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1.0 INTRODUCTION 

Pursuant to Agreed Order No. DE11346 and the Washington Department of Ecology (Ecology) approved 
Post-Interim Action Construction Groundwater Monitoring Plan (GeoEngineers 2021a), post-Interim Action 
groundwater monitoring activities were completed by the Port of Anacortes (Port) to evaluate groundwater 
conditions on a quarterly basis over a one-year duration following completion of the 2021 Interim Action at 
the Quiet Cove Site (Site). The Site is situated along the southern shoreline of Guemes Channel at 
202 O Avenue (the intersection of 2nd Street and O Avenue) in Anacortes, Washington (Figure 1). 

In accordance with the Ecology-approved Interim Action Work Plan (IAWP; GeoEngineers 2020), petroleum 
hydrocarbon-related contaminated soil resulting from historical land use was excavated and transported 
from a portion of the Site for permitted landfill disposal between August 2020 and February 2021. Details 
of the Interim Action Cleanup are described in the Interim Action Construction Completion Report 
(Completion Report; GeoEngineers 2021b). This Post-Interim Action Construction Report is being provided 
to document the changes in groundwater conditions at the Site as a result of completed cleanup activities.  

Sampling and analysis for the four quarterly groundwater monitoring events are summarized in the 
following sections. Groundwater monitoring activities described in this report were completed in 
accordance with the Ecology-approved Post-Interim Action Construction Groundwater Monitoring Plan. 
Detailed information regarding Site description, historical use, and subsurface soil and groundwater 
conditions prior to completion of the 2021 Interim Action are presented in the Remedial 
Investigation/Feasibility Study (RI/FS) Work Plan (GeoEngineers 2017). 

2.0 GROUNDWATER MONITORING 

Quarterly groundwater monitoring was performed at the Site to further evaluate groundwater conditions 
following the Interim Action cleanup construction activities. New and existing groundwater monitoring wells 
were sampled on a quarterly basis over a one-year duration to capture seasonal and temporal conditions 
following the 2021 Interim Action. Groundwater samples were collected during the following monitoring 
events: 

■ Round 1 Groundwater Monitoring Event – Completed in October 2021 

■ Round 2 Groundwater Monitoring Event – Completed in February 2022 

■ Round 3 Groundwater Monitoring Event – Completed in May 2022 

■ Round 4 Groundwater Monitoring Event – Completed in August 2022 

The sampling locations, procedures, frequency and chemical analysis that were used for the quarterly 
groundwater monitoring are summarized in the following sections. Groundwater sampling, quality 
assurance (QA) and quality control (QC) procedures presented in the Post-Interim Action Construction 
Groundwater Monitoring Plan were followed with the exception of monitoring well MW-2A, which was 
installed later than the other monitoring wells.  A summary of monitoring well installation activities can be 
found below. Subsequently, MW-2A was not sampled during the Round 1 Groundwater Monitoring Event, 
but groundwater samples were collected at this location for the three remaining groundwater monitoring 
events. 
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2.1. Monitoring Well Network 

In accordance with the Post-Interim Action Construction Groundwater Monitoring Plan, existing monitoring 
wells MW-3, MW-4 and MW-8 and a new monitoring wells MW-1A, MW-2A, MW-13, MW-14 and MW-15 
were utilized to evaluate groundwater conditions at the Site. The monitoring well locations are shown 
relative to the Site and 2021 Interim Action area on Figure 2. 

2.2. Monitoring Well Installation and Development 

2.2.1. Underground Utility Locate 

Prior to drilling, a Washington State “One-Call” and private underground utility locate was conducted in the 
area of the proposed boring locations to identify any subsurface utilities and/or potential underground 
physical hazards.  

2.2.2. Archeological Monitoring 

Based on the Site cultural resources consultation completed by Ecology, DAHP required that an 
archeological monitor be present during ground disturbance activities. During drilling activities for well 
installations, a representative from Columbia Geotechnical Associates (Columbia; project archeologist) was 
present to observe soil encountered from each boring for evidence of potential cultural resources in 
accordance with the procedures outlined in the IAWP. Cultural resources observed during the monitoring 
well installations were documented by the archeologist, and appropriate notifications and consultations 
with Washington State Department of Archaeology and Historic Preservation (DAHP) and the Samish, 
Swinomish and Lummi Tribes were completed. A report was prepared by the archaeologist documenting 
cultural resources discoveries and submitted to the DAHP WISAARD database1 (CGA 2021). 

Based on the findings, the register for DAHP has been updated with cultural resources monitoring results 
to document current Site conditions. 

2.2.3. Monitoring Well Installation 

Monitoring wells MW-1A, MW-13, MW-14, and MW-15 were installed between October 20 and 21, 2021 in 
general accordance with the Post-Interim Action Construction Groundwater Monitoring Plan. Construction 
logs for the newly installed monitoring wells are attached. Monitoring well MW-2A was later installed on 
February 3, 2022. Well construction logs for new and existing monitoring wells sampled as part of the post-
interim action groundwater monitoring activities are presented in Appendix A. Monitoring well locations 
(both new and existing) are shown relative to the Site and 2021 Interim Action area on Figure 2. 

2.2.4. Well Development 

Prior to sampling, newly installed monitoring wells were developed to remove water that may have been 
introduced during drilling, stabilize the filter pack and formation materials surrounding the well screen, and 
restore the hydraulic connection between the well screen and the surrounding soil. The well screen intervals 
were gently surged with a decontaminated surge block and purged of water. Development continued until 
a minimum of five casing volumes of water were removed and the turbidity of the discharged water was 
relatively low. Water removed from the wells during development activities was transferred to 55-gallon 
drums for temporary storage pending off-site disposal at a permitted facility. 

 

1 Per RCW 42.56.300 this report has not been included in this report because it contains maps and information identifying the location of 
archeological sites. 



 

  October 28, 2022| Page 3 
 File No. 5147-006-11 

Water generated during well development activities was stored on Site in a secured and labeled 55-gallon 
drum. Disposal of investigation derived waste is further discussed below. 

2.2.5. Surveying 

GeoEngineers subcontracted Pacific Surveying & Engineering, Inc. to survey the monitoring well horizontal 
coordinates and elevations of the well monument and the top of the well casing. The casing elevations for 
new and existing monitoring wells are summarized in Table 1.  

2.2.6. Disposition of Investigation-Derived Materials 

Soil cuttings, well development water, purge water and decontamination water generated during monitoring 
well installation and sampling activities were placed in secured and labeled 55-gallon drums pending 
transport from the Site to a permitted disposal facility. 

Incidental waste generated during sampling activities included items such as gloves, plastic sheeting, 
sample tubing, paper towels and similar expended and discarded field supplies. These materials were 
considered de minimis and were transferred from the Property for landfill disposal trash receptacle at 
GeoEngineers’ office. 

2.3. Groundwater Sampling and Analysis 

During each monitoring event, groundwater in shoreline monitoring wells (MW-1A, MW-2A, MW-3 and 
MW-8) were sampled on a daytime ebb tide (i.e., outgoing) or near the low tide on the day of sampling. Prior 
to sampling, groundwater levels were measured from the top of each surveyed well casing rim to the 
nearest 0.01 foot using a decontaminated electric water level indicator (e-tape). Decontamination 
procedures are described in the RI/FS Work Plan (GeoEngineers 2017). The measured water levels for 
each monitoring event are summarized in Table 1. 

Groundwater samples were obtained using low-flow/low-turbidity sampling techniques during each 
monitoring event to minimize the suspension of sediment in groundwater samples. Using a peristaltic 
pump, groundwater was pumped from the well at a rate not exceeding 0.5 liter per minute through 
dedicated polyethylene tubing with the end positioned at the approximate midpoint of the saturated 
screened interval. A YSI ProQuatro water quality meter with flow-through-cell was used to monitor the 
following parameters during purging: 

■ Acidity (pH); 

■ Electrical conductivity (EC); 

■ Turbidity; 

■ Dissolved oxygen (DO); 

■ Temperature; 

■ Total dissolved solids (TDS); 

■ Oxygen reduction potential (ORP); and 

■ Salinity. 
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Collection of water samples began once these parameters were observed to vary by less than 10 percent 
on three consecutive measurements. The stabilized field measurements for each monitoring event are 
summarized in Table 1. 

2.3.1. Groundwater Conditions 

Based on the measured groundwater elevations and previous groundwater investigations, the predominant 
groundwater flow direction across the Site is to the north and west toward the Guemes Channel. During the 
post-interim action groundwater monitoring activities, groundwater elevations across the Site ranged 
between 5.79 and 10.44 feet (North American Vertical Datum [NAVD] 1988) with an average wet season 
elevation of 7.83 feet and dry season elevation of 6.81 feet. Groundwater elevations measured during each 
sampling event are summarized in Table 1.  

2.3.2. Analytical Testing 

Groundwater samples collected during the quarterly groundwater monitoring events were submitted to 
OnSite Environmental, Inc. in Redmond, Washington for the following parameters: 

Geochemical Parameters 
■ Total alkalinity by SM 2420 B-97; 

■ Ferrous iron by SM 3500-Fe B-97; 

■ Nitrate and sulfate by United States Environmental Protection Agency (EPA) 300.0; 

■ Dissolved manganese by EPA 6020A; and 

■ Dissolved methane by EPA RSK-175. 

Chemical Parameters 
■ Total and dissolved MTCA metals including arsenic, cadmium, chromium, lead, and mercury by EPA 

Method 6000/7000 series; 

■ Gasoline-range petroleum hydrocarbons by Ecology Method NWTPH-Gx; 

■ Diesel- and heavy oil-range petroleum hydrocarbons by Ecology Method NWTPH-Dx with and without 
the silica gel cleanup preparation method; and 

■ Volatile organic compounds (VOCs) including benzene, toluene, ethylbenzene, and xylenes (BTEX), 
n-hexane, Methyl tert-butyl ether (MTBE), Ethylene Dibromide (EDB) and Ethylene Dichloride (EDC) by 
EPA Method 8260. 

2.3.3. Results 

The analytical results for the post-interim action groundwater monitoring events (Round 1 through 
Round 4), as well as historical groundwater data (dating back to 2014) are presented in Table 1.  

Groundwater samples were submitted for analysis of diesel- and heavy oil-range petroleum hydrocarbons 
with and without the acid silica gel cleanup preparation. Analytical results for diesel- and heavy-oil range 
petroleum hydrocarbons with the acid silica gel cleanup prepared found no detections of petroleum 
hydrocarbons. The discussion of the diesel-range hydrocarbon results below is focused on the non-acid 
silica gel cleanup data.  
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Chemical analytical results for the four rounds of post-interim action groundwater monitoring wells are as 
follows. 

■ MW-1A. Diesel-range petroleum hydrocarbons were detected at a concentration of 650 micrograms 
per liter (µg/L), greater than the groundwater preliminary screening level (PSL) of 500 µg/L, during the 
October 2021 sampling event. However, during subsequent monitoring events, the diesel-range 
petroleum hydrocarbons were not detected greater than the PSLs at MW-1A. Gasoline- and heavy oil-
range petroleum hydrocarbons, VOCs and total and dissolved metals either were not detected or were 
detected at concentrations less than the PSLs. 

■ MW-2A. Exceedances of the PSLs were not observed during post-interim action quarterly groundwater 
monitoring events.  

■ MW-3. Diesel and/or heavy oil-range petroleum hydrocarbons were detected at concentrations of 
580 µg/L and 600 µg/L, greater than the groundwater PSL of 500 µg/L, during the October 2021 and 
February 2022 monitoring events, respectively. In addition, heavy oil-range petroleum hydrocarbons 
were detected at concentrations of 530 µg/L, slightly greater than the groundwater PSL of 500 µg/L, 
during the August 2022 monitoring event. Gasoline-range petroleum hydrocarbons, VOCs and total and 
dissolved metals either were not detected or were detected at concentrations less than the PSLs.  

■ MW-4. Exceedances of the PSLs were not observed during post-interim action quarterly groundwater 
monitoring events. 

■ MW-8. Diesel-range petroleum hydrocarbons were detected at concentrations ranging between 
530 µg/L and 700 µg/L, greater than the groundwater PSL of 500 µg/L, during each quarterly 
monitoring event. Heavy oil-range petroleum hydrocarbons were detected at concentrations of 
730 µg/L and 530 µg/L, greater than the groundwater PSL of 500 µg/L, during the February and August 
2022 groundwater monitoring events, respectively. In addition, benzene was detected greater than the 
PSL of 2.4 µg/L during each quarterly monitoring event (concentrations ranging from 6.3 µg/L to 
19 µg/L) while n-hexane was detected at a concentration of 8.4 µg/L, exceeding the PSL of 8 µg/L, 
during the May 2022 groundwater monitoring event. N-hexane was detected at a concentration of 
8.4 µg/L at MW-8, exceeding the PSL of 8.0 µg/L, during the 3rd Round of post-Interim Action 
groundwater monitoring in May 2022. This is an isolated occurrence with n-hexane concentrations 
ranging from not detected to 4.4 µg/L since November 2017. Gasoline-range petroleum hydrocarbons, 
VOCs other than benzene and n-hexane and total and dissolved metals either were not detected or 
were detected at concentrations less than the PSLs.  

■ MW-13. Heavy oil-range petroleum hydrocarbons were detected at concentrations of 560 µg/L and 
630 µg/L, greater than the PSL of 500 µg/L, during the October 2021 and August 2022 groundwater 
monitoring events, respectively. In addition, benzene was detected at concentrations greater than the 
PSL of 2.4 µg/L during each quarterly monitoring event (concentrations ranging from 2.7 µg/L to 
4.0 µg/L). Gasoline- and diesel-range petroleum hydrocarbons, VOCs other than benzene and total and 
dissolved metals either were not detected or were detected at concentrations less than the PSLs.  

■ MW-14. Exceedances of the PSLs were not observed during post-interim action quarterly groundwater 
monitoring events.  

■ MW-15. Concentrations of diesel- and heavy oil-range petroleum hydrocarbons were detected at 
concentrations greater than PSLs of 500 µg/L during each monitoring event. Diesel-range petroleum 
hydrocarbon concentrations ranged from 1,200 µg/L to 1,600 µg/L. Heavy oil-range petroleum 
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hydrocarbon concentrations ranged from 520 µg/L to 1,100 µg/L. Gasoline-range petroleum 
hydrocarbons, VOCs and total and dissolved metals either were not detected or were detected at 
concentrations less than the PSLs.  

Figures 3 through 6 present the quarterly groundwater monitoring results for metals (dissolved and total), 
gasoline-range petroleum hydrocarbons, diesel- and heavy oil-range petroleum hydrocarbons (without acid 
silica gel cleanup) and VOCs, respectively. Trend plots in which contaminants of concern were detected at 
concentrations greater than the PSL during the post-interim action groundwater monitoring and prior to the 
2021 Interim Action are presented on Figures 7 and 8. A description of contaminant trends over time are 
further discussed below.  

2.3.4. Trend Analysis 

Figures 7 and 8 present trend plots for gasoline-range petroleum hydrocarbons and benzene, and diesel- 
and heavy oil-range petroleum hydrocarbons (without acid silica gel cleanup), respectively. These trend 
plots include historical (i.e., pre-interim action) and post-interim action groundwater monitoring data. The 
trend plots for gasoline-range petroleum hydrocarbons and benzene indicate stable and/or decreasing 
contaminant concentrations in groundwater over time. The trend plots for diesel- and heavy oil-range 
petroleum hydrocarbons at monitoring well locations MW-1/1A, MW-2/2A, MW-3 and MW-4 show that 
contaminant concentrations in groundwater are generally lower following the Interim Action completed in 
2020. At monitoring wells MW-8 and MW-13 through MW-15, diesel- and heavy oil-range petroleum 
hydrocarbon concentrations are generally consistent. Monitoring wells with residual diesel- and heavy oil-
range petroleum hydrocarbons in groundwater (MW-8, MW-13 and MW-15) exceed PSLs in areas where 
sidewall excavation samples indicated that petroleum related contamination was left in-place. Post-interim 
action groundwater conditions appear to be seasonal in nature with increased contaminant concentrations 
during the dry season monitoring events (August and October) vs the wet season monitoring event 
(February and May). 

Total and dissolved metals have resulted in concentrations below PSL since 2014 with one exception of an 
isolated exceedance of total lead in 2017 (at a concentration of 3.75 µg/L at MW-4, exceeding the PSL of 
2.1 µg/L). Analysis of VOCs apart from benzene have resulted in concentrations below PSLs since 2014 
with the exception of n-hexane in MW-8 in May 2022 as noted above. 

2.3.5. Geochemical Parameter Evaluation 

Field parameter measurements (dissolved oxygen, redox potential, pH, specific conductivity and 
temperature) and geochemical parameters analyzed (ferrous iron, nitrate, sulfate, alkalinity, methane and 
dissolved manganese) provide an indication of whether site conditions support the biodegradation of 
organic compounds (i.e., petroleum hydrocarbons).  

Field and geochemical parameters generally indicate decreased dissolved oxygen, redox potential and 
sulfate concentrations as well as increase ferrous iron and methane concentrations in monitoring wells 
with diesel- and heavy oil-range petroleum hydrocarbons exceeding the PSL. Alkalinity and nitrate 
concentrations are similar between monitoring wells with diesel- and heavy oil-range petroleum 
hydrocarbons exceeding the PSL and monitoring wells in which diesel- and heavy oil-range petroleum 
hydrocarbons are not detected or below the PSL. Overall, these results suggest that active biodegradation 
is occurring at the Site where petroleum contamination is present. However, additional monitoring would 



 

  October 28, 2022| Page 7 
 File No. 5147-006-11 

be required to further evaluate natural attenuation performance and whether these processes are 
sufficient to bring the Site into compliance with the cleanup standards within a reasonable timeframe.  

2.3.6. Work Plan Deviations and Quality Control/Quality Assurance 

Deviations from the Post-Interim Action Groundwater Monitoring Work Plan were not observed during the 
quarterly groundwater monitoring activities other than the installation and subsequent monitoring of 
MW-2A as described above.  

In accordance with Compliance Monitoring and Quality Assurance Project Plan (Appendix F of the IAWP), 
environmental data, laboratory data presented in Appendix B were subjected to an EPA-defined Stage 2B 
validation (EPA Document 540-R-08-005; EPA 2009) and were determined to be acceptable for their 
intended use as qualified. The data validation review is presented in Appendix C.  

3.0 CONCLUSIONS 

Post-interim action groundwater monitoring was completed between October 2021 and August 2022 in 
accordance with the Post-Interim Action Groundwater Monitoring Plan and as required by Ecology to 
evaluate document groundwater conditions at the Site following the Interim Action. Concentrations of 
diesel- and heavy oil-range petroleum hydrocarbons and/or benzene are present above the PSL in 
groundwater north and southwest of the 2021 Interim Action area. However. significant reductions in 
groundwater concentrations are apparent following the Interim Action activities completed in 2020, which 
indicates that the excavation activities successfully removed hydrocarbon source materials contributing to 
groundwater impacts. Monitoring wells with persistent groundwater concentrations are located near areas 
in the excavation where petroleum hydrocarbon-related impacts remain in-place. It is notable that the 
groundwater samples analyzed with silica gel cleanup did not contain detectable concentrations of diesel 
oil range petroleum hydrocarbons. Further analysis of the contribution of non-hydrocarbon polar 
metabolites to the diesel-range concentration will be conducted as part of RI/FS activities. Other 
contaminants of concern in groundwater either were not detected or were detected at concentrations less 
than the Site PSLs. 

4.0 LIMITATIONS 

This report has been prepared for the exclusive use of the Port of Anacortes, their authorized agents and 
regulatory agencies in their evaluation of the Quiet Cove Site in Anacortes, Washington. Within the 
limitations of scope, schedule and budget, our services have been executed in accordance with generally 
accepted environmental science practices in this area at the time this report was prepared. No warranty or 
other conditions, express or implied, should be understood.  

No other party may rely on the product of our services unless we agree in advance and in writing to such 
reliance. Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or 
figure), if provided, and any attachments are only a copy of the original document. The original document 
is stored by GeoEngineers, Inc. and will serve as the official document of record. 
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