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APPENDIX I 
LNAPL BAIL-DOWN FIELD PROCEDURES, METHODOLOGY, ANALYSIS 

1.0 LNAPL BAIL-DOWN TESTING AND ANALYSIS 

Bail-down tests in unconfined aquifers are commonly evaluated using the Bouwer and Rice 
methodology for groundwater slug tests (Bouwer and Rice 1976 and 1989).  The Bouwer and Rice 
slug test analytical solution has been modified to estimate LNAPL transmissivity following one or 
more slug withdrawals (Huntley 2000; Kirkman 2012). 

Based on this methodology, the purpose of the testing was to:  

■ Empirically and quantitatively evaluate the transmissivity of LNAPL in the geologic formation, and 

■ Assess the potential recoverability of LNAPL. 

LNAPL transmissivity is a measure of the potential flux of LNAPL per unit drawdown, or the volume 
of LNAPL that travelling through a unit width of an aquifer per unit time per unit drawdown (units of 
length squared per time). 

2.0 BAIL-DOWN TEST METHODOLOGY 

2.1. Field Methods 

The bail-down test was conducted by removing LNAPL from the test wells and measuring and 
recording the LNAPL recovery and associated groundwater response in the monitoring well following 
removal of the LNAPL.  LNAPL bail-down tests were performed in four monitoring wells that had 
approximately one foot or more of LNAPL (TL-MW-2, TL-MW-4, TL-MW-5A and TL-MW-6).  Three of 
these wells had marginal LNAPL thicknesses to conduct bail-down tests (LNAPL thicknesses in TL-
MW-4, TL-MW-5A and TL-MW-6 ranged from 0.99 to 1.08 feet).  Both air-LNAPL and LNAPL-water 
interfaces were measured following LNAPL removal.  The bail-down field procedures were presented 
in GeoEngineers’ “Final Work Plan for Supplemental Investigation, R.G. Haley International Site, 
Bellingham, Washington” (GeoEngineers 2012) and are based on the methodology of Lundy (2000).  
Measurements continued periodically until at least 80 percent of the original recorded LNAPL thickness 
recovered or for a maximum of 165 hours following initial removal of the LNAPL.  

2.2. Analytical Methods 

The Bouwer and Rice slug test method was developed to estimate hydraulic conductivity of aquifer 
materials from partially or fully-penetrating wells in unconfined aquifers (Bouwer and Rice 1976 and 
1989).  Huntley (2000) and Kirkman (2012) have derived LNAPL bail-down test analytical solutions 
by modifying the Bouwer and Rice method for estimating hydraulic conductivity.  The Huntley method 
assumes the change in LNAPL thickness following slug withdrawal is due to a change in elevation of 
the air-LNAPL table, and that LNAPL withdrawal has a negligible effect on the groundwater 
potentiometric surface.  The Kirkman method does not assume the groundwater potentiometric 
surface remains constant, and the ratio of the LNAPL drawdown to the LNAPL thickness is unique to 
each dataset and does not rely on pre-determined boundary conditions. 
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3.0 BAIL-DOWN TEST RESULTS 

LNAPL bail-down tests were performed in monitoring wells TL-MW-2, TL-MW-4, TL-MW-5A, and  
TL-MW-6 to estimate the LNAPL transmissivity (Tn).  Data from TL-MW-4, TL-MW-5A, and TL-MW-6 are 
not considered usable for transmissivity estimates because the LNAPL drawdown and LNAPL 
thickness changes were too small to allow the method of analysis to be used effectively for the 
purpose intended.  For example, the LNAPL thickness recovered to less than 0.5 feet over the 
duration of the test which ranged from 14 hours to over six days.  

Several factors could contribute to the LNAPL drawdown and thickness being inconsistent with 
theoretical response of LNAPL in a small diameter monitoring well after bail-down.  Those factors 
include:  fluctuating groundwater elevations due to tidal effects, insufficient early measurement data, 
insufficient LNAPL, and LNAPL transmissivities being too low to measure by the methods of analysis 
under tidally fluctuating conditions.  

LNAPL bail down test data obtained from TL-MW-2 was evaluated using the methods derived by 
Huntley (2000) and Kirkman (2012).  Air/LNAPL and LNAPL/groundwater interface measurements 
from the June 2012 bail-down test are shown in Figure I-1 which shows the observed LNAPL elevation 
drawdown data.  This graph Indicates the potentiometric surface at 18 to 165 minutes elapsed time 
was stable and therefore the data for this well were deemed to be usable for the methods of analysis.  
A plot of LNAPL drawdown versus elapsed time is provided as Figure I-2 (used for the Huntley 
analysis).  Figure I-3 is the plot of LNAPL drawdown versus thickness (used for the Kirkman analysis).  

The estimated transmissivity values are presented below. 

Monitoring Well 
TL-MW-2 

Estimated LNAPL Transmissivity (Tn) 

Huntley Method 2.96 ft2 per day 

Kirkman Method 2.11 ft2 per day 

Note: LNAPL specific gravity assumed 0.915 (Appendix J, 2012 laboratory 
report from PTS Laboratories).   

Transmissivity estimates from TL-MW-2 appear to be reasonable considering conditions at the Site. 
Monitoring well TL-MW-2 is screened within a heterogeneous fill material consisting primarily of sand, 
silt, and non-native materials including wood, brick and coal.  As a result, the estimated transmissivity 
may be limited to the immediate area surrounding monitoring well TL-MW-2. This conclusion is 
corroborated by the highly variable LNAPL thickness measurements between monitoring wells 
separated by small lateral distances. 
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LNAPL Bail-Down Test Data 
TL-MW-2

R.G. Haley Site
Bellingham, Washington

Figure I-1
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LNAPL Bail-Down Test at TL-MW-2

R.G. Haley Site
Bellingham, Washington

Figure I-2
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LNAPL Bail-Down Test at TL-MW-2

R.G. Haley Site
Bellingham, Washington

Figure I-3
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APPENDIX J 
LNAPL AND PETROPHYSICAL TESTING 

This appendix contains the following supporting information related to LNAPL testing and 
UV photography of core samples: 

1. Data obtained during the 2012 Supplemental Investigation:   

■ Table J-1 Summary of Core UV Photography Interpretation and Free Product Mobility (FPM) 
Testing. 

■ Figure J-1: TL-MW-14 Core UV Photographs (June 2012) from 7.5 to 17.5 feet bgs interpreted 
with soil descriptions, porosity, and findings from FPM testing. 

■ Figure J-2: TL-MW-15 Core UV Photographs (June 2012) from 6.0 to 13.3 feet bgs interpreted 
with soil descriptions and findings from Free Product Mobility (FPM) testing. 

■ Figure J-3: PTS Corephoto information sheet. 

■ Exhibit J-1: PTS Laboratories analytical report for Stepped Free Product Mobility: Initial and 
Residual Saturations, TL-MW-14-7-7.5 and TL-MW-14-8-8.5; Initial and Residual Saturations, TL-
MW-15-6-13.5 and TL-MW-14-10-10.5; Initial and Residual Saturations, TL-MW-14-11-11.5, and 
TL-MW-2 LNAPL sample obtained June 20, 2012 and analyzed for temperature, specific gravity, 
density and viscosity. 

2. Oil and LNAPL Sample Chemical Analytical Data Reports and Chromatograms Obtained During 
Prior Studies:  

■ Exhibit J-2: LNAPL Chromatograms and Chemical Analytical Data 

 Petroleum hydrocarbon chromatograms for Haley UST oil samples obtained in 2000 and 
2004 and chromatogram for carrier oil (P9 oi) standard. 

 Chemical analytical report (Manchester Laboratory) and chromatogram for UST 
oil sample obtained by Ecology in 2004.  Ecology obtained this oil sample from the 
Haley UST in June 2004.  The sample was analyzed for petroleum 
hydrocarbons/hydrocarbon identification.  The laboratory reported that the “sample 
contains a highly aromatic #2 fuel oil range petroleum product along with what may be 
pentachlorophenol.” 

 Chemical analytical report (Analytical Resources Inc.) for sample “Tank” of oil from Haley 
UST obtained February 10, 2000 by Douglas Management and analyzed for 
pentachlorophenol using GC/MS Methods.  

 Chemical analytical report (Pace Analytical) for sample “Oil” at beach oil seep obtained 
April, 2000 by Ecology and analyzed for dioxins/furans by EPA Method 8290 and 
chlorinated phenols by Draft EPA Method 8085.  The water and the oil portions of the 
sample were separated before analysis.   

 Chemical analytical report (NCA) for UST oil Sample ID BWT-TS-01 and TL-MW-2 LNAPL 
Sample.  GeoEngineers obtained oil sample BWT-TS-01 from the UST in the wood 
treating area of the Haley property on March 3, 2000.  The samples were analyzed for 
SVOCs by EPA Method 8270. 

 Chemical analytical report (Spectra Laboratories) for TL-MW-4 LNAPL sample obtained 
in May 2000 analyzed for API gravity, specific gravity and kinematic viscosity.  
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 Chemical analytical report (Sound Analytical Services Inc.) for TL-MW-4 LNAPL sample 
obtained May 3, 2000 and analyzed for HVOCs by EPA method 8260B, SVOCs by EPA 
Method 8270, Metals by EPA Method 6020 and TCLP Metals by EPA Method 6010, flash 
point by EPA Method 1010 and pH by EPA Method 9045. 

 Chemical analytical report (Quanterra) May 15, 2000 for TL-MW-3 LNAPL sample 
obtained April 4, 2000 and analyzed for dioxins/furans by EPA Method 8290.   

 Chemical analytical report (NCA) August 26, 2004 for UST-061504 oil sample from the 
Haley UST in June 2004 and analyzed by Frontier Analytical Laboratory for 
dioxins/furans by EPA Method 8290.   

 Chemical analytical report (NCA) June 10, 2005 for TL-MW-2 LNAPL sample obtained on 
June 26, 2005 and analyzed for NWTPH-Dx, includes petroleum hydrocarbon 
chromatogram. 
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PTS Tested 
Depth Total Porosity

Initial NAPL 
Saturation

Final NAPL 
Saturation at 

1,000 rpm 
(revolutions per 

minute)
PTS Observation at End of Test 

(1,000 rpm)

TL-MW-14 7.75
Poorly graded gravel with sand and silt.  Fine 
gravel, f-m sand.  Dark brown.

MS, metallic to HS, 
rainbow.

Completely flaired white except for voids. Not Tested
7.75 

(spun in air)
38.7 8.9 8.1

Dark brown LNAPL produced.  
Produced water cloudy.  (NAPL not 
produced at 250 or 500 RPM)

TL-MW-14 8.2
Poorly graded gravel with sand and silt.  Fine 
gravel, f-m sand.  Dark brown.

HS, rainbow.  

Splotchy white fluorescence, fairly pervasive.  Some 
rounder clasts do not fluoresce.  Possible textural changes 
related to increased fluorescence but difficult to evaluate.  
Higher fluorescence seems to coincide with discolored 
(browner) areas on core suggesting preferential migration 
or sorption.  

Not Tested
8.2 

(spun in air)
41.3 3.1 2.9

Trace LNAPL produced.  Produced 
water cloudy. [NAPL not produced at 
250 or 500 RPM]

TL-MW-14 10.2
Silty sand with gravel.  F-m Sand, f-c gravel, occ. 
Wood fragments.

HS, rainbow. Staining 
and petroleum-like 
odor.

Fluorescence more pervasive with higher intensity areas.  
Shell or wood fragment near 10.1 has less fluorescence.    
Possible discoloration coinciding with higher intensity  

Not Tested
10.2 

(spun under 
water)

37.8 9.0 9.0 No visible NAPL produced.

TL-MW-14 11.65

Poorly graded sand with gravel and silt. 
F-m sand, f-c gravel. Dark brown to black, 
occasional fresh brown wood fragments and 
white shell fragments.

HS, rainbow. Staining 
and petroleum-like 
odor. 

Speckled fluorescence, more so on edge of core. TPH-D = 17,770 mg/kg
11.6 

(spun under 
water)

40.0 13.9 13.9 No visible NAPL produced.

TL-MW-15 7.72 Wood fragments
Stained, petroleum-like 
odor.
HS, rainbow.

Fluorescence at top is suspected slough.  At 7.5 - 7.7, 
fluorescence appears to be limited to wood fragments.
Possible intergranular impacts starting at around 7.7.

Not Tested Not Tested Not Tested Not Tested Not Tested Not Tested

TL-MW-15 9.55 Wood fragments, dark brown.

Stained and petroleum-
like odor.
MS, metallic to HS, 
rainbow.

Fluorescence is pervsasive. Moderate from 9.03 to 9.24 
and heavier from 9.25 to end.   Clast at 9.38, no 
fluorescence. Overall less fluorescence associated with 
larger wood fragments.  Higher fluorescence near edge of 
movement/smearing.  Highest fluorescence between 9.34 
and 9.8.

Not Tested
9.6 

(spun under 
water)

48.2 15.9 15.9 No visible NAPL produced.

TL-MW-15 10.95 Wood fragments, dark brown.
Stained and petroleum-
like odor.
HS, rainbow.

Moderate to high fluorescence is pervasive.  Perhaps less 
fluorescence in coarser fragments.   Right side of core 
with less fluorescence may represent settling.  

TPH-D = 6,100 mg/kg
10.95

(spun under 
water)

42.2 4.0 4.0 No visible NAPL produced.

TL-MW-15 11.55
Poorly graded sand with silt.  m sand, occ shell 
and brown wood fragments. 

Staining and petroleum-
like odor. 
HS, rainbow to SS.

Pervasive but somewhat splotchy fluorescence except for 
coarser particles (no fluorescence).

Not Tested
11.6 

(spun under 
water)

40 13.9 13.9 No visible NAPL produced.

TL-MW-15 12.1
Poorly graded sand. M sand. Occ shell and wood 
fragments.

SS
Only a few specs of fluorescence.   Break in core or 
discontinuity at about 13.9.

Not Tested Not Tested Not Tested Not Tested Not Tested Not Tested

FPM Results as Reported by PTS (See Lab Report)

Table J-1
Summary of Core UV Photography Interpretation and Free Product Mobility (FPM) Testing

R.G. Haley Site
Bellingham, Washington

Exploration 
Identification

Sample Depth for 
Petrophysical  

Testing (feet bgs) Soil Description
Visual Sheen 
Observations Fluorescence Comments

Chemical Analytical 
Results

File No. 0356-114-06
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Description
Poorly graded gravel with 
sand and silt.  Moderate to 
heavy sheen.

Total Porosity 38.7%

Initial NAPL Saturation 8.9%

Final NAPL Saturation 
at 1,000 RPM 8.1%

PTS Observation at 
End of Test (1,000rpm)

Dark brown LNAPL produced.   
Produced water cloudy.  
[NAPL not produced at 250 
or 500 RPM]

Description
Poorly graded gravel with 
sand and silt.  Heavy 
sheen.

Total Porosity 41.3%

Initial NAPL Saturation 3.1%

Final NAPL Saturation 
at 1,000 RPM 2.9%

PTS Observation at 
End of Test (1,000rpm)

Trace LNAPL produced.   
Produced water cloudy. 
[NAPL not produced at 250 
or 500 RPM]

Description
Silty sand with gravel, oc-
casional wood fragments. 
Heavy sheen.

Total Porosity 37.8%

Initial NAPL Saturation 9.0%

Final NAPL Saturation 
at 1,000 RPM 9.0%

PTS Observation at 
End of Test (1,000rpm) No visible NAPL produced.

Description

Poorly graded sand with 
gravel and silt, occasional 
fresh brown wood fragments 
and white shell fragments.  
Heavy sheen.

Total Porosity 40%

Initial NAPL Saturation 13.9%

Final NAPL Saturation 
at 1,000 RPM 13.9%

PTS Observation at 
End of Test (1,000rpm) No visible NAPL produced.

Break in core

7.0 ft. - 10.5 ft. 10.5 ft. - 13.9 ft. 14.5 ft. - 17.5 ft.

TL—MW—14

Figure J-1



Description Wood fragments. Moderate 
to heavy sheen.

Total Porosity 48.2%

Initial NAPL Saturation 15.9%

Final NAPL Saturation 
at 1,000 RPM 15.9%

PTS Observation at 
End of Test (1,000rpm) No visible NAPL produced.

Description Wood fragments.  
Heavy sheen.

Total Porosity 42.2%

Initial NAPL Saturation 4.0%

Final NAPL Saturation 
at 1,000 RPM 4.0%

PTS Observation at 
End of Test (1,000rpm) No visible NAPL produced.

Break in core

6.0 ft. - 9.9 ft. 10.5 ft. - 11.5 ft. 12 ft. - 13.3 ft.

TL—MW—15

Description

Poorly graded sand with 
silt, occasional shell and 
brown wood fragments. 
Heavy sheen.

Total Porosity 40%

Initial NAPL Saturation 13.9%

Final NAPL Saturation 
at 1,000 RPM 13.9%

PTS Observation at 
End of Test (1,000rpm) No visible NAPL produced.

Figure J-2



DESCRIPTION
Core photographs are high-detail 
engineering documents that provide 
ease of study and a permanent record 
of the subsurface. Optional ultraviolet 
(UV) photographs record free-product 
(NAPL) fluorescence. Frozen core is cut 
open using a horizontal bandsaw with a 
diamond-segmented blade. After cutting, 
the slabbed core is cleaned and 
prepared for photography. Most core is 
slabbed into 1/4-3/4 sections providing 
enough bulk rock for lithologic 
description and sufficient material for the 
analytical work.

There are two common formats for 
displaying core. The first is a group 
setting with up to 15 feet of core 
photographed together and displayed on 
one 8"x10" sheet.  Full-scale format is 
illustrated in foot-by-foot laminated 
strips. Custom formats are available.

Each photograph has a universal gray 
scale and color bar as color comparator. 
Ultraviolet light photos are color-
corrected using oil standards that are 
photographed with each project.  All 
printing is performed onsite. Extreme 
care is made internally to color match 
the core with the prints. Onsite printing 
allows PTS Laboratories to meet quick 
turnaround times. PTS has been 
providing secure and confidential in-
house core photography and printing 
since 1984. Permanent archiving for all 
photographic negatives is included.

CORE PHOTOGRAPHY USES
• Visual correlation to index
   properties and field logs
•	 Site cross section correlation
•	 Monitoring well installation
•	 Litigation support
•	 Future drilling investigations
•	 Regulatory agency requirements
•	 Ease of study
•	 Permanent records

Core images can also be presented 
electronically on CD-ROM that includes 
thumbnail, 1x, 2x, and 4x magnifications 
with lithologic description.

K =	4.53E-07 cm/s

n = 0.47

Mc = 25.3%

BD = 1.78 gm/cc

K = 3.25E-03 cm/s

n = 0.35

Mc = 17.2%

BD = 1.65 gm/cc

Contact between aquifer and aquatard at 
170.9 ft BGS 

K = 3.25E-05 cm/s

n = 0.30

Mc = 22.4%

BD = 1.68 gm/cc

www.ptsgeolabs.com October 2002

PTS Laboratories, Inc. u RBCA NOTES

BORING: MW-1

Silt, medium gray (N 5). Sand-6%, silt-76%, clay-
18%. Subangular to rounded clay ripups (?) to 4cm 
in diameter throughout. Subangular to subrounded 
claystone or caliche clasts to 5mm in diameter, Very 
faint laminae present.

Silty sandy cobble conglomerate, grayish brown (5 
YR 3/2) and light brown (5 YR 5/6). Gravel-60%, 
sand-20%, silt-5%, clay-15%. Sand grains angular to 
subangular quartz, feldspar, and mafics. Subangular 
to subrounded rock cobbles to 50mm in diameter.

Moderately sorted, medium to coarse sand, 
moderate yellowish brown (10 YR 5/4). Sand grains 
angular to subrounded quartz with minor feldspar 
and mafics.  Faint bedding and reddish brown 
staining.
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Core Photography
PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Silt Example PTS File No: 32295
Project: Core Photo Sample ID: Silt
Project No: Depth, ft: 170.60

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 3.36 0.0038 0.098
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 3.76 0.0029 0.074
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 4.12 0.0023 0.058
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 4.54 0.0017 0.043
0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 5.09 0.0012 0.029
0.0331 0.841 0.25 20 0.00 0.00 0.00 50 5.45 0.0009 0.023
0.0278 0.707 0.50 25 0.00 0.00 0.00 60 5.84 0.0007 0.017
0.0234 0.595 0.75 30 0.00 0.00 0.00 75 6.63 0.0004 0.010
0.0197 0.500 1.00 35 0.00 0.00 0.00 84 7.39 0.0002 0.006
0.0166 0.420 1.25 40 0.00 0.00 0.00 90 8.24 0.0001 0.003
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 9.17 0.0001 0.002
0.0117 0.297 1.75 50 0.00 0.00 0.00
0.0098 0.250 2.00 60 0.00 0.00 0.00 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.00 0.00 0.00 Median, phi 5.45 5.45 5.45
0.0070 0.177 2.50 80 0.06 0.06 0.06 Median, in. 0.0009 0.0009 0.0009
0.0059 0.149 2.75 100 0.48 0.48 0.54 Median, mm 0.023 0.023 0.023
0.0049 0.125 3.00 120 1.25 1.25 1.79
0.0041 0.105 3.25 140 2.05 2.05 3.84 Mean, phi 5.23 5.75 5.65
0.0035 0.088 3.50 170 2.73 2.73 6.57 Mean, in. 0.0010 0.0007 0.0008
0.0029 0.074 3.75 200 3.32 3.32 9.89 Mean, mm 0.027 0.019 0.020
0.0025 0.063 4.00 230 3.93 3.93 13.82
0.0021 0.053 4.25 270 4.68 4.68 18.50 Sorting 2.067 1.636 1.699
0.00174 0.0442 4.50 325 5.58 5.58 24.08 Skewness 0.912 0.185 0.232
0.00146 0.0372 4.75 400 6.38 6.38 30.46 Kurtosis 0.234 0.776 1.137

0.00123 0.0313 5.00 450 6.90 6.90 37.36 Grain Size Description Silt
0.000986 0.0250 5.32 500 9.07 9.07 46.43 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 8.77 8.77 55.20

0.000615 0.0156 6.00 8.62 8.62 63.82 Retained Weight
0.000435 0.0110 6.50 9.36 9.36 73.18 Description on Sieve # Percent
0.000308 0.00781 7.00 6.92 6.92 80.10 Gravel 4 0.00
0.000197 0.00500 7.65 6.47 6.47 86.57 Coarse Sand 10 0.00
0.000077 0.00195 9.00 7.87 7.87 94.44 Medium Sand 40 0.00
0.000038 0.000977 10.00 3.33 3.33 97.77 Fine Sand 200 9.89
0.000019 0.000488 11.00 2.01 2.01 99.78 Silt >0.005 mm 76.68
0.000015 0.000375 11.38 0.22 0.22 100.00 Clay <0.005 mm 13.43

TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D422

Client: Coarse Sand Example PTS File No: 32275
Project: Core Photo Sample ID: Crs Sand
Project No: Depth, ft: 171.10

U.S. Sample Incremental Cumulative Cumulative Weight Percent greater than

Opening Phi of Sieve Weight Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 5.66 20.04 20.04 5
0.1873 4.757 -2.25 4 1.64 5.81 25.85 10
0.1324 3.364 -1.75 6 2.58 9.14 34.99 16
0.0787 2.000 -1.00 10 3.40 12.04 47.03 25 -2.31 0.1954 4.962
0.0557 1.414 -0.50 14 2.86 10.13 57.15 40 -1.44 0.1066 2.709
0.0394 1.000 0.00 18 2.57 9.10 66.25 50 -0.85 0.0711 1.806
0.0278 0.707 0.50 25 2.34 8.29 74.54 60 -0.34 0.0500 1.269
0.0197 0.500 1.00 35 2.50 8.85 83.39 75 0.53 0.0273 0.694
0.0166 0.420 1.25 40 1.35 4.78 88.17 84 1.03 0.0193 0.489
0.0139 0.354 1.50 45 0.91 3.22 91.40 90 1.39 0.0150 0.381
0.0098 0.250 2.00 60 1.28 4.53 95.93 95 1.90 0.0106 0.268
0.0070 0.177 2.50 80 0.54 1.91 97.84
0.0049 0.125 3.00 120 0.28 0.99 98.83 Measure Trask Inman Folk-Ward
0.0029 0.074 3.75 200 0.15 0.53 99.36 Median, phi -0.85 -0.85 -0.85
0.0021 0.053 4.25 270 0.03 0.11 99.47 Median, in. 0.0711 0.0711 0.0711
0.0015 0.037 4.75 400 0.06 0.21 99.68 Median, mm 1.806 1.806 1.806

PAN 0.09 0.32 100.00
Mean, phi -1.50
Mean, in. 0.1114
Mean, mm 2.828

Sorting 2.673
Skewness 1.028
Kurtosis

Grain Size Description Coarse sand
(ASTM-USCS Scale) (based on Mean from Trask)

Retained Weight
Description on Sieve # Percent

Gravel 4 25.85
Coarse Sand 10 21.18
Medium Sand 40 41.15

Fine Sand 200 11.19
Silt/Clay <200 0.64

TOTALS 28.24 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Sand Example PTS File No: 32260
Project: Core Photo Sample ID: Sand
Project No: Depth, ft: 171.70

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 -0.07 0.0414 1.052
0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 0.29 0.0323 0.821
0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 0.54 0.0270 0.687
0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 0.81 0.0225 0.571
0.0468 1.189 -0.25 16 2.68 2.68 2.68 40 1.13 0.0180 0.458
0.0331 0.841 0.25 20 6.55 6.55 9.23 50 1.32 0.0158 0.400
0.0278 0.707 0.50 25 5.49 5.49 14.72 60 1.52 0.0137 0.348
0.0234 0.595 0.75 30 7.72 7.72 22.43 75 1.79 0.0114 0.289
0.0197 0.500 1.00 35 10.80 10.80 33.23 84 2.04 0.0095 0.242
0.0166 0.420 1.25 40 13.40 13.40 46.63 90 2.32 0.0079 0.200
0.0139 0.354 1.50 45 11.90 11.90 58.52 95 2.90 0.0053 0.134
0.0117 0.297 1.75 50 14.90 14.90 73.42
0.0098 0.250 2.00 60 9.51 9.51 82.92 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 6.08 6.08 89.00 Median, phi 1.32 1.32 1.32
0.0070 0.177 2.50 80 3.39 3.39 92.39 Median, in. 0.0158 0.0158 0.0158
0.0059 0.149 2.75 100 1.88 1.88 94.27 Median, mm 0.400 0.400 0.400
0.0049 0.125 3.00 120 1.18 1.18 95.45
0.0041 0.105 3.25 140 0.82 0.82 96.27 Mean, phi 1.22 1.29 1.30
0.0035 0.088 3.50 170 0.57 0.57 96.84 Mean, in. 0.0169 0.0161 0.0160
0.0029 0.074 3.75 200 0.42 0.42 97.26 Mean, mm 0.430 0.408 0.405
0.0025 0.063 4.00 230 0.34 0.34 97.60
0.0021 0.053 4.25 270 0.28 0.28 97.88 Sorting 1.406 0.751 0.827
0.00174 0.0442 4.50 325 0.23 0.23 98.11 Skewness 1.014 -0.037 0.013
0.00146 0.0372 4.75 400 0.19 0.19 98.30 Kurtosis 0.227 0.981 1.242

0.00123 0.0313 5.00 450 0.16 0.16 98.46 Grain Size Description Medium sand
0.000986 0.0250 5.32 500 0.17 0.17 98.63 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 0.14 0.14 98.77

0.000615 0.0156 6.00 0.12 0.12 98.89 Retained Weight
0.000435 0.0110 6.50 0.14 0.14 99.03 Description on Sieve # Percent
0.000308 0.00781 7.00 0.15 0.15 99.18 Gravel 4 0.00
0.000197 0.00500 7.65 0.21 0.21 99.39 Coarse Sand 10 0.00
0.000077 0.00195 9.00 0.43 0.43 99.82 Medium Sand 40 46.63
0.000038 0.000977 10.00 0.17 0.17 99.99 Fine Sand 200 50.63
0.000019 0.000488 11.00 0.01 0.01 100.00 Silt >0.005 mm 2.13
0.000015 0.000375 11.38 0.00 0.00 100.00 Clay <0.005 mm 0.61

TOTALS 100.00 100.00 100.00 Total 100
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Figure J-3



 

EXHIBIT J-1 
PTS Lab Report, June 2012 

 

 





























 

EXHIBIT J-2 
Chromatograms and Chemical Analytical Data 

 













Washington State Department of Ecology
Manchester Environmental Laboratory

Analysis Report for

Hydrocarbon Identification

Project Name:  R.G. Haley LIMS Project ID:

Project Officer:
Date Reported:

Method:
Analyte:

1482-04

 Charles San Juan
07/14/04

HYDRO-ID
Hydrocarbon identification

Sample QC Field ID Matrix Result Qualifier Units Collected Analyzed

*04254015 NC#1WOODTREATUOil/Solvent ug/Kg ww 06/15/04 06/17/04
*OBS4169HC NCOil/SolventLab BLNK ug/Kg ww 06/17/04

Comments: 

04254015 This sample contains a highly aromatic #2 fuel oil range petroleum product along
with what may be pentachlorophenol.

OBS4169HC No detectable petroleum hydrocarbons or products found.

Authorized By: _______________________________ Release Date: _______________________ Page: 1































































































































































Seattle

Spokane

Portland

Bend

Anchorage

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
425.420.9200  fax 425.420.9210
East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
509.924.9200  fax 509.924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200  fax 503.906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310  fax 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
907.563.9200  fax 907.563.9210

Geo Engineers - Seattle

RE: R.G. Haley International Corporation Site
Seattle, WA/USA 98101
600 Stewart St, Suite 1700

Jay Lucas

Scott A. Woerman For Jeff Gerdes
Project Manager

Enclosed are the results of analyses for samples received by the laboratory on 05/27/05 09:30. If you have any 
questions concerning this report, please feel free to contact me.

Sincerely, 

10 June 2005



Project:
Project Number:

Project Manager:
Reported:

Geo Engineers - Seattle
600 Stewart St, Suite 1700

R.G. Haley International Corporation Site
0275-002-01
Jay Lucas 06/10/05 14:25Seattle, WA/USA 98101

Seattle

Spokane

Portland

Bend

Anchorage

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
425.420.9200  fax 425.420.9210
11922 E. 1st Avenue, Spokane Valley, WA 99206-5302
509.924.9200  fax 509.924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200  fax 503.906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310  fax 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
907.563.9200  fax 907.563.9210

Sample ID Laboratory ID Matrix Date Sampled

ANALYTICAL REPORT FOR SAMPLES

Date Received

TL-MW-2 B5E0844-01 Other wet 05/26/05 16:30 05/27/05 09:30

Page 1 of 4
Scott A. Woerman For Jeff Gerdes, Project Manager

North Creek Analytical - Bothell The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.

North Creek Analytical, Inc.
Environmental Laboratory Network



Project:
Project Number:

Project Manager:
Reported:

Geo Engineers - Seattle
600 Stewart St, Suite 1700

R.G. Haley International Corporation Site
0275-002-01
Jay Lucas 06/10/05 14:25Seattle, WA/USA 98101

Seattle

Spokane

Portland

Bend

Anchorage

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
425.420.9200  fax 425.420.9210
11922 E. 1st Avenue, Spokane Valley, WA 99206-5302
509.924.9200  fax 509.924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200  fax 503.906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310  fax 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
907.563.9200  fax 907.563.9210

Semivolatile Petroleum Products by NWTPH-Dx with Acid/Silica Gel Clean-up

 Analyte Result Limit
Reporting

Units Dilution Batch Prepared Analyzed Method Notes 

North Creek Analytical - Bothell

TL-MW-2 (B5E0844-01) Other wet    Sampled: 05/26/05 16:30   Received: 05/27/05 09:30
5F02056 06/02/05 06/06/05 mg/kg 40Diesel Range Hydrocarbons 654000 20000 NWTPH-Dx A-01

"" "" ""Lube Oil Range Hydrocarbons ND 60000
" " " "NDSurrogate: 2-FBP 50-150 S-01
" " " "NDSurrogate: Octacosane 50-150 S-01

Page 2 of 4
Scott A. Woerman For Jeff Gerdes, Project Manager

North Creek Analytical - Bothell The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.

North Creek Analytical, Inc.
Environmental Laboratory Network



Project:
Project Number:

Project Manager:
Reported:

Geo Engineers - Seattle
600 Stewart St, Suite 1700

R.G. Haley International Corporation Site
0275-002-01
Jay Lucas 06/10/05 14:25Seattle, WA/USA 98101

Seattle

Spokane

Portland

Bend

Anchorage

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
425.420.9200  fax 425.420.9210
11922 E. 1st Avenue, Spokane Valley, WA 99206-5302
509.924.9200  fax 509.924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200  fax 503.906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310  fax 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
907.563.9200  fax 907.563.9210

Semivolatile Petroleum Products by NWTPH-Dx with Acid/Silica Gel Clean-up - Quality Control

 Analyte Notes LimitRPDLimits%RECResultLevelLimitResult Units
RPD%RECSourceSpikeReporting

North Creek Analytical - Bothell

Batch 5F02056:     Prepared 06/02/05    Using EPA 3580A

Blank (5F02056-BLK1) 
Diesel Range Hydrocarbons mg/kgND 500
Lube Oil Range Hydrocarbons "ND 1500

"641 625 50-150Surrogate: 2-FBP 103
"653 625 50-150Surrogate: Octacosane 104

LCS (5F02056-BS1) 
Diesel Range Hydrocarbons mg/kg4840 500 5000 96.8 61-120

"701 625 50-150Surrogate: 2-FBP 112

LCS (5F02056-BS2) 
Lube Oil Range Hydrocarbons mg/kg5070 1500 5000 101 50-150

"739 625 50-150Surrogate: Octacosane 118

LCS Dup (5F02056-BSD1) 
Diesel Range Hydrocarbons mg/kg4850 500 5000 97.0 4061-120 0.206

"703 625 50-150Surrogate: 2-FBP 112

LCS Dup (5F02056-BSD2) 
Lube Oil Range Hydrocarbons mg/kg5290 1500 5000 106 5050-150 4.25

"728 625 50-150Surrogate: Octacosane 116

Duplicate (5F02056-DUP1) Source: B5E0844-01
Diesel Range Hydrocarbons mg/kg581000 20000 654000 5011.8
Lube Oil Range Hydrocarbons "14100 60000 15900 5012.0

"ND 625 50-150Surrogate: 2-FBP ND S-01
"ND 625 50-150Surrogate: Octacosane ND S-01

Page 3 of 4
Scott A. Woerman For Jeff Gerdes, Project Manager

North Creek Analytical - Bothell The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.

North Creek Analytical, Inc.
Environmental Laboratory Network



Project:
Project Number:

Project Manager:
Reported:

Geo Engineers - Seattle
600 Stewart St, Suite 1700

R.G. Haley International Corporation Site
0275-002-01
Jay Lucas 06/10/05 14:25Seattle, WA/USA 98101

Seattle

Spokane

Portland

Bend

Anchorage

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
425.420.9200  fax 425.420.9210
11922 E. 1st Avenue, Spokane Valley, WA 99206-5302
509.924.9200  fax 509.924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200  fax 503.906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310  fax 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
907.563.9200  fax 907.563.9210

Notes and Definitions 

A-01 Chromatogram closely resembles the P9 site standard.

S-01 The surrogate recovery for this sample is not available due to sample dilution required from high analyte concentration and/or 
matrix interferences.

Sample results reported on a dry weight basis

Relative Percent DifferenceRPD

dry

Not ReportedNR

Analyte NOT DETECTED at or above the reporting limitND

Analyte DETECTEDDET

Page 4 of 4
Scott A. Woerman For Jeff Gerdes, Project Manager

North Creek Analytical - Bothell The results in this report apply to the samples analyzed in accordance with the chain of 
custody document. This analytical report must be reproduced in its entirety.

North Creek Analytical, Inc.
Environmental Laboratory Network







 

 

APPENDIX K 
Groundwater Chemistry 

 



Monitoring Well
Screen Interval 

(feet bgs) Date Measured pH

Conductivity 
(µS/cm)

Turbidity 
(NTU)

Dissolved 
Oxygen (mg/l)

Temperature 
(degrees C)

ReDox 
Potential 

(millivolts)2 Salinity (%)
Salinity 
(g/kg)

Ferrous Iron

(mg/l)2

Soluble 
Manganese 

(mg/l)
Nitrate-Nitrogen 

(mg/l as N)
Sulfate 
(mg/l)

Total 
Dissolved 

Solids 
(g/L)

Dissolved 
Inorganic 

Carbon (mg/l)

Total Organic 
Carbon 
(mg/l)

CL-MW-1 3-11 06/24/04 6.3 51,000            -- 1.4 12.4 -85 0 -- 1.68 0 <0.01 ND -- 53.3 48.4
CL-MW-1 3-11 05/09/12 6.34 404                  25.00 1.12 10.8 -52 -- -- -- -- -- -- 0.26 -- --

CL-MW-1D 12-15 06/22/04 7.1 24,000            -- 2.2 12.8 -139 0 -- 1.41 0.7 <0.01 0.758 -- 27 16.1
CL-MW-1H 8.7-11.7 06/24/04 6.4 35,000            -- 2 14.6 -74 0 -- 1.31 0.2 0.0138 5.84 -- 28.8 9.24
CL-MW-1H 8.7-11.7 05/09/12 6.55 422                  2.00 0.98 11.6 -69 -- -- -- -- -- -- 0.27 -- --
CL-MW-1S 7-10 06/22/04 7.2 50,000            -- 2.1 13.9 -167 0 -- Too Turbid for Measurements <0.01 ND -- 56.6 32.2
CL-MW-6 4.6-14.6 06/24/04 6.2 37,000            -- 1.70 13.6 -72 0 -- 1.27 0 <0.01 0.867 31.3 12.1
CL-MW-6 4.6-14.6 05/09/12 6.49 460                  9.00 1.01 10.8 -70 -- -- -- -- -- -- 0.29 -- --
CL-MW-7 5-15 06/24/04 5.8 72,000            -- 1.80 13.5 -85 0 -- 1.95 0 <0.01 ND 107 31.8
CL-MW-9 1.5-10 05/09/12 5.95 276                  8.30 1.09 10.6 -70 -- -- -- -- -- -- 0.18 -- --

CL-MW-101 4.4-9.4 07/18/12 6.14 587                  7.20 7.13 16.3 -116 0 -- -- -- -- -- 0.38 -- --
CL-MW-102 4-8 07/18/12 5.81 468                  8.20 7.61 14.4 -64 0 -- -- -- -- -- 0.3 -- --
CL-MW-103 3-14.9 07/18/12 6.16 771                  23.20 7.87 13.3 -119 0 -- -- -- -- -- 0.5 -- --

HS-MW-2 8.5-13.5 06/24/04 6.0 24,000            -- 1.9 13.8 -94 0 -- 2.3 0 <0.01 ND -- 31.8 16.5
HS-MW-4 3-13 06/23/04 6.6 130                  -- 2.3 14 -73 0.1 -- Too Turbid for Measurements <0.01 0.658 -- 140 72.6
HS-MW-4 3-13 05/09/12 6.41 1,010              430* 0.8 12.6 -69 0 -- -- -- -- -- 0.6 -- --
HS-MW-5 3-13 06/23/04 7.5 62,000            2.1 13.5 -110 0 -- 0.1 0 <0.01 18.7 63.6 9.76
HS-MW-5 3-13 05/09/12 6.52 631                  13.60 0.9 11.6 -150 0 -- 0.4 -- --
HS-MW-6 4-19 06/24/04 5.7 50,000            2.1 12.1 -32 0 -- 2.16 0.2 <0.01 1.3 52.2 25.2
HS-MW-6 4-19 05/08/12 6.31 796                  8.00 1.12 11 -36 -- -- -- -- -- -- 0.5 -- --
HS-MW-6 4-19 07/18/12 -- 697                  -- -- 11.62 -- -- -- -- -- -- -- -- --
HS-MW-7 4-19 05/09/12 6.45 828                  10.00 1.01 11.4 -84 -- -- -- -- -- -- 0.53 -- --
HS-MW-7 4-19 07/18/12 -- 657                  -- -- 12.81 -- -- -- -- -- -- -- -- -- --
HS-MW-9 3-13 06/23/04 6.3 100                  1.8 13.6 -31 0 -- 2.05 0.2 <0.01 0.44 -- 144 75.9
HS-MW-9 3-13 05/09/12 5.83 814                  12.20 0.7 11.3 -104 0 -- -- -- -- -- 0.52 -- --
HS-MW-9 3-13 07/18/12 -- 14                    -- -- 13.11 -- -- -- -- -- -- -- -- -- --

HS-MW-10 10-13 06/23/04 6.6 18,000            -- 4.2 12.9 -99 0 0.100 0.59 0.2 <0.01 ND -- 22.9 10.8
HS-MW-11 8-11 06/23/04 6 70,000            -- 1.6 15.4 -88 0 0.300 1.08 0.3 <0.01 1.31 -- 105 80.6
HS-MW-13 8-11.5 06/23/04 6.1 140                  -- 1.9 12 -89 0.1 0.500 1.11 0 <0.01 1.24 -- 150 94.2

HS-MW-13D 8-11.5 05/09/12 6.12 351                  57.70 0.7 10.1 -70 0 -- -- -- -- -- 0.22 -- --
HS-MW-15 8-11 06/22/04 6.5 2,800              -- 2.1 14.3 -243 1.7 -- 1.74 Note 1 <0.01 1350 -- 53 20.5
HS-MW-15 8-11 05/09/12 6.39 5,270              87.30 0.8 11.1 -304 0.3 -- -- -- -- -- 3.3 -- --
HS-MW-16 8-11 06/22/04 6.6 3,600              -- 1.9 13.6 -170 2.3 -- 3.4 0.5 0.0194 1980 41.3 14
HS-MW-16 8-11 05/09/12 6.11 290                  18.50 0.9 11.4 -247 0.1 -- -- -- -- -- 1.9 -- --
HS-MW-17 3.2-13 07/18/12 6.3 4,000              8.31 7.54 15 -161 0.2 -- -- -- -- -- 2.6 -- --
HS-MW-19 2.7-12.7 07/17/12 6.12 673                  8.20 8.12 14.9 -110 0 -- -- -- -- -- 0.43 -- --

IZ-MW-1 2-5 06/22/04 6 2,100              -- 1.5 16.6 -317 1.3 -- 0.12 0 <0.01 625 -- 173 57.2
IZ-MW-2 2-5 06/22/04 6.7 2,300              -- 1.8 14.9 -351 1.4 -- 0.2 0 <0.01 668 -- 166 57
IZ-MW-3 2-5 06/22/04 7.1 2,700              -- 1.7 16.7 -333 1.7 -- 0.2 0 <0.01 934 -- 120 46.6
IZ-MW-4 2-5 06/22/04 6 470                  -- 3.2 13.3 -275 0.2 -- 0.07 0 <0.01 71.5 -- 127 65.4
TL-MW-1 4-19 05/08/12 6.1 2,400              101.00 0.8 11 -161 0.1 -- -- -- -- -- 1.5 -- --
TL-MW-1 4-19 07/18/12 -- 3,292              -- -- 11.25 -- -- -- -- -- -- -- -- -- --
TL-MW-7 3-19 05/09/12 6.51 1,080              27.00 0.98 10.7 -76 -- -- -- -- -- -- 0.7 -- --
TL-MW-9 3-14 06/23/04 6.1 1,500              -- 1.7 13.3 -107 0.9 -- 1.69 0 <0.01 455 -- 87.1 41.9
TL-MW-9 3-14 05/08/12 6.4 16,700            21.50 0.5 9.9 -82 0.9 -- -- -- -- -- 10 -- --

Table K-1
Groundwater General Chemistry

R.G. Haley Site
Bellingham, Washington
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Monitoring Well
Screen Interval 

(feet bgs) Date Measured pH

Conductivity 
(µS/cm)

Turbidity 
(NTU)

Dissolved 
Oxygen (mg/l)

Temperature 
(degrees C)

ReDox 
Potential 

(millivolts)2 Salinity (%)
Salinity 
(g/kg)

Ferrous Iron

(mg/l)2

Soluble 
Manganese 

(mg/l)
Nitrate-Nitrogen 

(mg/l as N)
Sulfate 
(mg/l)

Total 
Dissolved 

Solids 
(g/L)

Dissolved 
Inorganic 

Carbon (mg/l)

Total Organic 
Carbon 
(mg/l)

TL-MW-10 10-13 06/23/04 5.9 2,300              -- 2 11.3 -243 1.3 -- 1.56 0.3 <0.01 326 -- 238 98.5
TL-MW-11 17-20 06/22/04 6.6 110                  -- 5.3 15.8 -121 0 -- 2.87 0 <0.01 2.65 -- 130 37
TL-MW-11 17-20 05/08/12 6.28 1,050              12.70 1.06 11.3 -62 -- -- -- -- -- -- 0.7 -- --
TL-MW-12 2.7-12.7 07/11/12 -- -- -- -- -- -- -- -- -- -- -- --
TL-MW-12 2.7-12.7 07/18/12 5.98 2,900              8.20 7.93 12.1 -138 0.1 -- -- -- -- -- 1.8 -- --
TL-MW-13 43.1-46.1 07/12/12 -- -- -- -- -- -- -- -- -- -- -- --
TL-MW-13 43.1-46.1 07/17/12 6.37 2,800              14.30 7.33 14.7 -149 0.1 -- -- -- -- -- 1.7 -- --
TL-MW-14 27.3-30.1 07/12/12 -- -- -- -- -- -- -- -- -- -- -- --
TL-MW-14 27.3-30.1 07/17/12 6.08 12,100            128.20 8.13 14.4 -58 0.7 -- -- -- -- -- 8 -- --
TL-MW-15 27.3-30.1 07/12/12 -- -- -- -- -- -- -- -- -- -- -- --
TL-MW-15 27.3-30.1 07/18/12 5.87 550                  9.80 7.51 13.3 -65 0.3 -- -- -- -- -- 3.6 -- --
TL-MW-16 29.7-32.5 07/12/12 -- -- -- -- -- -- -- -- -- -- -- --
TL-MW-16 29.7-32.5 07/17/12 6.12 320                  4.30 7.62 13.5 -179 0.2 -- -- -- -- -- 2 -- --

Notes:
1 Obvious color change during test but instrument read a negative value.
 -- Not measured.  Typically not measured if LNAPL present.

* Light non-aqueous phase liquid in sample.

pH, conductivity, dissolved oxygen, temperature, Redox, salinity, ferrous iron and soluble maganese field measurements with HoribaU-22

Salinity by Method SM 2520, analyzed by North Creek Analytical, Inc or field tested with HoribaU-22.

Nitrate-Nitrogen by EPA Method 353.2, analyzed by North Creek Analytical, Inc.

Sulfate by EPA Method 300.0, analyzed by North Creek Analytical, Inc.

Dissolved inorganic carbon and total organic carbon by EPA Method 415.1, analyzed by North Creek Analytical, Inc.
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Result Qualifier Result Qualifier Result Qualifier Result Qualifier Result Qualifier
1,2,3,4,6,7,8-HpCDD 120 1600 303 10600 196

1,2,3,4,6,7,8-HpCDF 8.26 J 311 63.6 1380 24.2 J

1,2,3,4,7,8,9-HpCDF 0.930 J 21.6 J 3.34 U 84.7 2.31 U

1,2,3,4,7,8-HxCDD 0.808 J 0.580 U 4.29 U 5.88 J 1.62 J

1,2,3,4,7,8-HxCDF 0.756 U 23.0 J 3.78 J 109 0.782 J

1,2,3,6,7,8-HxCDD 2.16 U 55.0 10.4 J 527 4.12 J

1,2,3,6,7,8-HxCDF 0.382 U 5.12 J 8.00 U 30.5 J 0.272 U

1,2,3,7,8,9-HxCDD 1.94 J 3.58 U 1.48 U 23.8 U 1.76 U

1,2,3,7,8,9-HxCDF 0.336 U 9.10 J 10.9 U 58.9 2.75 U

1,2,3,7,8-PeCDD 0.370 U 2.00 U 0.560 U 2.56 U 2.65 U

1,2,3,7,8-PeCDF 0.338 U 5.20 J 2.61 U 28.5 J 0.514 J

2,3,4,6,7,8-HxCDF 0.446 U 11.1 J 2.18 U 70.1 0.222 U

2,3,4,7,8-PeCDF 0.396 U 4.96 J 1.98 U 25.0 J 0.635 U

2,3,7,8-TCDD 2.43 U 3.25 U 2.92 U 3.56 U 2.42 U

2,3,7,8-TCDF 0.198 U 1.30 U 0.861 U 10.1 1.32 U

OCDD 2450 16500 2550 90700 2910

OCDF 61.9 J 1700 347 5350 222

Total HpCDD 289 2790 515 17800 440

Total HpCDF 31.7 1610 303 6370 134

Total HxCDD 4.94 159 27.6 1360 43.9

Total HxCDF 8.06 556 96.5 3080 20.8

Total PeCDD 50 U 2 U 50 U 5.84 2.24

Total PeCDF 2.14 88.7 2.61 U 572 0.52

Total TCDD 0.302 0.5 2.92 U 4.52 2.42 U

Total TCDF 10 U 10 U 0.861 U 37.8 1.32 U

Approximate Concentration of Total 

Dioxins and Furans1 (pg/L) 2,848 23,404 3,839 125,280 3,773

Notes
  1.  Sum of 8 total homolog groups, OCDD and OCDF.  Non detects are treated as zero (0) in this sum.

pg/L = picograms per liter

U = Not Detected

J = Estimated

Table K-2
2012 Groundwater Analytical Data for Dioxins/Furans

R.G. Haley Site
Bellingham, Washington

Monitoring Well and Sample Date (Units in pg/L)

Parameter

TL-MW-16_07172012TL-MW-11-05082012CL-MW-101_07182012 HS-MW-13-05092012 HS-MW-15-05092012
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APPENDIX L 
CHEMICAL DATA VALIDATION REPORTS 

This report presents the results of a United States Environmental Protection Agency (USEPA) defined 
Stage 2A validation (USEPA Document 540-R-08-005; USEPA 2009) of analytical data from the 
analyses of soil and groundwater samples obtained from the Supplemental Upland Investigation at 
the RG Haley Site.  The sample delivery groups (SDGs) were validated in accordance with the stated 
Data Quality Objectives (DQOs) in the Final Quality Assurance Project Plan (QAPP) (GeoEngineers 
2012a).  Samples obtained were submitted to OnSite Environmental, Inc. (OnSite) of Redmond, 
Washington for chemical analysis of BTEX compounds, diesel- and heavy oil-range petroleum 
hydrocarbons (NWTPH-Dx), semi-volatile compounds, polycyclic aromatic hydrocarbons (PAHs), 
chlorophenols, dissolved metals (copper) and/or dioxins/furans.  Samples obtained specifically for 
the analysis of dioxin/furans were submitted to Analytical Resources, Incorporated (ARI) of Tukwila, 
Washington under chain of custody protocol. 

The objective of the data quality assessment was to review laboratory analytical procedures and 
laboratory and field quality control (QC) results to evaluate whether the samples were analyzed using 
well-defined and acceptable methods that provide quantitation limits below applicable regulatory 
criteria, the precision and accuracy of the data are well defined and sufficient to provide defensible 
data, and the quality assurance/quality control (QA/QC) procedures utilized by the laboratory meet 
acceptable industry practices and standards. 

OnSite SDGs (noted above) were reviewed relative to the following QC elements: 

■ Chain of Custody 

■ Holding Times 

■ Surrogates/Labeled Compounds 

■ Method and Equipment Rinsate Blanks 

■ Laboratory Control Samples/Ongoing Precision and Recovery Samples 

■ Matrix Spikes/Matrix Spike Duplicates 

■ Laboratory and Field Duplicates  

1.0 DATA QUALITY ASSESSMENT SUMMARY – 2012 SUPPLEMENTAL INVESTIGATION 

The results for each of the QC elements are summarized below.  The data assessment was 
performed using guidance in two USEPA documents: USEPA Contract Laboratory Program National 
Functional Guidelines for Inorganic Data Review (USEPA 2010), USEPA Contract Laboratory Program 
National Functional Guidelines for Organic Data Review (USEPA 2008), and USEPA Contract 
Laboratory Program National Functional Guidelines for Chlorinated Dioxin/Furan Data Review 
(USEPA 2011). 
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1.1. Chain-of-Custody Documentation 

Chain-of-custody forms were provided with the laboratory analytical reports.  No transcription errors 
were found, and the appropriate signatures were applied.  There were no anomalies mentioned in 
the sample receipt forms, as the samples were transported to the laboratory at the appropriate 
temperatures of between 2 and 6 degrees Celsius.  

1.2. Holding Times 

The holding time is defined as the time that elapses between sample collection and sample 
extraction.  Maximum holding time criteria exist for each analysis to help ensure that the analyte 
concentrations found at the time of analysis reflect the concentration present at the time of sample 
collection.  Established holding times were met for all analyses.  

1.3. Surrogate Recoveries 

A surrogate compound is a compound that is chemically similar to the analytes of interest, but 
unlikely to be found in any environmental sample.  Surrogates are used for organic analyses and are 
added to all samples, standards, and blanks to serve as an accuracy and specificity check of each 
analysis.  The surrogates are added at a known concentration and percent recoveries are calculated 
following analysis.   

In the Dioxin/Furan analyses, the surrogates (labeled compounds) serve as an isotopic dilution 
quantitation mechanism for the calculation of all target analytes in the method.  Like all other 
surrogates, the labeled compounds have method control limits based on percent recovery that the 
laboratory is obligated to accommodate.  However, the exact amount of a recovered labeled 
compound can directly affect the measurement of the target analyte that it represents.   

All surrogate recoveries for field samples were within the laboratory control limits, with the exceptions 
below: 

■ SDG 1206-168 (NWTPH-Dx): There was no recovery of surrogates in Samples CL-SB-102-9-10 
and CL-SB-103-8-9 because the laboratory diluted the samples at least 10 times.  In each case, 
the surrogates were diluted outside of the linear calibration range of the instrument.  No action 
is necessary.  

(Semivolatiles): The percent recovery (%R) value for the surrogate 2-fluorobiphenyl in Sample CL-
SB-103-8-9 exceeded the control limit.  No qualification for this outlier is necessary because the 
base-neutral fraction target analytes were represented by at least 2 other surrogates that 
demonstrated %R values within their respective control limits.  No action is necessary. 

(Chlorophenols): There was no recovery of surrogates in Samples CL-SB-101-4-5, CL-SB-101-6-7, 
CL-SB-102-4-5, CL-SB-102-9-10, CL-SB-103-4-5, and CL-SB-103-8-9, because the laboratory 
diluted the samples at least 10 times.  In each case, the surrogates were diluted outside of the 
linear calibration range of the instrument.  No action is necessary. 

(Dioxins/Furans):  The %R values for the labeled compounds 13C-1,2,3,6,7,8-HxCDD,  
13C-1,2,3,6,7,8-HxCDF, and 13C-1,2,3,4,6,7,8-HpCDD in Sample HS-SB-102-0-1 were greater 
than their respective control limits.  The positive results for the associated target analytes were 
qualified as estimated (J) in this sample.   
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■ SDG 1207-021 (NWTPH-Dx, Chlorophenols, and Semivolatiles): There was no recovery of 
surrogates in Sample TL-MW-13-11-12 because the laboratory diluted the sample at least 
10 times.  In this case, the surrogate was diluted outside of the linear calibration range of the 
instrument.  No action is necessary. 

■ SDG 1207-026 (NWTPH-Dx, and Semivolatiles): There was no recovery of surrogates in Sample 
TL-MW-14-11-12 because the laboratory diluted the sample at least 10 times.  In this case, the 
surrogate was diluted outside of the linear calibration range of the instrument.  No action is 
necessary. 

■ SDG 1207-097 (NWTPH-Dx): There was no was no recovery of surrogates in Sample  
CL-MW-103-10-11.5 because the laboratory diluted the sample at least 10 times.  In this case, 
the surrogate was diluted outside of the linear calibration range of the instrument.  No action is 
necessary. 

(Chlorophenols): There was no was no recovery of surrogates in Sample CL-MW-103-5-6.5 
because the laboratory diluted the sample at least 10 times.  In this case, the surrogate was 
diluted outside of the linear calibration range of the instrument.  No action is necessary. 

(Semivolatiles): The %R values for the surrogate 2,4,6-tribromophenol in Samples  
CL-MW-103-10-11.5, HS-MW-19-10-11.5, and HS-MW-18-7.5-9 exceeded the control limits.  No 
qualification for this outlier is necessary because the base-neutral fraction target analytes were 
represented by at least 2 other surrogates that demonstrated %R values within their respective 
control limits. 

(Dioxins/Furans):  The %R values for the labeled compounds 13C-1,2,3,4,6,7,8-HpCDD and 
OCDD in Sample HS-MW-19-1.5-2.5 were greater than their respective control limits.  The 
positive results for the associated target analytes were qualified as estimated (J) in this sample. 

1.4. Method Blanks and Equipment Rinsate Blanks 

Method blanks are analyzed to ensure that laboratory procedures and re-agents do not introduce 
measurable concentrations of the analytes of interest.  Method blanks were analyzed with each 
batch of samples, at a frequency of one per twenty samples.  For all sample batches, method blanks 
for all applicable methods were analyzed at the required frequency.  None of the analytes of interest 
were detected above the contract required quantitation limits (CRQL), or 3 times these limits for 
OCDD or OCDF, in any of the method blanks, with the exceptions below: 

■ SDG 1207-097 (Dioxins/Furans): There were positive results for 1,2,3,4,6,7,8-HpCDD and OCDD 
(3 times the CRQL) in the method blank extracted on July 25, 2012.  The positive result for OCDD 
was exceedingly high, and judged to be considered gross contamination.  The associated field 
sample HS-MW-19-1.5-2.5 reported positive results for these compounds at levels greater than 
the CRQL.  The positive result for 1,2,3,4,6,7,8-HpCDD was qualified as estimated (J) in this 
sample.  The positive result for OCDD was rejected (R) because of the gross contamination in 
the method blank. 

■ SDG 1207-143 (Dioxins/Furans): There were positive results for 1,2,3,4,6,7,8-HpCDD and OCDD 
(3 times the CRQL) in the method blank extracted on July 24, 2012.  The associated field 
samples CL-MW-101 and TL-MW-16 reported positive results for these compounds at levels 
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greater than the CRQL  The positive results for these congeners were qualified as estimated (J) 
in this sample. 

Equipment rinsate blanks are analyzed to provide an indication as to whether field decontamination 
and sampling procedures effectively prevent cross-contamination in field activities.  Two equipment 
rinsate blanks were collected for the upland sampling efforts,  
RINSE-05082012 and RINSE-05092012.   

■ SDG 1205-090 (Semivolatiles): There were positive results for acenaphthene, naphthalene,  
1-methylnaphthalene, and 2-methylnaphthalene in the equipment blank RINSE-05082012 at 
concentrations greater than the contract required quantitation limit.  The associated field 
samples HS-MW-6-05082012, TL-MW-1-05082012, TL-MW-11-05082012, and  
TL-MW-9-05082012 reported positive results for these compounds at levels greater than the 
CRQL.  However, all the field sample concentrations were greater than 10 times the 
concentrations in the field blank.  No further action was required. 

There were positive results for naphthalene, 1-methylnaphthalene, and 2-methylnaphthalene in 
the equipment blank RINSE-05092012 at concentrations greater than the contract required 
quantitation limit.  The associated field samples CL-MW-1-05092012, CL-MW-9-05092012, HS-
MW-9-05092012, HS-MW-15-05092012, and HS-MW-16-05092012, TL-MW-7-05092012, and 
DUP-05092012 reported positive results for these compounds at levels greater than the CRQL.  
In these cases, the positive results were transformed into reporting limits at elevated levels and 
reported as Not Detected.   

1.5. Matrix Spikes/Matrix Spike Duplicates 

Because the actual analyte concentration in an environmental sample is not known, the accuracy of 
a particular analysis is usually inferred by performing a matrix spike (MS) analysis.  One aliquot of 
sample is analyzed in the normal manner, and then a second aliquot of the sample is spiked with a 
known amount of analyte concentration and analyzed.  From these analyses, a %R is calculated.  
Matrix spike duplicates (MSD) analyses are generally performed for organic analyses as a precision 
check.  For some organic analytical methods, such as NWTPH-Dx, a laboratory control 
sample/laboratory control sample duplicate (LCS/LCSD) sample set is performed in lieu of a 
MS/MSD analysis.   

For inorganics methods, the matrix spike (referred to as a “spiked sample”) is typically followed by a 
post spike sample if any element recoveries were outside the control limits in the “spike sample.”   

Matrix spike analyses should be performed once per analytical batch or every twenty field samples, 
whichever is more frequent.  The recovery criteria for matrix spikes and laboratory control samples 
are specified in the laboratory documents as are the relative percent difference (RPD) values.  The 
frequency requirements were met for all analyses and the %R/RPD values were within the proper 
control limits, with the exceptions below: 

■ SDG 1207-097 (Metals): The laboratory performed an MS/MSD set on Sample  
HS-MW-19-10-11.5.  The MSD %R value for copper exceeded the control limit.  However, the 
corresponding MS %R value for copper was within the respective control limit.  For this reason, 
no qualifiers due to accuracy were required. 
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The RPD value for copper exceeded the control limit in the same QC sample set.  For this reason, 
the positive result for copper was qualified as estimated (J) in the parent sample due to a lack 
of precision. 

1.6. Laboratory Control Samples/Ongoing Precision and Recovery Samples (OPR) 

A laboratory control sample is essentially a blank sample that is spiked with a known amount of 
analyte concentration and analyzed.  It is to be treated much like a matrix spike, without the 
possibility for matrix interference.  As there is no actual sample matrix in the analysis, the analytical 
expectations for accuracy and precision are usually more rigorous and qualification would apply to 
all samples in the batch, instead of the parent sample only. 

Laboratory control sample analyses should be performed once per analytical batch or every twenty 
field samples, whichever is more frequent.  The recovery criteria for laboratory control samples are 
specified in the laboratory documents as are the RPD values.  The frequency requirements were met 
for all analyses, and the %R/RPD values were within the proper control limits, with the exceptions 
below: 

■ SDG 1207-097 (Dioxins/Furans): The %R value for OCDD exceeded the control limit in the OPR 
sample extracted on July 25, 2012.  The positive result for OCDD was qualified as estimated (J) 
in the associated field Sample HS-MW-19-1.5-2.5. 

■ SDG 1207-143 (Dioxins/Furans):  The %R value for OCDD exceeded the control limit in the OPR 
sample extracted on July 24, 2012.  The positive result for OCDD was qualified as estimated (J) 
in the associated field Samples CL-MW-101 and TL-MW-16. 

1.7. Laboratory Duplicates (Metals and Fuels only) 

Internal laboratory duplicate analyses are performed to monitor the precision of the analyses.  Two 
separate aliquots of a sample are analyzed as distinct samples in the laboratory, and the RPD 
between the two results is calculated.  Duplicate analyses should be performed once per analytical 
batch.  If one or more of the samples used has a concentration greater than five times the reporting 
limit for that sample, the absolute difference is used instead of the RPD. 

Laboratory duplicates were analyzed at the proper frequency and the specified acceptance criteria 
were met in all cases.  

1.8. Field Replicates/Duplicates 

Field duplicate samples were collected and analyzed along with the reviewed sample batches.  The 
duplicate samples were analyzed for the same parameters as the associated parent samples.  As 
mentioned above for the laboratory duplicates, the RPD is used as the criteria for assessing 
precision, unless one or more of the samples used has a concentration greater than five times the 
reporting limit for that sample in which case the absolute difference is used instead of the RPD.   

The following field duplicate sample sets were analyzed for diesel-range and lube oil-range 
hydrocarbons and semivolatiles:  

■ CL-MW-9-05092012/DUP-05092012 and CL-MW-102-07182012/DUP-07182012  
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The RPD/absolute difference value for the field duplicate sample sets were within their respective 
control limits, with the following exceptions:  

■ SDG 1205-090: Because the RPD/absolute difference value for pentachlorophenol exceeded 
the control limits in sample set CL-MW-9-05092012/DUP-05092012, the results should be 
qualified as estimated (“J” flag) in both samples.  

1.9. Reporting Limits 

The laboratory indicated that several samples had evidence of matrix interference; in these cases 
the laboratory had to raise the reporting limits for various compounds in order to avoid reporting 
false positive results.  Specifically, there were several instances where diesel-range or lube  
oil-range patterns could not be distinguished because of chromatographic interference and in these 
cases the laboratory raised the reporting limits, and indicated this with a “UI” qualifier.  These data 
points were appropriately taken through the validation process, and these reporting limits were 
qualified (UI) in the GeoEngineers database. 

In all sample analyses, the positive results for all target analytes were quantitated using instrument 
responses that were appropriately within the calibration curve used for that instrument.  All data met 
the established criteria for this QC element with one exception below: 

■ SDG (Dioxins/Furans): The congeners 1,2,3,4,6,7,8-HpCDD and OCDD were reported to exceed 
the linear calibration range of the instrument in Sample HS-MW-19-1.5-2.5.  The positive results 
for these congeners were qualified as estimated (J) in this sample. 

1.10. Additional Data Quality Issues 

■ OnSite SDG 1205-090, 1207-026, 1207-097, 1207-143: Several congeners were flagged by 
the testing laboratory with an EMPC* because the ion abundance ratios were outside of the 
established criteria.  In each of these cases the positive results were qualified (U) as not detected 
and the reporting limits were raised to the indicated level by the U qualifier.   
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A summary of congeners affected by these qualifiers are listed in the following table.    

Sample ID Congeners 
HS-MW-13-05092012 2,3,7,8-TCDF, 1,2,3,4,7,8-HxCDD, 1,2,3,7,8,9-HxCDD  

HS-MW-15-05092012 1,2,3,7,8-PeCDD, 1,2,3,7,8,9-HxCDD, 2,3,4,6,7,8-HxCDF, 
1,2,3,4,7,8,9-HpCDF 

TL-MW-11-05082012 1,2,3,7,8-PeCDD, 1,2,3,7,8,9-HxCDD 

RINSE-05082012 2,3,7,8-TCDD 

HS-SB-104-0-1 2,3,7,8-TCDD 

TL-MW-14-15-16 2,3,7,8-TCDD 

TL-MW-14-28-29 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-HxCDF 

TL-MW-16-31-32 2,3,7,8-TCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,4,7,8,9-HpCDF 

CL-MW-101_07182012 
2,3,7,8-TCDF, 1,2,3,7,8-PeCDF, 2,3,4,7,8-PeCDF, 1,2,3,7,8-PeCDD, 
1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF, 2,3,4,6,7,8-HxCDF, 1,2,3,7,8,9-
HxCDF, 1,2,3,6,7,8-HxCDD 

TL-MW-16_07172012 1,2,3,6,7,8-HxCDF, 2,3,4,6,7,8-HxCDF, 1,2,3,7,8,9-HxCDD, 
1,2,3,4,7,8,9-HpCDF 

■ SDG 1206-189: The chromatographic patterns in Samples CL-SB-102-9-10, CL-SB-103-8-9, HS-
SB-102-9-10, and HS-SB-103-8-9 did not match that of the calibration standards for lube oil.  
The positive results for lube oil in these samples would be biased high, and were qualified as 
estimated (J) for this reason. 

■ SDG 1206-190: The chromatographic patterns in Samples TL-SB-101-9-10 and TL-SB-101-19-20 
did not match that of the calibration standards for diesel range hydrocarbons.  The positive 
results for diesel range hydrocarbons in these samples would be biased high, and were qualified 
as estimated (J) for this reason. 

■ SDG 1206-230: The chromatographic pattern in Sample TL-MW-15-10-11 did not match that of 
the calibration standards for lube oil.  The positive result for lube oil in this sample would be 
biased high, and was qualified as estimated (J) for this reason. 

■ SDG 1206-231: The chromatographic pattern in Sample TL-MW-16-20-21 did not match that of 
the calibration standards for diesel range hydrocarbons.  The positive result for diesel range 
hydrocarbons in this sample would be biased high, and was qualified as estimated (J) for this 
reason. 

■ SDG 1206-231: The chromatographic pattern in Sample TL-MW-16-8-9 did not match that of the 
calibration standards for lube oil.  The positive result for lube oil in this sample would be biased 
high, and was qualified as estimated (J) for this reason. 

■ SDG 1206-232: The chromatographic pattern in Sample CL-MW-101-6-7 did not match that of 
the calibration standards for diesel range hydrocarbons.  The positive result for diesel range 
hydrocarbons in this sample would be biased high, and was qualified as estimated (J) for this 
reason. 
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■ SDG 1207-097: The chromatographic patterns in Samples CL-MW-103-10-11.5, 
CL-MW-103-12.5-14, and HS-MW-19-12.5-14 did not match that of the calibration standards for 
diesel range hydrocarbons.  The positive result for diesel range hydrocarbons in these samples 
would be biased high, and were qualified as estimated (J) for this reason. 

■ SDG 1207-097: The chromatographic pattern in Sample CL-MW-103-5-6.5 did not match that 
of the calibration standards for lube oil.  The positive result for lube oil in this sample would be 
biased high, and was qualified as estimated (J) for this reason. 

■ SDG 1207-097: The column-confirmation RPD value for 2,4,6-trichlorophenol in Sample  
HS-MW-18-10-11.5 was reported by the laboratory to be greater than 40 percent, indicating a 
lack of acceptable precision within the analysis for this sample.  For this reason, the positive 
result for 2,4,6-trichlorophenol was qualified as estimated (J) in this sample.    

■ SDG 1207-143: The chromatographic patterns in all the samples in this SDG did not match that 
of the calibration standards for diesel range hydrocarbons.  The positive results for diesel range 
hydrocarbons in these samples would be biased high, and were qualified as estimated (J) for 
this reason. 

2.0 OVERALL ASSESSMENT 

As was determined by this data validation, the laboratory followed the specified analytical methods. 
Accuracy was acceptable, as demonstrated by the surrogates, labeled compounds, LCS/LCSD, and 
MS/MSD %R values, with the exceptions noted above.  Precision was acceptable, as demonstrated 
by the laboratory duplicate, LCS/LCSD and MS/MSD RPD and absolute difference values, with the 
exceptions noted above.  

Data should be qualified as estimated because of field duplicate precision, surrogate/labeled 
compound accuracy, method blank contamination, matrix spike precision outliers, ongoing precision 
and recovery outliers, chromatography mismatches, and column confirmation outliers.  Data should 
also be qualified as not detected because of equipment blank contamination and HR/MS ion ratios 
outside of the appropriate control limits.  

One data point was rejected because of exceedingly high contamination in the method blank. 

The data collected in this supplemental investigation was validated using the Data Quality Objectives 
outlined in the QAPP.  Based on the data quality review, it is our opinion that the analytical data, 
including data qualified as noted above, are of acceptable quality for their intended use. 
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DRAFT  DATA QUALITY ASSESSMENT (VOLUME II) 
R.G. HALEY INTERNATIONAL CORPORATION SITE  

BELLINGHAM, WASHINGTON 
 

FOR 
DOUGLAS MANAGEMENT COMPANY 

1.0 INTRODUCTION 

This document presents the findings of a comprehensive analytical data quality review for the Haley 
project.  This review addresses soil, sediment, product, and groundwater samples collected by 
GeoEngineers, Inc. for field activities occurring in June and July of 2004.  Soil and groundwater samples 
were submitted to North Creek Analytical, Inc (NCA). in Redmond, Washington for analysis.  Dioxin 
analyses for soils and groundwater were sub-contracted by NCA to Frontier Analytical Laboratory of 
El Dorado Hills, California.  Sediment samples were analyzed by Columbia Analytical Services, Inc. in 
Kelso, Washington.  Samples were analyzed for the following matrices and analytical methods: 

Soil 
• Volatile organics compounds (VOCs) by  SW-846 8260B 
• Organic carbon by SW-846 9060 
• Carcinogenic polynuclear aromatic hydrocarbons (CPAHs) by GC/MS-SIM and SW-846 8270C 
• Semi-volatile organic compounds (SVOCs) by SW-846 8270C 
• Metals by SW-846 6020 and SW-846 7196A 
• Dioxins by SW-846 8290 
• Petroleum hydrocarbons by NWTPH-Dx, NWTPH-HCID, and Extractable Petroleum 

Hydrocarbons (EPH) 

Sediment 

• Grain size, sulfide, and organic carbon by Puget Sound Estuary Program protocols 
• Ammonia by EPA 350.3-modified 
• Semi-volatile organic compounds (SVOCs) by SW-846 8270C 
• Mercury by SW-846 7471A 
• Dioxins by SW-846 8290 

Groundwater 

• Volatile organics compounds (VOCs) by  SW-846 8260B 
• Sulfate by EPA 300.0 
• Nitrate by EPA 353.2 
• Organic carbon by EPA 415.1 and SW-846 9060 
• Petroleum hydrocarbons by NWTPH-Dx and Extractable Petroleum Hydrocarbons (EPH) 
• Metals by SW-846 6020 and SW-846 7196A 
• Selenium by N2520 
• Carcinogenic polynuclear aromatic hydrocarbons (CPAHs) SW-846 8270C 
• Semi-volatile organic compounds (SVOCs) by SW-846 8270C 
• Dioxins by SW-846 8290 
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Product 

• Dioxins by SW-846 8290 

The number of samples collected by matrix (including field duplicates) is presented below: 

• Soil – 50 samples 
• Sediment – 8 samples 
• Groundwater – 25 samples 
• Product – 1 sample 

Details on the precise number and types of analyses, as well as detailed sample information is available 
within the main body of the of the Remedial Investigation (RI) report.  This document focuses primarily 
on data quality issues.  Table 1 provides an index of sample identification, matrix, methods, sample 
delivery groups, and batch identifiers.  The laboratory supplied case narrative is supplied as Attachment A 
to this document and additional details and clarification to quality control issues identified in this report. 

1.1  PURPOSE AND OBJECTIVES 

The objective of this data quality assessment is to review laboratory analytical procedures and quality 
control results to verify or refute the usability of data toward meeting project data quality objectives 
(DQOs) established in the project Work Plan (GeoEngineers, 2004).  Data quality objectives were 
established to specify the quality of data regard to support decisions during remedial response activities.  
DQOs define the methods to be used in the RI and were developed to ensure the following: 

• Applicable or relevant and appropriate requirements (ARARs), risk-based criteria, and data needs for 
the risk assessment and engineering requirements are met. 

• Samples are analyzed using well-defined and acceptable methods that will provide confident 
detection limits sufficiently below the ARARs that are accurate enough for risk assessment. 

• The precision and accuracy of data are well defined and adequate to provide defensible data. 
• Samples are collected using approved techniques and are representative of existing environmental 

conditions. 
• QA/QC procedures for both field and laboratory procedures meet acceptable industry practices and 

standards. 

The main quality assurance objective of an investigation is to collect environmental monitoring data of 
known, acceptable, and documentable quality.   An evaluation of quality assurance procedures against 
established criteria is followed by a quality control evaluation.  If quality assurance/quality control 
(QA/QC) procedures are followed correctly, then an investigation would produce data that are of an 
acceptable level of confidence, scientifically valid, of known and documented quality, and legally 
defensible for the stated purpose.  

1.2  DATA EVALUATION CRITERIA 

Data review was performed using guidance from Upland Remedial Investigation Work Plan Former R.G 
Haley Wood Treatment and DNR Properties, Bellingham, Washington by GeoEngineers, Inc. (March of 
2004), NCA laboratory control limit criteria, USEPA Contract Laboratory Program National Functional 
Guidelines for Inorganic Data Review (USEPA, 2002), and USEPA Contract Laboratory Program 
National Functional Guidelines for Organic Data Review (USEPA, 1999).  Additional references include 
Methods for Chemical Analysis of Water and Wastes (EPA 1983) and Test Methods for Evaluating Solid 
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Waste, SW-846, 3rd Edition (EPA 1986).  The review included but was not limited to evaluation of 
holding times, method blanks, blank spike and matrix spike recoveries, surrogate recoveries (system 
monitoring compounds), laboratory and field duplicate/replicate data, calibrations, and internal standards.  
Additionally, a review and comparison between the electronic database and hard copy was performed to 
verify correctness of reported results. 

Data qualification was based on recommended actions in the guidance documents and professional 
judgement.  A conservative approach was taken, favoring false positive or elevated results over false 
negative or low biased results. 

Laboratory hardcopy results and associated worksheets are stored with project files and can be provided 
upon request.  Associated quality assurance worksheets are stored with project files and can be provided 
upon request.  A summary of laboratory data is included in the main body of the RI report.   

2.0 TECHNICAL ASSESSMENT 

Data were evaluated against referenced criteria identified in Section 1.2.  Samples received by the 
laboratory were grouped into sample delivery groups (SDG) and assigned an identification number.  Re-
qualification of results based on each specific criteria was not performed until the end of this section 
unless specific qualification was required.  Table 2 details samples requiring qualification and reasons for 
the action.  A summary of issues and conclusions appears at the end of this document. 

In some instances, QC results were reported outside of Work Plan criteria but within the laboratory’s criteria.  
This discrepancy existed because a laboratory other than NCA was originally intended to perform the work 
and provided QC criteria during plan development.  The plans were finalized and approved, after which NCA 
was contracted to conduct the work.  During this review all exceptions to either the Work Plan or laboratory 
criteria were noted in tables referenced below.  However, it was our professional judgement to ultimately use 
NCA’s criteria, not another laboratory’s criteria, to qualify results.   

2.1  HOLDING TIMES 

All samples were submitted with the appropriate preservatives.  If a sample exceeds a holding time 
(extraction and/or analysis) for a specified method, then the results may be biased low.  If holding times 
are grossly exceeded, then results may be qualified as unusable.  Samples slightly missing holding can 
still produce useable data, but may be biased low.  Table 3 identifies samples that exceeded holding times.  
Results for samples that slightly exceeded holding times were qualified as “J” or estimated.   

Nine samples, all re-analyses, grossly exceeded holding times for groundwater EPH analysis.  The re-
analyses were conducted due to poor batch QC during the original analyses.  All non-detect results for the 
re-analyses were rejected (“R” flagged) and detected results were qualified as estimated.  Because of the 
QC issues with the original analyses, some of the detected (and qualified) results from the re-analyses 
were reported as final results. 

2.2  METHOD BLANKS 

Method blanks are laboratory quality control (QC) samples that consist of either a soil like material 
having undergone a contaminant destruction process or HPLC water.  Method blanks are extracted and 
analyzed with each batch of environmental samples undergoing analysis.  Method blanks are particularly 
useful during volatile analysis since volatile compounds can be transported in the laboratory through the 
vapor phase. If a substance is found in the method blank then one (or all) of the following occurred: 
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• Measurement apparatus or containers were not properly cleaned and contained contaminants. 
• Reagents used in the process were contaminated with a substance(s) of interest. 
• Analytical equipment were not properly cleaned and contained contaminants. 
• Volatile substances in the air with high solubility or affinities toward the sample matrix contaminated 

the samples during preparation or analysis. 

If blank contamination occurs it is difficult to determine which of the scenarios above took place and is 
assumed that whatever affected the blanks probably affected the samples.  Given method blank results, 
validation rules assist in determining which substances in samples are considered "real" and those 
detections attributed to the analytical process.  Furthermore, guidelines state, " . . . there may be instances 
where little or no contamination was present in the associated blank, but qualification of the sample is 
deemed necessary. . .. Contamination introduced through dilution water is one example."  In the opinion 
of the reviewer, no further review was required. 

Validation procedures concerning blanks were followed according to guidelines provided in documents 
referenced in Section 1.  The guidelines state, "Positive results [detections in samples] should be reported 
unless the concentration of the compound in the sample is less than or equal to 10 times (10x) the amount 
in any [associated] blank for the common laboratory contaminants . . . or 5 times (5x) the amount for 
other target compounds."  Method blanks were reviewed first against all samples, including trip blanks.  
Then trip blanks were reviewed against samples. 

Method blank detections are presented in Table 4.  These detections did not adversely affect sample 
results nor did they indicate any kind of pervasive laboratory quality control issues.  No results were 
qualified as a result of blank contamination.   

2.3  PRECISION AND ACCURACY 

Data quality is also assessed by precision and accuracy that measure the reproducibility of analytical 
results and the consistency in the performance of the analytical methods.  Precision is the measure of 
mutual agreement among replicate or duplicate measurements of the same analyte.  The closer the 
numerical values of the measurements are to each other, the more precise the measurement.  This allows 
immediate comparison of the precision of different results under the same method.  Matrix spike/matrix 
spike duplicate (MS/MSD) and duplicate analyses assist in measuring precision of a compound being 
analyzed.  Precision for a single analyte is expressed as a relative percent difference (RPD) between 
results of matrix spikes and matrix spike duplicates where: 

  
Result  SampleDuplicate = D2
   Result  Sample= D1

  100 X 
(D1xD2)/2

D2)-(D1 = RPD

 

Accuracy is a measure of bias in the analyses process.  The closer the value of the measurement agrees 
with the true value, the more accurate the measurement.  Accuracy is expressed as the percent recovery of 
an analyte from a surrogate or matrix spike sample or from a standard reference material where: 

 

100 X 
Amount) (Spike

Result) Sample-Result (Spike =Recovery  Percent Spike

  

  100 X  
Amount) (Spike

Result) (Sample =Recovery  Percent Surrogate
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When accuracy and precision goals are not achieved, the sample(s) in question should be re-analyzed, if 
feasible.  If the problem is due to matrix interferences with a particular sample or group of samples, this 
information should be noted in the report of results.  The analysis of MS/MSDs determine if matrix 
interference problems are present.  The recovery of surrogate compounds from environmental samples 
and the results of standard additions in environmental samples also verify the presence of matrix 
interferences. 
2.3.1 Surrogate Recoveries 

Surrogate analytes are also known as system monitoring compounds.  The purpose of using a surrogate is 
to verify the accuracy of the instrument being used.  Surrogates of known concentration are added to the 
sample and passed through the instrument, noting the amount recovered.  Each surrogate used has an 
acceptable range of percent recovery.  If a surrogate recovery is low, sample results may be biased low 
and depending on the recovery value, a possibility of false negatives may exist.  Conversely, when 
recoveries are above the specified range of acceptance a possibility of false positives exist, although non-
detected results are considered accurate.  Surrogates are only evaluated on organic analyses.  Table 5 
identifies those surrogates outside of accepted criteria and actions taken.  The bulk of surrogate issues 
were limited to the SVOCs analysis of soils. 

Volatile organics by SW-846 8260B – Three surrogates per sample were used to monitor this method.  
No surrogate recoveries were outside QC limits 

CPAHs by GC/MS-SIM – Three surrogates per sample were used to monitor this method.  No 
recoveries were outside QC limits. 

Semivolatile organics by SW-846 8270C – Six surrogates per sample were used to monitor this method.  
In several instances one or more of the acid fraction surrogates were low, indicating potential system wide 
problems.  After discussing the matter with NCA, the laboratory confirmed that they had noticed system 
wide problems with the acid fraction QC and results.  This factor was taken into consideration when 
qualifying results.  The acid fraction analytes include all of the phenolics, specifically pentachlorophenol, 
2,3,4,5-tetrachlorophenol, 2,3,5,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol.  
See Table 2 for details regarding specific qualifications. 

Petroleum hydrocarbons by NWTPH-Dx and EPH – Two surrogates each are used when quantifying 
diesel and EPH.  Exceptions were noted on three samples for EPH analysis and qualification was 
performed.  See Table 2 for details regarding specific qualifications. 

Dioxins/Furans by SW-846 8290 – There were 17 surrogates per sample used to monitor this method.  
Only one surrogate was above QC criteria, requiring no further action. 

2.3.2 Matrix Spikes/Matrix Spike Duplicates 

Matrix spikes and matrix spike duplicates (MS/MSDs) are used to evaluate accuracy by determining if 
matrix conditions, rather than instrument error, influences results.  MS/MSDs are also used in evaluating 
precision.  Table 6 details matrix spikes and spike duplicate recoveries that were reported outside QC 
criteria.  Qualification was limited to sample HS-MW-15A-8-10 for SW-846 8270 and 
CL-MW-7-062404 for EPA 353.2.  The remainder of results were not qualified due to one of the 
following explanations: 
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• No action taken on MS/MSD recoveries when sample amounts are significantly greater than spike 
amount.  EPA guidelines suggest that when the sample result is four times or greater than the spike 
amount, the recovery cannot be accurately quantified. 

• No action taken because the percent recovery was outside project QC criteria but within laboratory 
control limits.   

• No action taken when the source sample is not from the project site.  In several instances a non-
Haley related sample was used for batch control and was not considered representative of the site.  In 
these instances no MS/MSD evaluation could be made.  This does not indicate a lower level of 
quality, rather, it introduces a small amount of uncertainty. 

Furthermore, no action is required when spike recoveries are elevated.  One item in particular to note was 
the extremely low recoveries for hexavalent chromium.  After several re-analyses the laboratory measured 
the redox potential and determined that the matrix was in a reduced environment, thus any hexavalent 
chromium exposed to this media would automatically be converted to a lower charged ion of chromium 
(chromium 3 or 4). 

2.3.3 Laboratory Control Spikes/Blank Spikes 

Laboratory/blank spikes are performed to check system performance and overall quality of analytical 
procedures.  These are samples originating from a contaminant free source (e.g. HPLC water) and spiked 
with target compounds to evaluate recoveries.  Exceptions were noted and detailed in Table 7.  Generally 
speaking, blank spike exceptions are uncommon.  The primary reason for the exceptions in Table 7 was 
due to the difference in the Work Plan QC criteria and the laboratory criteria. 

The EPH analysis for batch 4F25014 experienced particularly low recoveries, indicating a batch QC 
problem for C10-C12 Aliphatics, C8-C10 Aliphatics, and C12-C16 Aliphatics.  Sample results for these 
analytes were qualified as unusable (“R” flagged).  As per the method, subsequent re-analyses were 
performed.  Unfortunately, the extractions for the re-analyses took place long after the acceptable holding 
time (see Section 2.1).  Detected results from the re-analyses were considered useable but biased low.   

2.3.4 Laboratory Replicates 

Matrix spike duplicates, laboratory control spike duplicates, and laboratory replicate samples are used to 
assess overall precision.  Precision is the measure of mutual agreement among replicate or duplicate 
measurements of a given analyte.  The closer the values of the measurements are to each other, the more 
precise the measurement.  Precision is expressed by the relative percent difference (RPD).  Typically, 
sample results are not qualified based on precision goals alone but rather are evaluated in conjunction 
with other QC criteria.  RPD values above QC criteria are detailed in Table 8.  Data are not qualified on 
RPD exceedances alone, rather, this information is taken into consideration with other QC results.  In 
general, duplicate results indicated good consistency in laboratory processes. 

2.4  CALIBRATIONS  

Satisfactory calibrations ensure that the instrument is capable of producing acceptable qualitative and 
quantitative data.  Initial calibrations demonstrate that the instrument is performing correctly at the 
beginning of a run.  Continuing calibrations verify system performance throughout the remainder of the 
run.  Tables 9 through 11  identify areas where QC limits were noted.  Actions taken based on calibrations 
appear in Table 2. 
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2.5  INTERNAL STANDARDS 

Internal standards ensure that instruments are maintaining the correct sensitivity and the response is stable 
for each analytical run.  Table 12 identifies those standards outside QC limits.  

3.0  FIELD QA/QC SAMPLES 

3.1 FIELD DUPLICATE SAMPLES 

Field duplicate samples are used to assess overall precision.  One groundwater field duplicate sample was 
collected.  Sample HS-D-062304 was a field duplicate of HS-MW-13-062304.  RPD is one method used 
for determining variability.  Based on an RPD analysis, the petroleum results were very consistent with 
RPDs less than 20 percent.  The RPD values for SVOCs ranged from 16 to 200 percent.  This would 
indicate variability within the analytical process, which contradicts the earlier statement of good 
reproducibility.  Laboratory analysts suggested the variability may be due to some heterogeneity within 
the samples themselves.  In some samples they noted small oily globules clinging to the sides of the glass.  
This could cause variability, especially with results near detection limits. 

3.2 EQUIPMENT RINSATES  

Equipment rinsate samples indicate possible cross-contamination from sampling equipment or sample 
containers.  One rinsate was collected during soil sampling.  The sample RINSATE 062104 was collected 
after exploration TL-DP-1 and before exploration TL-DP-2.  Trace amounts of SVOCs were detected in 
the rinsate.  Although no sample was submitted for TL-DP-1, field notes indicated visual confirmation of 
heavy contamination including heavy sheen, heavy odor, and the soil appeared to be saturated with oil.  
The presence of substances in the rinsate indicates that decontamination procedures were able to remove 
the bulk of contaminants from equipment but in cases of heavy contamination, the possibility for cross-
contamination from one sample to the next existed.  Samples with trace results taken after samples with 
relatively high detections may be biased high. 

4.0  LIMITATIONS 

Limitations are conditions that interfere or limit analytical performance qualitatively or quantitatively.  
Every analytical method has quantitative limitations at a given statistical level of confidence that are often 
expressed as method detection limits.  Individual instruments often can detect but not accurately quantify 
compounds at lower concentrations. This is expressed as the instrument detection limit.  Under ideal 
conditions these limits can be achieved, but certain factors affect an instrument's ability to reach these 
limits.  This section describes important limitations and the affects on this project.   

4.1  SAMPLE INTEGRITY  

Sample integrity refers to the sample temperature, sample preservation, and physical condition of the 
sample container upon arrival at the laboratory.  Sample log-in sheets and cooler receipt forms from the 
laboratory record sample integrity. 

The laboratory required samples to be preserved within specific pH ranges for selected analyses.  All 
samples preserved with acids were labeled, indicating the type of preservative used and pH of the sample.  
The sample log-in sheets were reviewed to insure preservation requirements were met.  All samples were 
preserved properly. 

Regulating sample temperature is an important part of the sample collection and analysis process, 
especially for organic compounds.  Heat causes volatilization of many organic compounds and may 
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increase degradation of a compound's structure.  Heat can also increase the solubility of metals and 
chemical activity.  For these reasons standard sample protocol (EPA 1983; 1986) call for samples to be 
cooled to 4 degrees Celsius after sampling and during transport to the laboratory.  The laboratory case 
narratives indicate all coolers were received with acceptable temperatures except for soil samples 
associated with SDG B4F0746.  These samples arrived at 6.1 degrees celcius, 0.1 degree above the 
recommended range.  This batch of samples were delivered quickly from the time of collection and may 
not have had time to cool down and equilibrate. 

If a sample container is cracked or broken, the possibility of cross contamination from other samples 
exists.  A review of laboratory cooler receipt forms indicated no sample containers were cracked or 
broken.  Several discrepancies were noted between the chain-of-custodies and what was received (e.g. too 
many containers, not enough containers, no sample time noted), however, all issues were resolved quickly 
with the laboratory.  All chain of custody forms were signed and dated.  With two exceptions, all samples 
requiring field preservation were preserved properly.  The exceptions were for samples, TL-MW-10-
062304 and HS-MW-9-062304.  These samples arrived with a pH above 2.  Samples were extracted and 
analyzed within unpreserved holding times and thus would have no impact. 

The laboratory did add HCL but noted little change in pH.  The laboratory continued to add HCL until the 
proper pH was attained.  The laboratory noted more HCL than usual was required to attain proper pH, 
indicating the groundwater probably had high buffer capacity.   

4.2  MATRIX INTERFERENCES 

Matrix interferences are conditions unique to a sample or sample matrix that hinder the analysis process 
and may increase the error in quantifying an analyte.  Interferences may include a high clay fractions, 
extreme pH, or the overwhelming presence of a contaminant.  

4.2.1  Extreme pH 

The pH of a sample can affect analytical processes and cause biased results.  The effect of pH varies 
between analytical methods and sample matrix.  There were no known instances of extreme pH.  Table 13 
contains a summary of groundwater sampling parameters including temperature, conductivity, pH, and 
turbidity. 

4.2.2  Turbidity 

Turbidity is an indirect means of measuring solids suspended in solution.  Turbidity is measured by the 
amount of light transmitted through a liquid sample and is expressed in nephelometric turbidity units 
(NTU).  Turbidity is inversely related to light transmission, the less light transmitted, the higher the 
turbidity.  Since some compounds tend to adsorb to sediments and suspended media, results for turbid 
water samples can be biased high.  In addition, total metals samples are not filtered and since metals 
samples are preserved at a pH < 2, many inorganic salts and materials tend to dissolve into solution.  
Therefore, any inorganic solids in a groundwater sample requiring acidified preservation can bias metals 
results higher than actual concentrations.  However, non-detect results are not affected.  For this review, 
the analytical methods affected by increased turbidity were for metals; SW-846 6020 and SW-846 7196A.  
There is no generally accepted value at which pH affects sample results, however, the samples with a 
turbidity over the drinking water standard maximum of 5.0 NTU can be considered potentially biased 
high. 
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4.2.3  Compound Interference 

Determination of compound concentrations using a GC/MS can be influenced by interference from other 
compounds or the chemistry of the matrix.  Interference may be caused by high concentrations that 
"mask" similar compounds, creating difficulties in distinguishing and quantifying, between compounds.   

Hexavalent chromium analyses in sediment were impacted by the reducing environment of the samples, 
although the impact was considered minimal since hexavalent chromium does not persist in such 
conditions in the environment.  Several other analyses indicated possible matrix interference with no 
specific cause.  In particular the well MW-01 (also referred to as HS-MW-1) had several different 
analyses experience matrix problems.  Results from MW-01 are considered useable but should not be 
solely relied upon for decision-making. 

Several diesel detections were suspect either because their chromatographic pattern did not match a 
typical Diesel No. 2 pattern or there was overlap from  heavy oil range products.  Both instances would 
heavily bias high the diesel results.  Data users are cautioned against making critical decisions against the 
following diesel results: 

• HS-HA-5-0-1 
• HS-HA-4-0-1 
• HS-HA-3-0-1 
• TL-HA-2-0-1 
• HS-DP-9-8-9 
• TL-MW-11-17-18 

Similarly, the results for samples HS-HA-4-0-1 and TL-HA-2-0-1 indicate the presence of diesel based on 
carbon ranges, however the chromatogram does not match a typical diesel No. 2 pattern.   

4.2.4  Dilutions 

Samples with analyte concentrations greater than a method's upper quantitation limits require instrument 
adjustment or dilutions to obtain proper results.  Dilutions affect samples in many ways.  Use of diluting 
solvents or additional measuring equipment reduces accuracy by increasing measurement error.  Unless 
laboratory contamination is identified when diluting, contaminant compounds may be reported at 
artificially high concentrations.  Dilution also effectively raises the detection limit for all compounds of 
interest, including those not requiring dilutions.  For example, a dilution factor of 100 would raise the 
detection limit for an analyte from 10 parts per billion (ppb) to 1000 ppb.  Spike compounds used for QC 
control can also be diluted below detection limits.  Samples can be diluted by any of the following 
procedures: 

• Use of smaller sample aliquots for analysis.   
• Use of greater amounts of solvent for analyte extraction. 
• Dilution of the extracted sample. 
• Use of a medium level analysis versus low level analysis (the procedure for medium level analysis 

implies dilution). 

Dilutions were required for several analyses and impacts appear to be limited to spike recoveries and 
elevated detection limits.  It was not uncommon for surrogate spikes to be diluted beyond their detection 
range and thus could not be properly evaluated.  Several references to dilutions are found throughout the 
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case narrative.  Dilutions due not indicate lower the quality of data, rather, the confidence of the quality is 
slightly less than would be otherwise. 

5.0  SUMMARY AND CONCLUSIONS 

Overall, the analytical data generated by GeoEngineers, Inc. during the investigation of the Former R.G 
Haley Wood Treatment site is useable for defining the nature and extent of contamination, conducting 
human health and ecological risk assessments, and conducting a feasibility study, and other data needs for 
decision making processes.  When applicable, analytical results were compared against criteria for 
holding times, method blanks, and precision and accuracy, calibrations, and internal standards.  

In several cases QC results exceeding criteria were reviewed after comparison to other QC criteria.  The 
biggest issues revolved around EPH, SVOC, and CPAH analyses.  Several EPH analytes experienced QC 
issues and thus many of the EPH samples were reanalyzed.  However, these analyses occurred past 
holding times, creating a low bias.  Non-detect results for EPH re-analyses were rejected while detected 
results are estimated.  Ultimately, the valid results from the original EPH analyses were used in 
conjunction with the valid results of the re-analyses to create a complete set of results. 

Several issues were also noted with the SVOC and CPAH analyses, however, due to the overlap in the 
target compounds list (e.g. chrysene, phenanthrene, etc.) a complete set of final results were readily 
obtained.  In the case were no QC issues existed, the larger value between the two sets of results were 
used.  For example, if a sample had two chrysene results (one from the SVOC analysis and one from the 
GC/MS-SIM analysis) the larger of two detected results were reported.  Similarly, if one result was 
reported as a non-detect and the other detect, the detected result was considered as the reported result. 

The approach used in this assessment tended to be conservative, including eliminating data when 
uncertainty of results was unacceptably high.  Also, detected compounds are more likely to experience a 
Type I error over a Type II error.  A Type I error occurs when the false positive results are selected over 
false negatives; a Type II error is the reverse.  A Type I error would also tend to bias detected result 
upward.  

This data evaluation was performed by GeoEngineers, Inc. using best professional judgement.  Data users 
may review and re-interpret data quality for specific uses.   

5.1  SIGNIFICANT QUALIFICATION 

Significant qualification refers to result changes that can significantly impact data uses or interpretations.  
These impacts include detected results qualified as undetected or rejected results.  Significant 
qualification did occur resulting in rejected results. 

5.2  MINOR QUALIFICATION 

Minor qualifications usually resulted in data qualified as estimated (J).  These qualifications reflect 
exceedance of specific QC criteria or a combination of QC criteria.  Although results are useable, some 
bias may be present.  
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Sample 
Delivery Group Batch Sample Identification

Sample 
Collection to 
Extraction

(Days)

Sample 
Collection to 

Analysis
(Days)

Holding Time
(Days) Method Matrix Actions

B4F0621 4F30034 HS-DP-6-8-10 15 15 14 SW-846 8260B Soil None

B4F0725 4G25014 TL-MW-10-062304-RE 32 44 7 Ecology EPH Water Yes

B4F0745 4G25014 IZ-MW-3-062204-RE 33 45 7 Ecology EPH Water Yes

B4F0745 4G25014 IZ-MW-2-062204-RE 33 45 7 Ecology EPH Water Yes

B4F0745 4G25014 IZ-MW-4-062204-RE 33 45 7 Ecology EPH Water Yes

B4F0745 4G25014 IZ-MW-1-062204-RE 33 45 7 Ecology EPH Water Yes

B4F0745 4G25014 TL-MW-11-062204-RE 33 45 7 Ecology EPH Water Yes

B4F0745 4G25014 HS-MW-10-062304-RE 32 44 7 Ecology EPH Water Yes

B4F0745 4G25014 HS-MW-11-062304-RE 32 44 7 Ecology EPH Water Yes

B4F0745 4G25014 HS-MW-13-062304-RE 32 44 7 Ecology EPH Water Yes

B4F0745 4G01015 CL-MW-1S-062204 9 17, 22 7 SW-846 8270C Water Yes

B4F0789 4G10016 H-MW-2-062404-RE 16 20, 21 7 SW-846 8270C Water Yes
B4F0789 4G10016 HS-MW-6-062404 16 21 7 SW-846 8270C Water Yes
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Sample Delivery 
Group Batch

Sample Identification 
(Lab ID) Analyte Result Analytical Method Matrix

B4F0621 X298 Blank (0298-001-MB) OCDD 48.4 SW-846 8290 Soil

K2405633 KWG0411384-5 Method Blank Phenol 3.6  J EPA 3541 (8270) Sediment

K2405633 KWG0411384-5 Method Blank Bis (2-ethylhexyl) Phthalate 2.6  J EPA 3541 (8270) Sediment
SEAT:\02\027500201\Finals\2006 RI Report (Draft)\027500201T3-8.xls
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Sample 
Delivery Group Batch Surrogate Compound

Percent 
Recovery 

(%)
Recovery 
Limit (%) Analytical Method Matraix

NA 4F22047 Nitrobenzene-d5 105 46-103 SW-846 8270 C-SIM Soil
NA 4F22048 Nitrobenzene-d5 111 46-103 SW-846 8270 C-SIM Soil
NA 4F25028 2-fluorophenol 102 38-89 SW-846 8270 C Soil
NA 4F28028 2,4,6-tribromophenol 46.2 48-111 SW-846 8270 C-SIM Soil
NA 4F30040 2-fluorophenol 105 38-89 SW-846 8270 C Soil
NA 4F22048 Nitrobenzene-d5 111 46-103 SW-846 8270 C-SIM Soil

B4F0627 4F28032 2-fluorobiphenyl 546 50-150 NWTPH-Dx Soil
B4F0627 4F28032 Octoacosane 834 50-150 NWTPH-Dx Soil
B4F0627 4F28028 Nitrobenzene-d5 116 46-103 SW-846 8270 C Soil
B4F0745 4G01015 2-fluorobiphenyl 32.8 56-104 SW-846 8270 C Water
B4F0745 4G01015 2-fluorophenol 19.9 37-101 SW-846 8270 C Water
B4F0745 4G01015 Nitrobenzene-d5 47.9 49-108 SW-846 8270 C Water
B4F0745 4G01015 Phenol-d6 25 40-109 SW-846 8270 C Water
B4F0789 4G01015 Phenol-d6 38.3 40-109 SW-846 8270 C Water
B4F0789 4F30017 Phenol-d6 38.1 40-109 SW-846 8270 C Water
B4F0789 4F30017 p-Terphenyl-d14 20.4 22-140 SW-846 8270 C Water
B4F0789 4G10016 Phenol-d6 37.1 40-109 SW-846 8270 C Water
B4F0626 4F30040 2,4,6-tribromophenol 112 48-111 SW-846 8270 C Soil
B4F0626 4F30040 2-fluorophenol 105 38-89 SW-846 8270 C Soil
B4F0626 4F30040 Phenol-d6 112 29-111 SW-846 8270 C Soil
B4F0626 4F30040 2-fluorophenol 98 38-89 SW-846 8270 C-SIM Soil
B4F0621 4F22048 2-fluorophenol 91.4 38-89 SW-846 8270 C Soil
B4F0621 4F22048 Nitrobenzene-d5 141 46-103 SW-846 8270 C Soil
B4F0621 4F22042 2-fluorophenol 166 50-150 NW-TPH-Dx Soil
B4F0621 4F22048 Nitrobenzene-d5 32.2 46-103 SW-846 8270 C Soil
B4F0621 4F22042 Octacosane 172 50-150 NW-TPH-Dx Soil
B4F0621 4F22048 2,4,6-tribromophenol 115 48-111 SW-846 8270 C Soil
B4F0621 4F22048 Nitrobenzene-d5 159 46-103 SW-846 8270 C Soil
B4F0725 4F26008 2-fluorophenol 35.8 37-101 SW-846 8270 C Water
B4F0725 4F26008 2-fluorophenol 34.8 37-101 SW-846 8270 C Water
B4F0745 4G25014 o-Terphenyl 53 60-140 Ecology EPH Water
B4F0626 4F22047 2-fluorophenol 91.3 38-89 SW-846 8270 C Soil
B4F0626 4F22047 Nitrobenzene-d5 106 46-103 SW-846 8270 C Soil
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Sample
Batch Sample Identification Spike Compound

Recovery
(%)

Recovery
Limit (%)

Analytical
Method Actions

4F22037 Matrix Spike (4F22037-MS1) Diesel range hydrocarbons 252 50-150 NWTPH-Dx None1

4F22037 Matrix Spike (4F22037-MS2) Diesel-range hydorcarbons 754 50-150 NWTPH-Dx None1

4F22037 Matrix Spike Dup (4F22037-MSD1) Diesel-range hydorcarbons 199 50-150 NWTPH-Dx None1

4F22037 Matrix Spike Dup (4F22037-MSD2) Diesel-range hydorcarbons 1790 50-150 NWTPH-Dx None1

4F22047 Matrix Spike (4F22047-MS1) 2,4,5-Trichlorophenol 113 56-96 SW-846 8270 C None2

4F22047 Matrix Spike Dup (4F22047-MSD1) 2,4,5-Trichlorophenol 119 56-96 SW-846 8270 C None2

4F22047 Matrix Spike (4F22047-MS1) 2,4,6-Trichlorophenol 136 56-96 SW-846 8270 C None2

4F22047 Matrix Spike Dup (4F22047-MSD1) 2,4,6-Trichlorophenol 122 56-96 SW-846 8270 C None2

4F22047 Matrix Spike (4F22047-MS1) 2-Methylnaphthalene -7020 41-93 SW-846 8270 C None1

4F22047 Matrix Spike Dup (4F22047-MSD1) 2-Methylnaphthalene -7500 41-93 SW-846 8270 C None1

4F22047 Matrix Spike Dup (4F22047-MSD1) Acenaphthene 154 49-100 SW-846 8270 C None1

4F22047 Matrix Spike (4F22047-MS1) Acenapthylene 107 49-100 SW-846 8270 C None2

4F22047 Matrix Spike Dup (4F22047-MSD1) Acenapthylene 111 57-105 SW-846 8270 C None2

4F22047 Matrix Spike Dup (4F22047-MSD1) Anthracene 124 49-118 SW-846 8270 C None2

4F22047 Matrix Spike (4F22047-MS1) Benzo (a) anthracene 117 53-106 SW-846 8270 C None2

4F22047 Matrix Spike Dup (4F22047-MSD1) Benzo (a) anthracene 120 53-106 SW-846 8270 C None2

4F22047 Matrix Spike (4F22047-MS1) Chrysene 118 44-114 SW-846 8270 C None2

4F22047 Matrix Spike Dup (4F22047-MSD1) Chrysene 126 44-114 SW-846 8270 C None2

4F22047 Matrix Spike (4F22047-MS1) Dibenzofuran 41.9 45-103 SW-846 8270 C None2

4F22047 Matrix Spike Dup (4F22047-MSD1) Dibenzofuran 127 45-103 SW-846 8270 C None2

4F22047 Matrix Spike (4F22047-MS1) Fluorene 118 43-111 SW-846 8270 C None1

4F22047 Matrix Spike Dup (4F22047-MSD1) Fluorene 195 43-111 SW-846 8270 C None1

4F22047 Matrix Spike Dup (4F22047-MSD1) Naphthalene 219 33-110 SW-846 8270 C None1

4F22047 Matrix Spike (4F22047-MS1) N-Nitrosodiphenylamine 47 70-130 SW-846 8270 C None1

4F22047 Matrix Spike Dup (4F22047-MSD1) N-Nitrosodiphenylamine 57.3 70-130 SW-846 8270 C None1

4F22047 Matrix Spike (4F22047-MS1) Phenanthrene 185 44-106 SW-846 8270 C None1

4F22047 Matrix Spike Dup (4F22047-MSD1) Phenanthrene 352 44-106 SW-846 8270 C None1

4F22047 Matrix Spike Dup (4F22047-MSD1) Pyrene 141 21-136 SW-846 8270 C None2

4F23014 Matrix Spike Dup (4F23014-MSD1) Hexavalent Chromium 19 50-150 SW-846 7196 None4

4F23014 Matrix Spike (4F23014-MS1) Hexavalent Chromium 27 50-150 SW-846 7196 None4

TABLE 6
MATRIX SPIKE RECOVERIES OUTSIDE QC CRITERIA
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Sample
Batch Sample Identification Spike Compound

Recovery
(%)

Recovery
Limit (%)

Analytical
Method Actions

4F25017 Matrix Spike (4F25017-MS1) Hexavalent Chromium 3.3 50-150 SW-846 7196 None4

4F25028 Matrix Spike (4F25028-MS1) 2,3,4,5-Tetrachlorophenol 31.2 50-150 SW-846 8270 C Yes
4F25028 Matrix Spike (4F25028-MS1) 2,3,5,6-Tetrachlorophenol 29.9 30-129 SW-846 8270 C Yes
4F25028 Matrix Spike Dup (4F25028-MSD1) 2,4,5-Trichlorophenol 98.3 56-96 SW-846 8270 C Yes
4F25028 Matrix Spike Dup (4F25028-MSD1) 2-Methylnaphthalene 98.1 41-93 SW-846 8270 C None2

4F25028 Matrix Spike (4F25028-MS1) Pentachlorophenol 17.4 30-129 SW-846 8270 C Yes
4F28023 Matrix Spike Dup (4F28023-MSD1) Nitrate-Nitrogen 15.6 36-150 E353.2 Yes
4F28023 Matrix Spike (4F28023-MS1) Nitrate-Nitrogen 14.4 36-150 E353.2 Yes
4F28028 Matrix Spike (4F28028-MS1) 2,4,5-Trichlorophenol 99.3 56-96 SW-846 8270 C None2

4F28028 Matrix Spike Dup (4F28028-MSD1) 2,4,5-Trichlorophenol 130 56-96 SW-846 8270 C None
4F28028 Matrix Spike Dup (4F28028-MSD1) 2,4,6-Trichlorophenol 150 56-96 SW-846 8270 C None
4F28028 Matrix Spike (4F28028-MS1) 2-Methylnaphthalene -17100 41-93 SW-846 8270 C None1

4F28028 Matrix Spike Dup (4F28028-MSD1) 2-Methylnaphthalene -21200 41-93 SW-846 8270 C None1

4F28028 Matrix Spike (4F28028-MS1) Acenaphthene 162 49-100 SW-846 8270 C None1

4F28028 Matrix Spike Dup (4F28028-MSD1) Acenaphthene 0 49-100 SW-846 8270 C None1

4F28028 Matrix Spike (4F28028-MS1) Acenaphthylene 108 57-105 SW-846 8270 C None2

4F28028 Matrix Spike (4F28028-MS1) Anthracene 1.41 49-118 SW-846 8270 C None1

4F28028 Matrix Spike Dup (4F28028-MSD1) Benzo (k) fluoranthene 123 45-117 SW-846 8270 C None2

4F28028 Matrix Spike (4F28028-MS1) Dibenzofuran 121 45-103 SW-846 8270 C None1

4F28028 Matrix Spike Dup (4F28028-MSD1) Dibenzofuran 34.2 45-103 SW-846 8270 C None1

4F28028 Matrix Spike (4F28028-MS1) Fluorene 268 43-111 SW-846 8270 C None1

4F28028 Matrix Spike Dup (4F28028-MSD1) Fluorene 0 43-111 SW-846 8270 C None1

4F28028 Matrix Spike (4F28028-MS1) Naphthalene 415 33-110 SW-846 8270 C None1

4F28028 Matrix Spike Dup (4F28028-MSD1) Naphthalene 295 33-110 SW-846 8270 C None1

4F28028 Matrix Spike (4F28028-MS1) N-Nitrosodiphenylamine 35.2 70-130 SW-846 8270 C None1

4F28028 Matrix Spike Dup (4F28028-MSD1) N-Nitrosodiphenylamine -288 70-130 SW-846 8270 C None1

4F28028 Matrix Spike (4F28028-MS1) Phenanthrene 704 44-106 SW-846 8270 C None1

4F28028 Matrix Spike Dup (4F28028-MSD1) Phenanthrene 164 44-106 SW-846 8270 C None1

4F28030 Matrix Spike (4F28030-MS1) C10-C12 Aliphatics 53.6 70-130 Ecology EPH None3

4F28030 Matrix Spike (4F28030-MS1) C10-C12 Aromatics 144 70-130 Ecology EPH None3

4F28030 Matrix Spike (4F28030-MS1) C12-C16 Aliphatics -63.7 70-130 Ecology EPH None3

4F28030 Matrix Spike Dup (4F28030-MSD1) C12-C16 Aliphatics -93.4 70-130 Ecology EPH None3

4F28030 Matrix Spike (4F28030-MS1) C12-C16 Aromatics 157 70-130 Ecology EPH None3

TABLE 6 (Continued)
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4F28030 Matrix Spike (4F28030-MS1) C16-C21 Aliphatics -584 70-130 Ecology EPH None3

4F28030 Matrix Spike Dup (4F28030-MSD1) C16-C21 Aliphatics 0 70-130 Ecology EPH None3

4F28030 Matrix Spike (4F28030-MS1) C21-C34 Aliphatics -417 70-130 Ecology EPH None3

4F28030 Matrix Spike Dup (4F28030-MSD1) C21-C34 Aliphatics -116 70-130 Ecology EPH None3

4F28030 Matrix Spike (4F28030-MS1) C21-C34 Aromatics -39.7 70-130 Ecology EPH None3

4F28030 Matrix Spike (4F28030-MS1) C8-C10 Aliphatics 32.9 70-130 Ecology EPH None3

4F28030 Matrix Spike Dup (4F28030-MSD1) C8-C10 Aliphatics 47 70-130 Ecology EPH None3

4F28030 Matrix Spike (4F28030-MS1) C8-C10 Aromatics 237 70-130 Ecology EPH None3

4F28030 Matrix Spike Dup (4F28030-MSD1) C8-C10 Aromatics 441 70-130 Ecology EPH None3

4F22048 Matrix Spike (4F22048-MS1) Multiple aliphatics and aromatics elevated 70-130 Ecology EPH None3

4F22048 Matrix Spike Dup (4F22048-MSD1) Multiple aliphatics and aromatics elevated 70-130 Ecology EPH None3

4F22048 Matrix Spike Dup (4F22048-MSD1) Benzo (a) anthracene 108 53-106 SW-846 8270 C None2

4F28032 Matrix Spike Dup (4F28032-MSD1) Diesel range hydrocarbons -99.1 50-150 NWTPH-Dx None1

4F30040 Matrix Spike (4F30040-MS1) 2,4,5-Trichlorophenol 112 56-96 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) 2,4,5-Trichlorophenol 120 56-96 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) 2,4,6-Trichlorophenol 108 56-96 SW-846 8270 C None2

4F30040 Matrix Spike (4F30040-MS1) 2-Methylnaphthalene 109 41-93 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) 2-Methylnaphthalene 110 41-93 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Acenapthylene 111 57-105 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Anthracene 135 49-118 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Benzo (a) anthracene 120 53-106 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Benzo (a) pyrene 138 47-122 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Benzo (ghi) perylene 129 39-124 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Benzo (k) fluoranthene 163 45-117 SW-846 8270 C None
4F30040 Matrix Spike (4F30040-MS1) Chrysene 150 44-114 SW-846 8270 C None
4F30040 Matrix Spike Dup (4F30040-MSD1) Chrysene 217 44-114 SW-846 8270 C None
4F30040 Matrix Spike (4F30040-MS1) Dibenzofuran 112 45-103 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Dibenzofuran 118 45-103 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Fluoranthene 205 45-110 SW-846 8270 C None
4F30040 Matrix Spike Dup (4F30040-MSD1) Fluorene 112 43-111 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Indeno (1,2,3-cd) pyrene 129 50-112 SW-846 8270 C None2

4F30040 Matrix Spike (4F30040-MS1) Naphthalene 123 33-110 SW-846 8270 C None2

4F30040 Matrix Spike (4F30040-MS1) Pentachlorophenol 139 30-129 SW-846 8270 C None2

TABLE 6 (Continued)
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Analytical
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4F30040 Matrix Spike Dup (4F30040-MSD1) Pentachlorophenol 155 30-129 SW-846 8270 C None2

4F30040 Matrix Spike (4F30040-MS1) Phenanthrene 35.8 44-106 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Phenanthrene 151 44-106 SW-846 8270 C None2

4F30040 Matrix Spike Dup (4F30040-MSD1) Pyrene 162 21-136 SW-846 8270 C None2

4G25014 Matrix Spike (4G25014-MS1) C10-C12 Aliphatics 55 70-130 Ecology EPH None3

4G25014 Matrix Spike Dup (4G25014-MSD1) C10-C12 Aliphatics 55.9 70-130 Ecology EPH None3

4G25014 Matrix Spike (4G25014-MS1) C10-C12 Aromatics 44.3 70-130 Ecology EPH None3

4G25014 Matrix Spike Dup (4G25014-MSD1) C10-C12 Aromatics 43.3 70-130 Ecology EPH None3

4G25014 Matrix Spike (4G25014-MS1) C12-C16 Aliphatics 65.5 70-130 Ecology EPH None3

4G25014 Matrix Spike (4G25014-MS1) C12-C16 Aromatics 49 70-130 Ecology EPH None3

4G25014 Matrix Spike Dup (4G25014-MSD1) C12-C16 Aromatics 51.7 70-130 Ecology EPH None3

4G25014 Matrix Spike (4G25014-MS1) C8-C10 Aliphatics 44 70-130 Ecology EPH None3

4G25014 Matrix Spike Dup (4G25014-MSD1) C8-C10 Aliphatics 42.5 70-130 Ecology EPH None3

4G25014 Matrix Spike (4G25014-MS1) C8-C10 Aromatics 32.9 70-130 Ecology EPH None3

4G25014 Matrix Spike Dup (4G25014-MSD1) C8-C10 Aromatics 30.5 70-130 Ecology EPH None3

X299 Matrix Spike Dup (2689-001-MSD) OCDD 218 50-150 SW 846 8290 None4

K2405633 RI-1-0-4s Mercury 142 55-137 7471A None4

Notes: 
1No action taken on MS/MSD recoveries when sample amounts are significantly greater than spike amount.
2No action taken.  The percent recovery was outside project QC criteria but within laboratory control limits.
3No action taken when the source sample is not from the project site.
4No action taken.  See data quality report for details.

SEAT:\02\027500201\Finals\2006 RI Report (Draft)\027500201T3-8.xls

TABLE 6 (Continued)

File No. 0275-002-01 4 of 4



Batch
Sample Identification

(Lab ID) Analyte
Recovery

(%)
Recovery
Limit (%)

Analytical
Method Matrix Actions

4F22047 LCS (4F22047-BS2) Pentachlorophenol 105 52-104 GC/MS SIM Soil None1

4F22047 LCS Dup (4F22047-BSD2) Pentachlorophenol 121 52-104 GC/MS SIM Soil None1

4F22047 LCS (4F22047-BS1) N-Nitrosodiphenylamine 68.8 70-130 SW-846 8270 C Soil None1

4F22047 LCS Dup (4F22047-BSD1) N-Nitrosodiphenylamine 68.8 70-130 SW-846 8270 C Soil None1

4F22048 LCS (4F22048-BS2) Pentachlorophenol 124 52-104 GC/MS SIM Soil None1

4F22048 LCS Dup (4F22048-BSD2) Pentachlorophenol 118 52-104 GC/MS SIM Soil None1

4F24005 LCS Dup (4F24005-BSD1) Total Organic Carbon 131 70-130 EPA 415.1 Soil None
4F25014 LCS Dup (4F25014-BSD1) C10-C12 Aliphatics 67.4 70-130 Ecology EPH Water Yes
4F25014 LCS (4F25014-BS1) C10-C12 Aromatics 52.9 70-130 Ecology EPH Water Yes
4F25014 LCS Dup (4F25014-BSD1) C10-C12 Aromatics 48.5 70-130 Ecology EPH Water Yes
4F25014 LCS Dup (4F25014-BSD1) C12-C16 Aliphatics 63 70-130 Ecology EPH Water Yes
4F25014 LCS Dup (4F25014-BSD1) C12-C16 Aromatics 65 70-130 Ecology EPH Water Yes
4F25014 LCS (4F25014-BS1) C8-C10 Aliphatics 46.8 70-130 Ecology EPH Water Yes
4F25014 LCS Dup (4F25014-BSD1) C8-C10 Aliphatics 54.7 70-130 Ecology EPH Water Yes
4F25014 LCS Dup (4G25014-BDS1) C8-C10 Aliphatics 38.5 70-130 Ecology EPH Water Yes
4F25014 LCS (4F25014-BS1) C8-C10 Aromatics 26 70-130 Ecology EPH Water Yes
4F25014 LCS (4G25014-BS1) C8-C10 Aromatics 63.9 70-130 Ecology EPH Water Yes
4F25014 LCS Dup (4F25014-BSD1) C8-C10 Aromatics 22.6 70-130 Ecology EPH Water Yes
4F25014 LCS Dup (4G25014-BDS1) C8-C10 Aromatics 54.8 70-130 Ecology EPH Water Yes
4F25028 LCS Dup (4F25028-BSD2) 2,3,5,6-Tetrachlorophenol 112 52-104 SW-846 8270 C Soil None1

4F25028 LCS (4F25028-BS2) 2,3,5,6-Tetrachlorophenol 111 52-104 SW-846 8270 C Soil None1

4F25028 LCS Dup (4F25028-BSD2) 2,4,5-Trichlorophenol 106 58-100 SW-846 8270 C Soil None1

4F25028 LCS (4F25028-BS2) 2,4,5-Trichlorophenol 107 58-100 SW-846 8270 C Soil None1

4F25028 LCS Dup (4F25028-BSD2) 2-Methylnaphthalene 95.4 53-91 SW-846 8270 C Soil None1

4F25028 LCS (4F25028-BS2) 2-Methylnaphthalene 100 53-91 SW-846 8270 C Soil None1

4F25028 LCS Dup (4F25028-BSD2) Benzo (b) fluoranthene 123 66-110 SW-846 8270 C Soil None1

4F25028 LCS Dup (4F25028-BSD2) Dibenzofuran 99.1 60-96 SW-846 8270 C Soil None1

4F25028 LCS (4F25028-BS2) Dibenzofuran 99.6 60-96 SW-846 8270 C Soil None1

4F25028 LCS Dup (4F25028-BSD2) Fluorene 103 61-99 SW-846 8270 C Soil None1

4F25028 LCS (4F25028-BS2) Fluorene 102 61-99 SW-846 8270 C Soil None1

4F25028 LCS Dup (4F25028-BSD2) Pentachlorophenol 124 52-104 SW-846 8270 C Soil None1

4F25028 LCS (4F25028-BS2) Pentachlorophenol 122 52-104 SW-846 8270 C Soil None1

4F25028 LCS Dup (4F25028-BSD2) Phenanthrene 107 57-102 SW-846 8270 C Soil None1

4F25028 LCS Dup (4F25028-BSD2) Pyrene 110 56-108 SW-846 8270 C Soil None1

TABLE 7
LAB CONTROL SPIKE EXCEEDANCES
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4F26008 LCS Dup (4F26008-BSD1) Anthracene 106 45-104 SW-846 8270 C Soil None1

4F26008 LCS Dup (4F26008-BSD1) Phenanthrene 102 47-101 SW-846 8270 C Water None1

4F28028 LCS (4F28028-BS1) 2,3,5,6-Tetrachlorophenol 121 52-104 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) 2,3,5,6-Tetrachlorophenol 118 52-104 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) 2,4,5-Trichlorophenol 107 58-100 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) 2,4,5-Trichlorophenol 103 58-100 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) 2,4,6-Trichlorophenol 107 58-100 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) 2,4,6-Trichlorophenol 103 58-100 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) 2-Methylnaphthalene 97.9 53-91 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) 2-Methylnaphthalene 100 53-91 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Acenaphthalene 99.4 58-98 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Acenaphthalene 98.5 58-98 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Acenaphthene 99.4 58-98 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Acenaphthene 98.5 58-98 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Benzo (k) fluoranthene 120 65-110 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Benzo (k) fluoranthene 114 65-110 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Chrysene 109 62-107 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Dibenzofuran 100 60-96 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Dibenzofuran 96.7 60-96 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Fluorene 105 61-99 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Fluorene 102 61-99 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Naphthalene 99.1 58-97 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Naphthalene 101 58-97 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Pentachlorophenol 121 52-104 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Pentachlorophenol 122 52-104 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Phenanthrene 104 57-102 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Phenanthrene 105 57-102 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS1) Pyrene 116 56-108 SW-846 8270 C Soil None1

4F28028 LCS Dup (4F28028-BSD1) Pyrene 110 56-108 SW-846 8270 C Soil None1

4F28028 LCS (4F28028-BS2) Benzo (a) anthracene 109 64-108 SW-846 8270 C-SIM Soil None1

4F28028 LCS Dup (4F28028-BSD2) Benzo (a) anthracene 111 64-108 SW-846 8270 C-SIM Soil None1

4F28028 LCS (4F28028-BS2) Benzo (a) pyrene 131 71-111 SW-846 8270 C-SIM Soil None2

4F28028 LCS Dup (4F28028-BSD2) Benzo (a) pyrene 131 71-111 SW-846 8270 C-SIM Soil None2

4F28028 LCS (4F28028-BS2) Benzo (b) fluoranthene 119 66-110 SW-846 8270 C-SIM Soil None1

4F28028 LCS Dup (4F28028-BSD2) Benzo (b) fluoranthene 127 66-110 SW-846 8270 C-SIM Soil None1

4F28028 LCS (4F28028-BS2) Benzo (ghi) perylene 130 56-118 SW-846 8270 C-SIM Soil None2
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4F28028 LCS Dup (4F28028-BSD2) Benzo (ghi) perylene 130 56-118 SW-846 8270 C-SIM Soil None2

4F28028 LCS (4F28028-BS2) Benzo (k) fluoranthene 121 65-110 SW-846 8270 C-SIM Soil None1

4F28028 LCS Dup (4F28028-BSD2) Benzo (k) fluoranthene 122 65-110 SW-846 8270 C-SIM Soil None1

4F28028 LCS (4F28028-BS2) Chrysene 111 62-107 SW-846 8270 C-SIM Soil None1

4F28028 LCS Dup (4F28028-BSD2) Chrysene 112 62-107 SW-846 8270 C-SIM Soil None1

4F28028 LCS (4F28028-BS2) Dibenz (a,h) anthracene 154 52-120 SW-846 8270 C-SIM Soil None2

4F28028 LCS Dup (4F28028-BSD2) Dibenz (a,h) anthracene 153 52-120 SW-846 8270 C-SIM Soil None2

4F28028 LCS (4F28028-BS2) Fluorene 112 61-99 SW-846 8270 C-SIM Soil None1

4F28028 LCS Dup (4F28028-BSD2) Fluorene 115 61-99 SW-846 8270 C-SIM Soil None1

4F28028 LCS (4F28028-BS2) Indeno (1,2,3-cd) pyrene 145 54-121 SW-846 8270 C-SIM Soil None2

4F28028 LCS Dup (4F28028-BSD2) Indeno (1,2,3-cd) pyrene 144 54-121 SW-846 8270 C-SIM Soil None2

4F28028 LCS (4F28028-BS2) Phenanthrene 106 57-102 SW-846 8270 C-SIM Soil None1

4F28028 LCS Dup (4F28028-BSD2) Phenanthrene 110 57-102 SW-846 8270 C-SIM Soil None1

4F30017 LCS (4F30017-BS2) 2,3,4,5 and 2,3,5,6-Tetrachlorophenols 32.3 50-150 SW-846 8270 C Water Yes
4F30017 LCS (4F30017-BS2) 2,4,5-Trichlorophenol 28.1 53-113 SW-846 8270 C Water Yes
4F30017 LCS (4F30017-BS2) 2,4,6-Trichlorophenol 18.6 53-113 SW-846 8270 C Water Yes
4F30040 LCS Dup (4F30040-BSD2) 2,3,5,6-Tetrachlorophenol 106 52-104 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) 2,4,6-Trichlorophenol 110 58-100 SW-846 8270 C Soil None1

4F30040 LCS (4F30040-BS2) 2-Methylnaphthalene 99.3 53-91 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) 2-Methylnaphthalene 102 53-91 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) Acenaphthalene 98.7 58-98 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) Anthracene 114 56-112 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) Benzo (a) pyrene 113 71-111 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) Chrysene 113 62-107 SW-846 8270 C Soil None1

4F30040 LCS (4F30040-BS2) Dibenzofuran 96.9 60-96 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) Dibenzofuran 105 60-96 SW-846 8270 C Soil None1

4F30040 LCS (4F30040-BS2) Fluorene 99.7 61-99 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) Fluorene 108 61-99 SW-846 8270 C Soil None1

4F30040 LCS (4F30040-BS2) Pentachlorophenol 120 52-104 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) Pentachlorophenol 122 52-104 SW-846 8270 C Soil None1

4F30040 LCS Dup (4F30040-BSD2) Phenanthrene 105 57-102 SW-846 8270 C Soil None1

4F30040 LCS (4F30040-BS2) Benzo (a) anthracene 112 64-108 SW-846 8270 C-SIM Soil None1

4F30040 LCS Dup (4F30040-BSD2) Benzo (a) anthracene 114 64-108 SW-846 8270 C-SIM Soil None1

4F30040 LCS Dup (4F30040-BSD2) Benzo (a) pyrene 114 71-111 SW-846 8270 C-SIM Soil None1

4F30040 LCS (4F30040-BS2) Benzo (k) fluoranthene 121 65-110 SW-846 8270 C-SIM Soil None1

4F30040 LCS Dup (4F30040-BSD2) Benzo (k) fluoranthene 127 65-110 SW-846 8270 C-SIM Soil None1
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4F30040 LCS Dup (4F30040-BSD2) Fluroanthene 116 57-114 SW-846 8270 C-SIM Soil None1

4F30040 LCS (4F30040-BS2) Pentachlorophenol 116 52-104 SW-846 8270 C-SIM Soil None1

4F30040 LCS Dup (4F30040-BSD2) Pentachlorophenol 118 52-104 SW-846 8270 C-SIM Soil None1

4F30040 LCS Dup (4F30040-BSD2) Pyrene 109 56-108 SW-846 8270 C-SIM Soil None1

4G01015 LCS Dup (4G01015-BSD2) Acenaphthalene 106 41-97 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Acenaphthylene 112 44-103 SW-846 8270 C Water None1

4G01015 LCS (4G01015-BS2) Anthracene 107 45-104 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Anthracene 135 45-104 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Benzo (a) anthracene 118 50-111 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Benzo (a) pyrene 130 51-119 SW-846 8270 C Water None1

4G01015 LCS (4G01015-BS2) Benzo (b) fluoranthene 118 54-114 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Benzo (b) fluoranthene 135 54-114 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Benzo (ghi) perylene 122 44-115 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Chrysene 124 51-108 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Fluoranthene 129 51-112 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Fluorene 126 46-102 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Napthalene 98.5 37-95 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Phenanthrene 126 47-101 SW-846 8270 C Water None1

4G01015 LCS Dup (4G01015-BSD2) Pyrene 126 45-111 SW-846 8270 C Water None1

4G10016 LCS (4G10016-BS2) Fluorene 104 46-102 SW-846 8270 C Water None1

4G10016 LCS Dup (4G10016-BSD2) Pentachlorophenol 130 26-123 SW-846 8270 C Water None1

4G10016 LCS Dup (4G10016-BSD2) Phenanthrene 103 47-101 SW-846 8270 C Water None1

4G25014 LCS Dup (4G25014-BSD1) C8-C10 Aliphatics 38.5 70-130 Ecology EPH Water Yes
4G25014 LCS Dup (4G25014-BSD1) C8-C10 Aromatics 54.8 70-130 Ecology EPH Water Yes

Notes: 
   1No action taken.  The percent recovery was outside project QC criteria but within laboratory control limits.
   1No action taken.  Results not qualified on non-detect data for elevated recoveries.
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4F23014 Matrix Spike Dup (4F23014-MSD1) Hexavalent Chromium 37 30 SW-846 7196 Soil None1 
4F25014 LCS Dup (4F25014-BSD1) C8-C10 Aliphatics 40.1 25 Ecology EPH Water Yes
4F25014 LCS Dup (4F25014-BSD1) C10-C12 Aliphatics 30.2 25 Ecology EPH Water Yes
4F25014 LCS Dup (4F25014-BSD1) C8-C10 Aliphatics 40.1 25 Ecology EPH Water Yes
4F25014 LCS Dup (4F25014-BSD1) C10-C12 Aliphatics 30.2 25 Ecology EPH Water Yes
4F25028 Matrix Spike Dup (4F25028-MSD1) 2,3,4,5 and 2,3,5,6-Tetrachlorophenols 50.2 40 SW-846 8270 C Soil Yes
4F25028 Matrix Spike Dup (4F25028-MSD1) 2,3,5,6-Tetrachlorophenol 57.4 40 SW-846 8270 C Soil Yes
4F25028 Matrix Spike Dup (4F25028-MSD1) Pentachlorophenol 75.6 40 SW-846 8270 C Soil Yes
4F28028 Matrix Spike Dup (4F28028-MSD1) 2,4,6-Trichlorophenol 49.6 40 SW-846 8270 C Soil Yes
4F28028 Matrix Spike Dup (4F28028-MSD1) 2,4,6-Trichlorophenol 49.6 40 SW-846 8270 C Soil Yes
4F28030 Matrix Spike Dup (4F28030-MSD1) C8-C10 Aromatics 58.4 25 Ecology EPH Soil None2 
4F28030 Matrix Spike Dup (4F28030-MSD1) C10-C12 Aromatics 42.6 25 Ecology EPH Soil None2 
4F30017 LCS Dup (4F30017-BSD2) Pentachlorophenol 44.3 40 SW-846 8270 C Water None1 
4F30017 LCS Dup (4F30017-BSD2) 2,3,4,5 and 2,3,5,6-Tetrachlorophenols 84.4 40 SW-846 8270 C Water None1 
4F30017 LCS Dup (4F30017-BSD2) 2,3,5,6-Tetrachlorophenol 87.5 40 SW-846 8270 C Water None1 
4F30017 LCS Dup (4F30017-BSD2) 2,4,5-Trichlorophenol 104 40 SW-846 8270 C Water None1 
4F30017 LCS Dup (4F30017-BSD2) 2,4,6-Trichlorophenol 126 40 SW-846 8270 C Water None1 
4F30040 Matrix Spike Dup (4F30040-MSD1) Benzo (k) fluoranthene 65.7 40 SW-846 8270 C Soil None1 
4F30040 Matrix Spike Dup (4F30040-MSD1) Fluoranthene 41.2 40 SW-846 8270 C Soil None3 
4F30040 Matrix Spike Dup (4F30040-MSD1) Pyrene 48.1 40 SW-846 8270 C Soil None3 
4F30040 Matrix Spike Dup (4F30040-MSD1) Benzo (k) fluoranthene 65.7 40 SW-846 8270 C Soil None1 
4F30040 Matrix Spike Dup (4F30040-MSD1) Fluoranthene 41.2 40 SW-846 8270 C Soil None1 
4F30040 Matrix Spike Dup (4F30040-MSD1) Pyrene 48.1 40 SW-846 8270 C Soil None1 

X299 Matrix Spike (2689-001-MS) OCDD 65.7 50 SW 846 8290 Soil None2 
X299 Matrix Spike Dup (2689-001-MSD) OCDD 65.7 50 SW 846 8290 Soil None2 

Notes: 
   1No action taken on RPD data alone.
   2No action taken when the source sample is not from the project site.
   3No action taken on percent RPD when sample amounts are significantly greater than spike amount.
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Method Target Compound Date/Time
True Value 

(ng)
Found Value 

(ng) Lower Upper Action
MTCA EPA Calibration Verification C16-C21 Aliphatics 8-6-04/21:12 600 760.85 480 720 Yes

MTCA EPA Calibration Verification C16-C21 Aliphatics 8-7-04/5:58 600 763.62 480 720 Yes

MTCA EPA Calibration Verification C16-C21 Aliphatics 8-7-04/19:52 600 763.13 480 720 Yes

MTCA EPA Calibration Verification C16-C21 Aliphatics 8-7-07/22:32 600 769.94 480 720 Yes
EPA 8260B Calibration Verification Chloromethane 6-25-04/23:02 20 25.06 15 25 None required
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TABLE 9
CALIBRATION VERIFICATION

FORMER HALEY WOOD TREATING SITE/DNR PROPERTY
BELLINGHAM, WASHINGTON   

File No. 0275-002-01



Date Time Method File Compound
Avg

(RRF)
RRF
Limit %RSD

%RSD
Limit Method Actions

06/23/04 18:31 VODF1604.M Chloroethane 0.112 >=0.05 31.18 <=30 SW-846 8260 Yes
06/23/04 18:31 VODF1604.M tert-Butyl methyl 1.476 >=0.05 82.06 <=30 SW-846 8260 None1 

06/23/04 18:31 VODF1604.M Methylene chloride 2.506 >=0.05 71.47 <=30 SW-846 8260 None1 

06/23/04 18:31 VODF1604.M 2,2-Dichloropropane 0.467 >=0.05 30.84 <=30 SW-846 8260 Yes
06/23/04 18:31 VODF1604.M cis-1,3 Dichloropropene 0.504 >=0.05 36.02 <=30 SW-846 8260 None1 

06/23/04 18:31 VODF1604.M trans-1,3-Dichloropropene 0.45 >=0.05 38.58 <=30 SW-846 8260 Yes
06/23/04 18:31 VODF1604.M 1,2-Dibromo-3-chloropropane 0.12 >=0.05 41.7 <=30 SW-846 8260 Yes
06/29/04 10:14 FL9F2504.M Benzoic Acid 0.108 >=0.05 39.924 <=30 SW-846 8270C None2

06/29/04 10:14 FL9F2504.M 2,4-Dinitrophenol 0.127 >=0.05 48.342 <=30 SW-846 8270C None2

06/29/04 7:28 FL9F2804.M Benzoic Acid 0.032 >=0.05 40.39 <=30 SW-846 8270C None2

06/29/04 7:28 FL9F2804.M 2,4-Dinitrophenol 0.154 >=0.05 31.94 <=30 SW-846 8270C None2

06/23/04 12:49 FL92204.M Benzoic Acid 0.224 >=0.05 38.26 <=30 SW-846 8270C None2

06/29/04 10:31 FL9F2804.M Benzoic Acid 0.153 >=0.05 32.71 <=30 SW-846 8270C None2

07/06/04 17:21 FL9G0604.M 1,4-Dichlorobenzene-d4 0 >=0.05 -1 <=30 SW-846 8270C None3

07/06/04 17:21 FL9G0604.M N-Nitrosodimethylamine 0 >=0.05 -1 <=30 SW-846 8270C None3

07/06/04 17:21 FL9G0604.M Benzoic Acid 0.132 >=0.05 43.64 <=30 SW-846 8270C None2

07/06/04 17:21 FL9G0604.M 4-Nitrophenol 0.225 >=0.05 31.759 <=30 SW-846 8270C None3

07/06/04 17:21 FL9G0604.M 2,4-Dinitrophenol 0.067 >=0.05 49.46 <=30 SW-846 8270C None2

07/06/04 17:21 FL9G0604.M 4,6-Dintro-2-methylph 0.072 >=0.05 45.78 <=30 SW-846 8270C None3

07/06/04 17:21 FL9G0604.M 1,3,5-Trinitrobenzene 0.03 >=0.05 38.63 <=30 SW-846 8270C None3

07/06/04 17:21 FL9G0604.M Dinoseb 0.072 >=0.05 33.14 <=30 SW-846 8270C None2

06/22/04 7:13 SIMF2104.M Pentachlorophenol 0.031 >=0.05 57.74 <=30 8270C-SIM Yes
06/22/04 7:13 SIMF2104.M Pentachlorophenol 0.025 >=0.05 52.467 <=30 8270C-SIM Yes
07/14/04 8:34 SIMG1304.M Pentachlorophenol 0.056 >=0.05 53.45 <=30 8270C-SIM Yes
07/15/04 11:46 SIMF1504.M 2,4,6-TBP 0.095 >=0.05 31.902 <=30 8270C-SIM Yes
07/15/04 11:46 SIMF1504.M Pentachlorophenol 0.072 >=0.05 35.589 <=30 8270C-SIM Yes

Notes:
   1No action taken because results were non-detects
   2Not a target analyte
   3Initial calibrations were re-run and within limits for this batch

TABLE 10
INITIAL CALIBRATIONS

FORMER HALEY WOOD TREATING SITE/DNR PROPERTY
BELLINGHAM, WASHINGTON   

File No. 0275-002-01



Date Time Compound
% Recovery

(%D) Acceptance Criteria Method Action

06/29/04 7:48 Benzo (k) fluoroanthene 126% 75% to 125% SW-846 8270C None1

06/29/04 17:35 4-Nitrophenol 68% 75% to 125% SW-846 8270C Yes

06/29/04 21:12 Hexachlorocyclopentadiene 42% 75% to 125% SW-846 8270C None2

07/09/04 15:24 Pentachlorophenol 133% 75% to 125% SW-846 8270C Yes

07/06/04 16:56 Benzo (k) fluoroanthene 72 75% to 125% SW-846 8270C None3

07/05/04 10:52 Pentachlorophenol 200 75% to 125% GC/MS PAH SIM None1

06/23/04 16:48 Pyrene 73 75% to 125% GC/MS PAH SIM Yes
07/15/04 13C-OCDD 156 40-135 SW-846 8290 Yes

Notes:
   1Injection logs indicate no project samples were analyzed in this sequence.
   2Not a target analyte
   3Results from a different instrument also running this analysis were reported instead.
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CONTINUING CALIBRATION
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Sample ID Internal Standard # or Compound Response Response Upper Limit Response Lower Limit Method

B4F0487-14RE1 Acenaphthalene 723073 362434 90609 GC/MS PAH SIM

B4F0626-54 IS5 (Chrysene-d12) 46447 281280 70320 GC/MS PAH SIM

B4F0626-54 IS6 (Perylene-d12) 31770 146720 36680 GC/MS PAH SIM

B4F0757-02 Chrysene 78402 315736 78934 GC/MS PAH SIM

B4F0757-02 Perylene-d 50061 206500 51625 GC/MS PAH SIM

4F28028-MS1 Chrysene 1952444 1839902 459976 SW-846 8270

4F28028-MS1 IS5(Chrysene-d12) 1952444 1839902 459976 SW-846 8270

4F28028-MS1 IS6(Perylene-d12) 2160193 1690618 422655 SW-846 8270

4F28028-MS1 Perylene-d 2160193 1690618 422655 SW-846 8270

4F28028-MSD1 Chrysene 1857887 1839902 459976 SW-846 8270

4F28028-MSD1 IS5(Chrysene-d12) 1857887 1839902 459976 SW-846 8270

4F28028-MSD1 IS6(Perylene-d12) 2062619 1690618 422655 SW-846 8270

4F28028-MSD1 Perylene-d 2062619 1690618 422655 SW-846 8270

4G08008-BS2 Naphthalene 269755 1097018 274255 SW-846 8270

4G08008-BSD2 1,4-Dichloro 58578 235218 58805 SW-846 8270

4G08008-BSD2 Naphthalene 270399 1097018 274255 SW-846 8270

B4F0627-32 IS6 (Perylene-d12) 2050120 1690618 422655 SW-846 8270

B4F0627-32 Perylene-d 2050120 1881372 470343 SW-846 8270

B4F0634-04REI 1,4-Dichloro 96241 755058 188765 SW-846 8270

B4F0634-04REI Phenanthrene 518060 2553246 638312 SW-846 8270

B4F0701-21 IS5 (Dichlorobenzene-d4) 2477109 1116808 279202 SW-846 8270

B4F0725-01 IS3 (Acenapthalene-d10) 911996 602500 150625 SW-846 8270

B4F0725-01 IS4 (Phenanthrene-d10) 1086422 1018648 254662 SW-846 8270

B4F0725-05 IS5 (Chrysene-d12) 1225209 971602 242901 SW-846 8270

B4F0725-05 IS6 (Perylene-d12) 891180 884982 221246 SW-846 8270

B4F0745-03 1,4-Dichloro 359048 167134 41784 SW-846 8270

B4F0745-03 Acenaphthalene 1954614 602500 150625 SW-846 8270

B4F0745-03 Chrysene 3801000 971602 242901 SW-846 8270

TABLE 12
INTERNAL STANDARD SUMMARY

FORMER HALEY WOOD TREATING SITE/DNR PROPERTY
BELLINGHAM, WASHINGTON   
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TABLE 12 (Continued)

Sample ID Internal Standard # or Compound Response Response Upper Limit Response Lower Limit Method

B4F0745-03 Naphthalene 1244571 889358 222340 SW-846 8270

B4F0745-03 Perylene-d 3016249 884982 221246 SW-846 8270

B4F0745-03 Phenanthrene 2450834 1018648 254662 SW-846 8270

B4F0745-12 IS3 (Acenapthalene-d10) 709604 431028 107757 SW-846 8270

B4F0745-13 IS2 (Napthalene-d8) 768269 673716 168429 SW-846 8270

B4F0745-13 IS3 (Acenapthalene-d10) 999164 431028 107757 SW-846 8270

B4F0746-14 Acenaphthalene 1897003 1131106 282777 SW-846 8270

B4F0746-14 Acenaphthalene 1897003 1354512 338628 SW-846 8270

B4F0746-14 IS2 (Napthalene-d8) 2004196 1943490 485873 SW-846 8270

B4F0746-14 IS3 (Acenapthalene-d10) 1897003 1131106 282777 SW-846 8270

B4F0746-14 IS4 (Phenanthrene-d10) 2037173 1915662 478916 SW-846 8270

B4F0746-14 IS6 (Perylene-d12) 1710161 1690618 422655 SW-846 8270

B4F0746-14 Naphthalene 2004196 1943490 485873 SW-846 8270

B4F0746-14 Perylene-d 1710161 1690618 422655 SW-846 8270

B4F0746-14 Phenanthrene 2037173 1915662 478916 SW-846 8270

B4F0789-04RE2 IS2 (Napthalene-d8) 739859 675384 168846 SW-846 8270

B4F0789-04REI 1,4-Dichloro 51966 235218 58805 SW-846 8270

B4F0789-04REI Naphthalene 251114 1097018 274255 SW-846 8270
B4F0789-06RE2 IS3(Acenapthalene-d10) 587789 416280 104070 SW-846 8270
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PROJECT NARRATIVE 

Basis for the Data Validation 

This report summarizes the results of the full validation (Level IV) performed on twenty-one 
water samples collected for the R.G. Haley site.  See the SAMPLE INDEX for a complete list of all 
samples for which data were reviewed. 

North Creek Analytical Laboratories, Bothell, Washington analyzed the samples for semivolatile 
compounds and diesel range organic compounds (including lube oils).  Frontier Analytical 
Laboratory, El Dorado Hills, California performed the dioxin/furan analysis.  The analytical 
methods and EcoChem project chemists are listed in the table below. 

ANALYSIS METHODS AND ECOCHEM CHEMISTS 

Analysis Method Primary Review Secondary Review 
Semivolatile Organic Compounds (SVOC) SW8270 Mark Brindle John Mitchell 
Dioxin/Furan Compounds SW8290 Mark Brindle John Mitchell 

Diesel Range Organic Compounds & Lube Oil  NWTPHDx Mark Brindle John Mitchell 

 
The data were reviewed using guidance and quality control criteria documented in the analytical 
methods, the quality assurance project plan (QAPP) and the National Functional Guidelines for 
Organic Data Review (USEPA 1999). 

Data qualifier definitions, reason codes, and validation criteria are included as APPENDIX A.  
APPENDIX B contains the Qualified Data Summary Table.  Communication records are included 
as APPENDIX C.  Data validation worksheets will be kept on file at EcoChem. 

cjw  11/29/2005 2:30:00 PM i EcoChem, Inc. 
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SAMPLE INDEX
R.G. Haley Site

September 2005 Sampling Event

Client ID Laboratory ID SVOC Dioxins NWTPH-Dx
HS-MW-4-090105 B5I0364-01 X X
HS-MW-5-091505 B5I0364-02 X X
HS-MW-6-091405 B5I0364-03 X X
HS-MW-9-091505 B5I0364-04 X X
HS-MW-10-091505 B5I0364-05 X X
HS-MW-11-091505 B5I0364-06 X X
HS-MW-13-091505 B5I0364-07 X X
HS-MW-15-091605 B5I0364-08 X X
D091405 B5I0364-09 X X
TL-MW-9-091405 B5I0364-10 X X
TL-MW-10-091405 B5I0364-11 X X
TL-MW-11-091405 B5I0364-12 X X
1Z-MW-1-091505 B5I0364-13 X X
1Z-MW-2-091505 B5I0364-14 X X
1Z-MW-3-091505 B5I0364-15 X X X
1Z-MW-4-091505 B5I0364-16 X X
CL-MW-1S-091405 B5I0364-17 X X
CL-MW-1D-091405 B5I0364-18 X
CL-MW-1H-091505 B5I0364-19 X X
CL-MW-6-091405 B5I0364-20 X X
CL-MW-7-091405 B5I0364-21 X X

cjw 9/20/2007 11:54 AM
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DATA VALIDATION REPORT 
R.G. Haley Site  

Semivolatile Organic Compounds 
EPA Method SW8270C 

SDG: B5I0364 

This report documents the review of analytical data from the analyses of water samples and the 
associated laboratory quality control samples.  North Creek Analytical, Bothell, Washington, analyzed 
the samples.  Full validation (Level IV) was performed on all data.  Refer to the SAMPLE INDEX for a 
list of the individual samples. 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. TECHNICAL DATA VALIDATION 

The quality control (QC) requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt  Laboratory Control Samples (LCS/LCSD) 
 GC/MS Instrument Performance Check 2 Field Duplicates 
2 Initial Calibration (ICAL) 1 Internal Standards 
2 Continuing Calibration (CCAL)  Compound Identification 
 Laboratory Blanks 1 Calculation Verification 
1 Surrogate Compounds 2 Compound Quantification and Reporting Limits 
2 Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 1 Target Analyte List 
___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Receipt 
The sample cooler temperature was less than the lower control limit of 2.0°C, at 1.2ºC.  Sample 
results were judged to be unaffected, therefore no action was taken on this basis. 

Initial Calibration (ICAL) 
The relative response factor (RRF) values were all acceptable.  The relative standard deviation 
(%RSD) values were within the 30% control limit for all initial calibrations, with the following 
exceptions:  For the ICAL analyzed 10/4/05, the %RSD values for benzo(b)fluoranthene (31.1%), 
benzo(k)fluoranthene (50.5%), and benzo(a)pyrene (36.9%) were greater than the 30% control limit.  
Positive results for these analytes were estimated (J-5A) in Samples HS-MW-13 and TL-MW-10. 
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Continuing Calibration (CCAL) 
The relative response factor (RRF) values were greater than the 0.05 minimum control limit, with 
the exception noted below.  The percent difference (%D) values were within the ±25% control limit 
for all continuing calibrations (CCAL), with the exceptions noted below: 

• 9/26/05:  pentachlorophenol (high response).  The blank spike/blank spike duplicate 
(BS/BSD) were the only associated analyses.  Qualifiers are not issued to QC samples. 

• 10/3/05:  pentachlorophenol and 2,3,4,6-tetrachlorophenol (high responses).  These 
compounds were not detected in the associated samples.  The reporting limits were not 
affected by the potential high bias, thus no qualifiers were applied. 

• 10/17/05:  pentachlorophenol (low response and RRF value outlier); 
2,3,5,6-tetrachloro-phenol (low response).  HS-MW-6 MS/MSD were the only associated 
analyses.  Qualifiers are not issued to QC samples. 

Surrogate Compounds 
One or more surrogate percent recovery (%R) values were outside the control limits in eight of the 
twenty-one samples.  Most of the samples in this batch were reanalyzed at dilutions.  For all of the 
samples, either the surrogates were acceptable in one of the analyses, or only one surrogate in a 
fraction (acid or base-neutral) was outside the control limits.  The samples with single surrogate 
outliers are summarized in the data validation worksheets.  For Samples TL-MW-10 (500x & 100x) 
and CL-MW-6 (5,000x & 500x), the extracts were analyzed at very high dilution factors.  Surrogate 
compounds would not be recovered in such cases.  No action was taken based on surrogate recovery 
outliers. 

Matrix Spike/Matrix Spike Duplicate Analyses (MS/MSD) 
For the MS/MSD set performed using Sample HS-MW-5, the %R values for 
N-nitrosodiphenylamine and pentachlorophenol were less than the lower control limits and the 
relative percent difference (RPD) value for pentachlorophenol exceeded the control limit.  These 
analytes were not detected in the parent sample.  The reporting limits for N-nitrosodiphenylamine 
and pentachlorophenol were estimated (UJ-8) in the parent sample due to the potential low bias.  
Because pentachlorophenol was not detected in the parent sample, no action was taken for the RPD 
outlier. 

Field Duplicates 
RPD values were calculated for all compounds with concentrations greater than four times the 
reporting limit.  For compounds with concentrations less than four times the reporting limit, the 
difference between the reported concentrations was evaluated.  The results were compared to control 
limits of 30% for the RPD values, or difference values less than the reporting limit. 

Samples HS-MW-5 and D091405 were submitted as field duplicates.  The RPD values and/or 
difference values were outside of the control limits for acenaphthene, fluorene, 2-
methylnaphthalene, naphthalene, phenanthrene, and dibenzofuran.  The reported results for these 
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analytes were qualified as estimated (J-9) in both samples. 

Internal Standards 
For many of the samples (including reanalyses), there were internal standard areas which were 
outside the control limits (–50%/+100% of the area of the internal standard in the associated CCAL).  
Most of the outliers were less than the lower control limit, indicating a potential low bias. 

For each sample, the target compounds associated with the internal standard outliers were reported 
from a reanalysis with acceptable internal standard areas; therefore no qualifiers were issued. 

Compound Quantitation and Reporting Limits 
Due to the presence of high levels of target analytes and/or surrogate outliers, most of the samples 
were analyzed more than once, usually at a higher dilution level.  The laboratory reported multiple 
sets of results for most of the samples. 

Target analytes that were present at concentrations greater than the upper calibration range of the 
instrument were qualified as do-not-report (DNR-20), and should be reported from the appropriate 
dilution.  All of the results from the dilutions, except the target analytes of interest, were qualified as 
do-not-report (DNR-11) and should be reported from the analysis with the lowest possible dilution.  
After the DNR qualifiers were issued, only one reported result remains for each compound in each 
sample. 

Calculation Verification 
Several results were verified by recalculation from the raw data.  The following errors were noted:   

The laboratory incorrectly reported the %D values for all CCAL.  The reported %D values were 
calculated using the concentrations, rather than the RRF values.  The correct %D values were 
reported in the raw data, and were used to evaluate the sample results.  No further action was taken, 
other than to note this discrepancy. 

Target Analyte List 
The reported target analyte list includes three compounds that were not part of the target analyte list 
specified in the quality assurance program plan (QAPP):  dibenz(a,h)anthracene, 
2,3,4,5/2,3,4,6-tetrachlorophenol, and 2,4,5-trichlorophenol.  No action was taken, other than to note 
the discrepancy. 

III. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Precision was acceptable, as demonstrated by the field duplicate, laboratory control 
sample/laboratory control sample duplicate (LCS/LCSD), and MS/MSD RPD values, with the 
exceptions noted above.  Accuracy was also acceptable, as demonstrated by the surrogate, 
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LCS/LCSD, and MS/MSD recovery values, with the previously noted exceptions. 

Data were estimated due to field duplicate precision outliers, MS/MSD recovery outliers, and initial 
calibration %RSD outliers.  Data were qualified as do-not-report (DNR) in order to indicate which 
values should be used when multiple results were reported for a sample. 

Data that have been qualified as do-not-report should not be used for any purpose. 

All other data, as qualified, are acceptable for use. 
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DATA VALIDATION REPORT 
R.G. Haley Site 

Diesel Range Organic Compounds & Lube Oil 
Method NWTPH-Dx 

SDG: B5I0364 

This report documents the review of analytical data from the analyses of water samples and the 
associated laboratory quality control samples.  North Creek Analytical, Bothell, Washington, analyzed 
the samples.  Full validation (Level IV) was performed on all data.  Refer to the SAMPLE INDEX for a 
list of the individual samples. 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. TECHNICAL DATA VALIDATION 

The quality control (QC) requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt 1 Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 
 Initial Calibration (ICAL)  Laboratory Control Samples (LCS) 
 Continuing Calibration (CCAL) 2 Field Duplicates 
 Blanks (Method & Field) 1 Compound Quantitation and Reporting Limits 
1 Surrogate Compounds 1 Calculation Verification 
___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Receipt 
The sample cooler temperature was less than the lower control limit of 2.0°C, at 1.2ºC.  Sample 
results were judged to be unaffected, therefore no action was taken on this basis. 

Surrogate Compounds 

Due to the dilution factors, the surrogates were not recovered in Samples TL-MW-10-090145 (100x) 
and CL-MW-6-091405 (100x).  No action was taken. 

Matrix Spike/Matrix Spike Duplicate Analyses 

No matrix spike/matrix spike duplicates (MS/MSD) were analyzed for the lube oil range.  As the 
diesel range MS/MSD analyses were acceptable, no action was taken. 
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Field Duplicates 

Samples HW-MW-5-091505 and D091405 were submitted as field duplicates.  Diesel range 
hydrocarbons were reported in the duplicate, but not in the sample.  The difference between results 
was greater than the reporting limit.  The diesel results for these two samples were estimated 
(UJ/J-9). 

Compound Quantitation and Reporting Limits 

The target reporting limit of 0.25 mg/L for the lube oil range was not met; the laboratory reporting 
limit was 0.50 mg/L.  No action was taken. 

Calculation Verification 

Several results were verified by recalculation from the raw data.  No calculation or transcription 
errors were found. 

III. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Precision was acceptable, as demonstrated by the field duplicate, laboratory control 
sample/laboratory control sample duplicate (LCS/LCSD), and MS/MSD RPD values, with the 
exception noted above.  Accuracy was also acceptable, as demonstrated by the surrogate, 
LCS/LCSD, and MS/MSD recovery values. 

Data were estimated based on a field duplicate precision outlier. 

All data, as qualified, are acceptable for use. 
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DATA VALIDATION REPORT 
R.G. Haley Site 

Dioxin/Furan Compounds 
EPA Method SW 8290 

SDG: B5I0364 

This report documents the review of analytical data from the analysis of one water sample and the 
associated laboratory quality control samples.  Frontier Analytical Laboratory, El Dorado Hills, 
California, analyzed the sample.  Full validation (Level IV) was performed on all data. 

I. DATA PACKAGE COMPLETENESS 

The laboratory narrative indicated no problems with sample receipt.  The laboratory submitted all of 
the necessary deliverables.  Adequate corrective action processes were followed and anomalies were 
discussed in the case narrative. 

II. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt 1 Matrix Spike/Matrix Spike Duplicates (MS/MSD) 
 GC/MS Instrument Performance Check  Labeled Compound Recovery 
 Initial Calibration (ICAL)  Ongoing Precision and Recovery (OPR) 
 Continuing Verification (CVER)  Compound Identification 
 Isomer Specificity 1 Compound Quantitation and Reporting Limits 
 Laboratory Blank   
___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Receipt 

The sample cooler was received outside the control limits of 4°C ±2°, at 1.2°C.  This temperature 
outlier was judged to have no impact on the data and no action was taken. 

Matrix Spike/Matrix Spike Duplicates 

Matrix Spike/Matrix Spike Duplicate samples were not analyzed.  Laboratory accuracy was 
evaluated using the labeled compound and ongoing precision and recovery (OPR) standard values.  
Laboratory precision could not be evaluated. 

Compound Quantitation and Reporting Limits 

Several results were verified by recalculation from the raw data.  No calculation or transcription 
errors were noted. 
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Overall Assessment 

As determined by this evaluation, the laboratory followed the specified method.  Laboratory 
accuracy was acceptable as demonstrated by the recovery values for the OPR samples and labeled 
compounds.  Laboratory precision could not be evaluated. 

No data were qualified for any reason.  All data, as reported, are acceptable for use. 
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DATA VALIDATION QUALIFIER CODES 
National Functional Guidelines 

 
 

The following definitions provide brief explanations of the qualifiers assigned to results in the 
data review process. 

 

U The analyte was analyzed for, but was not detected 
above the reported sample quantitation limit. 

J The analyte was positively identified; the associated 
numerical value is the approximate concentration of the 
analyte in the sample. 

N The analysis indicates the presence of an analyte for 
which there is presumptive evidence to make a 
“tentative identification”. 

NJ The analysis indicates the presence of an analyte that 
has been “tentatively identified” and the associated 
numerical value represents the approximate 
concentration. 

UJ The analyte was not detected above the reported 
sample quantitation limit.  However, the reported 
quantitation limit is approximate and may or may not 
represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the 
sample. 

R The sample results are rejected due to serious 
deficiencies in the ability to analyze the sample and 
meet quality control criteria.  The presence or absence 
of the analyte cannot be verified.  

The following is an EcoChem qualifier that may also be assigned during the data review process:

DNR Do not report; a more appropriate result is reported 
from another analysis or dilution. 

 

 



DATA QUALIFIER REASON CODES 
 

 1 Holding Time/Sample Preservation 

 2 Chromatographic pattern in sample does not match pattern of calibration standard. 

 3 Compound Confirmation 

 4 Tentatively Identified Compound (TIC) (associated with NJ only) 

 5A Calibration (initial) 

 5B Calibration (continuing) 

 6 Field Blank Contamination 

 7 Lab Blank Contamination (e.g., method blank, instrument, etc.) 

 8 Matrix Spike(MS & MSD) Recoveries 

 9 Precision (all replicates) 

 10 Laboratory Control Sample Recoveries 

 11 A more appropriate result is reported (associated with “R” and “DNR” only) 

 12 Reference Material 

 13 Surrogate Spike Recoveries (a.k.a., labeled compounds & recovery standards) 

 14 Other (define in validation report) 

 15 GFAA Post Digestion Spike Recoveries 

 16 ICP Serial Dilution % Difference 

 17 ICP Interference Check Standard Recovery 

 18 Trip Blank Contamination 

 19 Internal Standard Performance (e.g., area, retention time, recovery) 

 20 Linear Range Exceeded 

 21 Potential False Positives 
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APPENDIX B 
QUALIFIED DATA SUMMARY TABLE 



Qualified Data Summary Table
R.G. Haley Site

September 2005 Sampling Event

Client ID Laboratory ID Method Chemical Name Value Units
Lab 

Qualifier
Validator 
Qualifier

Validator 
Reason 

Code
CL-MW-1H-091505 B5I0364-19RE1 SW8270 2,3,4,5-Tetrachlorophenol 10.0 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 2,3,5,6-Tetrachlorophenol 10.0 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 2,4,5-Trichlorophenol 1.00 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 2,4,6-Trichlorophenol 1.00 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19 SW8270 2-Methylnaphthalene 10.5 ug/l E DNR 20
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Acenaphthene 11.1 ug/l D DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Acenaphtylene 0.200 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Anthracene 0.963 ug/l D DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Benzo(a)anthracene 0.200 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Benzo(a)pyrene 0.200 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Benzo(b)fluoranthene 0.200 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Benzo(g,h,i)perylene 2.00 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Benzo(k)fluoranthene 0.200 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Chrysene 0.200 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Dibenz(a,h)anthracene 0.200 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Dibenzofuran 3.31 ug/l D DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Fluoranthene 0.282 ug/l D DNR 11
CL-MW-1H-091505 B5I0364-19 SW8270 Fluorene 4.03 ug/l E DNR 20
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Indeno(1,2,3-cd)pyrene 0.200 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Naphthalene 2.51 ug/l D DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 N-Nitrosodiphenylamine 0.400 ug/l D U DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Phenanthrene 1.15 ug/l D DNR 11
CL-MW-1H-091505 B5I0364-19RE1 SW8270 Pyrene 0.532 ug/l D DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 2,3,4,5-Tetrachlorophenol 50.0 ug/l [15] DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 2,3,4,5-Tetrachlorophenol 100 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 2,3,5,6-Tetrachlorophenol 50.0 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 2,3,5,6-Tetrachlorophenol 100 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 2,4,5-Trichlorophenol 5.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 2,4,5-Trichlorophenol 10.0 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 2,4,6-Trichlorophenol 5.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 2,4,6-Trichlorophenol 10.0 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 2-Methylnaphthalene 516 ug/l E D DNR 11
CL-MW-1S-091405 B5I0364-17RE2 SW8270 2-Methylnaphthalene 466 ug/l E D DNR 20
CL-MW-1S-091405 B5I0364-17 SW8270 Acenaphthene 43.0 ug/l D DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Acenaphtylene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Acenaphtylene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Anthracene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Anthracene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Benzo(a)anthracene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Benzo(a)anthracene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Benzo(a)pyrene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Benzo(a)pyrene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Benzo(b)fluoranthene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Benzo(b)fluoranthene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Benzo(g,h,i)perylene 10.0 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Benzo(g,h,i)perylene 20.0 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Benzo(k)fluoranthene 1.00 ug/l D U DNR 11
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Qualified Data Summary Table
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September 2005 Sampling Event

Client ID Laboratory ID Method Chemical Name Value Units
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Qualifier
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Code
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Benzo(k)fluoranthene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Chrysene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Chrysene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Dibenz(a,h)anthracene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Dibenz(a,h)anthracene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Dibenzofuran 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Dibenzofuran 13.1 ug/l D DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Fluoranthene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Fluoranthene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Fluorene 29.7 ug/l D DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Fluorene 31.1 ug/l D DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Indeno(1,2,3-cd)pyrene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Indeno(1,2,3-cd)pyrene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Naphthalene 1.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Naphthalene 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 N-Nitrosodiphenylamine 2.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 N-Nitrosodiphenylamine 4.00 ug/l D U DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Phenanthrene 58.7 ug/l D DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Phenanthrene 58.9 ug/l D DNR 11
CL-MW-1S-091405 B5I0364-17 SW8270 Pyrene 6.39 ug/l D DNR 11
CL-MW-1S-091405 B5I0364-17RE1 SW8270 Pyrene 2.00 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 2,3,4,5-Tetrachlorophenol 2500 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 2,3,5,6-Tetrachlorophenol 2500 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 2,4,5-Trichlorophenol 250 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 2,4,6-Trichlorophenol 250 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20RE1 SW8270 2-Methylnaphthalene 10600 ug/l E D DNR 20
CL-MW-6-091405 B5I0364-20 SW8270 Acenaphthene 1580 ug/l D DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Acenaphtylene 50.0 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Anthracene 50.0 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Benzo(a)anthracene 68.1 ug/l D DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Benzo(a)pyrene 50.0 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Benzo(b)fluoranthene 50.0 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Benzo(g,h,i)perylene 500 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Benzo(k)fluoranthene 50.0 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Chrysene 50.0 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Dibenz(a,h)anthracene 50.0 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Dibenzofuran 455 ug/l D DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Fluoranthene 94.1 ug/l D DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Fluorene 1130 ug/l D DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Indeno(1,2,3-cd)pyrene 50.0 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 Naphthalene 1120 ug/l D DNR 11
CL-MW-6-091405 B5I0364-20 SW8270 N-Nitrosodiphenylamine 100 ug/l D U DNR 11
CL-MW-6-091405 B5I0364-20RE1 SW8270 Phenanthrene 2000 ug/l E D DNR 20
CL-MW-6-091405 B5I0364-20 SW8270 Pyrene 301 ug/l D DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 2,3,4,5-Tetrachlorophenol 0.500 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 2,3,5,6-Tetrachlorophenol 0.500 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 2,4,5-Trichlorophenol 0.0500 ug/l U DNR 11
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CL-MW-7-091405 B5I0364-21RE1 SW8270 2,4,6-Trichlorophenol 0.0500 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Acenaphthene 0.537 ug/l DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Acenaphtylene 0.0100 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Anthracene 0.0441 ug/l DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Benzo(a)anthracene 0.0100 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Benzo(a)pyrene 0.0100 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Benzo(b)fluoranthene 0.0228 ug/l DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Benzo(g,h,i)perylene 0.100 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Benzo(k)fluoranthene 0.0561 ug/l DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Chrysene 0.0100 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Dibenz(a,h)anthracene 0.0100 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Dibenzofuran 0.0100 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Naphthalene 0.783 ug/l DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 N-Nitrosodiphenylamine 0.356 ug/l DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Pentachlorophenol 0.0500 ug/l U DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Phenanthrene 0.202 ug/l DNR 11
CL-MW-7-091405 B5I0364-21RE1 SW8270 Pyrene 0.0575 ug/l DNR 11
D091405 B5I0364-09 SW8270 2-Methylnaphthalene 10.4 ug/l D J 9
D091405 B5I0364-09 SW8270 Acenaphthene 7.55 ug/l D J 9
D091405 B5I0364-09 SW8270 Dibenzofuran 1.86 ug/l D J 9
D091405 B5I0364-09 SW8270 Fluorene 4.73 ug/l D J 9
D091405 B5I0364-09 SW8270 Naphthalene 2.28 ug/l D J 9
D091405 B5I0364-09 SW8270 Phenanthrene 2.32 ug/l D J 9
HS-MW-11-091505 B5I0364-06 SW8270 2,3,4,5-Tetrachlorophenol 1000 ug/l [10] DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 2,3,5,6-Tetrachlorophenol 1000 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 2,4,5-Trichlorophenol 100 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 2,4,6-Trichlorophenol 100 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06RE1 SW8270 2-Methylnaphthalene 331 ug/l E D DNR 20
HS-MW-11-091505 B5I0364-06 SW8270 Acenaphthene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Acenaphtylene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Anthracene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Benzo(a)anthracene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Benzo(a)pyrene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Benzo(b)fluoranthene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Benzo(g,h,i)perylene 200 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Benzo(k)fluoranthene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Chrysene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Dibenz(a,h)anthracene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Dibenzofuran 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Fluoranthene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Fluorene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Indeno(1,2,3-cd)pyrene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Naphthalene 20.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 N-Nitrosodiphenylamine 40.0 ug/l D U DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Phenanthrene 40.1 ug/l D DNR 11
HS-MW-11-091505 B5I0364-06 SW8270 Pyrene 20.0 ug/l D U DNR 11
HS-MW-13-091505 B5I0364-07 SW8270 Benzo(a)pyrene 0.415 ug/l D J 5A
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HS-MW-13-091505 B5I0364-07 SW8270 Benzo(b)fluoranthene 0.210 ug/l D J 5A
HS-MW-13-091505 B5I0364-07 SW8270 Benzo(k)fluoranthene 0.805 ug/l D J 5A
HS-MW-4-091505 B5I0364-01 SW8270 2,3,4,5-Tetrachlorophenol 50.0 ug/l [4] DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 2,3,4,5-Tetrachlorophenol 100 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 2,3,5,6-Tetrachlorophenol 50.0 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 2,3,5,6-Tetrachlorophenol 100 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 2,4,5-Trichlorophenol 5.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 2,4,5-Trichlorophenol 10.0 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 2,4,6-Trichlorophenol 5.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 2,4,6-Trichlorophenol 10.0 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 2-Methylnaphthalene 419 ug/l E D DNR 11
HS-MW-4-091505 B5I0364-01RE2 SW8270 2-Methylnaphthalene 403 ug/l E D DNR 20
HS-MW-4-091505 B5I0364-01 SW8270 Acenaphthene 21.7 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Acenaphthene 17.6 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Acenaphtylene 1.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Acenaphtylene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Anthracene 4.46 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Anthracene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Benzo(a)anthracene 4.05 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Benzo(a)anthracene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Benzo(a)pyrene 1.78 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Benzo(a)pyrene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Benzo(b)fluoranthene 1.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Benzo(b)fluoranthene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Benzo(g,h,i)perylene 10.0 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Benzo(g,h,i)perylene 20.0 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Benzo(k)fluoranthene 1.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Benzo(k)fluoranthene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Chrysene 2.62 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Chrysene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Dibenz(a,h)anthracene 1.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Dibenz(a,h)anthracene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Dibenzofuran 12.0 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Dibenzofuran 10.5 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Fluoranthene 2.18 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Fluoranthene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Fluorene 15.4 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Fluorene 16.5 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Indeno(1,2,3-cd)pyrene 1.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Indeno(1,2,3-cd)pyrene 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Naphthalene 150 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE2 SW8270 Naphthalene 120 ug/l E D DNR 20
HS-MW-4-091505 B5I0364-01 SW8270 N-Nitrosodiphenylamine 2.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 N-Nitrosodiphenylamine 4.00 ug/l D U DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Phenanthrene 12.5 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01RE1 SW8270 Phenanthrene 14.4 ug/l D DNR 11
HS-MW-4-091505 B5I0364-01 SW8270 Pyrene 2.85 ug/l D DNR 11
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HS-MW-4-091505 B5I0364-01RE1 SW8270 Pyrene 2.00 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 2,3,4,5-Tetrachlorophenol 5.00 ug/l [6] DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 2,3,5,6-Tetrachlorophenol 5.00 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 2,4,5-Trichlorophenol 0.500 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 2,4,6-Trichlorophenol 0.500 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02 SW8270 2-Methylnaphthalene 21.3 ug/l E DNR 20
HS-MW-5-091505 B5I0364-02RE1 SW8270 2-Methylnaphthalene 25.0 ug/l D J 9
HS-MW-5-091505 B5I0364-02 SW8270 Acenaphthene 0.681 ug/l J 9
HS-MW-5-091505 B5I0364-02RE1 SW8270 Acenaphthene 0.830 ug/l D DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Acenaphtylene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Anthracene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Benzo(a)anthracene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Benzo(a)pyrene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Benzo(b)fluoranthene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Benzo(g,h,i)perylene 1.00 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Benzo(k)fluoranthene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Chrysene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Dibenz(a,h)anthracene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02 SW8270 Dibenzofuran 0.110 ug/l J 9
HS-MW-5-091505 B5I0364-02RE1 SW8270 Dibenzofuran 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Fluoranthene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02 SW8270 Fluorene 0.287 ug/l J 9
HS-MW-5-091505 B5I0364-02RE1 SW8270 Fluorene 0.658 ug/l D DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Indeno(1,2,3-cd)pyrene 0.100 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02 SW8270 Naphthalene 5.67 ug/l E DNR 20
HS-MW-5-091505 B5I0364-02RE1 SW8270 Naphthalene 6.20 ug/l D J 9
HS-MW-5-091505 B5I0364-02 SW8270 N-Nitrosodiphenylamine 0.0200 ug/l U UJ 8
HS-MW-5-091505 B5I0364-02RE1 SW8270 N-Nitrosodiphenylamine 0.200 ug/l D U DNR 11
HS-MW-5-091505 B5I0364-02 SW8270 Pentachlorophenol 0.0500 ug/l U UJ 8
HS-MW-5-091505 B5I0364-02 SW8270 Phenanthrene 0.0772 ug/l J 9
HS-MW-5-091505 B5I0364-02RE1 SW8270 Phenanthrene 0.299 ug/l D DNR 11
HS-MW-5-091505 B5I0364-02RE1 SW8270 Pyrene 0.100 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 2,3,4,5-Tetrachlorophenol 250 ug/l [12] DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 2,3,5,6-Tetrachlorophenol 250 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 2,4,5-Trichlorophenol 25.0 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 2,4,6-Trichlorophenol 25.0 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 2-Methylnaphthalene 1300 ug/l D DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Acenaphthene 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Acenaphtylene 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Anthracene 3110 ug/l D DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Benzo(a)anthracene 596 ug/l D DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Benzo(a)pyrene 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11RE1 SW8270 Benzo(a)pyrene 135 ug/l D J 5A
TL-MW-10-091405 B5I0364-11 SW8270 Benzo(b)fluoranthene 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11RE1 SW8270 Benzo(b)fluoranthene 57.7 ug/l D J 5A
TL-MW-10-091405 B5I0364-11 SW8270 Benzo(g,h,i)perylene 50.0 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Benzo(k)fluoranthene 5.00 ug/l D U DNR 11
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TL-MW-10-091405 B5I0364-11RE1 SW8270 Benzo(k)fluoranthene 78.8 ug/l D J 5A
TL-MW-10-091405 B5I0364-11 SW8270 Chrysene 655 ug/l D DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Dibenz(a,h)anthracene 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Dibenzofuran 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Fluoranthene 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Fluorene 5440 ug/l D DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Indeno(1,2,3-cd)pyrene 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 Naphthalene 5.00 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11 SW8270 N-Nitrosodiphenylamine 10.0 ug/l D U DNR 11
TL-MW-10-091405 B5I0364-11RE1 SW8270 Phenanthrene 11300 ug/l E D DNR 20
TL-MW-10-091405 B5I0364-11 SW8270 Pyrene 2740 ug/l D DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 2,3,4,5-Tetrachlorophenol 5.00 ug/l [14] DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 2,3,5,6-Tetrachlorophenol 5.00 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 2,4,5-Trichlorophenol 0.500 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 2,4,6-Trichlorophenol 0.500 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12 SW8270 2-Methylnaphthalene 7.22 ug/l E DNR 20
TL-MW-11-091405 B5I0364-12RE1 SW8270 Acenaphthene 0.812 ug/l D DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Acenaphtylene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Anthracene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Benzo(a)anthracene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Benzo(a)pyrene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Benzo(b)fluoranthene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12 SW8270 Benzo(g,h,i)perylene 0.100 ug/l U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Benzo(g,h,i)perylene 1.00 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Benzo(k)fluoranthene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Chrysene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Dibenz(a,h)anthracene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Dibenzofuran 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Fluoranthene 0.188 ug/l D DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Fluorene 0.891 ug/l D DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Indeno(1,2,3-cd)pyrene 0.100 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Naphthalene 0.307 ug/l D DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 N-Nitrosodiphenylamine 0.200 ug/l D U DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Phenanthrene 1.05 ug/l D DNR 11
TL-MW-11-091405 B5I0364-12RE1 SW8270 Pyrene 0.225 ug/l D DNR 11
D091405 B5I0364-09 NWTPH-DxSG Diesel Range Hydrocarbons 0.887 mg/l J 9
HS-MW-5-091505 B5I0364-02 NWTPH-DxSG Diesel Range Hydrocarbons 0.25 mg/l U UJ 9
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EXHIBIT L-2 
NCA Labs Analytical Report Sample BWT-BS-01 

 













































EXHIBIT L-3 
ENSR Air Toxics Specialty Laboratory Analytical Report 
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FINAL REMEDIAL INVESTIGATION/FEASIBILITY STUDY, VOLUME I: RI REPORT, R.G. HALEY SITE – APPENDIX M    Bellingham, Washington 

APPENDIX M 
BENTHIC HABITAT SURVEY 

1.0 BENTHIC HABITAT SURVEY METHODOLOGY 

GeoEngineers biologists conducted a benthic habitat survey between September 25 and 27, 2012.  
The primary goal of the survey was to identify the locations and extent of eelgrass at the site.  
Side-Scan Sonar (SSS) and SCUBA diving were conducted to accomplish the benthic survey.  Visual 
observations of eelgrass locations and densities were made both during the SCUBA dive survey and 
from the vessel during low tide.  This appendix describes the survey methodology. 

1.1. Side-Scan Sonar 

The SSS is an in-water imaging system which uses an acoustic oblique image similar to an aerial 
photograph.  The SSS in conjunction with a global positioning system (GPS) and data reduction 
software produces an image that is built up of objects on the sea floor.   

1.1.1. Equipment 

Equipment used to acquire the SSS imagery consisted of:  

■ Boston Whaler acquisition vessel 

■ Independent Trimble PRO XH with NIMA string out at 9600 baud GPS 

■ EdgeTec 4125: Ultra High Resolution, dual frequency side-scan sonar imaging unit (towfish) 

■ EdgeTech’s Discover acquisition software loaded on a Dell laptop computer 

■ Leraand Engineering, Inc. Sonar TRX data reduction software 

1.1.2. Track Lines 

Track lines are planned vessel paths across a site.  The area imaged on either side of the track line 
is called a swath.  The width of a swath is determined by the angle of the sonar within the towfish, 
the depth the towfish is towed, and the bottom depth.  Track lines are designed so that there is 
approximately 50 percent overlap of associated swaths.  This high percentage of overlap is required 
to image the narrow area directly below the towfish (nadir), which the towfish does not have the 
ability to “see.” 

1.1.3. Calibration 

Calibration of the SSS was accomplished by performing a patch test.  The patch test consisted of 
running the SSS over a known submerged target twice in opposite directions.  The data from the 
Patch Test were then compared for positional accuracy and image calibration.  The patch test also 
allowed for fine tuning of the swath width of the towfish.  Positional accuracy for the purposes of this 
survey were considered acceptable with a +/- 1 foot between the patch test swaths.  Towfish 
frequency, swath width, and ping rate (rate of sonar pulse transmission in “pings per second”) used 
in the survey were 400 and 900 kHz with a swath width of 30 meters and a ping rate of 200 pings 
per second.  This combination yielded a sonar resolution of 0.4 inches (29.6 pings per foot) at a boat 
speed of 4 knots. 
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1.1.4. Planning 

The original survey design included three track lines; however, after running the patch test, it was 
determined that two tracks running parallel with approximately 40 feet of separation would yield 100 
percent coverage of the desired area with greater than 50 percent overlap.  

1.1.5. Data Processing and Interpretation 

The process of combining all sonar files into a composite image using specialized software is known 
as “mosaicing.”  Distortions of data induced by fluctuations in vessel speed and tow depth are 
corrected during this process.  Mosaics can be considered as images and are georeferenced raster 
image formats suitable for use within a GIS format.  Classification and interpretation of the images 
was performed by GeoEngineers using an image truthing methodology.  Areas of potential eelgrass 
identified during the survey were then observed from the surface vessel at low tide and by a diver.   

1.2. Visual Assessment 

The survey area was visually inspected from the vessel during low tide on September 26, 2012 to 
survey for visible macroalgae at the site.  Moderate visibility of approximately two feet allowed for 
observation of eelgrass beds.  Visual observations of eelgrass were then compared to the eelgrass 
distribution maps generated from SSS. 

1.3. SCUBA Dive Survey 

Two GeoEngineers biologists conducted SCUBA dive surveys along six transects.  The surveys were 
conducted in general accordance with the Washington Department of Fish and Wildlife (WDFW) 
“Eelgrass/Macroalgae Habitat Interim Survey Guidelines” (WDFW 2008).  Equipment used to 
conduct the eelgrass SCUBA dive survey included: 

■ Boston Whaler acquisition vessel 

■ 0.25 square meter weighted PVC frame  

■ Standard SCUBA apparatus with high pressure compressed air tanks 

■ OTS Guardian full-face masks with 2-way buddy phone communication 

The extent of eelgrass within each transect was noted and eelgrass densities were assessed using 
a 0.25 square meter frame.  The frame was placed in a representative portion of the eelgrass bed 
and the turions (1 turion is a clump of eelgrass) within the frame were counted.  The turion count at 
each eelgrass density sampling location was then multiplied by four to estimate eelgrass density in 
turions/square meter.  Results are discussed in Section 4.0.   
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