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This Quality Assurance appendix has been prepared to supplement the Red Hill Bulk 

Fuel Storage Facility (RHBFSF) Draft Investigation Work Plan. This appendix is a 

summarization of some of the information normally included in the Quality Assurance 

Plan. 

1.0 QUALITY CONTROL LEVELS AND DELIVERABLES 

There are five levels of Quality Control (QC): A, B, C, D, and E. PACDIV QC Levels 

A, B, C, D, and E correspond closely with USEPA QC Levels I, II, III, IV, and V. The 

QC level selected for laboratory analyses for the Red Hill site is PACDIV Level D. 

Other QC levels may be more appropriate for certain types of samples or analyses. 

Therefore, a description of each level is presented below. 

Quality Control Level A consists of using Organic Vapor Analyzers (OVAs), Organic 

Vapor Monitors (OVMs), Photoionization Detectors (PIDs), or colorimetric tubes for 

health and safety monitoring or sample headspace screening; certain field test kit 

screenings; or pH, temperature, conductivity, and dissolved oxygen meters for ground

water screening during well development and purging. 

Quality Control Level B consists of onsite analyses using more sophisticated 

instrumentation than for Level A. This instrumentation can include gas chromatographs, 

immunoassay field testing kits, or X-ray fluorescence analyzers. Data collected under 

Level B will typically not be used in a quantitative risk assessment. Use of a laboratory 

that is not NFESC evaluated may also be considered Level B QC. 

Quality Control Level C consists of using non-Contract Laboratory Program (CLP) 

methods for response action verification monitoring or for CLP methods where raw data 

are not required as a deliverable from the laboratory. Level C may include mobile 

laboratory work if it follows USEPA or other approved methods and if the mobile 

laboratory is NFESC evaluated. This level will be used (in conjunction or in place of 

Level D) for analytical work . 
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Quality Control Level D, for laboratory analysis using CLP methods, will be utilized for 

the majority of the samples. The main difference between Level C and Dis that raw data 

will be received from the laboratory as a deliverable for Level D QC. Receipt of raw data 

will allow thorough data validation to be performed. Level D QC can also be used for 

non-CLP methods for which raw data are requested. Level D QC may be used to confirm 

results for approximately IO percent of samples analyzed at Level B QC. 

Quality Control Level E deliverables include results, plus limited QC data. QC Level E 

was originally written for nonstandard methods such as tissue matrices or product matrix 

analysis. This QC level will be used for sites only when limited deliverables are required 

for any matrix or method . 
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An analytical laboratory will be selected for the RHBFSF investigation based upon 

technical capability, capacity, experience, and price. The laboratory will follow S0Ps as 

described in the Project Procedures Manual (Ogden, 1998) and their laboratory quality 

assurance plan, and any other pertinent method documentation. The methods that will be 

used to analyze samples will be discussed in these sections. Proper use of procedures will 

also be discussed in these sections to assist in data quality. 

2.1 Laboratory Methods 

A list of analytical methods that will be used for the analysis of samples is presented in 

Table 2-1. 

2.2 Laboratory Equipment Calibration Procedures and Preventative 

Maintenance Procedures 

Laboratory equipment will be calibrated following the procedures and frequency 

specified by the analytical methods that are used. Laboratory equipment will also be 

maintained in accordance with the approved laboratory QA program and as specified by 

the analytical method employed for sample analyses. Calibration activities and 

preventative maintenance for laboratory equipment will be documented. A standard 

operating procedure indicating the date and time of last calibration, date of required 

maintenance, the person perfonning the activity, and the next maintenance date should be 

implemented by personnel. Information pertaining to historical calibration and 

maintenance should be recorded in individual logs for each instrument . 
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Parameter 

Subsurface Soil and Rock 

Total Petroleum Hydrocarbons 

Volatile Organic Compounds 

Semivolatile Organic Compounds 

Polynuclear Aromatic 
Hydrocarbons 

Metals 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium, total 
Cobalt 
Copper 
Iron 
Lead 

Magnesium 

Analysis 
Method No. 

8015B/0G 

CLP 

CLP 

8270 SIM 

CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 

CLP 

• 
Table 2-1 

COMMON ANALYTICAL METHODS FOR 
RED HILL BULK STORAGE FACILITY 

Analysis 
Method 

GC/FID 

GC/MS 

GC/MS 

GC/MS with SIM 

Trace ICP 
Trace ICP 

AA, Fumace/lCP 
Trace ICP 
Trace JCP 
Trace JCP 

ICP 
ICP 
ICP 
ICP 
ICP 

AA, Furnace/ 
Trace JCP 
Trace ICP 

Method 
Reference 

SW-846(a) 

USEPA CLP SOW for 
Organics OLM03.2 
USEPA CLP SOW for 
Organics OLM03.2 

USEPA SW-846 
modified 

USEPA CLP SOW for 
lnorganics ILM04.0 

Extraction 
Method No. 

5030 (purge and trap) 
3550 (soil) 
3510/3520 (water) 

CLP 

CLP 

3510/3520 (water) 

CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 
CLP 

CLP 

Section: 
Page: 

Preparation 
Method 

Extraction for fuel hydrocarbon 

Purge and trap (water) 
Heated purge and trap (soil) 
Continuous liquid/liquid extraction 
(water) 
Sonication extraction (soil) 
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Separatory funnel/continuous liquid-
liquid extraction (water) or 
separatory funnel 

Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 
Acid digestion 

Acid digestion 
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Manganese CLP Trace lCP CLP Acid digestion 
Mercury CLP AA, Cold Vapor CLP Acid digestion 
Nickel CLP Trace ICP CLP Acid digestion 
Potassium CLP Trace ICP CLP Acid digestion 
Selenium CLP AA, Furnace/ CLP Acid digestion 

Trace ICP 
Silver CLP Trace ICP CLP Acid digestion 
Sodium CLP Trace ICP CLP Acid digestion 
Thallium CLP AA, furnace/ CLP Acid digestion 

Trace ICP 
Vanadium CLP Trace ICP CLP Acid digestion 
Zinc CLP Trace ICP CLP Acid digestion 

Cyanide CLP Titration or USEPA CLP SOW for CLP Distillation 
Colorimetric lnorganics ILM04.0 

Groundwater 
Total Petroleum Hydrocarbons 8015B/OG GC/FID SW-846(a) 5030 (purge and trap) Extraction for fuel hydrocarbon 

3550 (soil) 

Volatile Organic Compounds CLP GC/MS USEPA CLP SOW for 
3510/3520 (water) 

CLP Purge and trap (water) 
Organics OLM03. J Heated purge and trap (soil) 

Semivolatile Organic Compounds CLP GC/MS USEPA CLP SOW for CLP Continuous liquid/liquid extraction 
Organics OLM03.1 (water) 

Sonication extraction (soil) 
Metals USEPA CLP SOW for 

lnorganics ILM04.0 
Aluminum CLP Trace ICP CLP Acid digestion 
Antimony CLP Trace ICP CLP Acid digestion 
Arsenic CLP AA, Fumace/ICP CLP Acid digestion 
Barium CLP Trace ICP CLP Acid digestion 
Beryllium CLP Trace ICP CLP Acid digestion 
Cadmium CLP Trace ICP CLP Acid digestion 
Calcium CLP ICP CLP Acid digestion 
Chromium, total CLP ICP CLP Acid digestion 
Cobalt CLP ICP CLP Acid digestion 
Copper CLP ICP CLP Acid digestion 
Iron CLP ICP CLP Acid digestion 
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Lead CLP AA, Furnace/ 
Tra~e (CP 

Polynuclear Aromatic 8270 SIM GC/MS with SIM 
Hydrocarbons 

Multi(lhased Hydrocarbon 
Fingerprinting 
Hydrocarbon Fingerprinting 8015 GC/FID 

Modified 

Chemical Biomarker 8015 GC/FID or 
Detennination Modified GC/ECD 

PIANO Volatile Fingerprinting 8260 SIM GC/MSwith 
and Alkyl-Substituted Homo logs Select Ion 

Monitoring (SIM) 
Polynuclear Aromatic 
Hydrocarbons and Alkyl~ 
Substituted Homologs 

AA=Atomic Absorption 
TOC=Total Organic Carbon 
CLP =Contract Laboratory Program 
TPll=Total Petroleum Hydrocarbons 
DBCP= 1,2-Dibromo-3-chloropropane 

8270 SIM 

USEPA=U.S. Environmental Protection Agency 
ECD=Electron Capture DctcctorXRF"'X-Ray Fluorescence 
EDB = Ethylene Dibromidc 
FID = Flame loni1.ation Deteclor 
GC = Gas Chromatography 
HECD = Hall Electrolytic Conductivity Detector 

GC/MSwith 
Select Ion 

Monitoring 
(SIM) 

HPLC = High Performance Liquid Chromatography 
HRMS = lligh Resolution Mass Spectrometry 
ICP = Inductively Coupled Argon Plasma Spectrophotometry 
MBAS = Methylene Blue Active Substance 
MS = Mass Spectrometry 
NPD = Nitrogren-Phosphorus Detector 
PAH = Polynuclear Aromatic Hydrocarbon 

• 

USEPA SW-846 
modified 

SW-846(a) Modified 

SW-846 Modified or 
NOAA Modified 

SW-846 Modified or 
NOAA Modified 

USEPA SW-846 
modified 
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CLP Acid digestion 

3510/3520 (water) Separatory funnel/continuous liquid
liquid extraction (water) or 
separatory funnel 

3510/3520 (water) Sepatatory funnel/continuous liquid 
extraction (water) or separatory 
funnel 

3510/3520 (water) Separatory funnel/continuous liquid 
extraction (water) or separatory 
funnel 

5030 Purge and trap 

3510/3520 (water) Separatory funnel/continuous liquid 
extraction (water) or separatory 
funnel 
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PCB .. 
PCDD 
PCDF = 
PID 
PLM 
SIM 
SOW 
TCD = 
Sources: 

Polychlorinatcd Biphenyl 
Polychlorina!ed Dibcnzodioxin 
Polychlorinated Dibenzofuran 
Photo Ionization Detector 
Polarized Light Microscopy 
Selected Ion Monitoring 
Statement of Work 
Thermal Conductivity Detector 

USEPA, Contract Laboratory Program (CLP) Slalemenl of Work (SOW) for Organics Analysis, 1994 and as revised. 
USEPA, Contract Laboratory Program (CLP) Statement of Work (SOW) for lnorganics Analysis, 1994 and as revised. 
USEPA, Test Methods for Evalualing Solid Waste, SW-846, Third Edition, November 1986. Updated 1992. 
USEPA, Method for the Determination of Asbestos in B11lk Building Materials, USEPA 600/R-93/116, 1993b. 
USEPA, Methods for the Determination of Chemicals in Water and Wastes, 1983b. 
Standard Methods for the Examination of Water and Wastewater, 18th Edition, 1992. 
US EPA. Methods for Chemical Analysis of Water and Wastes, USEPA 600/4-79/020, 1978. 

Walkley-Black. 
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2.3 Inspection/ Acceptance Requirements for Supplies and Consumables 

Supplies and consumables such as glass containers and preservatives are necessary items 

to support the sampling activities. To ensure that these items are of acceptable quality, 

acceptance criteria for all common supplies and consumables should be followed. Each 

of the sample containers should include a Certificate of Assurance verifying that the 

container meets the manufacturer's specifications. Sample preservatives for organics 

should be at least Trace Metal Grade or equivalent. Deionized water will be inspected 

and certified by analyzing field blanks for possible contamination. 

Sample Containers and Preservatives 

Soil sample containers for analytical testing will include wide-mouth glass jars with 

Teflon-lined caps and amber glass jars with Teflon-lined caps. Table 2-2 provides further 

information. 

TABLE 2-2 

SAMPLE CONTAINERS, PRESERVATIVES, AND HOLDING TIMES 
RED HILL BULK STORAGE FACILITY 

Analysis Matrix Method Container Type Preservative 

Total Petroleum Soil EPA 8015 100 grams Glass with Hydrochloric 
Hydrocarbons (TPH) Teflon- Acid 

lined Cap 
Polynuclear Aromatic Soil EPA8310 100 grams Amber None 
Hydrocarbons (PAH) Glass with 

Teflon-
lined cap 

Semi-Volatiles Soil OLM03.2 20 grams Amber Hydrochloric 
Glass with Acid 

Teflon-
lined cap 

Metals Soil ILM04.0 10 grams Glass Nitric Acid 
Total Petroleum Water EPA 8015 1000 ml Glass with Hydrochloric 
Hydrocarbons (TPH) Teflon- Acid 

lined Cap 
Polynuclear Aromatic Water EPA 8310 1000ml Amber None 
Hydrocarbons (PAH) Glass with 

Teflon-
lined cap 

Semi-Volatiles Water 0LM03.2 80ml Amber Hydrochloric 
Glass with Acid 

Teflon-
lined cap 

Metals Water ILM04.0 200ml Glass Nitric Acid 

Holding Time 

28 days 

14 days 

14 days 

6 months 
28 days 

14 days 

14 days 

6 months 
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For Level C project deliverables, the laboratory will provide method blanks and reagent 

blanks, matrix spike samples using site samples, matrix spike duplicate samples ( organic 

analytes) or sample duplicates (inorganic analytes), surrogates, blank spike or laboratory 

control samples, and initial and continuing calibration standards. For a more detailed list 

of deliverables refer to the Project Procedures Manual, (Ogden, 1998). 

For Level D project deliverables, the laboratory will provide a CLP data package. This 

package will include the summary package, initial and continuing calibration, matrix 

spikes, matrix spikes duplicates, blanks, duplicates, surrogate recoveries, chromatograms, 

mass spectra, and absorbence data. For methods which are not defined by CLP, the 

calibration information, method blanks, blank/spikes, chromatograms, absorbence, matrix 

spikes, and matrix spikes duplicates will be reported. 

Laboratory personnel should perform QC analyses according to the procedures described 

in Ogden SOP III-A, Laboratory QC Samples (Water, Soil) (Ogden, 1998). Laboratory 

QC samples will be analyzed by each analytical method per matrix per sample activity. 

A sample activity will consist of 20 samples. For example, one method blank and one 

matrix spike (MS) will be analyzed per method per matrix per sample activity. For 

inorganic analysis, one duplicate sample analysis per lot will be performed. For organic 

analytes, one matrix spike duplicate (MSD) will be performed. Blank spikes for organic 

analyses and laboratory control samples for inorganic analyses will be performed per 

sample activity. Surrogates for organic analyses will be added to and analyzed for in all 

samples, when applicable. 

Minimum laboratory quality control samples are provided in Table 2-3 . 
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RED HILL BULK STORAGE FACILITY 
MINIMUM LABORATORY QUALITY CONTROL SAMPLES 

Level C and Level D 

Type of Sample 

Method Blanks 

Surrogate 

Internal Standards 

Laboratory Control Samples 

Organics 

I/extraction batch 

All samples /chemical fraction'•> 

All samples<cl 

Matrix Spike/Matrix Spike Duplicate 

Post-Digestion Spike 

I/extraction batch 

I pair/ 20 samples 

NA 

Instrument Blank 

Instrument Tune 

Initial Calibration 

Initial Calibration Verification 

Continuing Calibration 

Notes: 

J/10 site samples<•> 

1/12 hours<cJ 

Prior to sample analysis; 
following continuing calibration 

failure 

Immediately following 
initial calibration 

Every 10 samples or 12 hours 

Inorganics 

1 /extraction batch 

NACbl 

NA 

I /extraction batch 

J pair/ 20 samples<dl 

Required for elements not meeting 
matrix spike acceptance criteria 

1/10 site samples or 2 hours 

NA 

Prior to sample analysis; 
following continuing calibration 

failure; every 24 hours 

Immediately following 
initial calibration 

Every IO samples or 2 hours 

(a) Not a requirement for fingerprint total petroleum hydrocarbon analysis. 

(b} NA= Not Applicable. 

(c) Required for GC/MS analyses only. 

(d) Matrix spike and laboratory duplicate for inorganic analyses. 

(e) Required for GC analyses only . 
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Table 2-4 lists holding times for laboratory analysis, as obtained from analytical methods. 

Holding times for sites will be in days beyond sample collection, which follows the 

USEPA SW-846 approach. 

Analysis 
voes 
SVOCs 
Metals (except mercury) 
Mercury 
Cyanide 
TPH, Gasoline Range Organics 
TPH, Diesel Range Organics 
BTEX,MTBE 
PAH 
Notes: 
NA= Not Applicable 
a = from the date of sample collection 

TABLE2-4 
HOLDING TIMES 

Soil Holding Time<•> 
14 days 

14 days/40 dayst c > 

6 months 
28 days 
14 days 
14 days 

14 days/40 
14 days 

14 days/40 

b = 7..day holding times apply if not preserved with acid to pH <2 

Water Holding Time<•> 
14 days(~> 

7 days/40 days< • > 
6 months 
28 days 
14 days 
7 days 

7 days/40 
14 days<b> 

7 days/40 

c = x days/y days = x days for sample extraction/y days following extraction for analysis of extracts 

2.6 Performance Evaluation Samples 

Performance evaluation (PE) samples consist of known concentrations of analytes 

obtained from a reputable vendor. These samples will be submitted to the laboratory and 

will be indistinguishable from other site samples. The result of laboratory analyses of 

these samples will allow for assessment of the laboratory's analytical accuracy. PE 

samples containing concentrations of key analytes similar to those expected at the Red 

Hill site will be used. Ogden SOP III-G, Performance Evaluation Samples, (Ogden, 

1998), describes PE samples . 
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Thirty-five calendar days is the typical turnaround time for reporting and delivering hard 

copy data and electronic data deliverables. If sites require quicker or longer turnaround 

times, it will be specified in the field sampling section of the work plan. 

2.8 Data Validation 

Data will be reported and reduced according to the requirements of SOP I-A-8, Data 

Validation Planning and Coordination (Ogden, 1998). Analyses will be perfonned under 

Level D QC requirements. Data from the first sample delivery group, and all subsequent 

critical samples(± 10 percent) will be validated according to the procedures for Level D 

contained in the following CLEAN procedures (Ogden, 1998}. 

PROC TITLE REV DATE 

NO . 
II-A Data Validation Procedure 1 2 October 1998 

Presentation 
11-B Data Validation Procedure 2 2 October 1998 

Levels C and D Volatile Organics by GC/MS -
PACDIV 

II-C Data Validation Procedure 3 2 October 1998 
Data Validation Levels C and D Semivolatile 
Organics by GCIMS - PACDIV 

II-E Data Validation Procedure 5 2 October 1998 
Levels C and D Metals and Cyanide-PACDIV 

11-H Data Validation Procedure 8 2 October 1998 
Levels C and D Extractable Total Fuel 
Hydrocarbons -PACDJV 

II-I Data Validation Procedure 9 2 October 1998 
Levels C and D Aromatic Volatiles by GC - PACD!V 

11-0 Data Validation Procedure 15 2 October 1998 
Levels C and D Po/ynuc/ear Aromatic 
Hydrocarbons by HPLC-PACDIV 
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The evaluation of data requires an assessment of precision, accuracy, representativeness, 

comparability, and completeness (PARCC) (EPA, 1993). Each of the PARCC 

parameters is assessed by reviewing particular types of QC sample results against 

predetermined criteria. A brief description of the data evaluation required for each 

P ARCC parameter is presented below: 

3.1.1 Precision 

Precision can be estimated by calculating the relative percent difference of field 

duplicates, field collocates, field replicates, and laboratory duplicates. Where the relative 

percent difference (RPD) is defined by the difference of the percent recoveries (%R) of a 

spike and a spike duplicate as follows: 

RPD = [(%R of Spike)-(%R of Spike Duplicate)] x lOO% 
[(%R of Spike)+ (%R of Spike Duplicate Yi 

Spike/spike duplicate pairs may consist of laboratory blank spikes or laboratory matrix 

spikes. 

3.1.2 Accuracy 

Accuracy can be estimated by calculating %R of laboratory blank spikes or laboratory 

matrix spikes. %R is defined as the fractional difference of the spike quantity and the 

quantified amount as follows: 

%R == Spiked Sample Result - Sample Result x 1 OO% 
Spiked Added 



• 

• 

• 

Work Plan for Red Hill Bulk Fuel Storage Facility 
Date: December 1999 

3.1.3 Representativeness 

Section: 
Page: 

Appendix A 
14 of28 

Representativeness requires a more subjective evaluation which includes evaluating the 

adequacy of the number of samples collected given specific Site conditions and approved 

sampling procedures, such as those presented in the Project Procedures Manual 

(PACDIV,1998). 

3.1.4 Comparability 

Comparability also requires the use of subjective evaluation which includes review of 

such elements as normalizing data to standard conditions, such as reporting 

concentrations in soil based on dry weight, and appropriate units, such as those required 

for comparison against regulatory standards. Data for each analytical method will be 

reported in consistent units for each sample matrix to maximize data comparability. 

3.1.S Completeness 

For the field sampling effort, completeness will be determined by calculating the 

percentage of the actual samples taken versus the number of samples scoped for the 

project. The field sampling effort will be at least 90% complete. 

For each analytical method, completeness will be determined by calculating the ratio of 

non-rejected data points to the number of data points requested for analyses. Data will be 

at least 90 percent complete. Completeness will be assessed through the following: 

• Level D data validation of 10 percent of the results of CLP analyses of all soil 

samples; 

• Level D data validation of 10 percent of the results of CLP analyses of all 

groundwater samples; 

• Level C data validation of the results of the remaining CLP analyses of soil; and 

• Level C data validation of the results of other soil and ground-water laboratory 

chemical analyses . 
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Level C and Level D data validation will be conducted as described in the Project 

Procedures Manual (P ACDIV, 1998). 

3.1.6 Method Detection Limits, Quantitation Limits, and Preliminary Remediation 

Goals 

Method detection limits (MDL) are the mm1mum level of an analyte that can be 

determined at the 99% confidence level. The quantitation limit (QL) is the minimum 

concentration of an analyte that can be measured and reported. The QL is affected by the 

sample matrix and by the presence of other analytes. For CLP analyses, the QL is 

equivalent to the Contract Required Quantitation Limit (CRQL) for organics and the 

Contract Required Detection Limit (CRDL) for inorganics. For non-CLP methods, the 

QL is equivalent to the practical quantitation limit (PQL) from USEPA SW-846 or other 

methods used . 

Preliminary Remediation Goals (PRGs) are health-based concentrations determined by 

USEPA to be indicators for the protection of human health. Quantitation Limits (QLs) 

and PRGs are listed in Table 3-1. In some instances, the QL exceeds the PRG. The 

laboratory will submit method detection limit (MDL) studies demonstrating its ability to 

meet the PRGs, although in some instances the PRO may not be achievable. An alternate 

method may be necessary to achieve lower detection limits. 

3.2 LABORATORY ANALYSIS QUALITY ASSURANCE OBJECTIVES 

3.2.1 Precision Objectives 

Table 3-2 presents the precision criteria that laboratory data must meet. This table also 

includes USEPA criteria for CLP analyses and internal laboratory and method criteria for 

non-CLP analyses . 
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Laboratory data will meet the accuracy criteria shown in Table 3-2, which includes 

USEPA criteria for CLP analyses and internal laboratory and method criteria for non

CLP analyses. 

3.2.3 Representativeness Objectives 

The goal of representativeness is to obtain samples that are representative of each site. 

This applies to all media and contaminants of concern. Generally, this objective applies 

only to field sampling concerns . 
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QUANTITATION LIMIT (QLs) GOALS TABLE 

Analytical Soil or Soil Soil Industrial Water WaterPRG WaterMCL 

Parameter Sediment EQL Residential PRG ( c) 
EQL (b) (c) orSMLC 

Mg/kg ug/kg ug/kg ug/L 
(a) PRG (c) 

mg/kg mg/kg 

CLP Volatile Organics (GC/MS) 

Acetone 0.01 1400 6100 10 6100 NA 

Benzene 0.01 0.62 1.4 10 0.39 l 

Bromodichloromethane 0.01 0.98 2.3 10 0.18 NA 

Bromofonn 0.01 56 380 10 8.S NA 

Bromomethane 0.01 3.8 13 to 8.7 NA 

2-Butanone (MEK) 0.01 6900 27,000 10 1900 NA 

Carbon disulfide 0.01 350 1200 10 1000 NA 

Carbon tetrachloride 0.01 0.23 0.52 10 0.17 0.5 

Chlorobenzene 0.01 54 180 10 39 NA 

Chloroethane 0.01 NA NA 10 NA NA 

Chlorofonn 0.01 0.24 0.52 10 0. 16 NA 

Chloromethane O.ot 1.2 2.6 IO l.S NA 

Dibromochloromethane O.oJ 5.3 36 IO 1.0 NA 

1, 1-Dich loroethane 0.01 570 2000 10 810 5 

1,2-Dichloroethane 0.01 0;34 0.76 10 0.12 0.5 

I, 1-Dichloroethene 0.01 0.038* 0.082• 10 0.046• 6 

1,2-Dichloroethene (total) 0.01 75* 270* 10 55• NA 

1,2· Dichloropropane 0.01 0.34 0.76 10 0.16 5 

Cis-1,3-Dichloropropene 0.01 0.51* J.2* 10 0.081* 0.5 

T rans-1,3 • Dichloropropene 0.01 o.51 • 1.2• 10 0.081* 0.5 

Ethyl benzene 0.01 230 230 10 1300 700 

2-Hexanone 0.01 NA NA 10 NA NA 

4-Mcthyl-2-pentanone (MIBK) 0.01 5200* 54,000* 10 2900• NA 

Methylene chloride 0.01 8.5 2.0 10 4.3 NA 

1, 1,2,2-Tetrachloroethane O.ot 0.36 0.87 10 0.055 NA 

Tetrachloroethene 0.01 ,. 25* 10 1.1• NA 

Toluene 0.01 520 520 10 720 150 

1, l, 1-Trichloroethane 0.01 680 1400 10 790 NA 

I, 1,2-Trichloroethane 0.01 0.82 1.9 lO 0.20 NA 

Styrene 0.01 1700 1700 lO 1600 100 
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T richloroethene 0.01 

Vinyl chloride 0.01 

m-xylene 0.01 

o-xylene 0.01 

p,-xylene 0.01 

CLP Semi-Volatile Organics 

Acenaphthene 0.33 

Accnaphthylcnc 0.33 

Anthraccne 0.33 

Benzo(a)anthracene 0.33 

Benzo(b )fluoranthcne 0.33 

Bcnzo(k)fluoranthene 0.33 

Benzo( a)pyrcne 0.33 

Benzo(g,h,i)perylene 0.33 

Benzyl butyl phthalate 0.33 

Bis (2-chloroethyl) ether 0.33 

Bis (2-chloroethoxy) methane 0.33 

Bis (2-chloroisopropyl) ether 0.33 

Bis (2-ethylhexyl) phthalate 0.33 

4-Bromophenyl phenyl ether 0.33 

Carbazole 0.33 

4-Chlorophenyl phenyl ether 0.33 

Chrysene 0.33 

Dibenzo (a,h) anthracene 0.33 

Dibenzofuran 0.33 

Di-n-butyl phthalate 0.33 

1,2-Dichlorobenzene 0.33 

1,3-Dichlorobenzene 0.33 

1,4-Dichlorobenzene 0.33 

3,3-Dichlorobenzidine 0.33 

Diethylphthalate 0.33 

Dimethylphthalate 0.33 

2,4-Dinitrotoluene 0.33 

2,6-Dinitrotoluene 0.33 

Di-n-octylphthalate 0.33 

Fluoranthene 0.33 

Fluorene 0.33 

7.1• 

0.02 

210 

280 

370 

2600 

NA 

14000 

0.56 

0.56 

5.6 

0.056 

NA 

NA 

0.18 

NA 

3.9• 

32 

NA 

22 

NA 

56 

0.056 

210 

5500 

370 

41 

3.0 

0.99 

44,000 

100,000 

130+ 

65• 

1300• 

2000 

1800 
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0.048 JO 

210 10 

280 10 

370 10 

28000 10 

NA 10 

220,000 IO 

3.6 10 

3.6 JO 

36 IO 

0.36 IO 

NA 10 

NA 10 

0.56 JO 

NA 10 

12• JO 

2IO 10 

NA 10 

150 10 

NA 10 

360 10 

0.36 JO 

3200 10 

11000 10 

370 10 

140 10 

7.3 10 

6.7 10 

100,000 10 

100,000 10 

1400• 10 

680* 10 

14,000* 10 

37000 10 

22000 10 
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1.6* 5 

0.02 0.5 

1400 17SO 

1400 17SO 

. 1750 

370 NA 

NA NA 

1800 NA 

0.092 NA 

0.092 NA 

0.92 NA 

0.0092 0.2 

NA NA 

NA NA 

0.0098 NA 

NA NA 

0.21• NA 

4.8 NA 

NA NA 

3.4 NA 

NA NA 

9.2 NA 

0.0092 NA 

24 NA 

3700 NA 

370 NA 

17 NA 

0.47 NA 

0.15 NA 

29,000 NA 

370.000 NA 

73• NA 

37• NA 

730• NA 

1500 NA 

240 NA 
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Hexaclorobenzene 0.33 

Hexachlorocyclopentadiene 0.33 

Hexachloroethane 0.33 

lndeno ( I ,2,3~d) pyrene 0.33 

lsophorone 0.33 

2-Methy !naphthalene 0.33 

Naphthalene 0.33 

2-Chloronaphthalene 0.33 

Nitro benzene 0.33 

N-Nitrosodi-n-propylamine 0.33 

N-Nitrosodimethylamine 0.33 

Phenathrene 0.33 

Pyrene 0.33 

1,2,4-Trichlorobenzene 0.33 

4-Chloro-3-methylphenol 0.33 

2-Chlorophenol 0.33 

2,4-Dichlorophenol 0.33 

2,4-Dimethylphenol 0.33 

2,4-Dinitrophenol 0.33 

4,6-Dinitro-2-methylphenol 0.80 

2-Nitrophenol 0.33 

4-Nitrophenol 0.80 

2-Nitroaniline 0.80 

3-Nitroaniline 0.80 

4-Nitroaniline 0.80 

4-Chloroaniline 0.33 

Pcntach\orophenol 0.80 

Phenol 0.33 

2,4,6-Trichlorophenol 0.33 

2,4,5-Trichlorophenol 0.80 

2-Mcthylphenol 0.33 

4-Mcthylphcno 1 0.33 

0.28· 

450• 

32• 

0.56 

470 

NA 

ss 
s200• 

16 

0.063 

0.0087 

NA 

1500 

480 

NA 

59 

160 

110 

110 

NA 

NA 

3400 

3.3 

NA 

NA 

220 

2.5 

33,000 

40 

5500 

2700 

270 

Total Petroleum Hydrocarbons (GC-FID) EPA Method 80158/0G 

C8 to Cl 1 0.25 NA 

Cl I 10 C14 0.5 NA 

Cl4 10 C20 0.75 NA 

C20 to C30 1.0 NA 
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1.2* 10 

4700• 10 

140* 10 

3.6 10 

3200 10 

NA 10 

190 IO 

ss.ooo• 10 

IOO IO 

0.43 10 

0.059 lO 

NA 10 

26000 10 

1700 IO 

NA IO 

240 10 

3200 10 

21,000 10 

2100 10 

NA 10 

NA 10 

66,000 10 

64 10 

NA IO 

NA IO 

4300 IO 

15 10 

100,000 IO 

270 IO 

110,000 10 

53,000 10 

5300 10 

NA 50 

NA 100 

NA 200 

NA 400 
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0.042• NA 

260• NA 

4.8• NA 

0.092 NA 

71 NA 

NA NA 

6.2 NA 

2900• NA 
3.4 NA 

0.0096 NA 

0.0013 NA 

NA NA 

180 NA 

190 NA 

NA NA 

38 NA 

110 NA 

730 NA 

73 NA 

NA NA 

NA NA 

2300 NA 

2.2 NA 

NA NA 

NA NA 

150 NA 

0.56 NA 

22,000 I 

6.1 NA 

3700 NA 

1800 NA 

180 NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
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TPH 2.5 

CLP Metals· 

Aluminum 40 

Antimony 12 

Arsenic 2 

Barium 40 

Beryllium 1 

Cadmium 1 

Calcium 1000 

Chromium (total) 2 

Cobalt lO 

Copper s 
Iron 20 

Lead (total) 0.6 

Magnesium IOOO 

Manganese 3 

Mercury 0.1 

Nickel 8 

Potassium 1000 

Selenium 1 

Silver 2 

Sodium 1000 

Thallium ad Thallium carbonate 2 

Vanadium 10 

Zinc 4 

GC Gas Chromatography 

MS Mass Spectrometry 

AA Atomic Absorption 

ICP Inductively Coupled Plasma Spectrophotometry 

MCL= Maximum Contaminant Level 

SMCL= Secondary Maximum Contaminant Level 

NA 

75,000 

30 

.38 

5200 

150 

37 

NA 

210 

3300 

2800 

NA 

400 

NA 

3100 

NA 

1500 

NA 

370 

370 

NA 

NA 

520 

22,000 

ECD 

FID 

SIM 

NA 

100,000 

750 

3.0 

100,000 

3400 

930 

NA 

450 

29000 

70000 

NA 

1000 

NA 

45,000 

NA 

37000 

NA 

9400 

9400 

NA 

NA 

13000 

100,000 
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!000 

200 

60 

IO 

200 

5 

5 

5000 

10 

50 

25 

100 

3 

5000 

15 

0.2 

40 

5000 

s 
10 

5000 

10 

50 

20 
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NA 

37,000 

15 

0.045 

2600 

73 

18 

NA 

NA 

2200 

1400 

NA 

4.0 

NA 

1700 

NA 

730 

NA 

180 

180 

NA 

NA 

260 

11,000 

= Electronic Capture Detector 

Flame Jonization Detector 

= Selective Ion Monitoring 

NA 

1000 

6 

50 

(000 

4 

5 

NA 

50 

NA 

NA 

NA 

NA 

NA 

NA 

2 

100 

NA 

so 
NA 

NA 

2 

NA 

NA 
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• 

Table 3 -1 (Continued) 

PRGs from USEPA Region IX, February 1, 1995 . 
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(a) PRGs from USEPA Region IX, September l, 1998. PRGs presented on this table have no official 
status. They should be used only as a predictor of single-contaminant risk estimates for a specific 
environmental media (e.g., soil or tap water). 

(b) QL = CRQL CLP SOW for Organics; for CLP Methods for inorganics, QL = CRDL. For non-CLP 
Methods, QL = PQL from USEPA SW-846 or other reference listed in Table l-1. Practical 
Quantitation Limit (PQL) = 10 x method detection limit for low-level soil, not available for medium
level soil. Sample QLs are highly matrix dependent. The QLs listed are provided for guidance and 
may not always be achievable. The CRQLs listed for soils are based on wet weight. although the 
quantitation limits calculated by the laboratory will be on a dry weight basis and will therefore be 
higher than those listed in this table. 

(c) Low= low-level extraction, Med= medium-level extraction. This extraction level is dependent upon 
each sample matrix and cannot be specified in advance because matrix problems cannot always be 
anticipated. 

(d) Not available . 

(e) Laboratory MDL. 

(f) Instances where the PQL and/or CRQL is higher than the PRG may be due to the fact that analytical 
methods with detection limits below the PRG have not been developed. If the Jabs can report lower 
than the CRQLs or CRDLs, this is requested, as long as detection limit studies are available to support 
these lower reporting limits. 

Sources: 

USEPA, Test Methods/or Evaluating Solid Waste, SW-846, Fourth Edition, December 1996. 
USEPA, CLP SOW for Organics Analysis, OLM03.2. 
USEPA, CLP SOW for Inorganics Analysis, ILM04.0 . 
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Table 3-2 

ANALYTICAL QA OBJECTIVES FOR COMMON METHODS 

RED HILL BULK FUEL STORAGE FACILITY 

Analytical Category 
and Parameters 

CLP Volatile Organics 

Benzene 
Ch loro benzene 
I, 1-Dichloroethene 
Toluene 
Trich loroethene 

Surrogates 

Bromofluorobenzene 
I ,2-Dichloroethane-d4 
Toluene-ds 

CLP Semi-Volatile 

Organics 

Acenaphthene 
4-Chloro-3-methylphenol 
2-Chlorophenol 
I ,4-Dichlorobenzene 
2 ,4-Din itrotu lene 
4-N itrophenol 
N-Nitroso-di-n-propylamine 

Method Number 
and Reference(a) 

CLP SOW OLM03.2 

CLP SOW OLM03.2 

MS/MSD or Surrogate 
Accuracy Criteria(b) 

(% Recovery) 
Water Soil 

Source: 

EPA CLP Limit 
76-127 66-142 
75-130 60-133 
61-145 59-172 
76-125 59-139 
71-120 62-137 

Source: 
EPA CLP Limit 

86-115 
76-114 

88-110 

Source: 

59-113 
70-121 
84-138 

EPA CLP Limit 

46-118 
23-97 
27-123 
36-97 
24-96 
10-80 
41-116 

31-137 
26-103 
25-102 
28-104 
28-89 
11-114 
41-126 

BS/LCS 

Accuracy Criteria(c) 
Water Soil 

Source: (d) 
70-130 
70-130 
70-130 
70-130 
70-130 

NA 
NA 
NA 

Source: (d) 

70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 

70-130 
70-130 
70-130 
70-130 
70-130 

NA 
NA 

NA 

70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 

Section: 
Page: 

• 
Appendix A 

22 of28 

Precision Criteria 

(Maximum RPD) (f) 

Water Soil 

Source: 

EPA CLP Limit 
11 21 
13 21 
14 22 
13 21 
14 24 

NA NA 
NA NA 
NA NA 

Source: 

EPA CLP Limit 

31 19 
42 33 
40 50 
28 27 
38 47 
50 50 
38 38 
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Pentachlorophenol 9-103 17-109 70-130 70-130 50 47 

Phenol 12-110 26-90 70-130 70-130 42 35 
Pyrene 26-127 35-142 70-130 70-130 31 36 
1,2,4-Trichlorobenzene 39-98 38-107 70-130 70-130 28 23 

Surrogates Source: 
EPA CLP 

2-Chlorophenol-d4 33-110 20-130 G) NA NA NA NA 

1,2-Dichlorobenzene-d4 16-110 20-130 (j) NA NA NA NA 

2-Fluorobiphenyl 43-116 30-115 NA NA NA NA 
2-Fluorophenol 21-110 25-121 NA NA NA NA 
Nitro benzene-d 5 35-114 23-120 NA NA NA NA 
Phenol-d5 10-110 24-113 NA NA NA NA 

Terphenyl-d 14 33-141 18-137 NA NA NA NA 
2,4,6-Tribromophenol 10-123 19-122 NA NA NA NA 

Metals CLP SOW Source: Source: Source: 
ILM04.0 EPA CLP Limit EPA CLP Limit EPA CLP Limit 

Aluminum 75-125 75-125 80-120 80-120 20 20 
Antimony 75-125 75-125 NA 80-120 20 20 
Arsenic 75-125 75-125 80-120 80-120 20 20 
Barium 75-125 75-125 80-120 80-120 20 20 
Beryllium 75-125 75-125 80-120 80-120 20 20 
Cadmium 75-125 75-125 80-120 80-120 20 20 
Calcium 75-125 75-125 80-120 80-120 20 20 
Chromium (Total) 75-125 75-125 80-120 80-120 20 20 
Cobalt 75-125 75-125 80-120 80-120 20 20 
Copper 75-125 75-125 80-120 80-120 20 20 
Iron 75-125 75-125 80-120 80-120 20 20 
Lead (Total) 75-125 75-125 80-120 80-120 20 20 
Magnesium 75-125 75-125 80-120 80-120 20 20 
Magnesse 75-125 75-125 80-120 80-120 20 20 
Mercury 75-125 75-125 80-120 80-120 20 20 
Nickel 75-125 75-125 80-120 80-120 20 20 
Potassium 75-125 75-125 80-120 80-120 20 20 
Selenium 75-125 75-125 80-120 80-120 20 20 
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Silver 75-125 75-125 NA 80-120 20 20 
Sodium 75-125 75-125 80-120 80-120 20 20 
Thallium 75-125 75-125 80-120 80-120 20 20 
Vanadium 75-125 75-125 80-120 80-120 20 20 
Zinc 75-125 75-125 80-120 80-120 20 20 

Cyanide CLP SOW 75-125 75-125 80-120 80-120 20 20 
ILM04.0 

Pol'.:t'.nuclear Aromatic EPA 8270 SIM, 
Hydrocarbons <d> EPA 8310, NOAA Method 
Acenaphthene 70-130 60-140 80-120 60-140 30 40 
Pyrene 70-130 60-140 80-120 60-140 30 40 

Surrogate (e) 

Acenephthene-d I o 70-130 60-140 NA NA NA NA 

Total Petroleum EPA SW-846 Source: (d) Source: (d) Source: (d) 
Hydrocarbons 8015B/OG 

n-C6 70-130 60-140 80-120 60-140 30 40 
n-CIO 70-130 60-140 80-120 60-140 30 40 
n-CI I 70-130 60-140 80-120 60-140 30 40 
n-C13 70-130 60-140 80-120 60-140 30 40 
n-C15 70-130 60-140 80-120 60-140 30 40 
n-Cl9 70-130 60-140 80-120 60-140 30 40 
n-C21 70-130 60-140 80-120 60-140 30 40 
n-C39 70-130 60-140 80-120 60-140 30 40 

Surrogate ( e) 

Ortho- or para-terphenyl(h) 65-135 65-135 NA NA NA NA 
Decane (n-CIO) (h) 65-135 65-135 NA NA NA NA 
Eicosane (n-C20) (h) 65-135 65-135 NA NA NA NA 
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Hexavalent Chromium EPA 7196 or218.6 75-125 75-125 80-120 80-120 20 20 

General Chemistn: 

Alkalinity EPA 310.1 75-125 NA 80-120 NA 20 NA 
Bicarbonate EPA 310.1 75-125 NA 80-120 NA 20 NA 
Carbonate EPA 310.1 75-125 NA 80-120 NA 20 NA 
Chloride EPA SW-846 (9253) 75-125 NA 80-120 NA 20 NA 
Electrical Conductivity EPA SW-846 (9050) 75-125 NA 80-120 NA 20 NA 
Fluoride EPA 340.2 75-125 NA 80-120 NA 20 NA 
Nitrate/Nitrite EPA 353.2 75-125 NA 80-120 NA 20 NA 
pH EPA SW-846 (9040) 75-125 NA 80-120 NA 20 NA 
Sulfate EPA SW-846 (9038) 75-125 NA 80-120 NA 20 NA 
Sulfide EPA 376.2 75-125 NA 80-120 NA 20 NA 
Surfactants (MBAS) EPA 425.1 75-125 NA 80-120 NA 20 NA 
Total Dissolved Solids EPA 160.1 75-125 NA 80-120 NA 20 NA 
Total Hardness Calculation 75-125 NA 80-120 NA 20 NA 

Total Organic Carbon EPA 415.2, Walkley-Black 75-125 75-125 80-120 80-120 20 35 

Anion/Cation Balance will also be provided for each water sample by the laboratory. 

Notes: The analyses for asbestos and TOC are not included because the various QA objectives listed in this table do not apply to the asbestos PLM or TOC methods. 
NA indicates that the criteria are Not Applicable to this particular compound. 

(a) Method references are provided in Table 3-1. 
(b) MS/MSD = Matrix Spike/Matrix Spike Duplicate. For metals and general chemistry, a matrix spike and sample duplicate will be analyzed instead of MS/MSD. 
(c) BS/LCS = Blank Spike/Laboratory Control Sample. No CLP or method criteria exist for many organic tests, so laboratory limits will be used. 
(d) BS/LCS criteria are typically not provided by analytical methods. The criteria presented here should be revised after procurement of an analytical laboratory to support the 

investigation for each site; the laboratory limits should be as strict as, or stricter than, those criteria presented here. 
(e) When analytical laboratory is selected for the project, alternative surrogate(s) may be proposed and used. 
(f) The maximum relative percent difference (RPD) provided applies only to cases where all duplicate sample. values are greater than 5 times the CRDL or QL. A maximum 

control limit of+ or - CRDL or QL for water samples shall be used when at least one duplicate sample value is less than 5 times the CRDL or QL. 
G) Advisory surrogates only. 
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To ensure comparability between RHBFSF sample sites, consistent analytical methods, 

sampling procedures, and data logging and recording will be used. 

3.2.5 Completeness Objectives 

Data completeness should equal 90 percent for each analyte and 95 percent or more for 

each critical analyte. Critical analytes are those analytes which are pivotal in the 

remediation decision process, that is, those which could determine the need for or extent 

of remediation required for a site. 

3.2.6 Detection Limits Objectives 

Detection limits will be selected for each site based on the intended use for the data . 

3.2.7 Field QC Sample Quality Assurance Objectives 

Standard Operating Procedure II-8, Data Validation Procedure 2 Levels C and D 

Volatile Organics by GCJMS-NEESA, (Ogden, 1998), samples will be used for Field QC. 

The objective for trip blanks, equipment rinsates, and field blanks is no analyte 

detections. For field duplicates, the goal is good reproducibility of results. Temperature 

blanks are required to register 4°C. 

3.2.8 Data Acquisition Requirements (Non-Direct Measurements) 

When using computer database systems to acquire data, the most current database 

available is considered acceptable. To ensure that data acquired from database systems 

are accurate, all data, including data qualifiers, must be properly transcribed and defined . 
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All data will be managed, reduced, and reported in accordance with procedures Ogden 

DMP-2-1, Data Management Program and DMP-1-1, Data Statistical Assessment, 

Validation, Reduction, and Reporting (Ogden, 1994). 

4.1 DATA MANAGEMENT 

Management of data begins at the point of sample collection and continues throughout 

the life cycle of results generation, data validation, data automation, data analysis, and 

data archival. 

4.2 DATAREDUCTION 

All field measurement data will originally be recorded in either a field notebook or field 

measurement logs. Lithologic descriptions will be recorded on boring logs. Following 

sampling activities, all field measurement logs and notebooks must be compiled, bound, 

and submitted to the CTO manager. Any data that will need to be included in a report 

must be tabulated and cross checked against the original data sheets. 

4.3 DATA REPORTING 

Laboratory control charts will be included in an initial notification report. Complete data 

tables will be included in each report for each project. Reduced data, such as summary 

data tables or figures showing significant contaminant concentrations, will be presented 

in the main portion of each report. Report text will focus on time trends, spatial patterns, 

and relation of analytes to waste sources. A copy of field logs will be included as an 

appendix to each project report. Field notes may also be included. A summary of the 

results of laboratory and field system and performance audits will also be included in the 

final project reports . 
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The laboratory will verify, reduce, and report data as specified in their laboratory quality 

assurance plan (LQAP) and in accordance with their subcontract. Both hard copy and 

electronic data deliverables (EDDs) will typically be required. The contents and 

turnaround time will be specified in the laboratory basic ordering agreement (BOA). The 

format for both hard copies and EDDs is specified in the Ogden laboratory BOA. Hard 

copy data will be delivered on CLP-like forms, along with a case narrative, table of 

contents, and raw data for Level D QC projects. 

EDDs will be received on 3.5 inch diskettes or via e-mail in the format specified in the 

analytical laboratory BOA. EDDs will be loaded into a database, and checked for 

completeness and errors. Part of this check involves verifying that all requested analyses 

for each sample were perfonned and reported. This may be accomplished by comparing 

the delivered results to those recorded electronically in the COC logbook. If errors are 

encountered or data are not complete, the laboratory will be notified, and data must be 

resubmitted. If only minor errors or omissions are encountered, data management 

personnel will manually correct the data, but the laboratory will be notified so that it is 

aware of problems for future projects. Once in the database in usable fonn, data will be 

moved to a read-only location accessible for use by project personnel. Data can then be 

queried, reduced, and reported. 

5.0 AUDITS AND CORRECTIVE ACTIONS 

Audits will be conducted to assess the adequacy of field sampling and analysis activities. 

Laboratory audits are perfonned every 18 months as part of the program-wide auditing 

activity and will not be performed specifically for this project. Any necessary corrective 

actions will be conducted in accordance with the requirements presented in the Ogden 

Project Procedures Manual (1999) . 
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James E. Bruya, Ph.D . 
Charlene Jensen. MS. 
Bradley T. Benson, B.S. 
Kurt Johnson. B.S. 

February 7, 2001 

FRIEDMAN & BRUY A, INC. 

ENVIRONMENT AL CHEMISTS 

Kent Evetts, Project Manager 
Ogden Environmental and Energy Services, Inc. 
2904 Westcorp Blvd., Suite 107 
Huntsville, AL 35805 

Dear Mr. Evetts: 

3012 16th Avenue West 
Seattle, WA 98119-2029 

TEL: (206) 285-8282 
FAX: (206) 283-5044 

e-mail: fbi@isomedia.com 

Included are the results from the testing of material submitted on January 23, 2001 
from your Red Hill project. · The product, soil and rock samples submitted for 
forensic evaluation arrived in good condition. Upon their arrival, the samples "RH
MW-6-SOl" and ''RH-BR-6-S02" were assigned our laboratory project number 
101080 and were placed in a refrigerator maintained at 4°C until removed for 
sample processing. 

The samples "RH-MW-6-SOl" and "RH-BR-6-S02" were extracted and analyzed 
using a gas chromatograph with a flame ionization detector (GC/FID) and an 
electron capture detector (ECD). The data generated yielded information on the 
boiling range and general chemical composition of the material present. The 
GC/FID and GC/ECD traces are enclosed. A GC/FID trace of a standard consisting 
of normal alk.anes is also provided for reference purposes. 

Please contact us if additional consultation is needed by our firm in the 
interpretation of the analytical results provided. We appreciate this opportunity to 
be of service to you and hope you will call if you should have any questions. We will 
hold your samples for 30 days before disposal unless directed otherwise. 

Sincerely, 

FRIEDMAN & BRUYA, INC. 

Kurt Johnson 
Chemist 

Enclosures 
NAA0207R.D0C 
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Date of Report: 02/07/01 
Date Received: 01/23/01 
Project: Red Hill 
Date Extracted: 01/29/01 
Date Analyzed: 01/29/01 

FRIEDMAN & BRUYA, INC. 

ENVIRONMENTAL CHEMISTS 

RESULTS FROM THE ANALYSIS OF THE PRODUCT SAMPLE 
FOR FORENSIC EVALUATION 

Sample ID 

BY CAPILLARY GAS CHROMATOGRAPHY 
USING A FLAME IONIZATION DETECTOR (FID) 
AND ELECTRON CAPTURE DETECTOR (ECD) 

GC Characterization 

The GC trace using the flame ionization detector (FID) 
showed the presence of medium boiling compounds. The 
majority of material present in the sample is indicative of 
a degraded middle distillate such as kerosence or Jet A. 

The medium boiling compounds appear as an irregular 
pattern of peaks on top of a broad hump or unresolved 
complex mixture (UCM). This materiai elutes from n-C9 
to n-C22 showing a maxi.mum near n-C14. This 
correlates with a temperature range of approximately 
150°C to 370°C with a maximum near 250°C. 

Within this range, the dominant peaks present are 
indicative of isoprenoids. A discernible pattern of pea.ks 
characteristic of the normal alkanes was not present. The 
abundance of isoprenoids in conjunction with the 
apparent absence of normal alkanes indicates that the 
fuel present has undergone substantial biological 
degradation. It should also be noted that the proportion 
of material boiling above n-C 1 7 indicates that a lower 
level of a degraded middle distillate such as diesel fuel #2 
may also be present. 

The large peak seen near 25 minutes on the GC/FID trace 
is pentacosane, added as a quality assurance check for 
this GC analysis. There is a second surrogate present 
that is seen on the GC/ECD trace at about 26 minutes 
which is dibutyl chlorendate . 

2 
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Date of Report: 02/07/01 
Date Received: 01/23/01 
Project: Red Hill 
Date Extracted: 01/29/01 
Date Analyzed: 01/29/01 

FRIEDMAN & BRUYA, INC. 

ENVIRONMENT AL CHEMISTS 

RESULTS FROM THE ANALYSIS OF THE SOIL/ROCK SAMPLE 
FOR FORENSIC EVALUATION 

Sample ID 

RH-BR-6-S02 

BY CAPILLARY GAS CHROMATOGRAPHY 
USING A FLAME IONIZATION DETECTOR (FID) 
AND ELECTRON CAPTURE DETECTOR (ECD) 

GC Characterization 

The GC trace using the flame ionization detector (Fill) 
showed the presence of medium boiling compounds. The 
patterns displayed by these peaks are indicative of a 
mixture of middle distillates which may include kerosene, 
JP-5, diesel fuel #2 and similar fuels. 

The medium boiling compounds appear as an irregular 
pattern of peaks on top of a broad hump or unresolved 
complex mixture (UCM). This material elutes from n-Cg 
to n-C24 showing a maximum near n-C14. This 
correlates with a temperature range of approximately 
150°C to 390°C with a maximum near 250°C. 

Within this range, dominant peaks are present which are 
indicative of normal alkanes as well as isoprenoids such 
as norpristane, pristane, and phytane. The relative 
abundance of the normal alkanes and isoprenoids 
indicates that a mixture of degraded and relatively 
undegraded fuels are likely present in the sample. 

The large peak seen near 25 minutes on the GC/FID trace 
is pentacosane, added as a quality assurance check for 
this GC analysis. There is a second surrogate present 
that is seen on the GC/ECD trace at about 26 minutes 
which is dibutyl chlorendate . 

3 
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Jam~ E. Bruya. Ph.D. 
Charlene Jensen,. M.S. 
BradJey T. Benson, B.S. 
Kurt Johnson, B.S. 

January 11, 2001 

FRIEDMAN & BRUY A, INC. 

ENVIRONMENT AL CHEMISTS 

Kent Evetts, Project Manager 
Ogden Environmental 
2904 Westcorp Blvd., Suite 107 
Huntsville, AL 35805 

Dear Mr. Evetts: 

3012 16th Avenue West 
Seattle, WA 98119-2029 

lEL: (206) 285-8282 
FAX: (206) 283-5044 

e-mail: fbi@isomedia.com 

Included are the results from the testing of material submitted on December 22, 2000 
from your Red Hill project. The water/sheen and rock core samples submitted for 
forensic evaluation arrived in good condition. Upon their arrival, the samples RH
MW-11 and RH-BR-14-S04 were assigned our laboratory project number 012094 and 
were placed in a refrigerator maintained at 4°C until removed for sample processing . 

The samples RH-MW-11 and RH-BR-14-S04 were extracted and analyzed using a gas 
chromatograph with a flame ionization detector (GC/FID) and an electron capture 
detector (ECD). The data generated yielded information on the boiling range and 
general chemical composition of the material present. The GC/FID and GC/ECD traces 
are enclosed. A GC/FID trace of a standard consisting of normal alkanes is also 
provided for reference purposes. 

Please contact us if additional consultation is needed by our firm in the interpretation 
of the analytical results provided. We appreciate this opportunity to be of service to 
you and hope you will call if you should have any questions. We will hold your 
samples for 30 days before disposal unless directed otherwise. 

Sincerely, 

FRIEDMAN & BRUYA, INC. 

_\/_-A~--
Kurt Johnson 
Chemist 

Enclosures 
NAAO 11 lR.DOC 
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FRIEDMAN & BRUY A, INC . 
3012 16th Avenue West 
Seattle, WA 981 19-2029 
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FRIEDMAN & BRUY A, INC. 

ENVIRONMENT AL CHEMISTS 

CASE NARRATIVE 
This case narrative encompasses samples received on December 22, 2000 by Friedman 
& Bruya, Inc. from the Ogden Environmental Red Hill project. Samples were logged in 
under the laboratory ID's listed below. 

F&B ID No. Ogden ID No. Method Date of Date Date Dilution 
Receipt Extracted Analvzed 

012094-01 RH-MW-11 GC/FID/ECD 12/22/00 12/28/00 12/28/00 None 
012094-02 RH-BR-14-$04 GC/FID/ECD 12/22/00 12/28/00 12/28/00 1:2 

1 
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FRIEDMAN & BRUY A, INC. 

ENVIRONMENT AL CHEMISTS 

Date of Report: 01/11/01 
Date Received: 12/22/00 
Project: Red Hill 
Date Extracted: 12/28/00 
Date Analyzed: 12/28/00 

RESULTS FROM THE ANALYSIS OF THE WATER/SHEEN SAMPLE 
FOR FORENSIC EVALUATION 

Sample ID 

RH-MW-11 

BY CAPILLARY GAS CHROMATOGRAPHY 
USING A FLAME IONIZATION DETECTOR (FID) 
AND ELECTRON CAPTURE DETECTOR (ECD) 

GC Characterization 

The GC trace using the flame ionization detector (FID) 
showed the presence of medium boiling compounds. The 
patterns displayed by these peaks are indicative of a 
middle distillate such as diesel fuel #2 or similar fuel. 

The medium boiling compounds appear as an irregular 
pattern of peaks on top of a broad hump or unresolved 
complex mixture (UCM). This material elutes from n-C9 
to n-C24 showing a maximum near n-C 17. This 
correlates with a temperature range of approximately 
150°C to 390°C with a maximum near 300°C. 

Within this range, the dominant peaks present are 
indicative of isoprenoids including norpristane, pristane, 
and phytane. A discernible pattern of peaks 
characteristic of the normal alkanes was not present. The 
abundance of isoprenoids in conjunction with the 
apparent absence of normal alkanes indicates that the 
fuel present has undergone substantial biological 
degradation. 

The large peak seen near 25 minutes on the GC/FID trace 
is pentacosane, added as a quality assurance check for 
this GC analysis. There is a second surrogate present 
that is seen on the GC/ECD trace at about 26 minutes 
which is dibutyl chlorendate . 

2 



FRIEDMAN & BRUY A, INC. 

ENVIRONMENTAL CHEMISTS 

• Date of Report: 01/11/01 
Date Received: 12/22/00 
Project: Red Hill 

• 

Date Extracted: 12/28/00 
Date Analyzed: 12/28/00 

RESULTS FROM THE ANALYSIS OF THE ROCK CORE SAMPLE 
FOR FORENSIC EVALUATION 

Sample ID 

RH-BR-14-S04 

BY CAPILLARY GAS CHROMATOGRAPHY 
USING A FLAME IONIZATION DETECTOR (FID) 
AND ELECTRON CAPTURE DETECTOR (ECD) 

GC Characterization 

The GC trace using the flame ionization detector (FID) 
showed the presence of medium boiling compounds. The 
patterns displayed by these peaks are indicative of a 
mixture of middle distillates which may include kerosene, 
JP-5, diesel fuel #2 and similar fuels. 

The medium boiling compounds appear as an irregular 
pattern of peaks on top of a broad hump or unresolved 
complex mixture (UC:M). This material elutes from n-C9 
to n-C24 showing a maximum near n-C17. This 
correlates with a temperature range of approximately 
150°C to 390°C with a maximum near 300°C. 

Within this range, dominant peaks are present that are 
indicative of normal alkanes as well as isoprenoids 
including norpristane, pristane, and phytane. The 
relative abundance of the norm.al alkanes and isoprenoids 
indicates that a mixture of degraded and relatively 
undegraded fuel is present in the sample. 

The large peak seen near 25 minutes on the GC/FID trace 
is pentacosane, added as a quality assurance check for 
this GC analysis. There is a second surrogate present 
that is seen on the GC/ECD trace at about 26 minutes 
which is dibutyl chlorendate. 

3 
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FRIEDMAN & BRUY A, INC. 

ENVIRONMENTAL CHEMISTS 

CASE NARRATIVE 
This case narrative encompasses samples received on January 23, 2001 by Friedman & 
Bruya, Inc. from the Ogden Environmental Hill project. Samples were logged in under 
the laboratory ID,s listed below. 

F&B ID No. Ogden ID No. Method Date of Date Date Dilution 
Receipt Extracted Analyzed 

101080-01 RH-MW-6-SOl GC/FID/ECD 01/23/01 01/29/01 01/29/01 None 
101080-02 RH· BR-6-S02 GC/FID/ECD 01/23/01 01/29/01 01/29/01 1:10 

1 
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Appendix 6 

QUANTERRA, INC. DATA PACKAGE 
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Appendix 7 

ACCUTEST LABORATORY DATA PACKAGE 
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