive Cyanide: Solid IDM samples were analyzed for reactive cyanide using USEPA SW-
846 Method Chapter 7.3.3. The cyanide as hydrocyanic acid (HCN) was released from cyanide
complexes by means of a reflux-distillation operation and absorbed in a scrubber containing
sodium hydroxide solution. The cyanide ion in the absorbing solution was then determined
colorimetrically. In the colorimetric measurement, the cyanide was converted to cyanogen
chloride, CNCI, by reaction with chloramine-T at a pH less than 8.0 without hydrolyzing the
cyanate. After the reaction was completed, color was formed on the addition of pyridine-
pyrazolone or pyridine-barbituric acid reagent. The absorbance was read at 578 nm for pyridine-
barbituric acid. To obtain colors of comparable intensity, the sample and the standards contain
the same salt content. The titrimetric measurement uses a standard solution of silver nitrate to
titrate cyanide in the presence of a silver sensitive indicator.

Reactive Sulfide: Solid IDM samples were analyzed for reactive sulfide using USEPA SW-846
Method Chapter 7.3.4. This procedure is a colorimetric determination. Sulfide reacts with
dimethyl-p-phenylenediamine in the presence of ferric chloride to produce methylene blue.

Flashpoint: Solid IDM samples were analyzed for flashpoint or ignitability using USEPA SW-
846 Method 1010. A sample was heated at a slow, constant rate with continual stirring. A small
flame was directed into the cup at regular intervals with simultaneous interruption of stirring.
The flash point is the lowest temperature at which application of the test flame ignites the vapor
above the sample.

TCL PCBs: Solid IDM samples were analyzed for TCL PCBs using USEPA SW-846 Method
3550B/8082. A brief discussion of this procedure and methodology is presented in the prior
section.

TCLP VOCs: Solid IDM samples were analyzed for TCLP VOCs using USEPA SW-846
Method 1311/8260B. A brief discussion of this procedure and methodology is presented in the
prior section.

TCLP SVOCs: Solid IDM samples were analyzed for TCLP SVOCs using USEPA SW-846
Method 1311/8270C. A brief discussion of this procedure and methodology is presented in the
prior section.

TCLP Pesticides: Solid IDM samples were analyzed for TCLP pesticides using USEPA SW-
846 Method 1311/8081A. The samples were prepared for analysis using extraction techniques.
TCLP pesticide extracts were extracted using a separatory funnel liquid-liquid extraction
technique according to USEPA SW-846 Method 1311/3510C for solid IDM samples. The
extracts were injected onto a gas chromatography programmed to separate the compounds,
which are then detected with an electronic capture device (ECD). Sulfur cleanups were
employed to aid in the quantification based upon the matrix interferences. Sample
concentrations were confirmed on dissimilar columns.



TCLP Herbicides: Solid IDM samples were analyzed for TCLP herbicides according to
USEPA SW-846 Method 1311/8151A. Samples were prepared for analysis using extraction
techniques. TCLP herbicide extracts were extracted using a separatory funnel liquid-liquid
extraction technique according to USEPA SW-846 Method 1311/3510C for solid IDM samples.
The samples were extracted with diethyl ether and then esterified with diazomethane. The
derivatives were determined by gas chromatography with an electron capture detector
(GC/ECD). The results were reported as acid equivalents. Sample concentrations were
confirmed on dissimilar columns.

TCLP Metals: Aqueous and solid IDM samples were analyzed for TCLP metals using a
combination of the following methodologies: inductively coupled plasma (ICP) and cold vapor
atomic absorption (CVAA). Aqueous IDM samples were extracted using the USEPA SW-846
Method 1311. The final liquid extract was separated from the sample material and combined
with the initial liquid phase (if applicable). The sample TCLP extract was then treated as an
aqueous sample for analysis for TCLP metals. Brief discussions of these procedures and
methodologies are presented in the prior section.

Corrosivity as pH: Aqueous IDM samples were analyzed for corrosivity as pH using USEPA
SW-846 Method 9040C. A sample pH was directly measured electrometrically using either a
glass electrode in combination with a reference potential or a combination electrode.

BOD: Aqueous IDM samples were analyzed for BOD using USEPA MCAWW Method 405.1.
A seeded sample, or an appropriate dilution, was incubated for 5 days at 20 degrees Celsius in
the dark. The dilution water or seeded dilution water was added as a buffered salt solution to
minimize oxygen uptake. The reduction in dissolved oxygen concentration during the incubation
period yields a measure of the biological oxygen demand.

COD: Aqueous IDM samples were analyzed for COD using USEPA MCAWW Method 410.1.
Organic and oxidizable inorganic substances were oxidized by potassium dichromate in 50%
sulfuric acid solution at reflux temperature. Silver sulfate was used as a catalyst and mercuric
sulfate was added to remove chloride interference. The excess dichromate was titrated with
standard ferrous ammonium sulfate using orthophenanthroline ferrous complex as an indicator.
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QUALITY ASSURANCE/QUALITY CONTROL EVALUATION

The project quality assurance and quality control criteria to perform characterization and
remediation activities at eleven Solid Waste Management Units (SWMUSs) and Areas of Concern
at Radford Army Ammunition Plant (RFAAP) are based on RFAAP Final Master Work Plan
(MWP) (URS, 2003) as specified in MWP Addendum 019 (Shaw, 2007). The MWP and
Addendum 019 were implemented through the integration of well-defined quality control
elements for activities associated with the task assignment. The quality control criteria defined
for sampling and analysis activities were developed in conjunction with specifications contained
in USACE EM200-1-3, Requirements for the Preparation of Sampling and Analysis Plans,
(USACE, 2001), DoD Quality Systems Manual for Environmental Laboratories, Final Version 3
(DoD, 2006a), USEPA Office of Solid Waste and Emergency Response Test Methods for
Evaluating Solid Waste Physical/Chemical Methods (SW-846), Update I11B (November, 2004),
USEPA Methods for the Chemical Analysis of Water and Wastes (March, 1983), and DoD
Perchlorate Handbook (March, 2006b).

Table A-3 outlines the data quality indicators as to their definitions, project goals, sampling and
analytical assessments. Data quality was assessed through the evaluation of sampling activities
and field measurements associated with the chemical analytical data in order to assess the
reliability of the chemical analyses and the accuracy and precision of information acquired from
the laboratory.

Table A-3
RFI Data Quality Indicators
Data Quality L Sampling Analytical
Indicator Definition Goal Assessment Assessment
Precision Quantitative measure Low relative | Duplicate samples | MS/MSD or lab
of the variability of a percent sample duplicate;
group of measurements | difference Field sample
in comparison to the duplicate
average value
Accuracy Bias in a measurement | Low bias Blank Analysis spike results
system contamination (LCS, MS, MSD)
Representativeness | Degree to which the 100% Holding times, Inferred from
measured results blanks, associated accuracy, precision,
accurately reflect the documentation and completeness
medium being sampled evaluation
Completeness Percentage of >90% Records review Data validation
measurements which
are judged to be usable
Comparability Qualitative parameter High Work plans, Analytical methods
expressing the quality documents
confidence with which
one data set can be
compared with another
Sensitivity Quantitative measure High Review of Analysis of MDLs
of the level of detection analytical method | and MRLs per
and quantitation. or procedures and analyte, analytical
instrumentation method, and matrix




Review of Documentation

The following documentation was required by the field investigation program in order to provide
a quality assessment of data collected during routine investigative activities:

e Field Logbooks: Hardback logbooks with numbered pages were used to log daily
activities, and data collected during the course of field activities. Designated logbooks
were also used to record calibration records and equipment maintenance as they were
performed. Entries into field logbooks were evaluated for completeness and accuracy.

e Field Parameter Table: Documentation of collected samples was provided to the
laboratory on a spreadsheet developed by Shaw specifically for USACE investigations.
Field Parameter Tables were electronically generated based on information recorded in
field logbooks and Chain-of-Custody for every sample, including QC samples. The
completed forms contained the required information for encoding chemical data into
Environmental Restoration Information System (ERIS) database.

e Chain-of-Custody: Samples were collected and relinquished under stringent Chain-of-
Custody protocols as specified in the project MWP. A review of the Chain-of-Custodies
identified transcription errors that were corrected by drawing a single line through the
incorrect information and subsequently correct information was supplied, dated, and
initialed.

e Sample Tracking Table: Documentation of collected samples was recorded in an
electronic sample tracking table as a tool to track project status. Field entries included
the field sample identification, sample depth (where applicable), date collected,
laboratory ID, deliverable due dates, and requested laboratory analyses. The status of
completeness was tracked from work planning stage through data validation completion.

Sampling activities were performed in compliance with standard operating procedures (SOPs)
and each individual performing sampling was aware of the requisite protocols for collection of
environmental samples.

Data Reporting

Data packages were provided to Shaw in Shaw Alliance Level 4 CLP-like deliverables with
electronic data deliverable files from the laboratory. Detected target compound values above the
reporting limit and within the acceptable calibration range were reported as determined to no
more than three significant figures. Target analytes detected below the lower calibration
standard or the reporting limit (whichever was greater) and above the method detection limit
were reported as estimated values “J”. Appropriate data qualifiers were applied during
validation process and recorded in an electronic database.



Data Reduction and Validation

Data validation determines the acceptability or unacceptability of the data quality based on a set
of pre-defined criteria. Data validation is defined as the systematic process for reviewing a data
package against a set of criteria to provide assurance that the data is adequate for its intended
uses. These criteria depend upon the type(s) of data involved and the purpose for which data are
collected. The intended use of the data and the associated acceptance criteria for data quality
was identified before the data collection effort began. Both the organic and inorganic chemical
data (except for the waste characterization and natural attenuation data) were validated. The data
were validated in accordance with RFAAP Final Master Work Plan (URS, 2003) QAP
requirements, DoD Quality Systems Manual for Environmental Laboratories, Final Version 3
(DoD, 2006a), USEPA Office of Solid Waste and Emergency Response Test Methods for
Evaluating Solid Waste Physical/Chemical Methods (SW-846), Update I11B (November, 2004),
USEPA Methods for the Chemical Analysis of Water and Wastes (March, 1983), DoD
Perchlorate Handbook (March, 2006b), and laboratory SOPs. The data qualifier scheme was
consistent with USEPA Region III conventions using the USEPA Region 11 Modifications to
National Functional Guidelines for Inorganic Data Review (USEPA, 1993b), USEPA Region I
Modifications to the National Functional Guidelines for Organic Data Review Multi-media,
Multi-concentration (USEPA, 1994c¢), and the USEPA Region 1l Dioxin/Furan Data Validation
Guidance (USEPA, 1999d) as appropriate.

Data packages were validated to ensure compliance with specified analytical, Quality
Assurance/Quality Control (QA/QC) requirements, data reduction procedures, data reporting
requirements, and required accuracy, precision, and completeness criteria. This includes (as
applicable), but is not limited to:

e Sample temperature, preservation, and holding times;

e Instrument performance check (for GC, GC/MS, LC/MS);
e (alibration (initial and continuing);

e Blanks (calibration, preparatory, rinse, trip);

e Matrix spike and spike duplicate recoveries;

e Laboratory and field sample duplicate pairs;

e Surrogate spike recoveries (for organics);

e Laboratory control samples;

e Interference check sample (for metals);

e Serial dilution (for metals);

e Internal standards and retention times (for GC, GC/MS, LC/MS); and,

¢ (Quantitative verification.



Results were assessed for accuracy and precision of laboratory analysis to identify the limitations
and quantity of data. The data validation reports are contained in Appendix A-3. The quality of
the data collected in support of the sampling activity was considered acceptable, unless qualified
rejected “R” during the validation process. Samples qualified “B” for blank contamination were
considered non-detect at the MRL or level of blank contamination, whichever was greater.
Samples qualified “J”, “UJ”, “L”, “UL”, or “K” were considered acceptable as estimated or non-
detect estimated.

Data Review

Data obtained from both the laboratory and data validation were reviewed by the Shaw Project
Chemist to assess whether the project-specific data quality objectives, as defined in the
associated MWP, were met.

Data Quality Objectives

Data quality objectives were developed concurrently with the Work Plan to ensure: (1) the
reliability of field sampling, chemical analyses, and physical analyses; (2) the collection of
sufficient data; (3) the quality of data generated was acceptable for its intended use; and (4) valid
assumptions could be inferred from the data. Attainment of data quality objectives was assessed
through evaluation of data collected using the following data quality indicators:

e Precision - a quantitative measure of the variability of a group of measurements in
comparison to the average value;

e Accuracy - the bias in a measurement system;

e Representativeness - the degree to which the measured results accurately reflect the
medium being sampled. Representativeness will be assessed based on accuracy,
precision, and completeness;

e Completeness - the percentage of measurements which are judged to be useable;

e Comparability - defined as a qualitative parameter expressing the confidence with
which one data set can be compared with another; and,

e Sensitivity - describes the method detection, quantitation, and reporting limits. It also
may be expressed as the slope of the analytical curve (intensity verses concentration).

Data quality was assessed through the evaluation of sampling activities and field measurements
associated with the chemical data in order to verify the reliability of the chemical analyses and
the accuracy and precision of information acquired from the laboratory.

Precision: Method or laboratory precision performed by the laboratory was evaluated during the
validation process. Overall sampling or field precision was evaluated during the data review
process. Precision is measured by calculating and evaluating the relative percent difference
(RPD) between the results of field or laboratory duplicate pairs. The RPD is calculated by the
following equation:



RPD=  /XA-XB/* 100
XM

Where:
XA and XB are duplicate analyses, and
XM is the average value [(XA + XB)/2] of the duplicate analyses.

The RPD was calculated for those analytes which were detected at levels exceeding the method
detection limits in both samples of the duplicate pair. Analytes that were rejected (R-qualified)
in either sample of the duplicate pair were excluded from the duplicate assessment. Analytical
results were qualified as estimated (J) for RPDs exceeding criteria for both the sample and its
duplicate pair.

Laboratory duplicate sample determinations were used to demonstrate acceptable method
precision by the laboratory at the time of analysis and evaluated. Laboratory precision was
performed either on the sample and its duplicate pair or the matrix spike and its spike duplicate
pair. Duplicate analyses were performed to generate data in order to assess the long-term
precision of the analytical method on various matrices. RPDs must be within established control
limits.

e Laboratory Duplicate Analysis: Laboratory duplicate pairs (dupe) or laboratory spiked
duplicate pairs (MSDs) were evaluated for the SWMU 50 and SWMU 59 samples.
Laboratory duplicate pairs or laboratory spiked duplicate pairs were within specified
precision criteria for each parameter and/or compound except for those compounds listed in
the Table A-4. Analytical results were qualified as estimated (J) for RPDs exceeding criteria
for where the associated compounds were detected, unless qualified for other QC non-
conformances. While these parameters were qualified estimated due to the high RPDs, the
data was still considered useable, the precision data quality goal was met, and the qualified
data did not impact the data quality for the RFI. Further discussion may be found in the data
validation reports located in Appendix A-3.

Table A-4
Laboratory Duplicate Analysis

Field ID Analyte QC Type |Val Qual. Comments
50SB06A [Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB06B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB0O7A |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB07B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
S50SBO8A |[Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB08B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
S50SB09A |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB09B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SBO10A |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB010B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SBO11A |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB011B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB012A |Arsenic and Chromium SD J High RPDs in Lab Duplicate




50SB012B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB013A |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB013B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB014A |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB014B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SBO015A |Arsenic and Chromium SD J High RPDs in Lab Duplicate
50SB015B |Arsenic and Chromium SD J High RPDs in Lab Duplicate
59SB03A |Arsenic and Calcium SD J High RPDs in Lab Duplicate
59SB03B |Arsenic and Calcium SD J High RPDs in Lab Duplicate
59SB03C |Arsenic and Calcium SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SBO6A Iron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB06B Iron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB06C Iron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SBO5SA Iron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB05B Iron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB05C Iron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB04A Tron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB04B Tron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB04C Tron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
TMSB04C Tron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB02A Tron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB02B ron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
TMSB02B Tron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate
Antimony, Arsenic, Calcium, Copper, . . .
59SB02C Tron, Lead, Magnesium, and Zinc SD J High RPDs in Lab Duplicate

SD = Sample Duplicate
J = Value is estimated due to QC non-conformance. Reported value may be inaccurate or imprecise.




e Field Duplicate Analysis: Field duplicates were collected during the RFI on a 10%
frequency per matrix to identify the cumulative precision of the sampling and analytical
process, which includes the homogenization of soil samples. The RPD was calculated for
those analytes that were detected at levels exceeding the method reporting limits in both
samples of the duplicate pair. For where values exceeding calibration range, the diluted
values were evaluated. If one of the duplicate pair was non-detect and other <MRL, then
the field duplicate was not evaluated. Analytes that were rejected (R-qualified) in either
sample of the duplicate pair were excluded from the duplicate assessment. Precision
control criterion was established at 50% RPD (35% RPD for metals) for the aqueous and
solid matrix sample pairs. Field precision frequency was conducted on a site-wide basis.
Field duplicate pairs were within specified precision criteria for each parameter and/or
compound except for those compounds listed in the Table A-5. Analytical results were
qualified as estimated “J” for exceeding criteria. While these noted parameters were
qualified estimated due to the high RPDs, the data was still considered useable, the
precision data quality goal was met, and the qualified data did not impact the data quality

for the RFI.
Table A-5
Field Duplicate Analysis
Field ID Duplicate Pair Analyte Val Qual. Comments
59SB04C TMSB04C OCDD J High RPD
1,2,3,4,6,7,8-HpCDD,
59SB02B TMSB02B 1,2,3,4,6,7,8-HpCDF, J High RPD
OCDD, and OCDF

J = Indicates an estimated value due to QC non-conformance. Reported value may not be accurate or precise.

Accuracy: Accuracy is the measure of bias in a system. The accuracy of the results is measured
by percent recovery (%R). Laboratory analytical accuracy was assessed through the use of
laboratory blanks (method and calibration), rinse blanks, trip blanks, laboratory control samples
(LCSs), and matrix spike samples (MSs). Trip blanks were not required for soil samples, but
were collected with associated rinse blank samples and evaluated. Laboratory analytical
accuracy was reviewed during the validation of data. Sampling accuracy was assessed by
evaluating blank contamination and the impact of contaminant contributions originating from
non-point sources, such as field sampling equipment decontamination procedures, or laboratory
contamination. QC sample