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Data Validation Report 
2101 4th Avenue Suite 950, Seattle, WA 98121, Telephone: 206.728.2674, Fax: 206.728.2732 www.geoengineers.com 

Project: Puget Sound Energy – South State Street Preliminary Remedial Design Investigation 
September 2021 and January 2022 Upland Soil Sampling Event  

GEI File No: 0186-890-03 

Date: February 7, 2022 

This report documents the results of a United States Environmental Protection Agency (USEPA)-defined 
Stage 2B data validation (USEPA Document 540-R-08-005; USEPA 2009) of analytical data from the 
analyses of soil samples collected as part of the September 2021 and January 2022 Upland Soil 
sampling events, and the associated laboratory and field quality control (QC) samples. The samples were 
obtained from the South State Street Manufactured Gas Plant Site in Bellingham, Washington. 

Please note that this report was originally dated October 26, 2021. This report was revised on February 7, 
2022 to include the addition of SDG 22A0427. 

OBJECTIVE AND QUALITY CONTROL ELEMENTS 

GeoEngineers, Inc. (GeoEngineers) completed the data validation consistent with the USEPA Contract 
Laboratory Program National Functional Guidelines for Organic Superfund Methods Data Review (USEPA, 
2020a) and Inorganic Superfund Methods Data Review (USEPA, 2020b) (National Functional Guidelines) 
to determine if the laboratory analytical results meet the project objectives and are usable for their 
intended purpose. Data usability was assessed by determining if: 

■ The samples were analyzed using well-defined and acceptable methods that provide reporting 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. 

The data validation included review of the following QC elements: 

■ Data Package Completeness 

■ Chain-of-Custody Documentation 

■ Holding Times and Sample Preservation 

■ Surrogate Recoveries 

■ Method and Trip Blanks 

■ Matrix Spikes/Matrix Spike Duplicates 

■ Laboratory Control Samples/Laboratory Control Sample Duplicates 

■ Laboratory and Field Duplicates 

■ Instrument Tuning 

■ Internal Standards 
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■ Initial Calibrations (ICALs) 

■ Continuing Calibrations (CCALs) 

■ Miscellaneous 

VALIDATED SAMPLE DELIVERY GROUPS 

This data validation included review of the sample delivery groups (SDGs) listed below in Table 1. 

TABLE 1: SUMMARY OF VALIDATED SAMPLE DELIVERY GROUPS 

Laboratory SDG Samples Validated 

21I0042 

HA-15-0-1, HA-15-1-2, HA-16-0-1, HA-16-1-2, HA-17-1-2, HA-18-1-2, HA-19-0-1, HA-19-1-
2, HA-20-0-1, HA-20-1-2, HA-21-1-2, HA-22-0-1, HA-22-1-2, HA-23-1-2, DUP-01-1-2, HA-
24-0-1, HA-24-1-2, HA-25-0-1, HA-25-1-2, HA-26-0-1, HA-26-1-2, HA-27-0-1, HA-27-1-2, 
HA-28-0-1, HA-28-1-2, HA-29-0-1, HA-29-1-2, HA-30-1-2, DUP-02-1-2, HA-31-0-1, HA-31-
1-2, HA-32-0-1, HA-32-1-2, HA-33-0-1, HA-33-1-2, HA-34-1-2, HSA-59-9-10.5, HSA-60-9-
10.5, HSA-62-13-14, DUP-1-083121, TRIP BLANKS 

22A0427 
GP-58-13-14, GP-59-12-13, GP-60-14-15, GP-61-13-14, GP-62-14-15, GP-63-14-15, GP-
64-14-15, GP-70-3-4, GP-71-3-4, GP-72-3-4, GP-73-2-3, GP-74-15-16, GP-75-15-16, MW-
61-15-16 

CHEMICAL ANALYSIS PERFORMED 

Analytical Resources, Inc. (ARI), located in Tukwila, Washington, performed laboratory analyses on the 
samples using one or more of the following methods: 

■ Gasoline-range Hydrocarbons (NWTPH-Gx) by Method NWTPH-Gx; 

■ Petroleum Hydrocarbons (NWTPH-Dx) by Method NWTPH-Dx; 

■ Volatile Organic Compounds (VOCs) by Method SW8260D; 

■ Polycyclic Aromatic Hydrocarbons (PAHs) by Method SW8270E-SIM; 

■ Total Metals by Method SW6020B; 

■ Total Cyanide by Method EPA9014; 

■ Total Organic Carbon (TOC) by Method EPA9060M; and 

■ Total Solids by Method SM2540G-97 

ARI subcontracted to Spectra Laboratories, Inc., (Spectra) located in Tacoma, Washington for laboratory 
analyses on the samples using the following method: 

■ Total Cyanide by Method SM4500-CNE 
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DATA VALIDATION SUMMARY 

The results for each of the QC elements are summarized below.  

Data Package Completeness 

ARI provided all required deliverables for the data validation according to the National Functional 
Guidelines. The laboratory followed adequate corrective action processes and all identified anomalies 
were discussed in the relevant laboratory case narrative. 

Chain-of-Custody Documentation 

Chain-of-custody (COC) forms were provided with the laboratory analytical reports. The COCs were 
accurate and complete when submitted to the laboratory, with the following exceptions: 

SDG 21I0042: The laboratory noted that the trip blank sample was received, but not listed on the COC. 
The sample was logged for NWTPH-Gx and VOC analyses. 

SDG 22A0427: The laboratory noted that Sample GP-59-12-13 was listed as GP-59-13-14 on the sample 
vial labels. The sample was logged as GP-59-12-13, as written on the COC. 

The laboratory noted that for Sample GP-74-15-16 one sample vial had no sample ID listed on the label. It 
was determined to be for Sample GP-74-15-16 since the date and time listed on the sample vial label 
matched the date and time listed on the COC. 

The laboratory noted that for Sample GP-62-14-15 one sample vial had no sample information listed on 
the label. It was determined to be for Sample GP-62-14-15 since all of the other samples were received 
with their respective sample vials. 

Holding Times and Sample Preservation 

The sample holding time is defined as the time that elapses between sample collection and sample 
analysis. 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. The sample coolers arrived at the 
laboratory within the appropriate temperatures of between 2 and 6 degrees Celsius, with the exceptions 
noted below. 

SDG 21I0042: Two sample cooler temperatures recorded at the laboratory were 0.4 and 1.3 degrees 
Celsius. It was determined through professional judgment that since the samples were not frozen, these 
temperatures should not affect the sample analytical results. 

Surrogate Recoveries 

A surrogate compound is a compound that is chemically similar to the organic 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 to the samples at a known concentration and percent recoveries (%R) 
are calculated following analysis. All surrogate recoveries for field samples were within the laboratory 
control limits. 
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Method, Trip, and Rinsate Blanks 

Method Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce 
measurable concentrations of the analytes of interest. A method blank was analyzed with each batch of 
samples, at a frequency of 1 per 20 samples. For all sample batches, method blanks were analyzed at 
the required frequency. None of the analytes of interest were detected in the method blanks. 

Trip Blanks 

Trip blanks are analyzed to assess whether field sampling or sample transport processes may have 
introduced measurable concentrations of volatile analytes of interest into project samples. None of the 
analytes of interest were detected in the trip blank. 

Matrix Spikes/Matrix Spike Duplicates 

Since 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 on one sample from the 
associated batch, known as the parent sample. One aliquot of the 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 duplicate (MSD) analyses are 
generally performed for organic analyses as a precision check and analyzed in the same sequence as a 
matrix spike. Using the results from the MS and MSD, the relative percent difference (RPD) is calculated. 
The %R control limits for MS and MSD analyses are specified in the laboratory documents, as are the RPD 
control limits for MS/MSD sample sets. 

One MS/MSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for all analyses and the %R and RPD 
values were within the proper control limits, with the following exceptions: 

SDG 21I0042: (NWTPH-Dx) The laboratory performed an MS/MSD sample set on Sample DUP-1-083121. 
The %R and RPD values for diesel-range hydrocarbons were greater than the control limits in the 
MS/MSD extracted on 9/13/2021. The positive result for this target analyte was qualified as estimated 
(J) in this sample. 

(PAHs) The laboratory performed an MS/MSD sample set on Sample HA-24-1-2. The %R and RPD values 
for the PAH target analytes were outside the control limits in the MS/MSD extracted on 9/10/2021. The 
positive results for the PAH target analytes were qualified as estimated (J) in this sample. 

The laboratory performed an MS/MSD sample set on Sample HA-31-0-1. The %R for benzo(a)anthracene, 
benzo(a)pyrene, and chrysene were outside the control limits in the MS/MSD extracted on 9/10/2021. 
The positive results for these target analytes were qualified as estimated (J) in this sample. 

Additionally, in the same MS/MSD sample set, the %R for benzo(b)fluoranthene and 
benzo(k)fluoranthene were less than the control limits in the MS; however, the %R for these target 
analytes were within the control limits in the corresponding MSD. No action was required for these 
outliers. 
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(Total Metals) The laboratory performed an MS/MSD sample set on Sample HSA-59-9-10.5. The %R for 
total iron was greater than the control limits in the MS/MSD digested on 9/21/2021. The positive result 
for this target analyte was qualified as estimated (J) in this sample. 

The laboratory performed an MS/MSD sample set on Sample HSA-59-9-10.5. The RPD for total copper 
was greater than the control limits in the MS/MSD digested on 9/21/2021. The positive result for this 
target analyte was qualified as estimated (J) in this sample. 

Additionally, in the same MS/MSD sample set, the %R for total copper was less than the control limits in 
the MS; however, the %R for this target analyte was within the control limits in the corresponding MSD. 
No action was required for this outlier. 

(Total Cyanide) The laboratory performed an MS/MSD sample set on Sample HSA-59-9-10.5. The %R for 
total cyanide was less than the control limits in the MS/MSD digested on 9/9/2021. The positive result 
for this target analyte was qualified as estimated (J) in this sample. 

(TOC) The laboratory performed an MS/MSD sample set on Sample HSA-59-9-10.5. The RPD for TOC was 
greater than the control limit in the MS/MSD extracted on 9/8/2021. The positive result for this target 
analyte was qualified as estimated (J) in this sample. 

Laboratory Control Samples/Laboratory Control Sample Duplicates 

A laboratory control sample (LCS) is a blank sample that is spiked with a known amount of analyte and 
then analyzed. An LCS is similar to an MS, but without the possibility of matrix interference. Given that 
matrix interference is not an issue, control limits for accuracy and precision in the LCS and its duplicate 
(LCSD) are usually more rigorous than for MS/MSD analyses. Additionally, data qualification based on 
LCS/LCSD analyses would apply to each sample in the associated batch, instead of just the parent 
sample. The %R control limits for LCS and LCSD analyses are specified in the laboratory documents, as 
are the RPD control limits for LCS/LCSD sample sets.  

One LCS/LCSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits. 

Laboratory Duplicates 

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 less than five times the reporting limit for that sample, the 
absolute difference is used instead of the RPD. The RPD control limits are specified in the laboratory 
documents. Laboratory duplicates were analyzed at the proper frequency and the specified acceptance 
criteria were met, with the following exception: 

SDG 21I0042: (Total Cyanide) The laboratory performed a laboratory duplicate sample set on Sample 
HSA-59-9-10.5. The RPD for total cyanide was greater than the control limit in the laboratory duplicate 
digested on 9/9/2021. The positive result for this target analyte was qualified as estimated (J) in this 
sample. 
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Field Duplicates 

Field duplicates are similar to laboratory duplicates in that they are used to assess precision. Two 
samples (parent and duplicate) are created in the field by subsampling the homogenized sample and 
submitting them to the lab as separate samples. Duplicate samples were collected and analyzed for the 
same parameters as the associated parent samples. Precision is determined by calculating the RPD 
between each pair of samples. If one or more of the sample analytes has a concentration greater than 
five times the reporting limit for that sample, then the absolute difference is used instead of the RPD. The 
RPD control limit for soil samples is 50 percent. 

SDG 21I0042: Three field duplicate sample pairs, HA-23-1-2/DUP-01-1-2, HA-30-1-2/DUP-02-1-2, and 
HSA-62-13-14/DUP-1-083121, were submitted with this SDG. The precision criteria for the target analytes 
were met for these sample pairs, with the exceptions noted below: 

HA-23-1-2/DUP-01-1-2: The positive results for benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene were qualified as 
estimated (J) in this sample pair. 

HA-30-1-2/DUP-02-1-2: The positive results for benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and 
indeno(1,2,3-cd)pyrene were qualified as estimated (J) in this sample pair. 

HSA-62-13-14/DUP-1-083121: The positive results for benzene and naphthalene were qualified as 
estimated (J) in this sample pair. 

Instrument Tuning 

Instrument tuning for analyses by gas chromatography/mass spectrometry (GC/MS) are completed to 
ensure that mass resolution, identification, and sensitivity of the analyses are acceptable. Instrument 
tuning should be performed at the beginning of each 12-hour period during which samples or standards 
are analyzed. The frequency and specified acceptance criteria were met for each applicable analysis. 

Internal Standards (Low Resolution Mass Spectrometry) 

Like the surrogate, an internal standard is a compound that is chemically similar to the analytes of 
interest, but unlikely to be found in any environmental sample. Internal standards are used only for the 
mass spectrometry instrumentation and are usually added to the sample aliquot after extraction has 
taken place. The internal standard should be analyzed at the beginning of a 12-hour sample run and the 
control limits for internal standard recoveries are 50 percent to 200 percent of the calibration standard. 
All internal standard recoveries were within the control limits. 

Initial Calibrations (ICALs) 

The initial calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent relative standard deviation (%RSD) and relative 
response factors (RRF) values were within the control limits stated in the USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review (USEPA 2020a), with the following 
exception: 
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SDG 21I0042: (PAHs) The %RSD for dibenzo(a,h)anthracene was greater than the control limit in the 
initial calibration performed on 9/28/2021. The positive results for this target analyte were qualified as 
estimated (J) in Samples HA-34-1-2, DUP-01-1-2, and DUP-02-1-2. 

Continuing Calibrations (CCALs) 

The continuing calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent difference (%D) and relative response factors (RRF) 
values were within the control limits in the USEPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA 2020a). 

Miscellaneous 

SDG 21I0042: (VOCs) The laboratory reported two sets of results for Sample HSA-62-13-14, initial results 
and reanalysis results, due to target analyte instrument calibration range exceedance. The initial results 
for naphthalene and the reanalysis results for benzene were labeled as “do not report” (DNR) and should 
not be used for any purpose. 

(PAHs) The laboratory reported two sets of results for Samples HA-15-0-1, HA-15-1-2, HA-16-0-1, 
HA-16-1-2, HA-18-1-2, HA-21-1-2, HA-22-0-1, HA-22-1-2, HA-23-1-2, DUP-01-1-2, HA-26-0-1, HA-26-1-2, 
HA-27-1-2, HA-29-1-2, HA-30-1-2, DUP-02-1-2, HA-31-0-1, HA-31-1-2, HA-32-0-1, HA-32-1-2, and 
HA-34-1-2, initial results and reanalysis results, due to target analyte instrument calibration range 
exceedance. The following lists which analysis should be used, and which were labeled as DNR and 
should not be used for any purpose. 

Samples HA-15-0-1, HA-15-1-2, HA-22-0-1, HA-34-1-2, DUP-02-1-2: The initial results for the PAH target 
analytes were labeled as DNR and should not be used for any purpose. 

Samples HA-29-1-2, HA-31-0-1: The initial results for chrysene and the reanalysis results for 
benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were labeled as DNR and should not be used for 
any purpose. 

Samples HA-26-0-1, DUP-01-1-2: The initial results for benzo(a)pyrene and chrysene and the reanalysis 
results for benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, 
and indeno(1,2,3-cd)pyrene were labeled as DNR and should not be used for any purpose. 

Samples HA-16-0-1, HA-18-1-2, HA-32-0-1: The initial results for benzo(a)anthracene, benzo(a)pyrene, 
and chrysene and the reanalysis results for benzo(b)fluoranthene, benzo(k)fluoranthene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were labeled as DNR and should not be used for 
any purpose. 

Sample HA-16-1-2: The initial results for benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and the reanalysis results for 
benzo(a)pyrene and dibenzo(a,h)anthracene were labeled as DNR and should not be used for any 
purpose. 
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Sample HA-27-1-2: The initial results for benzo(a)pyrene, benzo(b)fluoranthene, chrysene, and 
indeno(1,2,3-cd)pyrene and the reanalysis results for benzo(a)anthracene, benzo(k)fluoranthene, and 
dibenzo(a,h)anthracene were labeled as DNR and should not be used for any purpose. 

Samples HA-21-1-2, HA-23-1-2, HA-32-1-2: The initial results for benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and the reanalysis results for 
benzo(k)fluoranthene and dibenzo(a,h)anthracene were labeled as DNR and should not be used for any 
purpose. 

Samples HA-22-1-2, HA-26-1-2, HA-30-1-2, HA-31-1-2: The initial results for benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and 
the reanalysis results for dibenzo(a,h)anthracene were labeled as DNR and should not be used for any 
purpose. 

SDG 22A0427: (NWTPH-Gx) The laboratory reported two sets of results for Sample GP-62-14-15, initial 
results and reanalysis results, due to target analyte instrument calibration range exceedance. The initial 
results were labeled as DNR and should not be used for any purpose. 

(NWTPH-Dx) The laboratory reported two sets of results for Sample GP-58-13-14, initial results and 
reanalysis results, due to target analyte instrument calibration range exceedance. The reanalysis results 
were labeled as DNR and should not be used for any purpose. 

The laboratory reported two sets of results for Sample GP-61-13-14, initial results and reanalysis results, 
due to target analyte instrument calibration range exceedance. The initial results for diesel-range 
hydrocarbons and the reanalysis results for lube oil-range hydrocarbons were labeled as DNR and should 
not be used for any purpose. 

OVERALL ASSESSMENT 

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

All data are acceptable for the intended use, with the following qualifications listed below in Table 2. 

TABLE 2: SUMMARY OF QUALIFIED SAMPLES 

Sample ID Analyte Qualifier Reason 

HA-23-1-2 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 

Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
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DUP-01-1-2 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
ICAL %RSD 
Field Duplicate Precision 

HA-24-1-2 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-c,d)pyrene 

J 
J 
J 
J 
J 
J 
J 

MS/MSD Recovery and Precision 
MS/MSD Recovery and Precision 
MS/MSD Recovery and Precision 
MS/MSD Recovery and Precision 
MS/MSD Recovery and Precision 
MS/MSD Recovery and Precision 
MS/MSD Recovery and Precision 

HA-30-1-2 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-c,d)pyrene 

J 
J 
J 
J 
J 
J 
J 

Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 

DUP-02-1-2 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-c,d)pyrene 

J 
J 
J 
J 
J 
J 
J 

Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision/ICAL %RSD 
Field Duplicate Precision 

HA-31-0-1 
Benzo(a)anthracene 
Benzo(a)pyrene 
Chrysene 

J 
J 
J 

MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery 

HA-34-1-2 Dibenzo(a,h)anthracene J ICAL %RSD 

HSA-59-9-10.5 

Total copper 
Total cyanide 
Total iron 
TOC 

J 
J 
J 
J 

MS/MSD Precision 
MS/MSD Recovery/Laboratory Duplicate 
Precision 
MS/MSD Recovery 
MS/MSD Precision 

HSA-62-13-14 
Benzene 
Naphthalene 

J 
J 

Field Duplicate Precision 
Field Duplicate Precision 

DUP-1-083121 
Benzene 
Diesel-range hydrocarbons 
Naphthalene 

J 
J 
J 

Field Duplicate Precision 
MS/MSD Recovery and Precision 
Field Duplicate Precision 
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Data Validation Report 
2101 4th Avenue Suite 950, Seattle, WA 98121, Telephone: 206.728.2674, Fax: 206.728.2732 www.geoengineers.com 

Project: Puget Sound Energy – South State Street Preliminary Remedial Design Investigation 
June and December 2021 Intertidal Sediment and Porewater Sampling Events 

GEI File No: 0186-890-03 

Date: March 9, 2022 

This report documents the results of a United States Environmental Protection Agency (USEPA)-defined 
Stage 2B data validation (USEPA Document 540-R-08-005; USEPA 2009) of analytical data from the 
analyses of intertidal sediment and porewater samples collected as part of the June and December 2021 
sampling events, and the associated laboratory and field quality control (QC) samples. The samples were 
obtained from the South State Street Manufactured Gas Plant Site in Bellingham, Washington. 

Please note that this report was originally dated August 25, 2021. This report was revised on March 9, 
2022 to include the addition of SDG 21L0100. 

OBJECTIVE AND QUALITY CONTROL ELEMENTS 

GeoEngineers, Inc. (GeoEngineers) completed the data validation consistent with the USEPA Contract 
Laboratory Program National Functional Guidelines for Organic Superfund Methods Data Review (USEPA, 
2020a) and Inorganic Superfund Methods Data Review (USEPA, 2020b) (National Functional Guidelines) 
to determine if the laboratory analytical results meet the project objectives and are usable for their 
intended purpose. Data usability was assessed by determining if: 

■ The samples were analyzed using well-defined and acceptable methods that provide reporting 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. 

The data validation included review of the following QC elements: 

■ Data Package Completeness 

■ Chain-of-Custody Documentation 

■ Holding Times and Sample Preservation 

■ Surrogate Recoveries 

■ Method and Trip Blanks 

■ Matrix Spikes/Matrix Spike Duplicates 

■ Laboratory Control Samples/Laboratory Control Sample Duplicates 

■ Laboratory and Field Duplicates 

■ Instrument Tuning 

■ Internal Standards 
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■ Initial Calibrations (ICALs) 

■ Continuing Calibrations (CCALs) 

■ Miscellaneous 

VALIDATED SAMPLE DELIVERY GROUPS 

This data validation included review of the sample delivery groups (SDGs) listed below in Table 1. 

TABLE 1: SUMMARY OF VALIDATED SAMPLE DELIVERY GROUPS 

Laboratory SDG Samples Validated 

21F0419 

PRDI-1-PW-, PRDI-1-SC-0-15, PRDI-1-SC-15-60, PRDI-2-PW-, DUP-1-PW-, PRDI-2-SC-0-15, 
DUP-2-SC, PRDI-2-SC-15-60, PRDI-3-PW-, PRDI-3-SC-0-15, PRDI-3-SC-15-60, PRDI-4-PW-, 
PRDI-4-SC-0-15, PRDI-4-SC-15-60, PRDI-5-PW-, PRDI-5-SC-0-15, PRDI-5-SC-15-60, PRDI-
6-PW-, PRDI-6-SC-0-15, PRDI-6-SC-15-60, PRDI-7-PW-, PRDI-7-SC-0-15, PRDI-7-SC-15-60, 
PRDI-8-PW-, PRDI-8-SC-0-15, PRDI-8-SC-15-60, PRDI-9-SC-0-15, PRDI-9-SC-0-45, PRDI-9-
SC-15-60, DUP-3-SC, PRDI-9-SS-0-12, PRDI-10-PW-, PRDI-10-SC-0-15, PRDI-10-SC-0-45, 
PRDI-10-SC-15-60, PRDI-10-SS-0-12, PRDI-11-PW-, PRDI-11-SC-0-15, PRDI-11-SC-0-45, 
PRDI-11-SC-15-60, PRDI-11-SS-0-12, PRDI-12-PW-, PRDI-12-SC-0-15, PRDI-12-SC-0-45, 
PRDI-12-SC-15-60, PRDI-12-SS-0-12, TBlank-1_062521 

21L0100 
PRDI-2A-PW, DUP-101-PW, PRDI-2B-PW, PRDI-2C-PW, PRDI-2D-PW, PRDI-2E-PW, 
Trip Blanks 

CHEMICAL ANALYSIS PERFORMED 

Analytical Resources, Inc. (ARI), located in Tukwila, Washington, performed laboratory analyses on the 
samples using one or more of the following methods: 

■ Gasoline-range Hydrocarbons (NWTPH-Gx) by Method NWTPH-Gx; 

■ Petroleum Hydrocarbons (NWTPH-Dx) by Method NWTPH-Dx; 

■ Volatile Organic Compounds (VOCs) by Method SW8260D; 

■ Polycyclic Aromatic Hydrocarbons (PAHs) by Method SW8270E-SIM; 

■ Total Cyanide by Method EPA9014; 

■ Cyanide. Weak Acid Dissociable by Method SM4500-CN I-97; 

■ Total Organic Carbon (TOC) by Method EPA9060A; and 

■ Total Solids by Method SM2540G-97 

ARI subcontracted to Materials Testing and Consulting, Inc., (MTC) located in Tukwila, Washington for 
laboratory analyses on the sediment samples using the following methods: 

■ Grain Size by Method ASTM D6913 
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DATA VALIDATION SUMMARY 

The results for each of the QC elements are summarized below.  

Data Package Completeness 

ARI and MTC provided the required deliverables for the data validation according to the National 
Functional Guidelines. The laboratories followed adequate corrective action processes and the identified 
anomalies were discussed in the relevant laboratory case narrative. 

Chain-of-Custody Documentation 

Chain-of-custody (COC) forms were provided with the laboratory analytical reports. The COCs were 
accurate and complete when submitted to the laboratory, with the following exceptions: 

SDG 21L0100: The laboratory noted that the relinquished date on the COC was listed as 9/20/2017. 
Additionally, the laboratory noted the sample collection times listed on the COC appear to be after times 
after the samples were relinquished. The date and times were revised by GeoEngineers. 

The laboratory noted that the trip blank sample was received at the laboratory, but not listed on the COC. 
The sample was logged for NWTPH-Gx and VOCs analyses. 

Holding Times and Sample Preservation 

The sample holding time is defined as the time that elapses between sample collection and sample 
analysis. 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 each analysis. The sample coolers arrived at the 
laboratory within the appropriate temperatures of between 2 and 6 degrees Celsius, with the exceptions 
noted below. 

SDG 21F0419: One sample cooler temperature recorded at the laboratory was 17.3 degrees Celsius. It 
was determined through professional judgment that since the samples were received on ice at the 
laboratory the same day they were collected, and the cooling process had begun, this temperature should 
likely not affect the sample analytical results. 

One sample cooler temperature recorded at the laboratory was 1.7 degrees Celsius. It was determined 
through professional judgment that since the samples were not frozen, this temperature should not affect 
the sample analytical results. 

The laboratory noted that for several samples, one or two sample vials (depending on the sample), were 
received with a bubble. Since a total of three sample vials were submitted for these samples, the samples 
were analyzed from the remaining sample vials, accordingly. 

Surrogate Recoveries 

A surrogate compound is a compound that is chemically similar to the organic analytes of interest, but 
unlikely to be found in an environmental sample. Surrogates are used for organic analyses and are added 
to the samples, standards, and blanks to serve as an accuracy and specificity check of each analysis. The 
surrogates are added to the samples at a known concentration and percent recoveries (%R) are 
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calculated following analysis. The surrogate recoveries for field samples were within the laboratory control 
limits, with the following exceptions: 

SDG 21F0419: (VOCs) The %R for surrogates 1,2-Dichloroethane-d4 and 4-Bromofluorobenzene were 
less than the control limits in Sample PRDI-11-SC-0-15. The positive results for 1,2,4-Trimethylbenzene, 
4-Isopropyltoluene, acetone, benzene, carbon disulfide, chloroform, tetrachloroethene, and toluene and 
the reporting limits for the remaining VOC target analytes were qualified as estimated (J and UJ, 
respectively) in this sample. 

Method, Trip, and Rinsate Blanks 

Method Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce 
measurable concentrations of the analytes of interest. A method blank was analyzed with each batch of 
samples, at a frequency of 1 per 20 samples. For each sample batch, method blanks were analyzed at 
the required frequency. None of the analytes of interest were detected in the method blanks, with the 
following exceptions: 

SDG 21F0419: (VOCs) There was a positive result for bromomethane and toluene detected above the 
method detection limit, but below the reporting limit in the soils method blank extracted on 6/29/2021. 
The positive results for toluene were qualified as non-detected (U) in Samples PRDI-1-SC-0-15, 
PRDI-2-SC-0-15, PRDI-2-SC-15-60, PRDI-3-SC-0-15, PRDI-4-SC-0-15, PRDI-4-SC-15-60, PRDI-5-SC-0-15, 
PRDI-5-SC-15-60, PRDI-6-SC-0-15, PRDI-6-SC-15-60, PRDI-7-SC-0-15, and PRDI-8-SC-0-15. The positive 
results for bromomethane and toluene were qualified as non-detected (U) in Samples PRDI-3-SC-15-60 
and PRDI-7-SC-15-60. There were no positive results for bromomethane in Samples PRDI-1-SC-0-15, 
PRDI-2-SC-0-15, PRDI-2-SC-15-60, PRDI-3-SC-0-15, PRDI-4-SC-0-15, PRDI-4-SC-15-60, PRDI-5-SC-0-15, 
PRDI-5-SC-15-60, PRDI-6-SC-0-15, PRDI-6-SC-15-60, PRDI-7-SC-0-15, and PRDI-8-SC-0-15; therefore, no 
qualifications were required. 

Trip Blanks 

Trip blanks are analyzed to assess whether field sampling or sample transport processes may have 
introduced measurable concentrations of volatile analytes of interest into project samples. None of the 
analytes of interest were detected in the trip blanks. 

Matrix Spikes/Matrix Spike Duplicates 

Since 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 on one sample from the 
associated batch, known as the parent sample. One aliquot of the 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 duplicate (MSD) analyses are 
generally performed for organic analyses as a precision check and analyzed in the same sequence as a 
matrix spike. Using the results from the MS and MSD, the relative percent difference (RPD) is calculated. 
The %R control limits for MS and MSD analyses are specified in the laboratory documents, as are the RPD 
control limits for MS/MSD sample sets. 
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One MS/MSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits, with the following exceptions: 

SDG 21F0419: (PAHs) The laboratory performed an MS/MSD sample set on Sample PRDI-9-SS-0-12. The 
%R for most of the target analytes were outside the control limits in the MS/MSD extracted on 7/8/2021; 
however, it was performed on the initial results which was labeled as do-not-report (DNR). For this reason, 
no action was required for these outliers.  

(Total Cyanide) The laboratory performed an MS/MSD sample set on Sample PRDI-1-SC-0-15. The %R for 
total cyanide was less than the control limits in the MS/MSD digested on 7/1/2021. The reporting limit 
for this target analyte was qualified as estimated (UJ) in this sample. 

The laboratory performed an MS/MSD sample set on Sample PRDI-11-SC-0-15. The %R for total cyanide 
was less than the control limits in the MS/MSD digested on 7/6/2021. The reporting limit for this target 
analyte was qualified as estimated (UJ) in this sample. 

Laboratory Control Samples/Laboratory Control Sample Duplicates 

A laboratory control sample (LCS) is a blank sample that is spiked with a known amount of analyte and 
then analyzed. An LCS is similar to an MS, but without the possibility of matrix interference. Given that 
matrix interference is not an issue, control limits for accuracy and precision in the LCS and its duplicate 
(LCSD) are usually more rigorous than for MS/MSD analyses. Additionally, data qualification based on 
LCS/LCSD analyses would apply to each sample in the associated batch, instead of just the parent 
sample. The %R control limits for LCS and LCSD analyses are specified in the laboratory documents, as 
are the RPD control limits for LCS/LCSD sample sets.  

One LCS/LCSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits, with the following exceptions: 

SDG 21F0419: (VOCs) The %R for 2-Chloroethyl vinyl ether was greater than the control limits in the 
LCS/LCSD extracted on 6/29/2021. There were no positive results for this target analyte in the 
associated field samples; therefore, no qualifications were required. 

The RPD for 2-Chloroethyl vinyl ether was greater than the control limit in the LCS/LCSD extracted on 
6/30/2021. There were no positive results for this target analyte in the associated field samples; 
therefore, no qualifications were required. 

Laboratory Duplicates 

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 less than five times the reporting limit for that sample, the 
absolute difference is used instead of the RPD. The RPD control limits are specified in the laboratory 
documents. Laboratory duplicates were analyzed at the proper frequency and the specified acceptance 
criteria were met. 
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Field Duplicates 

Field duplicates are similar to laboratory duplicates in that they are used to assess precision. Two 
samples (parent and duplicate) are created in the field by subsampling the homogenized sample and 
submitting them to the lab as separate samples. Duplicate samples were collected and analyzed for the 
same parameters as the associated parent samples. Precision is determined by calculating the RPD 
between each pair of samples. If one or more of the sample analytes has a concentration greater than 
five times the reporting limit for that sample, then the absolute difference is used instead of the RPD. The 
RPD control limit for water samples is 35 percent. The RPD control limit for soil samples is 50 percent. 

SDG 21F0419: Three field duplicate sample pairs, PRDI-2-PW-/DUP-1-PW-, PRDI-2-SC-0-15/DUP-2-SC, and 
PRDI-9-SC-15-60/DUP-3-SC, were submitted with this SDG. The precision criteria for the target analytes 
were met for these sample pairs, with the exception of 2-Butanone, acetone, and carbon disulfide in 
Samples PRDI-9-SC-15-60 and DUP-3-SC. The positive results for these target analytes were qualified as 
estimated (J) in this sample pair. 

SDG 21L0100: One field duplicate sample pair, PRDI-2A-PW and DUP-101-PW, was submitted with this 
SDG. The precision criteria for the target analytes were met for this sample pair, with the exception of 
benzene and lube oil-range hydrocarbons. The positive results and reporting limit for these target analytes 
were qualified as estimated (J and UJ, accordingly) in this sample pair. 

Instrument Tuning 

Instrument tuning for analyses by gas chromatography/mass spectrometry (GC/MS) are completed to 
ensure that mass resolution, identification, and sensitivity of the analyses are acceptable. Instrument 
tuning should be performed at the beginning of each 12-hour period during which samples or standards 
are analyzed. The frequency and specified acceptance criteria were met for each applicable analysis. 

Internal Standards (Low Resolution Mass Spectrometry) 

Like the surrogate, an internal standard is a compound that is chemically similar to the analytes of 
interest, but unlikely to be found in an environmental sample. Internal standards are used only for the 
mass spectrometry instrumentation and are usually added to the sample aliquot after extraction has 
taken place. The internal standard should be analyzed at the beginning of a 12-hour sample run and the 
control limits for internal standard recoveries are 50 percent to 200 percent of the calibration standard. 
The internal standard recoveries were within the control limits, with the following exceptions: 

SDG 21F0419: (VOCs) The internal standards %R for 1,4-Dichlorobenzene-d4, 1,4-Difluorobenzene, 
chlorobenzene-d5, and pentafluorobenzene were outside the control limits in Sample PRDI-11-SC-0-15. 
The positive results for 1,2,4-Trimethylbenzene, 4-Isopropyltoluene, acetone, benzene, carbon disulfide, 
chloroform, tetrachloroethene, and toluene and reporting limits for the remaining VOC target analytes 
were qualified as estimated (J and UJ, respectively) in this sample.  

Initial Calibrations (ICALs) 

The initial calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent relative standard deviation (%RSD) and relative 
response factors (RRF) values were within the control limits stated in the USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review (USEPA 2020a). 
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Continuing Calibrations (CCALs) 

The continuing calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent difference (%D) and relative response factors (RRF) 
values were within the control limits in the USEPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA 2020a), with the following exceptions: 

SDG 21F0419: (VOCs) The %D value for 2-Chloroethyl vinyl ether, dichlorodifluoromethane, and 
iodomethane was greater than the control limits, which is indicative of a high bias, in the continuing 
calibration verification performed on 6/29/2021. There were no positive results for these target analytes 
in the associated field samples; therefore, qualifications were not required for these outliers. 

Miscellaneous 

SDG 21F0419: (VOCs) The laboratory reported two sets of results for Sample PRDI-2-PW-, initial results 
and reanalysis results, due to target analyte instrument calibration range exceedance. The initial results 
for naphthalene and the reanalysis results for benzene were labeled as DNR and should not be used for 
any purpose. 

The laboratory reported two sets of results for Sample PRDI-11-SC-0-15, initial results and reanalysis 
results, due to surrogate and internal standards recovery outliers. A reanalysis was performed with the 
surrogate and internal standard recoveries within the limits; however, the reanalysis was analyzed from 
an unpreserved sample vial. The reanalysis results were labeled as DNR and should not be used for any 
purpose. 

(PAHs) The laboratory reported two sets of results for Samples PRDI-9-SS-0-12, PRDI-9-SC-0-45, 
PRDI-10-SS-0-12, PRDI-10-SC-0-45, PRDI-11-SS-0-12, PRDI-11-SC-0-45, and PRDI-12-SC-0-45, initial 
results and reanalysis results, due to target analyte instrument calibration range exceedance. The 
following lists which analysis should be used, and which were labeled as DNR and should not be used for 
any purpose. 

Samples PRDI-9-SS-0-12 and PRDI-9-SC-0-45: The initial results for the PAH target analytes were labeled 
as DNR and should not be used for any purpose. 

Sample PRDI-10-SS-0-12: The reanalysis results for the PAH target analytes were labeled as DNR and 
should not be used for any purpose. 

Samples PRDI-10-SC-0-45 and PRDI-12-SC-0-45: The initial results for benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and the reanalysis results 
for benzo(k)fluoranthene and dibenzo(a,h)anthracene were labeled as DNR and should not be used for 
any purpose. 

Samples PRDI-11-SS-0-12 and PRDI-11-SC-0-45: The initial results for benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and 
the reanalysis results for dibenzo(a,h)anthracene were labeled as DNR and should not be used for any 
purpose. 
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OVERALL ASSESSMENT 

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

The data are acceptable for the intended use, with the following qualifications listed below in Table 2. 

TABLE 2: SUMMARY OF QUALIFIED SAMPLES 

Sample ID Analyte Qualifier Reason 

PRDI-2A-PW 
Benzene 
Lube oil-range hydrocarbons 

J 
UJ 

Field Duplicate Precision 
Field Duplicate Precision 

DUP-101-PW 
Benzene 
Lube oil-range hydrocarbons 

J 
J 

Field Duplicate Precision 
Field Duplicate Precision 

PRDI-1-SC-0-15 
Total cyanide 
Toluene 

UJ 
U 

MS/MSD Recovery 
Method Blank Contamination 

PRDI-2-SC-0-15 Toluene U Method Blank Contamination 

PRDI-2-SC-15-60 Toluene U Method Blank Contamination 

PRDI-3-SC-0-15 Toluene U Method Blank Contamination 

PRDI-3-SC-15-60 
Bromomethane 
Toluene 

U 
U 

Method Blank Contamination 
Method Blank Contamination 

PRDI-4-SC-0-15 Toluene U Method Blank Contamination 

PRDI-4-SC-15-60 Toluene U Method Blank Contamination 

PRDI-5-SC-0-15 Toluene U Method Blank Contamination 

PRDI-5-SC-15-60 Toluene U Method Blank Contamination 

PRDI-6-SC-0-15 Toluene U Method Blank Contamination 

PRDI-6-SC-15-60 Toluene U Method Blank Contamination 

PRDI-7-SC-0-15 Toluene U Method Blank Contamination 

PRDI-7-SC-15-60 
Bromomethane 
Toluene 

U 
U 

Method Blank Contamination 
Method Blank Contamination 

PRDI-8-SC-0-15 Toluene U Method Blank Contamination 

PRDI-9-SC-15-60 
2-Butanone 
Acetone 
Carbon disulfide 

J 
J 
J 

Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 

DUP-3-SC 
2-Butanone 
Acetone 
Carbon disulfide 

J 
J 
J 

Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 
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PRDI-11-SC-0-15 

1,2,4-Trimethylbenzene 
4-Isopropyltoluene 
Acetone 
Benzene 
Carbon disulfide 
Chloroform 
Total cyanide 
Tetrachloroethene 
Toluene 
All other VOC target analytes 

J 
J 
J 
J 
J 
J 

UJ 
J 
J 

UJ 

Surrogate Recovery/IS Recovery 
Surrogate Recovery/IS Recovery 
Surrogate Recovery/IS Recovery 
Surrogate Recovery/IS Recovery 
Surrogate Recovery/IS Recovery 
Surrogate Recovery/IS Recovery 
MS/MSD Recovery 
Surrogate Recovery/IS Recovery 
Surrogate Recovery/IS Recovery 
Surrogate Recovery/IS Recovery 

 

REFERENCES 

U.S. Environmental Protection Agency (USEPA). “Guidance for Labeling Externally Validated Laboratory 
Analytical Data for Superfund Use,” EPA-540-R-08-005. January 2009. 

U.S. Environmental Protection Agency (USEPA) 2020a. Contract Laboratory Program National Functional 
Guidelines for Organic Superfund Methods Data Review, EPA-540-R-20-005. November 2020. 

U.S. Environmental Protection Agency (USEPA) 2020b. Contract Laboratory Program National Functional 
Guidelines for Inorganic Superfund Methods Data Review, EPA-542-R-20-006. November 2020. 



  
   

Data Validation Report 
2101 4th Avenue Suite 950, Seattle, WA 98121, Telephone: 206.728.2674, Fax: 206.728.2732 www.geoengineers.com 

Project: Puget Sound Energy – South State Street Preliminary Remedial Design Investigation 
September 2021 Subtidal Sediment Sampling Event  

GEI File No: 0186-890-03 

Date: March 10, 2022 

This report documents the results of a United States Environmental Protection Agency (USEPA)-defined 
Stage 2B data validation (USEPA Document 540-R-08-005; USEPA 2009) of analytical data from the 
analyses of sediment samples collected as part of the September 2021 subtidal sediment sampling 
event, and the associated laboratory and field quality control (QC) samples. The samples were obtained 
from the South State Street Manufactured Gas Plant Site in Bellingham, Washington. 

OBJECTIVE AND QUALITY CONTROL ELEMENTS 

GeoEngineers, Inc. (GeoEngineers) completed the data validation consistent with the USEPA Contract 
Laboratory Program National Functional Guidelines for Organic Superfund Methods Data Review (USEPA, 
2020) (National Functional Guidelines) to determine if the laboratory analytical results meet the project 
objectives and are usable for their intended purpose. Data usability was assessed by determining if: 

■ The samples were analyzed using well-defined and acceptable methods that provide reporting 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. 

The data validation included review of the following QC elements: 

■ Data Package Completeness 

■ Chain-of-Custody Documentation 

■ Holding Times and Sample Preservation 

■ Surrogate Recoveries 

■ Method Blanks 

■ Matrix Spikes/Matrix Spike Duplicates 

■ Laboratory Control Samples/Laboratory Control Sample Duplicates 

■ Field Duplicates 

■ Instrument Tuning 

■ Internal Standards 

■ Initial Calibrations (ICALs) 

■ Continuing Calibrations (CCALs) 

■ Miscellaneous 
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VALIDATED SAMPLE DELIVERY GROUPS 

This data validation included review of the sample delivery groups (SDGs) listed below in Table 1. 

TABLE 1: SUMMARY OF VALIDATED SAMPLE DELIVERY GROUPS 

Laboratory SDG Samples Validated 

21I0209 
PRDI-15-SS, PRDI-16-SS, PRDI-18-SS, PRDI-19-SS, PRDI-20-SS, PRDI-22-SS, PRDI-24-SS, 
PRDI-25-SS, PRDI-26-SS, PRDI-27-SS, PRDI-29-SS, PRDI-30-SS, PRDI-31-SS, PRDI-32-SS, 
PRDI-37-SS, PRDI-40-SS 

21I0238 
PRDI-36-SC-0-15, PRDI-Dup-1-SC, PRDI-36-SC-15-30, PRDI-37-SC-0-15, PRDI-Dup-2-SC, 
PRDI-37-SC-15-30, PRDI-39-SC-0-15, PRDI-39-SC-15-30, PRDI-40-SC-0-15, PRDI-40-SC-
15-30 

21J0467 PRDI-13-SS, PRDI-14-SS, PRDI-23-SS, PRDI-34-SS 

CHEMICAL ANALYSIS PERFORMED 

Analytical Resources, Inc. (ARI), located in Tukwila, Washington, performed laboratory analyses on the 
samples using the following method: 

■ Polycyclic Aromatic Hydrocarbons (PAHs) by Method SW8270E-SIM 

DATA VALIDATION SUMMARY 

The results for each of the QC elements are summarized below.  

Data Package Completeness 

ARI provided the required deliverables for the data validation according to the National Functional 
Guidelines. The laboratory followed adequate corrective action processes and the identified anomalies 
were discussed in the relevant laboratory case narrative. 

Chain-of-Custody Documentation 

Chain-of-custody (COC) forms were provided with the laboratory analytical reports. The COCs were 
accurate and complete when submitted to the laboratory. 

Holding Times and Sample Preservation 

The sample holding time is defined as the time that elapses between sample collection and sample 
analysis. 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 each analysis. The sample coolers arrived at the 
laboratory within the appropriate temperatures of between 2 and 6 degrees Celsius, with the exception 
noted below. 
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SDGs 21I0209, 21I0238, and 21J0467: One sample cooler temperature recorded at the laboratory was 
1.7 degrees Celsius. It was determined through professional judgment that since the samples were not 
frozen, this temperature should not affect the sample analytical results. 

Surrogate Recoveries 

A surrogate compound is a compound that is chemically similar to the organic analytes of interest, but 
unlikely to be found in an environmental sample. Surrogates are used for organic analyses and are added 
to the samples, standards, and blanks to serve as an accuracy and specificity check of each analysis. The 
surrogates are added to the samples at a known concentration and percent recoveries (%R) are 
calculated following analysis. The surrogate recoveries for field samples were within the laboratory control 
limits, with the following exceptions: 

SDG 21I0209: (PAHs) The %R values for surrogates 2-Methylnaphthalene-d10, 
dibenzo[a,h]anthracene-d14, and fluoranthene-d10 were not recoverable in Samples PRDI-18-SS and 
PRDI-22-SS, because of sample dilution (50X and 100X, respectively). The surrogates are added to the 
sample when it is extracted. If the sample is diluted 10X or more, recovery of the surrogates is often not 
possible because it is also diluted below the linear calibration range of the instrument. No action was 
required for these outliers. 

SDG 21I0238: (PAHs) The %R values for surrogates 2-Methylnaphthalene-d10, 
dibenzo[a,h]anthracene-d14, and fluoranthene-d10 were not recoverable in Samples PRDI-36-SC-0-15, 
PRDI-Dup-1-SC, PRDI-36-SC-15-30, PRDI-39-SC-0-15, and PRDI-39-SC-15-30, because of sample dilution 
(100X). The surrogates are added to the sample when it is extracted. If the sample is diluted 10X or more, 
recovery of the surrogates is often not possible because it is also diluted below the linear calibration 
range of the instrument. No action was required for these outliers. 

SDG 21J0467: (PAHs) The %R for surrogate fluoranthene-d10 was greater than the control limits in 
Samples PRDI-14-SS, PRDI-23-SS, and PRDI-34-SS; however, the samples were spiked with two 
additional surrogates and in each case the %R values were within their respective control limits. No action 
was required for these outliers. 

Method Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce 
measurable concentrations of the analytes of interest. A method blank was analyzed with each batch of 
samples, at a frequency of 1 per 20 samples. For each sample batch, method blanks were analyzed at 
the required frequency. None of the analytes of interest were detected in the method blanks. 

Matrix Spikes/Matrix Spike Duplicates 

Since 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 on one sample from the 
associated batch, known as the parent sample. One aliquot of the 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 duplicate (MSD) analyses are 
generally performed for organic analyses as a precision check and analyzed in the same sequence as a 
matrix spike. Using the results from the MS and MSD, the relative percent difference (RPD) is calculated. 
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The %R control limits for MS and MSD analyses are specified in the laboratory documents, as are the RPD 
control limits for MS/MSD sample sets. 

One MS/MSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits, with the following exceptions: 

SDG 21I0209: (PAHs) The laboratory performed an MS/MSD sample set on Sample PRDI-29-SS. The %R 
values for benzo(a)anthracene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, and 
indeno(1,2,3-cd)pyrene were greater than the control limits in the MS/MSD extracted on 9/23/2021. The 
positive results for these target analytes were qualified as estimated (J) in this sample. 

Additionally, in the same MS/MSD sample set, the %R values for benzo(b)fluoranthene and 
benzo(k)fluoranthene were greater than the control limits in the MSD; however, the %R values for these 
target analytes were within the control limits in the corresponding MS. No action was required for these 
outliers. 

SDG 21I0238: (PAHs) The laboratory performed an MS/MSD sample set on Sample PRDI-37-SC-0-15. 
The %R values for benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and 
indeno(1,2,3-cd)pyrene were less than the control limits in the MS/MSD extracted on 9/23/2021. The 
positive results for these target analytes were qualified as estimated (J) in this sample. 

Additionally, in the same MS/MSD sample set, the %R for benzo(a)anthracene was less than the control 
limits in the MS; however, the %R for this target analyte was within the control limits in the corresponding 
MSD. No action was required for this outlier. 

SDG 21J0467: (PAHs) The laboratory performed an MS/MSD sample set on Sample PRDI-13-SS. The %R 
values for benzo(a)pyrene, chrysene, and dibenzo(a,h)anthracene were greater than the control limits in 
the MSD extracted on 11/10/2021; however, the %R values for these target analytes were within the 
control limits in the corresponding MS. No action was required for these outliers. 

Laboratory Control Samples/Laboratory Control Sample Duplicates 

A laboratory control sample (LCS) is a blank sample that is spiked with a known amount of analyte and 
then analyzed. An LCS is similar to an MS, but without the possibility of matrix interference. Given that 
matrix interference is not an issue, control limits for accuracy and precision in the LCS and its duplicate 
(LCSD) are usually more rigorous than for MS/MSD analyses. Additionally, data qualification based on 
LCS/LCSD analyses would apply to each sample in the associated batch, instead of just the parent 
sample. The %R control limits for LCS and LCSD analyses are specified in the laboratory documents, as 
are the RPD control limits for LCS/LCSD sample sets.  

One LCS/LCSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits, with the following exceptions: 

SDG 21J0467: (PAHs) The %R values for benzo(b)fluoranthene, benzo(k)fluoranthene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were greater than the control limits in the LCS 
extracted on 11/10/2021. The positive results for these target analytes were qualified as estimated (J) in 
Samples PRDI-13-SS, PRDI-14-SS, PRDI-23-SS, and PRDI-34-SS. 
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Field Duplicates 

Field duplicates are similar to laboratory duplicates in that they are used to assess precision. Two 
samples (parent and duplicate) are created in the field by subsampling the homogenized sample and 
submitting them to the lab as separate samples. Duplicate samples were collected and analyzed for the 
same parameters as the associated parent samples. Precision is determined by calculating the RPD 
between each pair of samples. If one or more of the sample analytes has a concentration greater than 
five times the reporting limit for that sample, then the absolute difference is used instead of the RPD. The 
RPD control limit for soil samples is 50 percent. 

SDG 21I0238: Two field duplicate sample pairs, PRDI-36-SC-0-15/PRDI-Dup-1-SC and 
PRDI-37-SC-0-15/PRDI-Dup-2-SC, were submitted with this SDG. The precision criteria for the target 
analytes were met for these sample pairs. 

Instrument Tuning 

Instrument tuning for analyses by gas chromatography/mass spectrometry (GC/MS) are completed to 
ensure that mass resolution, identification, and sensitivity of the analyses are acceptable. Instrument 
tuning should be performed at the beginning of each 12-hour period during which samples or standards 
are analyzed. The frequency and specified acceptance criteria were met for each applicable analysis. 

Internal Standards (Low Resolution Mass Spectrometry) 

Like the surrogate, an internal standard is a compound that is chemically similar to the analytes of 
interest, but unlikely to be found in an environmental sample. Internal standards are used only for the 
mass spectrometry instrumentation and are usually added to the sample aliquot after extraction has 
taken place. The internal standard should be analyzed at the beginning of a 12-hour sample run and the 
control limits for internal standard recoveries are 50 percent to 200 percent of the calibration standard. 
The internal standard recoveries were within the control limits, with the following exceptions: 

SDG 21I0209: (PAHs) The internal standard recoveries for chrysene-d12 and perylene-d12 were greater 
than the control limits in Sample PRDI-25-SS. The positive result for dibenzo(a,h)anthracene was qualified 
as estimated (J) in this sample. 

The internal standard recoveries perylene-d12 were greater than the control limits in Samples 
PRDI-26-SS and PRDI-29-SS. The positive results for dibenzo(a,h)anthracene and indeno(1,2,3-cd)pyrene 
were qualified as estimated (J) in these samples. 

Initial Calibrations (ICALs) 

The initial calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent relative standard deviation (%RSD) and relative 
response factors (RRF) values were within the control limits stated in the USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review (USEPA 2020). 

Continuing Calibrations (CCALs) 

The continuing calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent difference (%D) and relative response factors (RRF) 
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values were within the control limits in the USEPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA 2020). 

Miscellaneous 

SDG 21I0209: (PAHs) The laboratory reported two sets of results for Samples PRDI-15-SS, PRDI-16-SS, 
PRDI-18-SS, PRDI-22-SS, PRDI-24-SS, PRDI-25-SS, PRDI-26-SS, PRDI-29-SS, PRDI-31-SS, PRDI-37-SS, 
and PRDI-40-SS, initial results and reanalysis results, due to target analyte instrument calibration range 
exceedance. The following lists which analysis should be used, and which were labeled as do not report 
(DNR) and should not be used for any purpose. 

Samples PRDI-15-SS and PRDI-24-SS: The initial results for benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and the reanalysis results for 
benzo(k)fluoranthene and dibenzo(a,h)anthracene were labeled as DNR and should not be used for any 
purpose. 

Samples PRDI-16-SS, PRDI-26-SS, and PRDI-37-SS: The initial results for benzo(a)pyrene and the 
reanalysis results for benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were labeled as DNR and should not be used for 
any purpose. 

Samples PRDI-18-SS, PRDI-25-SS, PRDI-29-SS, and PRDI-31-SS: The initial results for 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and 
indeno(1,2,3-cd)pyrene and the reanalysis results for dibenzo(a,h)anthracene were labeled as DNR and 
should not be used for any purpose. 

Sample PRDI-22-SS: The initial results for the PAH target analytes were labeled as DNR and should not be 
used for any purpose. 

Sample PRDI-40-SS: The initial results for benzo(a)anthracene, benzo(a)pyrene, and chrysene and the 
reanalysis results for benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, and 
indeno(1,2,3-cd)pyrene were labeled as DNR and should not be used for any purpose. 

SDG 21I0238: (PAHs) The laboratory reported two sets of results for Samples PRDI-36-SC-0-15, 
PRDI-Dup-1-SC, PRDI-36-SC-15-30, PRDI-37-SC-0-15, PRDI-Dup-2-SC, PRDI-37-SC-15-30, 
PRDI-39-SC-0-15, PRDI-39-SC-15-30, and PRDI-40-SC-15-30, initial results and reanalysis results, due to 
target analyte instrument calibration range exceedance. The following lists which analysis should be 
used, and which were labeled as DNR and should not be used for any purpose. 

Samples PRDI-36-SC-0-15, PRDI-Dup-1-SC, PRDI-36-SC-15-30, and PRDI-39-SC-15-30: The initial results 
for the PAH target analytes were labeled as DNR and should not be used for any purpose. 

Samples PRDI-37-SC-0-15, PRDI-Dup-2-SC, and PRDI-40-SC-15-30: The initial results for 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and 
the reanalysis results for benzo(k)fluoranthene and dibenzo(a,h)anthracene were labeled as DNR and 
should not be used for any purpose. 

Samples PRDI-37-SC-15-30 and PRDI-39-SC-0-15: The initial results for benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene and 
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the reanalysis results for dibenzo(a,h)anthracene were labeled as DNR and should not be used for any 
purpose. 

SDG 21J0467: (PAHs) The laboratory reported two sets of results for Sample PRDI-13-SS, initial results 
and reanalysis results, due to target analyte instrument calibration range exceedance. The initial results 
for benzo(a)anthracene, benzo(a)pyrene, and chrysene and the reanalysis results for 
benzo(b)fluoranthene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were 
labeled as DNR and should not be used for any purpose. 

OVERALL ASSESSMENT 

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

The data are acceptable for the intended use, with the following qualifications listed below in Table 2. 

TABLE 2: SUMMARY OF QUALIFIED SAMPLES 

Sample ID Analyte Qualifier Reason 

PRDI-13-SS 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 

LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 

PRDI-14-SS 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 

LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 

PRDI-23-SS 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 

LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 

PRDI-25-SS Dibenzo(a,h)anthracene J Internal Standard Recovery 

PRDI-26-SS 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 

Internal Standard Recovery 
Internal Standard Recovery 

PRDI-29-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 

MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery/Internal Standard Recovery 
MS/MSD Recovery/Internal Standard Recovery 

PRDI-34-SS 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 

LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
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PRDI-37-SC-0-15 

Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 

MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery 
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Project: Puget Sound Energy – South State Street Preliminary Remedial Design Investigation 
September 2021, January 2022, February 2022, and April 2022 Groundwater 
Sampling Events 

GEI File No: 0186-890-03 

Date: July 29, 2022 

This report documents the results of a United States Environmental Protection Agency (USEPA)-defined 
Stage 2B data validation (USEPA Document 540-R-08-005; USEPA 2009) of analytical data from the 
analyses of groundwater samples collected as part of the September 2021, January 2022, February 
2022, and April 2022 groundwater sampling events, and the associated laboratory and field quality 
control (QC) samples. The samples were obtained from the South State Street Manufactured Gas Plant 
Site in Bellingham, Washington. 

Please note that this report was originally dated February 22, 2022. This report was revised on April 3, 
2022 to include the addition of SDGs 22B0103, 22B0129, and 22B0161. This report was revised again 
on July 20, 2022 to include the addition of SDG 22D0188. 

OBJECTIVE AND QUALITY CONTROL ELEMENTS 

GeoEngineers, Inc. (GeoEngineers) completed the data validation consistent with the USEPA Contract 
Laboratory Program National Functional Guidelines for Organic Superfund Methods Data Review (USEPA, 
2020a) and Inorganic Superfund Methods Data Review (USEPA, 2020b) (National Functional Guidelines) 
to determine if the laboratory analytical results meet the project objectives and are usable for their 
intended purpose. Data usability was assessed by determining if: 

■ The samples were analyzed using well-defined and acceptable methods that provide reporting 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. 

The data validation included review of the following QC elements: 

■ Data Package Completeness 

■ Chain-of-Custody Documentation 

■ Holding Times and Sample Preservation 

■ Surrogate Recoveries 

■ Method and Trip Blanks 

■ Matrix Spikes/Matrix Spike Duplicates 

■ Laboratory Control Samples/Laboratory Control Sample Duplicates 

■ Laboratory and Field Duplicates 
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■ Instrument Tuning 

■ Internal Standards 

■ Initial Calibrations (ICALs) 

■ Continuing Calibrations (CCALs) 

■ Miscellaneous 

VALIDATED SAMPLE DELIVERY GROUPS 

This data validation included review of the sample delivery groups (SDGs) listed below in Table 1. 

TABLE 1: SUMMARY OF VALIDATED SAMPLE DELIVERY GROUPS 

Laboratory SDG Samples Validated 

21I0294 
MW-24_092021, MW-28_092021, MW-42_092021, MW-54_092021, MW-55_092021, 
MW-60_092021, TB-1_092021, TB-2_092021 

21I0320 
MW-29_092121, MW-34_092121, MW-36_092121, MW-38_092121, MW-40_092121, 
MW-45_092121, MW-46_092121, MW-59_092121, MW-62_092121, Dup-1_092121, 
TB-3_092121, TB-4_092121, TB-5_092121 

21I0331 MW-53-092221, TB-6-092221 

22A0426 
GP-62-GW-011022, GP-64-GW-011022, GP-65-GW-011122, DUP-1-GW-011122, GP-66-
GW-011222, GP-67-GW-011222, GP-68-GW-011222, GP-69-GW-011222, GP-74-GW-
011322, GP-75-GW-011322, Trip Blank 

22B0103 
MW-40-020722, MW-53-020722, MW-54-020722, MW-55-020722, MW-59-020722, 
MW-61-020722, Dup-1-020722, TB-1-020722, TB-2-020722 

22B0129 
MW-29-020822, MW-34-020822, MW-36-020822, MW-42-020822, MW-46-020922, 
MW-62-020822, TB-3-020922, TB-4-020922 

22B0161 
MW-07-020922, MW-19-020922, MW-24-020922, MW-28-020922, MW-31-021022, 
MW-38-021022, MW-45-021022, MW-60-021022, TB-5-020922, TB-6-020922 

22D0188 
MW-07-040622, MW-19-040722, MW-24-040722, MW-28-040622, MW-31-040622, 
MW-38-040722, MW-45-040622, MW-60-040622 

CHEMICAL ANALYSIS PERFORMED 

Analytical Resources, Inc. (ARI), located in Tukwila, Washington, performed laboratory analyses on the 
samples using one or more of the following methods: 

■ Gasoline-range Hydrocarbons (NWTPH-Gx) by Method NWTPH-Gx; 

■ Petroleum Hydrocarbons (NWTPH-Dx) by Method NWTPH-Dx; 

■ Volatile Organic Compounds (VOCs) by Method SW8260D; 
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■ Total and Dissolved Metals by Method SW6020B; 

■ Nitrate, Nitrite, and Nitrate + Nitrite by Method EPA353.2; 

■ Sulfate by Method EPA375.2; 

■ Total Cyanide by Methods EPA9014 or SM4500-CNE-99; 

■ Cyanide, Weak Acid Dissociable by Method SM4500-CNI-97; and 

■ Total Organic Carbon (TOC) by Method SM5310B-00 

DATA VALIDATION SUMMARY 

The results for each of the QC elements are summarized below.  

Data Package Completeness 

ARI provided the required deliverables for the data validation according to the National Functional 
Guidelines. The laboratory followed adequate corrective action processes and the identified anomalies 
were discussed in the relevant laboratory case narrative. 

Chain-of-Custody Documentation 

Chain-of-custody (COC) forms were provided with the laboratory analytical reports. The COCs were 
accurate and complete when submitted to the laboratory, with the following exceptions: 

SDG 21I0320: The laboratory noted that Sample TB-3_092121 was listed as TB-6_092121 on the 
sample vial labels. The laboratory logged the sample as TB-3_092121, as written on the COC. 

SDG 22A0426: The laboratory noted that the trip blank sample was received, but not listed on the COC. 
The laboratory logged the sample for NWTPH-Gx and VOC analyses. 

SDG 22B0103: The laboratory noted that the sample vial label on one sample vial was smeared for 
Sample MW-55-020722. It was determined to be for this sample by matching the sample collection time 
on the label to the COC. 

Holding Times and Sample Preservation 

The sample holding time is defined as the time that elapses between sample collection and sample 
analysis. 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 each analysis, with the exceptions noted below. The 
sample coolers arrived at the laboratory within the appropriate temperatures of between 2 and 6 degrees 
Celsius, with the exception noted below. 

SDG 21I0294: (Nitrate, Nitrite, and Nitrate + Nitrite) The 48-hour holding time for nitrate and nitrite 
analyses was exceeded in Samples MW-24_092021, MW-28_092021, and MW-60_092021. The 
positive results and reporting limits for these target analytes were qualified as estimated (J and UJ, 
accordingly) in these samples. 

The 48-hour holding time for nitrate was exceeded in Sample MW-55_092021. The positive result for this 
target analyte was qualified as estimated (J) in this sample. 



Puget Sound Energy | July 29, 2022 Page 4 

 

 
   File No. 0186-890-03 

SDG 21I0331: One sample cooler temperature recorded at the laboratory was 0.8 degrees Celsius. It was 
determined through professional judgment that since the samples were not frozen, this temperature 
should not affect the sample analytical results. 

SDG 22A0426: (NWTPH-Dx) The 7-day holding time for NWTPH-Dx analysis was exceeded in Samples 
GP-62-GW-011022 and GP-64-GW-011022. The positive results and reporting limit for diesel- and lube 
oil-range hydrocarbons were qualified as estimated (J and UJ, accordingly) in these samples. 

SDG 22B0103: (Nitrate, Nitrite, and Nitrate + Nitrite) The 48-hour holding time for nitrate analysis was 
exceeded in Samples MW-40-020722, MW-53-020722, MW-54-020722, MW-55-020722, 
MW-59-020722, MW-61-020722, and Dup-1-020722. The positive results and reporting limit for these 
target analytes were qualified as estimated (J and UJ, accordingly) in these samples. 

SDG 22B0161: (Nitrate, Nitrite, and Nitrate + Nitrite) The 48-hour holding time for nitrate and nitrite 
analyses was exceeded in Sample MW-28-020922. The reporting limits for these target analytes were 
qualified as estimated (UJ) in this sample. 

The following preservation outliers were noted on the cooler receipt forms: 

SDG 21I0294: (VOCs) The laboratory noted that sample vials were received with bubbles for Sample 
MW-42_092021. Since a total of five sample vials were submitted for these samples, the samples were 
analyzed from the remaining vials, accordingly. 

SDG 22A0426: (VOCs) The laboratory noted that sample vials were received with bubbles for Sample 
GP-62-GW-011022. Since a total of three sample vials were submitted for these samples, the samples 
were analyzed from the remaining vials, accordingly. 

Surrogate Recoveries 

A surrogate compound is a compound that is chemically similar to the organic analytes of interest, but 
unlikely to be found in an environmental sample. Surrogates are used for organic analyses and are added 
to the samples, standards, and blanks to serve as an accuracy and specificity check of each analysis. The 
surrogates are added to the samples at a known concentration and percent recoveries (%R) are 
calculated following analysis. The surrogate recoveries for field samples were within the laboratory control 
limits, with the following exceptions: 

SDG 22A0426: (NWTPH-Dx) The %R values for surrogate o-Terphenyl were less than the control limits in 
Samples GP-69-GW-011222 and GP-74-GW-011322. The positive results for lube oil-range hydrocarbons 
were qualified as estimated (J) in these samples. 

Method, Trip, and Rinsate Blanks 

Method Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce 
measurable concentrations of the analytes of interest. A method blank was analyzed with each batch of 
samples, at a frequency of 1 per 20 samples. For each sample batch, method blanks were analyzed at 
the required frequency. None of the analytes of interest were detected in the method blanks, with the 
following exceptions: 
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SDG 22A0426: (VOCs) There was a positive result for naphthalene detected above the method detection 
limit, but below the reporting limit in the method blank extracted on 1/20/2022. The positive results for 
this target analyte were greater than 2X the concentration in the method blank in the associated field 
samples; therefore, no qualifications were required. 

(Total Cyanide) There was a positive result for total cyanide detected in the method blank digested on 
1/24/2022. The positive results for this target analyte were greater than 2X the concentration in the 
method blank in the associated field samples; therefore, no qualifications were required. 

SDG 22B0103: (Total Cyanide) There was a positive result for total cyanide detected in the method blank 
digested on 2/11/2022. The positive results for this target analyte were qualified as non-detected (U) in 
Samples MW-40-020722, MW-53-020722, MW-54-020722, MW-55-020722, MW-61-020722, and 
Dup-1-020722. 

SDG 22B0129: (Total Cyanide) There was a positive result for total cyanide detected in the method blank 
digested on 2/16/2022. The positive results for this target analyte were greater than 2X the 
concentration in the method blank in the associated field samples; therefore, no qualifications were 
required. 

Trip Blanks 

Trip blanks are analyzed to assess whether field sampling or sample transport processes may have 
introduced measurable concentrations of volatile analytes of interest into project samples. None of the 
analytes of interest were detected in the trip blanks. 

Matrix Spikes/Matrix Spike Duplicates 

Since 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 on one sample from the 
associated batch, known as the parent sample. One aliquot of the 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 duplicate (MSD) analyses are 
generally performed for organic analyses as a precision check and analyzed in the same sequence as a 
matrix spike. Using the results from the MS and MSD, the relative percent difference (RPD) is calculated. 
The %R control limits for MS and MSD analyses are specified in the laboratory documents, as are the RPD 
control limits for MS/MSD sample sets. 

One MS/MSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits, with the following exception: 

SDG 21I0294: (Dissolved Metals) The laboratory performed an MS/MSD sample set on Sample 
MW-28_092021. The %R for dissolved iron was less than the control limits in the MS digested on 
10/7/2021; however, the %R for this target analyte was within the control limits in the corresponding 
MSD. No action was required for this outlier. 

SDG 22B0103: (Total Metals) The laboratory performed an MS/MSD sample set on Sample 
MW-59-020722. The %R for total iron was less than the control limits in the MSD digested on 
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2/18/2022; however, the %R for this target analyte was within the control limits in the corresponding MS. 
No action was required for this outlier. 

SDG 22B0161: (Total Metals) The laboratory performed an MS/MSD sample set on Sample 
MW-28-020922. The %R for total iron was less than the control limits in the MS digested on 2/23/2022; 
however, the %R for this target analyte was within the control limits in the corresponding MSD. No action 
was required for this outlier. 

(Nitrate, Nitrite, and Nitrate + Nitrite) The laboratory performed an MS/MSD sample set on Sample MW-
24-020922. The %R values for nitrate + nitrite as N were less than the control limits in the MS/MSD 
digested on 2/21/2022. The reporting limit for this target analyte was qualified as estimated (UJ) in this 
sample. 

(Sulfate) The laboratory performed an MS/MSD sample set on Sample MW-28-020922. The %R values 
for sulfate were less than the control limits in the MS/MSD digested on 2/16/2022. The positive result 
for this target analyte was qualified as estimated (J) in this sample. 

(Cyanide, Weak Acid Dissociable) The laboratory performed an MS/MSD sample set on Sample 
MW-28-020922. The %R for cyanide, weak acid dissociable was less than the control limits in the MSD 
digested on 2/22/2022; however, the %R for this target analyte was within the control limits in the 
corresponding MS. No action was required for this outlier 

Laboratory Control Samples/Laboratory Control Sample Duplicates 

A laboratory control sample (LCS) is a blank sample that is spiked with a known amount of analyte and 
then analyzed. An LCS is similar to an MS, but without the possibility of matrix interference. Given that 
matrix interference is not an issue, control limits for accuracy and precision in the LCS and its duplicate 
(LCSD) are usually more rigorous than for MS/MSD analyses. Additionally, data qualification based on 
LCS/LCSD analyses would apply to each sample in the associated batch, instead of just the parent 
sample. The %R control limits for LCS and LCSD analyses are specified in the laboratory documents, as 
are the RPD control limits for LCS/LCSD sample sets.  

One LCS/LCSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits. 

Laboratory Duplicates 

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 less than five times the reporting limit for that sample, the 
absolute difference is used instead of the RPD. The RPD control limits are specified in the laboratory 
documents. Laboratory duplicates were analyzed at the proper frequency and the specified acceptance 
criteria were met, with the following exception: 

SDG 22B0129: (Cyanide, Weak Acid Dissociable) The laboratory performed a laboratory duplicate sample 
set on Sample MW-62-020822. The RPD for cyanide, weak acid dissociable was greater than the control 
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limit in the laboratory duplicate digested on 2/17/2022. The positive result for this target analyte was 
qualified as estimated (J) in this sample. 

Field Duplicates 

Field duplicates are similar to laboratory duplicates in that they are used to assess precision. Two 
samples (parent and duplicate) are created in the field by subsampling the homogenized sample and 
submitting them to the lab as separate samples. Duplicate samples were collected and analyzed for the 
same parameters as the associated parent samples. Precision is determined by calculating the RPD 
between each pair of samples. If one or more of the sample analytes has a concentration greater than 
five times the reporting limit for that sample, then the absolute difference is used instead of the RPD. The 
RPD control limit for water samples is 20 percent. 

SDG 21I0320: One field duplicate sample pair, MW-62_092121 and Dup-1_092121, was submitted with 
this SDG. The precision criteria for the target analytes were met for this sample pair, with the exception of 
sulfate. The positive results for this target analyte were qualified as estimated (J) in this sample pair. 

SDG 22A0426: One field duplicate sample pair, GP-65-GW-011122 and DUP-1-GW-011122, was submitted 
with this SDG. The precision criteria for the target analytes were met for this sample pair, with the 
exception of diesel- and lube oil-range hydrocarbons. The positive results for these target analytes were 
qualified as estimated (J) in this sample pair. 

SDG 22B0103: One field duplicate sample pair, MW-61-020722 and Dup-1-020722, was submitted with 
this SDG. The precision criteria for the target analytes were met for this sample pair, with the exception of 
total cyanide, nitrate, nitrate + nitrite as N, and dissolved selenium. The positive results for these target 
analytes were qualified as estimated (J) in this sample pair. 

Instrument Tuning 

Instrument tuning for analyses by gas chromatography/mass spectrometry (GC/MS) are completed to 
ensure that mass resolution, identification, and sensitivity of the analyses are acceptable. Instrument 
tuning should be performed at the beginning of each 12-hour period during which samples or standards 
are analyzed. The frequency and specified acceptance criteria were met for each applicable analysis. 

Internal Standards (Low Resolution Mass Spectrometry) 

Like the surrogate, an internal standard is a compound that is chemically similar to the analytes of 
interest, but unlikely to be found in an environmental sample. Internal standards are used only for the 
mass spectrometry instrumentation and are usually added to the sample aliquot after extraction has 
taken place. The internal standard should be analyzed at the beginning of a 12-hour sample run and the 
control limits for internal standard recoveries are 50 percent to 200 percent of the calibration standard. 
The internal standard recoveries were within the control limits. 

Initial Calibrations (ICALs) 

The initial calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent relative standard deviation (%RSD) and relative 
response factors (RRF) values were within the control limits stated in the USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review (USEPA 2020a, USEPA 2020b). 
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Continuing Calibrations (CCALs) 

The continuing calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent difference (%D) and relative response factors (RRF) 
values were within the control limits in the USEPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA 2020a, USEPA 2020b), with the following exceptions: 

SDG 21I0294: (VOCs) The %D for naphthalene was outside the control limits in the continuing calibration 
performed on 9/23/2021. The positive result for this target analyte was qualified as estimated (J) in 
Sample MW-24_092021. 

SDG 21I0320: (VOCs) The %D for naphthalene was outside the control limits in the continuing calibration 
performed on 9/28/2021. The positive results for this target analyte were qualified as estimated (J) in 
Samples MW-62_092121 and Dup-1_092121. 

SDG 22A0426: (NWTPH-Gx) The %D for gasoline-range hydrocarbons was outside the control limits in the 
continuing calibration performed on 9/28/2021. The positive result for this target analyte was qualified 
as estimated (J) in Sample GP-62-GW-011022. 

(VOCs) The %D for naphthalene was outside the control limits in the continuing calibration performed on 
9/28/2021. The positive results for this target analyte were qualified as estimated (J) in Samples 
GP-62_GW-011022, GP-65-GW-011122, GP-68-GW-011222, GP-74-GW-011322, GP-75-GW-011322, 
and DUP-1-GW-011122. 

Miscellaneous 

SDG 21I0294: (VOCs) The laboratory reported two sets of results for Sample MW-24_092021, initial 
results and reanalysis results, due to target analyte instrument calibration range exceedance. The initial 
result for naphthalene and the reanalysis result for benzene were labeled as “do not report” (DNR) and 
should not be used for any purpose. 

SDG 21I0320: (NWTPH-Dx) The laboratory reported two sets of results for Samples MW-62_092121 and 
Dup-1_092121, initial results and reanalysis results, due to target analyte instrument calibration range 
exceedance. The initial results for diesel-range hydrocarbons and the reanalysis results for lube oil-range 
hydrocarbons were labeled as DNR and should not be used for any purpose. 

SDG 22A0426: (NWTPH-Gx) The laboratory reported two sets of results for Samples GP-62-GW-011022, 
GP-74-GW-011322, and GP-75-GW-011322, initial results and reanalysis results, due to target analyte 
instrument calibration range exceedance. The initial results were labeled as DNR and should not be used 
for any purpose. 

(NWTPH-Dx) The laboratory reported two sets of results for Samples GP-69-GW-011222, 
GP-74-GW-011322, and GP-75-GW-011322, initial results and reanalysis results, due to target analyte 
instrument calibration range exceedance. The initial results for diesel-range hydrocarbons and the 
reanalysis results for lube oil-range hydrocarbons were labeled as DNR and should not be used for any 
purpose. 
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(VOCs) The laboratory reported two sets of results for Samples GP-62-GW-011022 and 
GP-68-GW-011222, initial results and reanalysis results, due to target analyte instrument calibration 
range exceedance. The initial result for naphthalene and the reanalysis result for benzene were labeled 
as DNR and should not be used for any purpose. 

The laboratory reported two sets of results for Samples GP-65-GW-011122, GP-74-GW-011322, 
GP-75-GW-011322, and DUP-1-GW-011122, initial results and reanalysis results, due to target analyte 
instrument calibration range exceedance. The initial results for benzene and naphthalene were labeled as 
DNR and should not be used for any purpose. 

SDG 22B0103: (NWTPH-Gx) The laboratory reported two sets of results for Samples MW-40-020722, 
MW-53-020722, MW-54-020722, MW-55-020722, MW-59-020722, MW-61-020722, and 
Dup-1-020722, initial results and reanalysis results, due to ICV and CCV frequency exceedance. The 
initial results were labeled as DNR and should not be used for any purpose. 

SDG 22B0161: (NWTPH-Gx) The laboratory reported two sets of results for Sample MW-31-021022, 
initial results and reanalysis results, due to target analyte instrument calibration range exceedance. The 
initial result was labeled as DNR and should not be used for any purpose. 

(VOCs) The laboratory reported two sets of results for Sample MW-31-021022, initial results and 
reanalysis results, due to target analyte instrument calibration range exceedance. The initial results for 
benzene and naphthalene were labeled as DNR and should not be used for any purpose. 

OVERALL ASSESSMENT 

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

The data are acceptable for the intended use, with the following qualifications listed below in Table 2. 

TABLE 2: SUMMARY OF QUALIFIED SAMPLES 

Sample ID Analyte Qualifier Reason 

GP-62-GW-
011022 

Diesel-range hydrocarbons 
Gasoline-range hydrocarbons 
Lube oil-range hydrocarbons 

Naphthalene 

J 
J 

UJ 
J 

Holding Time 
CCAL 

Holding Time 
CCAL 

GP-64-GW-
011022 

Diesel-range hydrocarbons 
Lube oil-range hydrocarbons 

J 
J 

Holding Time 
Holding Time 

GP-65-GW-
011122 

Diesel-range hydrocarbons 
Lube oil-range hydrocarbons 

Naphthalene 

J 
J 
J 

Field Duplicate Precision 
Field Duplicate Precision 

CCAL 

DUP-1-GW-
011122 

Diesel-range hydrocarbons 
Lube oil-range hydrocarbons 

Naphthalene 

J 
J 
J 

Field Duplicate Precision 
Field Duplicate Precision 

CCAL 
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GP-68-GW-
011222 

Naphthalene J CCAL 

GP-69-GW-
011222 

Lube oil-range hydrocarbons J Surrogate Recovery 

GP-74-GW-
011322 

Lube oil-range hydrocarbons 
Naphthalene 

J 
J 

Surrogate Recovery 
CCAL 

GP-75-GW-
011322 

Naphthalene J CCAL 

MW-24_092021 
Naphthalene 

Nitrate 
Nitrite 

J 
UJ 
J 

CCAL 
Holding Time 
Holding Time 

MW-24-020922 Nitrate + nitrite as N UJ MS/MSD Recovery 

MW-28_092021 
Nitrate 
Nitrite 

UJ 
UJ 

Holding Time 
Holding Time 

MW-28-020922 
Nitrate 
Nitrite 
Sulfate 

UJ 
UJ 
J 

Holding Time 
Holding Time 

MS/MSD Recovery 

MW-40-020722 
Total cyanide 

Nitrate 
U 
UJ 

Method Blank Contamination 
Holding Time 

MW-53-020722 
Total cyanide 

Nitrate 
U 
J 

Method Blank Contamination 
Holding Time 

MW-54-020722 
Total cyanide 

Nitrate 
U 
J 

Method Blank Contamination 
Holding Time 

MW-55_092021 Nitrate J Holding Time 

MW-55-020722 
Total cyanide 

Nitrate 
U 
J 

Method Blank Contamination 
Holding Time 

MW-59-020722 Nitrate J Holding Time 

MW-60_092021 
Nitrate 
Nitrite 

UJ 
UJ 

Holding Time 
Holding Time 

MW-61-020722 

Total cyanide 
Nitrate 

Nitrate + Nitrite as N 
Dissolved selenium 

UJ 
J 
J 
J 

Method Blank Contamination/Field Duplicate 
Precision 

Holding Time/Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 

Dup-1-020722 

Total cyanide 
Nitrate 

Nitrate + Nitrite as N 
Dissolved selenium 

UJ 
J 
J 
J 

Method Blank Contamination/Field Duplicate 
Precision 

Holding Time/Field Duplicate Precision 
Field Duplicate Precision 
Field Duplicate Precision 

MW-62_092121 
Naphthalene 

Sulfate 
J 
J 

CCAL 
Field Duplicate Precision 



Puget Sound Energy | July 29, 2022 Page 11 

 

 
   File No. 0186-890-03 

MW-62-020822 Cyanide, Weak Acid 
Dissociable 

J Laboratory Duplicate Precision 

Dup-1_092121 
Naphthalene 

Sulfate 
J 
J 

CCAL 
Field Duplicate Precision 
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Data Validation Report 
2101 4th Avenue Suite 950, Seattle, WA 98121, Telephone: 206.728.2674, Fax: 206.728.2732 www.geoengineers.com 

Project: Puget Sound Energy – South State Street Preliminary Remedial Design Investigation 
March and April 2022 Sampling Event  

GEI File No: 0186-890-03 

Date: August 12, 2022 

This report documents the results of a United States Environmental Protection Agency (USEPA)-defined 
Stage 2B data validation (USEPA Document 540-R-08-005; USEPA 2009) of analytical data from the 
analyses of sediment samples collected as part of the March and April 2022 sampling events, and the 
associated laboratory and field quality control (QC) samples. The samples were obtained from the South 
State Street Manufactured Gas Plant Site located in Bellingham, Washington. 

OBJECTIVE AND QUALITY CONTROL ELEMENTS 

GeoEngineers, Inc. (GeoEngineers) completed the data validation consistent with the USEPA Contract 
Laboratory Program National Functional Guidelines for Organic Superfund Methods Data Review (USEPA, 
2020) (National Functional Guidelines) to determine if the laboratory analytical results meet the project 
objectives and are usable for their intended purpose. Data usability was assessed by determining if: 

■ The samples were analyzed using well-defined and acceptable methods that provide reporting 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. 

The data validation included review of the following QC elements: 

■ Data Package Completeness 

■ Chain-of-Custody Documentation 

■ Holding Times and Sample Preservation 

■ Surrogate Recoveries 

■ Method Blanks 

■ Matrix Spikes/Matrix Spike Duplicates 

■ Laboratory Control Samples/Laboratory Control Sample Duplicates 

■ Field Duplicates 

■ Instrument Tuning 

■ Internal Standards 

■ Initial Calibrations (ICALs) 

■ Continuing Calibrations (CCALs) 

■ Miscellaneous 



Puget Sound Energy | August 12, 2022 Page 2 

 

 
   File No. 0186-890-03 

VALIDATED SAMPLE DELIVERY GROUPS 

This data validation included review of the sample delivery groups (SDGs) listed below in Table 1. 

TABLE 1: SUMMARY OF VALIDATED SAMPLE DELIVERY GROUPS 

Laboratory SDG Samples Validated 

22D0021 PRDI-42-SS, PRDI-45-SS, PRDI-46-SS, PRDI-DUP-01 

22D0310 PRDI-47-SS, PRDI-50-SS 

22D0397 PRDI-58-SS, PRDI-DUP-2-SS, PRDI-59-SS 

22E0022 PRDI-48-SS, PRDI-51-SS 

22E0279 PRDI-47-SS, PRDI-49-SS, PRDI-50-SS, PRDI-52-SS 

22F0067 PRDI-43-SS, PRDI-44-SS, PRDI-53-SS 

22F0336 PRDI-60-SS, PRDI-61-SS, PRDI-62-SS 

CHEMICAL ANALYSIS PERFORMED 

Analytical Resources, Inc. (ARI), located in Tukwila, Washington, performed laboratory analyses on the 
samples using the following method: 

■ Polycyclic Aromatic Hydrocarbons (PAHs) by Method SW8270E-SIM 

DATA VALIDATION SUMMARY 

The results for each of the QC elements are summarized below.  

Data Package Completeness 

ARI provided the required deliverables for the data validation according to the National Functional 
Guidelines. The laboratory followed adequate corrective action processes and the identified anomalies 
were discussed in the relevant laboratory case narrative. 

Chain-of-Custody Documentation 

Chain-of-custody (COC) forms were provided with the laboratory analytical reports. The COCs were 
accurate and complete when submitted to the laboratory. 
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Holding Times and Sample Preservation 

The sample holding time is defined as the time that elapses between sample collection and sample 
analysis. 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 each analysis. The sample coolers arrived at the 
laboratory within the appropriate temperatures of between 2 and 6 degrees Celsius, with the exception 
noted below. 

SDG 22D0397: One sample cooler temperature recorded at the laboratory was 14.3 degrees Celsius. 
This cooler was sent to the laboratory without sufficient ice. The positive results for the PAH target 
analytes were qualified as estimated (J) in Samples PRDI-58-SS, PRDI-59-SS, and PRDI-DUP-2-SS. 

Surrogate Recoveries 

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

Method Blanks 

Method blanks are analyzed to ensure that laboratory procedures and reagents do not introduce 
measurable concentrations of the analytes of interest. A method blank was analyzed with each batch of 
samples, at a frequency of 1 per 20 samples. For each sample batch, method blanks were analyzed at 
the required frequency. None of the analytes of interest were detected in the method blanks, with the 
following exceptions: 

SDG 22D0021: (PAHs) There was a positive result for benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, and indeno(1,2,3-cd)pyrene detected above the method detection limit, 
but below the reporting limit in method blank extracted on 4/12/2022. The positive results for these 
target analytes were greater than 5X the concentration in the method blank in the associated field 
samples; therefore, no qualifications were required. 

SDG 22D0310: (PAHs) There was a positive result for benzo(a)pyrene detected above the method 
detection limit, but below the reporting limit in method blank extracted on 4/22/2022. The positive 
results for this target analyte were greater than 5X the concentration in the method blank in the 
associated field samples; therefore, no qualifications were required. 

SDG 22E0279: (PAHs) There was a positive result for dibenzo(a,h)anthracene detected above the method 
detection limit, but below the reporting limit in method blank extracted on 5/20/2022. The positive 
results for this target analyte were greater than 5X the concentration in the method blank in the 
associated field samples; therefore, no qualifications were required. 

Matrix Spikes/Matrix Spike Duplicates 

Since 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 on one sample from the 
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associated batch, known as the parent sample. One aliquot of the 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 duplicate (MSD) analyses are 
generally performed for organic analyses as a precision check and analyzed in the same sequence as a 
matrix spike. Using the results from the MS and MSD, the relative percent difference (RPD) is calculated. 
The %R control limits for MS and MSD analyses are specified in the laboratory documents, as are the RPD 
control limits for MS/MSD sample sets. 

One MS/MSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits, with the following exceptions: 

SDG 22D0021: (PAHs) The laboratory performed an MS/MSD sample set on Sample PRDI-42-SS. The %R 
and RPD values for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were greater than the control limits in the 
MS/MSD extracted on 4/12/2022. The positive results for these target analytes were qualified as 
estimated (J) in Sample PRDI-42-SS. 

SDG 22D0310: (PAHs) The laboratory performed an MS/MSD sample set on Sample PRDI-47-SS. The %R 
values for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, and 
indeno(1,2,3-cd)pyrene were greater than the control limits in the MS/MSD extracted on 4/22/2022. The 
positive results for these target analytes were qualified as estimated (J) in Sample PRDI-47-SS. 

Additionally, in the same MS/MSD sample set, the %R values for benzo(k)fluoranthene and 
dibenzo(a,h)anthracene were greater than the control limits in the MSD; however, the %R values for these 
target analytes were within the control limits in the corresponding MS. No action was required for these 
outliers. 

SDG 22D0397: (PAHs) The laboratory performed an MS/MSD sample set on Sample PRDI-58-SS. The 
RPD values for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
chrysene, and indeno(1,2,3-cd)pyrene were greater than the control limits in the MS/MSD extracted on 
5/4/2022. The positive results for these target analytes were qualified as estimated (J) in Sample 
PRDI-58-SS. 

Additionally, in the same MS/MSD sample set, the %R values for benzo(a)anthracene, benzo(a)pyrene, 
and chrysene were greater than the control limits in the MS; however, the %R values for these target 
analytes were within the control limits in the corresponding MSD. No action was required for these 
outliers. 

SDG 22F0067: (PAHs) The laboratory performed an MS/MSD sample set on Sample PRDI-43-SS. The 
RPD values for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were greater than the control limits in the 
MS/MSD extracted on 6/8/2022. The positive results for these target analytes were qualified as 
estimated (J) in Sample PRDI-43-SS. 

Additionally, in the same MS/MSD sample set, the %R values for benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and 
indeno(1,2,3-cd)pyrene were greater than the control limits in the MS; however, the %R values for these 
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target analytes were within the control limits in the corresponding MSD. No action was required for these 
outliers. 

Laboratory Control Samples/Laboratory Control Sample Duplicates 

A laboratory control sample (LCS) is a blank sample that is spiked with a known amount of analyte and 
then analyzed. An LCS is similar to an MS, but without the possibility of matrix interference. Given that 
matrix interference is not an issue, control limits for accuracy and precision in the LCS and its duplicate 
(LCSD) are usually more rigorous than for MS/MSD analyses. Additionally, data qualification based on 
LCS/LCSD analyses would apply to each sample in the associated batch, instead of just the parent 
sample. The %R control limits for LCS and LCSD analyses are specified in the laboratory documents, as 
are the RPD control limits for LCS/LCSD sample sets.  

One LCS/LCSD analysis should be performed for every analytical batch or every 20 field samples, 
whichever is more frequent. The frequency requirements were met for each analysis and the %R and RPD 
values were within the proper control limits, with the following exceptions: 

SDG 22D0021: (PAHs) The %R values for benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene were greater than 
the control limits in the LCS extracted on 4/12/2022. The positive results for these target analytes were 
qualified as estimated (J) in Samples PRDI-42-SS, PRDI-45-SS, PRDI-46-SS, and PRDI-DUP-01. 

Field Duplicates 

Field duplicates are similar to laboratory duplicates in that they are used to assess precision. Two 
samples (parent and duplicate) are created in the field by subsampling the homogenized sample and 
submitting them to the lab as separate samples. Duplicate samples were collected and analyzed for the 
same parameters as the associated parent samples. Precision is determined by calculating the RPD 
between each pair of samples. If one or more of the sample analytes has a concentration less than five 
times the reporting limit for that sample, then the absolute difference is used instead of the RPD. The 
RPD control limit for sediment samples is 50 percent. 

SDG 22D0397: One field duplicate sample pair, PRDI-58-SS and PRDI-DUP-2-SS, were submitted with 
this SDG. The precision criteria for the target analytes were met for these sample pairs, with the exception 
of benzo(a)pyrene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene. The positive results for these 
target analytes were qualified as estimated (J) in this sample pair. 

SDG 22D0021: One field duplicate sample, PRDI-DUP-01, was submitted with this SDG. However, the 
parent sample, PRDI-55-SS, was archived and not submitted for chemical analysis. 

Instrument Tuning 

Instrument tuning for analyses by gas chromatography/mass spectrometry (GC/MS) are completed to 
ensure that mass resolution, identification, and sensitivity of the analyses are acceptable. Instrument 
tuning should be performed at the beginning of each 12-hour period during which samples or standards 
are analyzed. The frequency and specified acceptance criteria were met for each applicable analysis. 
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Internal Standards (Low Resolution Mass Spectrometry) 

Like the surrogate, an internal standard is a compound that is chemically similar to the analytes of 
interest, but unlikely to be found in an environmental sample. Internal standards are used only for the 
mass spectrometry instrumentation and are usually added to the sample aliquot after extraction has 
taken place. The internal standard should be analyzed at the beginning of a 12-hour sample run and the 
control limits for internal standard recoveries are 50 percent to 200 percent of the calibration standard. 
The internal standard recoveries were within the control limits. 

Initial Calibrations (ICALs) 

The initial calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent relative standard deviation (%RSD) and relative 
response factors (RRF) values were within the control limits stated in the USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review (USEPA 2020). 

Continuing Calibrations (CCALs) 

The continuing calibrations were conducted according to the laboratory methods and consisted of the 
appropriate number of standards. For inorganic analyses, the %R values were within the control limits of 
90% and 110%. For organic analyses, the percent difference (%D) and relative response factors (RRF) 
values were within the control limits in the USEPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review (USEPA 2020). 

Miscellaneous 

SDG 22F0067: (PAHs) The laboratory reported two sets of results for Sample PRDI-43-SS, initial results 
and reanalysis results, due to target analyte instrument calibration range exceedance. The initial results 
for benzo(a)anthracene, benzo(a)pyrene, and chrysene and the reanalysis results for all other PAH target 
analytes were labeled as DNR and should not be used for any purpose. 

OVERALL ASSESSMENT 

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

The data are acceptable for the intended use, with the following qualifications listed below in Table 2. 
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TABLE 2: SUMMARY OF QUALIFIED SAMPLES 

Sample ID Analyte Qualifier Reason 

PRDI-42-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

MS/MSD Recovery and Precision/LCS Recovery 
MS/MSD Recovery and Precision/LCS Recovery 
MS/MSD Recovery and Precision/LCS Recovery 
MS/MSD Recovery and Precision/LCS Recovery 
MS/MSD Recovery and Precision/LCS Recovery 
MS/MSD Recovery and Precision/LCS Recovery 
MS/MSD Recovery and Precision/LCS Recovery 

PRDI-43-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

MS/MSD Precision 
MS/MSD Precision 
MS/MSD Precision 
MS/MSD Precision 
MS/MSD Precision 
MS/MSD Precision 
MS/MSD Precision 

PRDI-45-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 

PRDI-46-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 

PRDI-47-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Chrysene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 

MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery 
MS/MSD Recovery 
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PRDI-58-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

Sample Preservation/MS/MSD Precision 
Sample Preservation/MS/MSD Precision/Field 
Duplicate Precision 
Sample Preservation/MS/MSD Precision/Field 
Duplicate Precision 
Sample Preservation/MS/MSD Precision 
Sample Preservation/MS/MSD Precision 
Sample Preservation 
Sample Preservation/MS/MSD Precision/Field 
Duplicate Precision 

PRDI-DUP-2-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

Sample Preservation 
Sample Preservation/Field Duplicate Precision 
Sample Preservation/Field Duplicate Precision 
Sample Preservation 
Sample Preservation 
Sample Preservation 
Sample Preservation/Field Duplicate Precision 

PRDI-59-SS 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

Sample Preservation 
Sample Preservation 
Sample Preservation 
Sample Preservation 
Sample Preservation 
Sample Preservation 
Sample Preservation 

PRDI-DUP-01 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Indeno(1,2,3-cd)pyrene 

J 
J 
J 
J 
J 
J 
J 

LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
LCS Recovery 
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TO: Neil Morton, GeoEngineers, Inc. 

FROM: Clint Jacob, PE, LG 

DATE: September 27, 2022 

RE: Evaluation of Pre-Remedial Design Investigation Data Related to  
Permeable Reactive Barrier Treatment 
Former South State Street Manufactured Gas Plant Site 
Bellingham, Washington 
Project No. 0611004.020 

Introduction 
This technical memorandum evaluates data collected during the Pre-Remedial Design Investigation 
(PRDI), completed by GeoEngineers, Inc. (GeoEngineers) in 2021 and 2022, at the former South State 
Street Manufactured Gas Plant (MGP) in Bellingham, Washington (Site). PRDI data are being used to 
evaluate technical feasibility of a permeable reactive barrier (PRB) to treat groundwater contaminants 
migrating from the uplands portion of the Site to the marine portion of the Site. This memorandum 
also discusses the target treatment area and contaminants, aquifer redox conditions, remedial 
approach, conceptual design of a PRB, and additional design data needs to be resolved through 
groundwater flux testing, bench testing, and possible pilot testing. Design testing is described in a 
separate work plan (Landau 2022). This memorandum is included as an appendix to the PRDI report 
(GeoEngineers 2022) and, therefore, only briefly summarizes and discusses data which are presented 
comprehensively in that report. The information covered in this memorandum assumes that the 
reader is familiar with the content and conclusions of the PRDI report. 

Target Treatment Zone and Contaminants 
As will be further discussed in this memorandum, the target treatment zone consists of the shallow 
groundwater zone present on top of the bedrock on the east side of the pedestrian path, east of the 
BNSF railroad tracks to the nearest possible point of discharge at the “pocket beach” (Figure 1), where 
groundwater discharges to marine surface water. Groundwater from the upland portion of the Site 
carries contaminants from the vicinity of the former gas holders, through the soil and steep, 
weathered bedrock, and into groundwater within fill material beneath the pedestrian path and the 
railroad tracks. The shallow groundwater zone begins at the top of the bedrock outcrop on the east 
side of the pedestrian path and extends approximately northwest beneath the path, adjacent 
vegetated slope, and railroad grade toward the pocket beach. 

Stratigraphy and groundwater conditions near the path are defined by three monitoring wells 
(MW-28, MW-29, and MW-62) and by nine PRDI borings (GP-58 through GP-64, GP-74, GP-75), as 
shown on Figure 1. As shown on cross-section C-C’, which is oriented through these wells and borings 
(Figure 2), approximately 16 feet (ft) of fill overlies bedrock at the three monitoring wells. Fill consists 
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of relatively conductive sand and gravel (GP, SP) ranging to sand with silt (SP-SM).1 Observed depth to 
groundwater in monitoring wells MW-28, MW-29, and MW-62 during the dry season (September 
2021) and wet season (February 2022) ranged from 8 to 12 ft below ground surface (bgs). As shown 
on Figure 2, the depth to bedrock decreases abruptly to the north. North of GP-58, the depth to 
bedrock decreases substantially to approximately 3 ft bgs, and groundwater was not observed at 
borings GP-70 through GP-73 during the PRDI. Monitoring well MW-58 that was installed in 2016 is 
located between GP-71 and GP-72 and extends approximately 10 ft into bedrock. Water has 
periodically been detected in MW-58. However, when the water has been purged from MW-58 prior 
to sampling the well, the well has remained dry indicating that the bedrock is not a groundwater 
bearing unit. Monitoring well MW-58 likely acts as a sump and accumulates minor perched water over 
a long period of time.  

Benzene, naphthalene, total petroleum hydrocarbons gasoline- and diesel-range (TPH-G and TPH-Dx, 
respectively; collectively TPH), and cyanide (CN) are groundwater contaminants targeted for 
treatment over the southern portion of the cross section C-C’ transect (Figure 2); these contaminants 
were detected above cleanup levels (CULs) or screening levels (SLs) at monitoring wells MW-28, MW-
29, and MW-62. PRDI results are shown for benzene and naphthalene on Figure 3, for TPH-G and TPH-
Dx on Figure 4, and for CN on Figure 5. The data for TPH, benzene, and naphthalene show a similar 
distribution, with the highest concentrations occurring at the north end of this segment (MW-28), 
while the highest concentrations of CN occur at the south end (MW-29), as summarized below: 

• Benzene was detected at more than 1,000 times the CUL at MW-28, in the range of 10 to 
1,000 times the CUL at MW-62, and less than 10 times the CUL (wet season) and below the 
CUL (dry season) at southern well MW-29.  

• Naphthalene concentrations were highest (less than 100 times the CUL) at MW-28 to the 
north, lower at MW-62, and below the CUL at MW-29 to the south.  

• TPH-G exceeded SLs by less than 100 times at both MW-28 and MW-62 but was below the SL 
at southern well MW-29. TPH-Dx was detected at all three wells at less than 10 times the SL. 

• CN was detected above the CUL at all three wells, with the highest concentrations occurring to 
the south. CN concentrations at south well MW-29 were in the range of 10 to 100 times the 
CUL but decreased to less than 10 times the CUL at north well MW-28. 

Moving west from the pedestrian path to the pocket beach, detections of TPH are collocated together 
in a localized area at the north end of the beach. TPH were below SLs at all monitoring wells west of 
the railroad tracks, near the pocket beach, and at most PRDI porewater sample locations at the pocket 
beach. However, SLs for TPH were exceeded in one or more porewater samples near the north end of 
the pocket beach. At porewater location PRDI-2 sampled in June 2021, benzene was detected at more 
than 1,000 times the CUL, and naphthalene was detected between 10 and 100 times the CUL. In 
December 2021, the PRDI-2 location was resampled (PRDI-2A) and other nearby step out locations 

 
1 Contains 5 to 30 percent silt. 
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(PRDI-2B through PRDI-2E) were also sampled. Benzene detections less than 10 times the CUL 
occurred at nearby porewater locations PRDI-2A and PRDI-2C. TPH-G was also detected at PRDI-2 
between 10 and 100 times the CUL. TPH-Dx results at less than 10 times the CUL were detected at 
PRDI-2 and PRDI-2A. 

CN exceeded the CUL at just one of the pocket beach porewater sample locations (PRDI-4). CN at 
porewater sample location PRDI-4 was less than 10 times the CUL. Similarly, CN was detected at the 
three monitoring wells, located west of the railroad tracks and near the head of the beach (MW-34, 
MW-46, and MW-61), at less than 10 times the CUL. Well MW-46, where the CUL was exceeded in 
both the dry and wet season, is in line with the estimated groundwater flow path between the highest 
CN detections east of the railroad tracks (MW-29 and MW-62) and the beach porewater exceedance 
at PRDI-4. 

Aquifer Redox Conditions 
PRDI total organic carbon (TOC) and aquifer redox data collected in the targeted treatment area 
(MW-28, MW-29, and MW-62) indicate anaerobic conditions. PRDI groundwater data for these three 
wells are presented in Table 1. TOC ranges from 5 to 12 milligrams per liter (mg/L) at the middle 
(MW-62) and south wells (MW-29) and is higher (between 17 and 19 mg/L) at the northern well 
(MW-28) where TPH concentrations are the highest. TOC of between 5 and 10 mg/L generally 
presents enough oxygen demand to result in anaerobic conditions. Anaerobic conditions were further 
indicated by the sampling results for the natural electron acceptors nitrate, iron, and sulfate, which 
are utilized by anaerobic bacteria for TPH biodegradation, as follows: 

• Nitrate, the first natural electron acceptor to be consumed following depletion of oxygen, was 
low to not detected; three detections out of seven samples ranged from 0.05 to 1.5 mg/L.  

• Maximum concentrations of dissolved (ferrous) iron, which is generated under anaerobic 
conditions, ranged from 0.5 to 18 mg/L at the three wells.  

• The distribution of sulfate at the three wells is consistent with sulfate utilization by anerobic 
bacteria for TPH biodegradation. The lowest sulfate (between 5 and 10 mg/L) was measured 
at well MW-28 where the highest concentrations of TPH occur. Sulfate concentrations at the 
wells with lower TPH concentrations (MW-29 and MW-62) was much higher, ranging from 73 
to 203 mg/L.  

Sulfate in groundwater at the Site is the result of tidal-influenced intrusion of seawater. 
Seawater contains approximately 2,600 mg/L of sulfate. At other monitoring wells nearer to 
the pocket beach and where TPH concentrations were below CULs (i.e., MW-34 and MW-46), 
sulfate is much higher with maxima ranging from to 1,420 to 1,750 mg/L (see PRDI Table 4); 
these higher sulfate concentrations result from both low TPH concentrations and more 
intrusion of seawater occurring closer to the beach. This intrusion of seawater provides 
sulfate for natural attenuation of TPH through anaerobic biodegradation. The spatial 
distribution of sulfate indicated by the PRDI data indicates that natural attenuation occurs all 
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along the flow path from the impacted monitoring wells east of the railroad tracks to the 
pocket beach.  

• It is notable, that nitrate was higher and ferrous iron was lower in the wet season (February) 
samples, consistent with an influx of aerobic water from infiltration of precipitation.  

The anaerobic conditions indicated by PRDI data likely result from both the natural depositional 
environment and the presence of TPH contamination. Marine shoreline aquifer conditions are often 
naturally anaerobic due to naturally occurring organic carbon. The presence of TPH contamination 
also results in anaerobic conditions. The sulfate-reducing condition observed at the TPH-impacted 
wells is likely the result of this contamination, while less reducing (nitrate- to iron-reducing 
conditions) at wells with lower concentrations of TPH may represent the natural environment.  

Remedial Approach 
The recommended remedial approach is construction of a PRB to treat TPH and CN. A PRB consists of 
a trench oriented perpendicular to groundwater flow. The PRB is backfilled with reactive media that 
treats contaminated groundwater as it flows through the trench. The PRB will be located east of the 
railroad tracks and pedestrian footpath, at the base of the bedrock outcrop, to intercept and treat 
contaminated groundwater flowing from the upland area in advance of its discharge at the pocket 
beach.  

PRB Conceptual Design 
The PRB will be approximately 160 ft long and extend from GP-70 to a location south of MW-29.2 The 
anticipated length and location of the PRB is presented on Figure 6. The PRB will be located 
hydraulically upgradient (east) of monitoring wells MW-28, MW-29, and MW-62, which will be used to 
monitor the treatment effects of the PRB. 

The PRB will extend from above the seasonal high water table to bedrock. As shown on cross-section 
C-C’ (Figure 2), the highest groundwater level observed during the PRDI was approximately 8 ft bgs 
(elevation 12 ft) and the bedrock was encountered at elevation 4 or 5 ft (approximately 16 ft bgs). It is 
anticipated that the PRB will be constructed from 6 to 16 ft bgs (between elevations 4 to 14 ft), as 
shown in profile on Figure 7. It is anticipated that the PRB will be constructed using standard 
excavator and trench box methods commonly used to install subsurface utilities. 

Trench backfill will consist of mixed sand, gypsum, and granular zero-valent iron (ZVI). Sand is 
required to maintain the hydraulic conductivity of the PRB and to prevent excessive settling of backfill 
as the gypsum dissolves over time. Gypsum (CaSO4) will provide a slow release of sulfate, as the 
electron acceptor, to enhance biodegradation of TPH. ZVI is known to immobilize CN through 

 
2 The southern end of the PRB will be as near as is convenient to the railroad signal controls located approximately 35 ft 

south of well MW-29. 
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adsorption and through precipitation of insoluble iron-cyanides (commonly known as Turnbull’s Blue 
and Prussian Blue; Adams 1992, Dzombak et al. 2005, Ghosh et al. 1999). Likely percentages of PRB 
materials are 55 percent sand, 30 percent gypsum, and 15 percent ZVI. 

Over time, the gypsum or ZVI may become depleted, and the barrier would need to be refreshed if 
continued treatment is needed to achieve and maintain CULs. ZVI may last approximately 10 to 
20 years, while the longevity of gypsum may be between 3 and 5 years. It is anticipated that the 
gypsum and ZVI components of the PRB could be refreshed through injection of gypsum and ZVI 
slurries along the PRB alignment using direct-push drilling, avoiding replacement of the PRB backfill. 
The sand matrix of the PRB will allow for effective injection and distribution of the injected slurries. 

Design Testing Data Needs 
Aquifer flux testing and bench testing are recommended to collect design-level data and evaluate 
treatment effectiveness. A field pilot test may also be performed if the cleanup schedule allows and 
additional proof of concept is desired. The design testing elements are summarized below and 
described in further detail in the design test work plan (PRDI Appendix G; Landau 2022). 

• Aquifer flux testing: It is anticipated that aquifer flux testing would allow estimation of  
groundwater and contaminant flux through the PRB. Wet season measurement will represent 
maximum flux used to design PRB thickness for adequate residence time to treat groundwater 
contaminants. Dry season measurements will be combined with wet season results to 
calculate average flux, which will be used to estimate the longevity of the gypsum and ZVI 
components of the PRB. 

• Bench testing: It is anticipated that bench testing would primarily answer design questions 
related to optimal percent ZVI and gypsum and gypsum size to be used in PRB backfill to 
achieve the desired treatment and longevity. The ZVI particle size will be based on literature 
values and consultation with vendors 

• Field pilot testing (optional): A field pilot test may be performed if the cleanup schedule 
allows and additional proof of concept is desired. It is anticipated that pilot testing would 
consist of two short PRB segments (e.g., 30 ft) located upgradient of the maximum TPH 
concentrations in groundwater at MW-28 and the maximum CN concentrations in 
groundwater at MW-29. Pilot test groundwater monitoring performed at these two wells 
would be used to evaluate treatment effectiveness. One to 2 years of pilot testing monitoring 
would likely be required to evaluate treatment effects over wet and dry seasons. 
Furthermore, although the PRB is expected to immediately treat contaminant flux passing 
through it, a period of flushing and treatment will be required in the zone between the PRB 
and downgradient monitoring wells before the treatment effects will be fully observed at the 
monitoring wells.  

Use of This Technical Memorandum 
This technical memorandum has been prepared for the exclusive use of GeoEngineers and Puget 
Sound Energy (PSE) for specific application to the South State Street MGP Site project. No other party 
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is entitled to rely on the information, conclusions, and recommendations included in this document 
without the express written consent of Landau. Further, the reuse of information, conclusions, and 
recommendations provided herein for extensions of the project or for any other project, without 
review and authorization by Landau, shall be at the user’s sole risk. Landau warrants that within the 
limitations of scope, schedule, and budget, our services have been provided in a manner consistent 
with that level of care and skill ordinarily exercised by members of the profession currently practicing 
in the same locality under similar conditions as this project. We make no other warranty, either 
express or implied. 

This document has been prepared under the supervision and direction of the following key staff. 

LANDAU ASSOCIATES, INC. 
 
 
 
 
Clint Jacob, PE, LG 
Principal 
 
CLJ/JAF/ljl 
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Figure 1 

Notes:
1. The locations of all features shown are approximate. 
2. Mean High Tide defines the boundary between
 the Upland Unit and Marine Unit.
3. This drawing is for information purposes. It is intended 
to assist in showing features discussed in an attached 
document. GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files. The master file 
is stored by GeoEngineers, Inc. and will serve as the 
official record of this communication.
Data Source:  Base upland survey from Larry Steel 
Associates, 2022. Base bathymetric survey from David
Evands and Assocates, 2021. Aerial from Bing.

Projection: NAD83 WA State Plane, N Zone, US Foot
Vertical Datum: NAVD88
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Figure 3

Notes:
1. The locations of all features shown are approximate. 
2. Mean High Tide defines the boundary between
 the Upland Unit and Marine Unit.
3. This drawing is for information purposes. It is intended 
to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the
accuracy and content of electronic files. The master file 
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
Data Source:  Base upland survey from Larry Steel
Associates, 2022. Base bathymetric survey from David
Evands and Assocates, 2021. Aerial from Bing.

Projection: NAD83 WA State Plane, N Zone, US Foot
Vertical Datum: NAVD88
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Figure 4

Notes:
1. The locations of all features shown are approximate. 
2. Mean High Tide defines the boundary between
 the Upland Unit and Marine Unit.
3. This drawing is for information purposes. It is intended 
to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the
accuracy and content of electronic files. The master file 
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
Data Source:  Base upland survey from Larry Steel
Associates, 2022. Base bathymetric survey from David
Evands and Assocates, 2021. Aerial from Bing.

Projection: NAD83 WA State Plane, N Zone, US Foot
Vertical Datum: NAVD88
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Figure 5

Notes:
1. The locations of all features shown are approximate. 
2. Mean High Tide defines the boundary between
 the Upland Unit and Marine Unit.
3. This drawing is for information purposes. It is intended 
to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the
accuracy and content of electronic files. The master file 
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
Data Source:  Base upland survey from Larry Steel
Associates, 2022. Base bathymetric survey from David
Evands and Assocates, 2021. Aerial from Bing.

Projection: NAD83 WA State Plane, N Zone, US Foot
Vertical Datum: NAVD88
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Notes:
1. The locations of all features shown are approximate. 
2. Mean High Tide defines the boundary between
 the Upland Unit and Marine Unit.
3. This drawing is for information purposes. It is intended 
to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the
accuracy and content of electronic files. The master file 
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
Data Source:  Base upland survey from Larry Steel
Associates, 2022. Base bathymetric survey from David
Evands and Assocates, 2021. Aerial from Bing.

Projection: NAD83 WA State Plane, N Zone, US Foot
Vertical Datum: NAVD88
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TABLE 1

PSE - South State Street, September 2021, January 2022, and February 2022 Groundwater Data (DRAFT)
(Validated)   (check against GeoEngineers final)

MGP-MW-28 MGP-MW-28 MGP-MW-29 MGP-MW-29 MGP-MW-62 MGP-MW-62 MGP-MW-62
MW-28_092021 MW-28-020922 MW-29_092121 MW-29-020822 MW-62_092121 DUP-1_092121 MW-62-020822

9/20/2021 2/9/2022 9/21/2021 2/8/2022 9/21/2021 9/21/2021 2/8/2022

Method Analyte
Project 
CULs Units

Total Organic Carbon NE mg/L 18.97 16.8 7.17 10.5 12.24 11.83 5.40 
Nitrate NE mg/L 2.00 UJ 0.0200 UJ 0.0493 1.54 0.200 U 0.200 U 0.729 
Nitrate-Nitrite NE mg/L 1.00 U 0.010 U 0.049 1.56 0.100 U 0.100 U 0.729 
Nitrite NE mg/L 1.00 UJ 0.010 UJ 0.010 U 0.025 0.100 U 0.100 U 0.010 U
Sulfate NE mg/L 5.40 10.6 J 95.5 72.6 88.9 J 203 J 172 
Cyanide 0.005 mg/L 0.155 0.106 1.14 0.955 0.280 0.274 0.270 
Cyanide (Weak & Dissociable) 0.005 mg/L 0.033 0.016 0.073 0.091 0.048 0.048 0.058 J

NWTPH-GX Gasoline-range hydrocarbons NE µg/L 22600 32500 100 U 484 27800 27000 2850 
Diesel-range hydrocarbons NE mg/L 2.84 -- 0.521 2.53 5.11 5.75 1.06 
Lube oil-range hydrocarbons NE mg/L 0.200 U -- 0.229 0.724 0.231 0.273 0.200 U
Total TPH NE mg/L 2.84 -- 0.750 3.254 5.341 6.023 1.06 
Iron (Total) NE µg/L 17100 21100 1700 975 4050 4210 260 
Iron (Dissolved) NE µg/L 17300 18200 440 455 2990 3000 285 
Lead (Dissolved) NE µg/L 0.100 U 0.500 U 0.100 U 0.500 U 0.100 U 0.100 U 0.500 U
Selenium (Dissolved) 71 µg/L 0.307 J 0.995 J 0.560 0.995 J 0.500 U 0.222 J 2.50 U
Benzene 1.6 µg/L 4890 3720 1.48 9.78 926 876 58.0 
Naphthalene 83 µg/L 4170 3550 0.48 J 48.6 6920 J 6650 J 780 

Notes:
CUL = cleanup level NWTPH-GX = Northwest total petroleum hydrocarbon gasoline-range extended

ID = identification VOC = volatile organic compound

mg/L = milligrams per liter TPH = total petroleum hydrocarbon

µg/L = micrograms per liter U = The analyte was not detected at a concentration greater than the value identified. 

NE = not established J = The analyte was detected and the detected concentration is considered an estimate.

ND = not detected Bold font type indicates the analyte was detected at the reported concentration.

NWTPH-DX = Northwest total petroleum hydrocarbon diesel-range extended Grey shading indicates exceedance of the project cleanup level.

(GeoEngineers 2022)

Metals

VOCs

Conventionals

NWTPH-DX

Location ID
Sample ID

Sample Date
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 155 NE 100th St, Ste 302  •  Seattle, WA 98125  •  206.631.8680 

TO: Neil Morton, GeoEngineers, Inc. 

FROM: Jenny Green, EIT, and Clint Jacob, PE, LG 

DATE: September 27, 2022 

RE: Work Plan for Design Testing  
Permeable Reactive Barrier  
Former South State Street Manufactured Gas Plant Site 
Bellingham, Washington 
Project No. 0611004.020 

Introduction 
This technical memorandum presents a work plan to conduct design testing for evaluation and design 
of a permeable reactive barrier (PRB) at the former South State Street Manufactured Gas Plant (MGP) 
in Bellingham, Washington (Site; Figure 1). This work plan describes aquifer flux testing, bench testing, 
and optional pilot testing. Aquifer flux testing and bench testing will be performed to collect design 
data and to evaluate treatment effectiveness. A field pilot test may also be performed if the cleanup 
schedule allows and additional proof of concept is desired.  

GeoEngineers, Inc. (GeoEngineers) performed a pre-remedial design investigation (PRDI) in 2021–
2022. The PRDI and prior groundwater monitoring identified benzene, naphthalene, and cyanide (CN) 
in groundwater at concentrations above cleanup levels (CULs) at the Site (GeoEngineers 2022). 
Additionally, gasoline-range total petroleum hydrocarbons (TPH-G) and diesel-range total petroleum 
hydrocarbons (TPH-D) were detected at concentrations above MTCA Method A groundwater cleanup 
levels (GeoEngineers 2022). A technical memorandum (Landau Associates, Inc. [Landau] 2022), 
presented as Appendix F to the PRDI report, evaluates PRB treatment of a shallow groundwater target 
treatment zone which discharges to marine surface water at the “pocket beach” (Figure 1). That 
memorandum describes, in detail, the target treatment area and contaminants, aquifer redox 
conditions, remedial approach, the conceptual design of the PRB, and the design data to be addressed 
by the design testing described in this work plan. 

This work plan is also included as an appendix to the PRDI report and, therefore, only briefly 
summarizes and discusses data which are presented comprehensively in that report. The information 
covered in this memorandum assumes that the reader is familiar with the content and conclusions of 
the PRDI report and the Appendix F evaluation memorandum. 

Summary of Remedial Approach and Conceptual Design 
As presented in Appendix F of the PRDI report (Landau 2022), the recommended remedial approach is 
construction of a PRB to treat benzene, naphthalene, TPH-G, TPH-D, and CN. A PRB consists of a 
trench oriented perpendicular to groundwater flow, which is backfilled with a mixture of sand and 
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reactive media that treats contaminated groundwater as it flows through the trench. The Site PRB will 
be located east of the railroad tracks and pedestrian footpath, at the foot of the bedrock outcrop, to 
intercept and treat contaminated groundwater flowing from the upland area in advance of its 
discharge at the pocket beach. The target treatment zone, in plan and profile views, is presented on 
Figures 1 and 2, respectively.  

The PRB will be approximately 160 feet (ft) long and extend from GP-70 to a location south of MW-29. 
The anticipated length and location of the PRB is presented on Figure 3. The PRB will be located 
hydraulically upgradient (east) of monitoring wells MW-28, MW-29, and MW-62, which will be used to 
monitor the treatment effects of the PRB (Figure 1). 

The PRB will extend from above the seasonal high water table to bedrock. As shown on cross-section 
C-C’ (Figure 2), the highest groundwater level observed during the PRDI was approximately 8 ft below 
ground surface (bgs; elevation 12 ft), and the bedrock was encountered at elevation 4 or 5 ft 
(approximately 16 ft bgs). It is anticipated that the PRB will be constructed from 6 to 16 ft bgs 
(between elevations 4 to 14 ft), as shown in profile on Figure 4.  

Trench backfill will consist of mixed sand, gypsum, and granular zero-valent iron (ZVI). Sand is 
required to maintain the hydraulic conductivity of the PRB and to prevent excessive settling of backfill 
as the gypsum dissolves over time. Gypsum (CaSO4) will provide a slow release of sulfate, as the 
electron acceptor, to enhance biodegradation of total petroleum hydrocarbons (TPH) within and 
downgradient of the PRB. ZVI is known to immobilize CN through adsorption and through 
precipitation of insoluble iron-cyanides (commonly known as Turnbull’s Blue and Prussian Blue; 
Adams 1992; Dzombak, et al. 2005; Ghosh, et al. 1999). Likely percentages of PRB materials are 
55 percent sand, 30 percent gypsum, and 15 percent ZVI. 

Design Testing  
Aquifer flux testing and bench testing will be performed to collect design data and evaluate treatment 
effectiveness. A field pilot test may also be performed if the cleanup schedule allows and additional 
proof of concept is desired.  

• Aquifer flux testing: Aquifer flux testing data will be used to estimate groundwater and 
contaminant flux through the PRB. Wet season measurement will represent maximum flux 
used to design PRB thickness for adequate residence time for treatment of groundwater 
contaminants. Dry season and wet season results will be used to calculate average flux which 
will be used to estimate the longevity of gypsum and ZVI components of the PRB. 

• Bench study: The bench study will consist of column tests to answer design questions related 
to the optimal ZVI percentage in PRB backfill and the optimal gypsum particle size.  

‒ Column tests with ZVI will verify that it can remove CN, as indicated in the literature 
(Adams 1992; Dzombak, et al. 2005; Ghosh, et al. 1999), evaluate required residence 
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time and the appropriate the percentage of ZVI in the PRB backfill for efficient 
removal over the anticipated 5-ft thickness of the PRB. 

‒ Column tests with gypsum will evaluate different particle sizes and percentages to 
optimize longevity and sulfate loading.  

• Field pilot test (optional): A field pilot test may be performed if the cleanup schedule allows 
and additional proof of concept is desired. The field pilot test will consist of two short PRB 
segments (e.g., 30 ft) located upgradient of the maximum TPH concentrations in groundwater 
at MW-28 and the maximum CN concentrations in groundwater at MW-29. Pilot test 
groundwater monitoring performed at these two wells will be used to evaluate treatment 
effectiveness. One to 2 years of pilot test monitoring is proposed in order to evaluate 
treatment effectiveness over wet and dry seasons. Furthermore, although the PRB is expected 
to immediately treat contaminant flux passing through it, a period of flushing and treatment 
will be required in the zone between the PRB and monitoring wells before the treatment 
effects will be fully observed at the monitoring wells.  

These design test components are described in the following sections. 

Aquifer Flux Measurements 

Before the bench study, wet season contaminant and groundwater flux will be measured at the two 
downgradient wells (MW-28 and MW-29) using Passive Flux Meter™ devices (EnviroFlux, LLC). These 
are passive devices that are deployed down existing groundwater monitoring wells and contain a 
tracer compound and an absorbent material. EnviorFlux will calculate groundwater flux from the 
amount of tracer compound lost during deployment. EnviorFlux will calculate contaminant flux from 
the amount of contaminant (TPH and CN) absorbed during deployment.  

EnviroFlux recommends deploying the Passive Flux Meter™ devices for 1–4 weeks. Once the devices 
are retrieved, they will be sent to the EnviroFlux laboratory in Gainesville, Florida for analysis. A 
deployment time of 3 weeks is anticipated and may be adjusted following initial results and 
consultation with EnviroFlux. Results are available within 4 weeks of Passive Flux Meter™ retrieval. At 
the time of meter collection, groundwater samples will also be collected from each well for laboratory 
analysis of TPH-G, TPH-D, benzene, CN, sulfate, and ferrous iron for comparison to Passive Flux 
Meter™ results. 

The wet season flux measurements will be made before performing the bench testing, while dry 
season measurements will be completed after bench testing due to schedule constraints. Wet season 
measurements will represent maximum groundwater and contaminant flux used to design the bench 
column studies and ultimately to design PRB thickness for adequate residence time for treatment of 
groundwater contaminants. Dry season flux measurements will be combined with wet season results 
to calculate average flux; average flux together with column study results will be used to estimate the 
longevity of the gypsum and ZVI components of the PRB.  
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If optional pilot testing is performed, flux measurements will also be performed during the pilot test 
to evaluate treatment effectiveness and impacts of the PRBs on groundwater flow over time. It is 
anticipated that flux meter measurement and concurrent groundwater sampling would occur 
quarterly during the pilot test. 

Bench Study 

Two groups of column tests will be performed to evaluate the percent ZVI and gypsum and gypsum 
particle size to be used as reactive PRB construction materials. Up to four sequential column tests will 
be run using different percent weight of ZVI (e.g., Ferox PRB and Ferox Flow, Hepure) to evaluate CN 
degradation rates. Each ZVI test is expected to take 5 days, with samples analyzed twice per day. At 
the same time, a 6-week test will be performed on three columns packed with sand and different 
particle size gypsum to evaluate gypsum dissolution as it affects TPH treatment and PRB longevity. 
The three sulfate column tests will run concurrently with sulfate samples collected twice per week. 
CN and sulfate will be measured in-house using compound-specific photometers. 

The gypsum column setup will feature three columns, each with a rotameter (flow meter) and three 
ports for sampling along the length of the column. Each column will be constructed with clear, 2-inch-
diameter, Schedule 40 polyvinyl chloride (PVC) and will be 2 ft long. PRB backfill material will be 
secured in the main body of the column using fine mesh filters or cheesecloth. A sand grain size will 
be selected in consultation with the ZVI vendor. A summary of flow parameters for typical sand grit 
sizes in provided in Table 1.  

The group of three columns will be fed simultaneously by a peristaltic pump. A basic setup diagram is 
provided on Figure 5. A summary of design parameters for each column study is presented in Table 2. 
The column flow rate will approximate the maximum groundwater flux measured at well MW-28 and 
MW-29 during the wet season flux testing. 

The column setup for ZVI testing will be similar but will be performed on one column at a time due to 
the short time (1 week) required for each test. By this approach, percent ZVI can be modified for each 
subsequent test as needed based on data obtained from prior tests. 

Cyanide Removal by ZVI 

Mixtures of sand and granular ZVI will be tested in the column study to evaluate removal of CN by ZVI. 
Coarse-grained, granular ZVI (mesh -8/+50) will be used (e.g., Hepure PRB). The percent of ZVI will be 
varied in each column; a range of 10–20 percent ZVI will be evaluated.  

The influent solution will contain CN at a concentration of 1.0 milligrams per liter (mg/L), which 
represents a concentration of 200 times the CN cleanup level and approximately the highest 
concentration in the Site target treatment area. The solution will be made using CN standard 
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(1,000 mg/L) purchased from a laboratory supply vendor. Waste influent and effluent solution 
containing CN will be disposed of according to local laboratory waste regulations.  

Twice per day for 5 days, samples will be collected from all three ports on the ZVI column to evaluate 
CN removal along the length of the column. Temperature and pH will be measured in each sample 
using a water quality meter (YSI Professional Plus, or similar), and CN will be measured in each sample 
using a portable photometer (Hanna® Instruments Cyanide Photometer HI97714, or similar). 

The plug flow model, including dispersion, will be used to determine the CN removal/reaction rate in 
ZVI. Using CN concentrations measured at known distances along the length of the column, a plot can 
be generated showing CN versus distance. The equation for the exponential trendline that fits the 
data (generated using Microsoft Excel) is then used to solve for the reaction rate: 

𝐶𝐶(𝑥𝑥) = 𝐶𝐶(0) exp �−
𝑘𝑘𝑘𝑘
𝑢𝑢
�  → 𝑦𝑦 = 𝐶𝐶(0) exp��−

𝑘𝑘
𝑢𝑢
� 𝑥𝑥� 

The reaction rate(s) determined during the ZVI column study will inform ZVI percentage in the PRB 
backfill and the required PRB width to provide adequate residence time for CN removal. Column 
results will also be input to the Hepure model used for ZVI PRB design. 

Sulfate Loading and Longevity of Gypsum 

Mixtures of sand and gypsum will be tested in the column study to evaluate the longevity of gypsum 
and the concentration of dissolved sulfate leaving the column. The grain size/shape of gypsum will be 
varied in each column; it is anticipated that crushed, pelleted, and pulverized gypsum will be tested. 
Gypsum will be added to each column at approximately 30 percent by weight. The weight of gypsum 
added to each column will be precisely measured for comparison to the calculated mass of dissolved 
sulfate removed in the effluent from each column during the test. 

The influent solution will be plain tap water. Waste effluent solution containing sulfate will be 
disposed of according to local laboratory waste regulations.  

Twice per week, samples will be collected from the effluent sample port on each of the three columns 
to evaluate sulfate loading over time. Temperature and pH will be measured in each sample using a 
water quality meter (YSI Professional Plus, or similar), and sulfate will be measured in each sample 
using a portable photometer (Hanna® Instruments Sulfate Photometer HI97751, or similar). Total 
sulfate mass removed from each column during the test period will be used to estimate the longevity 
of the different grain sizes used and the theoretical mass of TPH that could be degraded. 

Column test results will be used to select the optimal grain size used for the pilot test PRB. A sulfate 
effluent concentration of 50–100 mg/L is desired for effective treatment of petroleum within the PRB 



  Landau Associates 

Work Plan for Permeable Reactive Barrier Design Testing  
Former South State Street MGP Site 6 September 27, 2022 

and for some distance downgradient. A gypsum longevity of 3–5 years or greater is also desired. 
Gypsum longevity will be a function of the sulfate removed (dissolution rate) for each gypsum grain 
size and the percent of gypsum in the PRB backfill; the percent of gypsum in the PRB may be modified 
based on the column test results.  

Field Pilot Test(Optional) 

A field pilot test may be performed if the cleanup schedule allows and additional proof of concept is 
desired. The pilot test would include construction of two short PRB segments upgradient of 
monitoring wells MW-28 and MW-29 and the measurement of contaminant and groundwater flux at 
the site over 1–2 years. The pilot test would be used to evaluate short-term effectiveness and 
longevity under Site-specific field conditions. A summary of the pilot test PRB segments is provided in 
Table 3. Anticipated PRB segment alignments are presented on Figure 6.  

Construction of PRB Segments 

Each PRB segment would be approximately 30 ft long and 5 ft wide. Reactive backfill would extend 
from just above the water table (6 ft bgs) into the top of bedrock (16 ft bgs; i.e., reactive backfill 
between elevations 4 and 14 ft bgs). For each segment, the total volume of reactive media would be 
approximately 2,400 cubic feet (89 cubic yards). A geofabric would be placed on top of the reactive 
media and granular excavation spoils may be used to backfill to the surface. 

Stacked trench boxes would be used for installation of the pilot test segments. Sidewall stability 
would be evaluated to determine if trench boxes will be required for full-scale installation.  

PRB material mixing procedures may also be evaluated for efficiency and feasibility, including the use 
of transit mixers (i.e., cement trucks from batch facility), ex situ soil mixing with excavator bucket on 
site, and in situ soil mixing methods (e.g., mixing with excavator bucket in the trench or other 
excavator-fitted mixing attachment). Hepure would be consulted regarding recommended mixing 
procedures. 

Use of This Technical Memorandum 
This technical memorandum has been prepared for the exclusive use of GeoEngineers and Puget 
Sound Energy (PSE) for specific application to the South State Street MGP Site project. No other party 
is entitled to rely on the information, conclusions, and recommendations included in this document 
without the express written consent of Landau. Further, the reuse of information, conclusions, and 
recommendations provided herein for extensions of the project or for any other project, without 
review and authorization by Landau, shall be at the user’s sole risk. Landau warrants that within the 
limitations of scope, schedule, and budget, our services have been provided in a manner consistent 
with that level of care and skill ordinarily exercised by members of the profession currently practicing 
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in the same locality under similar conditions as this project. We make no other warranty, either 
express or implied. 

LANDAU ASSOCIATES, INC. 

Jenny Green, EIT 
Senior Project EIT 

Clint Jacob, PE, LG 
Principal 
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Figure 1 

Notes:
1. The locations of all features shown are approximate. 
2. Mean High Tide defines the boundary between
 the Upland Unit and Marine Unit.
3. This drawing is for information purposes. It is intended 
to assist in showing features discussed in an attached 
document. GeoEngineers, Inc. cannot guarantee the 
accuracy and content of electronic files. The master file 
is stored by GeoEngineers, Inc. and will serve as the 
official record of this communication.
Data Source:  Base upland survey from Larry Steel 
Associates, 2022. Base bathymetric survey from David
Evands and Assocates, 2021. Aerial from Bing.

Projection: NAD83 WA State Plane, N Zone, US Foot
Vertical Datum: NAVD88
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Figure 3 

Notes:
1. The locations of all features shown are approximate. 
2. Mean High Tide defines the boundary between
 the Upland Unit and Marine Unit.
3. This drawing is for information purposes. It is intended 
to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the
accuracy and content of electronic files. The master file 
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
Data Source:  Base upland survey from Larry Steel
Associates, 2022. Base bathymetric survey from David
Evands and Assocates, 2021. Aerial from Bing.

Projection: NAD83 WA State Plane, N Zone, US Foot
Vertical Datum: NAVD88
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Figure 5 

Column Study Setup
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Figure 6 

Notes:
1. The locations of all features shown are approximate. 
2. Mean High Tide defines the boundary between
 the Upland Unit and Marine Unit.
3. This drawing is for information purposes. It is intended 
to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the
accuracy and content of electronic files. The master file 
is stored by GeoEngineers, Inc. and will serve as the
official record of this communication.
Data Source:  Base upland survey from Larry Steel
Associates, 2022. Base bathymetric survey from David
Evands and Assocates, 2021. Aerial from Bing.

Projection: NAD83 WA State Plane, N Zone, US Foot
Vertical Datum: NAVD88
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Table 1
Hydrogeologic Parameters of Typical Sand Grits

Former South State Street MGP
Bellingham, Washington

Page 1 of 1

Sand Grit

Hydraulic 
Conductivity 
(cm/s) (a)

Hydraulic 
Conductivity 
(cm/min)

Effective 
Porosity (b)

Approx. 
Hydraulic 
Gradient 

(cm/cm) (c)

Seepage 
Velocity 
(cm/s)

Fluid 
Velocity 
(cm/s)

Nominal 
Column 
Size

Column 
Inner 

Diameter 
(cm)

Flow Area 
(cm2)

Flow Rate 
(cm3/s)

Flow Rate 
(cm3/min)

40/50 0.072 4.32 0.20 ‐0.078 0.006 0.028 2" 5.20 21.2 0.119 7

30/40 0.149 8.94 0.20 ‐0.078 0.012 0.058 2" 5.20 21.2 0.245 15

20/30 0.250 15.0 0.20 ‐0.078 0.019 0.097 2" 5.20 21.2 0.411 25

12/20 0.503 30.2 0.20 ‐0.078 0.039 0.195 2" 5.20 21.2 0.828 50

Notes:
(a) Schroth, M.H., S.J. Ahearn, J.S. Selker, and J.D. Istok. 1996. Characterization of Miller‐Similar Silica Sands for Laboratory Hydrologic Studies.Soil Science Society of America , 60(5): 1331‐1339.
(b) Typical mid‐range value reported in literature. 
(c) Approximated using groundwater contours for the site in the proposed location for the permeable reactive barrier

Abbreviations and Acronyms:
cm = centimeters
s = second
min = minute
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Table 2
Column Study Summary

Former South State Street MGP
Bellingham, Washington

Page 1 of 1

Type 
(Percent)

Grit or Grain 
Size (a)

Type 
(Percent)

Grit or Grain 
Size (b)

Solution 
Composition

Concentration 
(mg/L) (c) pH Temperature CN Fe2+ Sulfate

Sampling 
Frequency Test Duration

Z1 Granular ZVI (10%) 16 Sand (90%) 12/20 CN/Water 1.0 x x x x 2x/day 5 days

Z2 Granular ZVI (15%) 16 Sand (85%) 12/20 CN/Water 1.0 x x x x 2x/day 5 days

Z3 Granular ZVI (20%) 16 Sand (80%) 12/20 CN/Water 1.0 x x x x 2x/day 5 days

G1 Crushed Gypsum (30%) 3/8" and less Sand (70%) 12/20 Water ‐‐‐ x x x 1‐4 days 4‐6 weeks

G2 Pulverized Gypsum (30%) 1/4" and less Sand (70%) 12/20 Water ‐‐‐ x x x 1‐4 days 4‐6 weeks

G3 Pelleted Gypsum (30%) 1/8" to 1/4" Sand (70%) 12/20 Water ‐‐‐ x x x 1‐4 days 4‐6 weeks

Notes:
(a) Common grit size for ZVI on the market. May be adjusted based on an evaluation of current products and their availability.
(b) Coarse‐grained sand. May be adjusted based on consultation with ZVI vendor.
(c) The maximum CN concentration measured in the treatment zone is 1.14 mg/L.

Abbreviations and Acronyms:
CN = cyanide
Fe2+ = ferrous iron
ID = identification
mg/L = milligrams per liter
PRB = permeable reactive barrier
ZVI = zero‐valent iron

Test ParametersReactive Material

Column ID

Inert Material (b) Influent Solution Effluent Measurements
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Table 3
Pilot Test Summary

Former South State Street MGP
Bellingham, Washington

Page 1 of 1

Length 30 ft 30 ft

Width (a) 5 ft 5 ft

Depth 16 ft 16 ft

Volume (a) 2,400 ft3 2,400 ft3

Volume (a) 89 cy 89 cy

Sand (a) 60 % 65 %

Granular ZVI (a) 10 % 15 %

Gypsum (a) 30 % 20 %

Decreased…

Increased…

Notes:
(a) Subject to change based on the results of the column tests

Abbreviations and Acronyms:
% = percent
CN = cyanide
cy = cubic yard
Fe2+ = ferrous iron
ft = feet
ft3 = cubic feet
ZVI = zero‐valent iron

TPH  = total petroleum hydrocarbons.  In this context, collectively benzene, naphthalene, total 
petroleum hydrocarbons gasoline‐ range and diesel‐range.

Sulfate concentrations Fe2+ concentrations

Dimension/ 
Parameter (a) MW‐28 MW‐29

Pilot Study PRB Segment

Physical Dimensions

Po tential Backfill Composition

Indicators of Treatment Effects

TPH concentrations CN concentrations
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