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2001 32nd Avenue South, Suite 100 
Federal Way, Washington 98001 

253-835-6400 
FAX: 253-952-3435 

6 April 2015   

Ms. Jing Liu       
Toxic Cleanup Program 
Washington State Department of Ecology    
3190 160th Avenue SE 
Bellevue, Washington 98008 

Subject: Quarterly Groundwater Monitoring Event Report, February 2015 
Cornet Bay Marina 
Oak Harbor, Washington 
K/J 1396010.00 

Dear Ms. Liu: 

This letter report presents the findings of the third quarterly groundwater monitoring event that 
was performed following completion of remediation activities at the Cornet Bay Marina (site) in 
June 2014.  The site is located at the northern end of Whidbey Island, Island County, 
Washington and bounded on the west by Cornet Bay and on the east by Cornet Bay Road.  
A site vicinity map is included as Figure 1 (attached). 

The work documented in this letter report was performed on behalf of the Washington State 
Department of Ecology (Ecology) in support of a cleanup action completed at the site.  The work 
performed includes the third quarterly groundwater monitoring of six site monitoring wells and 
two groundwater seeps. 

Background 

In January 1989, a release occurred from ruptured underground fuel lines and caused impacts 
to soil and groundwater behind the wooden bulkhead at the site.  After discovery of the release, 
the original underground storage tanks (USTs) and piping were emptied and removed.  
Following removal of the old tanks and piping, a two-compartment 12,000-gallon aboveground 
storage tank (AST) (9,000-gallon gasoline and 3,000-gallon diesel) and steel piping were 
installed.  The tank was installed in a belowground reinforced concrete vault near the footprint of 
the former UST excavation.  The location of the tank vault is shown on Figure 2 (attached). 

In February 1993, a Consent Decree (Ecology Site Cleanup No. 2011, Consent Decree 
No. 93-2-00018-3) was established between Ecology and the Cornet Bay Marina site 
owner/operator (Mr. Milton Woods).  The consent decree required an investigation and cleanup 
of the site in accordance with the requirements of Model Toxics Control Act (MTCA) 
[Washington Administrative Code (WAC) 173-340]. 
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In August 2011, Ecology authorized Kennedy/Jenks Consultants to prepare a Remedial 
Investigation/Feasibility Study (RI/FS) Work Plan (Work Plan) to 1) collect supplemental 
information regarding the distribution of affected soil and groundwater, 2) assess the potential 
for vapor intrusion at the onsite building, and 3) evaluate overall site conditions with the intent to 
identify and select a cleanup action for the site. 

The Work Plan was implemented from August through December 2011 and documented in the 
RI/FS report dated July 2013.  The preferred remedial alternative identified in the FS included 
replacement of the dilapidated wooden bulkhead with a new steel sheet pile bulkhead and 
removal and disposal of contaminated soil.  Following completion of the RI/FS, the following 
activities were performed in support of implementing the selected remedial alternative: 

 Preparation of a cleanup action plan (CAP), dated July 2013, that summarized key elements 
of the remedial action. 

 Extensive permitting activities, including a State of Washington National Pollutant Discharge 
Elimination System (NPDES) permit, a Construction Stormwater General Permit (CSGP), 
and a U.S. Army Corps of Engineers (Corps) Nationwide Permit (NWP). 

 Preparation of an Engineering Design Report (EDR), dated September 2013. The EDR 
provided details regarding the cleanup requirements, engineering design concepts and 
criteria, and plans for confirmation monitoring. 

 Preparation of construction issue specifications and plans (Project Documents) for 
implementation by Ecology’s selected remediation contractor. 

The remedial action field work was completed from December 2013 through June 2014 by 
Ecology’s selected remediation contractor (Glacier Environmental, Inc. of Mukilteo, 
Washington).  The substantive remedial activities (including summary of performance 
monitoring results) for the remedial action are summarized in the Construction Completion 
Report (CCR) dated October 2014. 

Following completion of the remedial action, four new groundwater monitoring wells (MW-1R, 
MW-2R, MW-4R, and MW-10R) were installed at the site on 13 August 2014 (refer to Figure 2).  
The four new wells replaced prior monitoring wells that had been abandoned as part of the 
cleanup activities.  Each of the new wells and two previously installed monitoring wells (MW-7 
and MW-9) were developed to remove fine-grained sediments from the filter-pack.  Following 
development, each of the wells was surveyed by KPG of Seattle, Washington to identify top of 
casing elevation. 

Scope of Work 

Quarterly Groundwater Monitoring 

The third quarterly monitoring event was performed on 24 February 2015. Field activities 
performed included the following: 
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 Groundwater level monitoring was conducted by gauging each of six site monitoring wells 
using an electronic water level depth probe.  The groundwater elevation at each well was 
calculated by measuring the depth to water (to +/- 0.01 foot) and subtracting this 
measurement from the surveyed monitoring well casing elevations.  Water levels were 
measured at high and low tides.  Water levels were measured from 0850 to 0928, within 
approximately 1 hour of the 0851 high tide at Cornet Bay.  Water levels were measured 
again from 1431 to 1510, within approximately 1.5 hours of the 1547 low tide at Cornet Bay. 

 Groundwater sampling was performed using low-flow purging and sampling techniques with 
wells purged at a rate of approximately 0.1 to 0.25 liter per minute using a peristaltic pump.  
Field parameter monitoring included temperature, pH, specific conductance, dissolved 
oxygen, oxidation/reduction potential (ORP), and relative turbidity.  Due to difficulties in the 
field, no turbidity was recorded for well MW-7.  With the exception of well MW-1R that 
experienced slow recharge, purging continued until field parameters indicated stable 
conditions (refer to Table 1, attached). 

 Groundwater samples were collected from the six monitoring wells and submitted to 
Analytical Resources, Incorporated (ARI) in Tukwila, Washington, for the following analyses: 
- Gasoline-range organics (GRO) using Ecology Method Northwest Total Petroleum 

Hydrocarbons as Gasoline (NWTPH-Gx). 
- Diesel-range organics (DRO) using Ecology Method Northwest Total Petroleum 

Hydrocarbons as Diesel Extended (NWTPH-Dx). 
- Benzene, toluene, ethylbenzene, and total xylenes (BTEX) by Method SW8260C.   

 Quality assurance/quality control (QA/QC) samples were collected and include: 
- One field duplicate sample (MW-1-2R-22415) was collected and analyzed for each of 

the primary chemical of concern (COC) analytes (GRO, DRO, and BTEX) from well 
MW-2R. 

- Trip blanks were included with the shipment (24 February 2015) to the analytical 
laboratory. 

 Groundwater samples were also collected for analysis of selected monitored natural 
attenuation (MNA) parameters, including nitrate/nitrite, ammonia, sulfate, sulfide, dissolved 
iron (field filtered), and methane. 

 Groundwater seep samples were collected from two seep locations along the bulkhead 
during low tide (for purposes of access).  Sampling was performed by collecting seep water 
in a plastic bottle, followed by immediate transfer to the designated sampling bottles.  
Samples were submitted to ARI for analysis of DRO and GRO. Groundwater seep locations 
are included on Figure 2. 

Groundwater Purge and Sample Forms are included in Attachment A. 
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Monitoring Results 

Groundwater Elevation Results 

The results of water level monitoring are summarized in Table 2 (attached).Potentiometric 
surface elevation maps of site groundwater are provided on Figure 3A (attached) for high tide 
data and Figure 3B (attached) for low tide data.  Based on historical water level monitoring data, 
site groundwater levels are tidally influenced (especially near the bulkhead).  Groundwater 
hydraulic gradient at the site slopes from the upland areas towards Cornet Bay (from east to 
west) during both high and low tide.  During high tide, groundwater levels nearest the bulkhead 
rise approximately 4 to 5 feet, decreasing the hydraulic gradient magnitude across the site while 
maintaining the overall gradient direction.  Current water level monitoring results obtained on 
24 February 2015 indicate groundwater gradient conditions are consistent with historical 
monitoring results. 

Analytical Results 

As indicated above, groundwater samples for the six site wells and two groundwater seep 
locations were submitted for GRO, DRO, and BTEX compounds on 24 February 2015.  The 
analytical results of groundwater samples collected during this quarterly monitoring event are 
summarized in Table 3 (attached).  All analyte concentrations (including GRO, DRO, and BTEX) 
in groundwater samples were below laboratory reporting limits for each well and two seep 
samples with two exceptions; benzene was detected in seep location SEEP-2 and duplicate 
sample collected from well MW-2R (MW-1-2R-22415).  

As site groundwater discharges to surface water and is not used for potable consumption, 
compliance with groundwater cleanup levels for the site are based on comparison to applicable, 
relevant, and appropriate requirement (ARARs) or other relevant screening criteria.  All analyte 
concentrations in the samples were either below the MTCA Method A Cleanup Level, Clean 
Water Act (CWA) values, or the National Oceanic and Atmospheric Administration’s (NOAA) 
Screening Quick Reference Tables (SQUIRT) values.  Comparison of site groundwater with 
these standards and screening levels demonstrate the remedial action completed in June 2014 
was successful in removing contaminated site soils that could impact surface water in Cornet 
Bay.  Groundwater laboratory analytical results are summarized in Table 3 and the laboratory 
analytical reports are provided in Attachment B. 

As indicated above, site groundwater samples were also submitted for analysis of baseline MNA 
parameters (identified above) to assess natural biodegradation of possible residual hydrocarbon 
compounds (refer to Table 1).  The results indicate conducive conditions in site groundwater to 
support natural biodegradation of any residual soil or groundwater COC impacts at the site via 
aerobic and/or anaerobic respiration. 
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Kennedy/Jenks Consultants appreciates the opportunity to provide continued support to Ecology 
on this project.  Should you have any questions regarding the information contained herein, 
please do not hesitate to contact us at (253) 835-6400. 

Very truly yours, 

KENNEDY/JENKS CONSULTANTS 

Ty C. Schreiner, L.Hg. 
Vice President 

Attachments: 
Tables 
Table 1 – Water Quality and Geochemical Parameters 
Table 2 – Summary of Groundwater Elevation Data 
Table 3 – Groundwater Analytical Results 

Figures 
Figure 1 – Site Location  
Figure 2 – Site Plan 
Figure 3A – Groundwater Potentiometric Surface Map – High Tide, February 2015 
Figure 3B – Groundwater Potentiometric Surface Map – Low Tide, February 2015 

Attachments 
Attachment A – Groundwater Purge and Sample Forms  
Attachment B – Laboratory Analytical Reports 

 



Tables 



Table 1:  Water Quality and Geochemical Parameters
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April 2015
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pH
Conductivity 

(mS/cm)
Turbidity 

(NTU)
Temperature 

(°C)

Dissolved 
Oxygen 
(mg/L)

ORP 
(mV)

Nitrate+
Nitrite 

(mg-N/L)
Ammonia 
(mg-N/L)

Sulfate
(mg/L)

Sulfide
(mg/L)

Methane 
(µg/L)

Dissolved Iron 
(mg/L)

MW-1R 9/18/2014 6.79 1.920 22.2 20.44 4.37 111 0.180 1.17 64.5 0.050 U 11.8 ---(b)

MW-1R 11/25/2014 7.23 0.957(c) 32(c) 11.8 4.46(c) 61.9(c) 16.3 0.026 80.0 0.050 U 0.7 U 0.05 U

MW-1R 2/24/2015 7.14 1.908 137.00 10.4 5.31 38.7 5.41 0.037 44.7 0.161 0.7 U 0.83

MW-2R 8/15/2014 6.77 1.260 28.8 17.42 6.15 79 1.320 0.116 64.3 0.050 U 0.7 U 0.05 U

MW-2R 11/25/2014 7.11 0.267 80 11.0 9.82 205.0 0.654 0.018 20.4 0.098 0.7 U 0.15

MW-2R 2/24/2015 6.40 2.851 29.30 10.2 3.48 61.3 0.095 0.318 66.5 0.100 116 3.91

MW-4R 8/15/2014 7.25 1.400 32.9 16.24 3.51 -18 0.714 0.022 96.0 0.050 U 13.2 0.05 U

MW-4R 11/25/2014 7.38 0.308 6.7 11.0 9.85 251.1 2.21 0.034 42.5 0.050 U 0.7 U 0.05 U

MW-4R 2/24/2015 7.00 1.454 3.76 10.15 3.74 50.9 0.513 0.013 10 0.050 U 96.2 0.31

MW-7 8/14/2014 6.67 0.673 16.3 17.47 2.16 -175 0.024 14.5 19.7 0.050 U 1,160 14.4

MW-7 11/25/2014 7.11 0.455 0.90 11.5 0.16 -115.4 0.012 10.9 24.1 0.050 U 1,760 12.9

MW-7 2/24/2015 6.73 0.761 NM 9.41 0.98 -83.1 0.010 U 8.38 25.3 0.050 U 700 9.13

MW-9 8/14/2014 6.91 0.693 17.0 17.82 2.95 10 0.010 U 0.376 10.8 0.050 U 0.7 U 0.05 U

MW-9 11/25/2014 7.14 0.676 5.2 12.7 0.26 -7.0 0.010 U 0.266 12.8 0.050 U 323 0.58

MW-9 2/24/2015 6.89 1.379 25.30 10.57 0.69 -0.3 0.011 0.462 65.6 0.050 U 241 0.05 U

MW-10R 8/15/2014 7.03 2.160 165.0 18.23 7.73 -30 0.084 4.61 98.6 0.100 5,180 2.07

MW-10R 11/25/2014 6.83 1.608 10 12.2 0.32 108.0 0.010 U 3.10 211 0.059 3,000 1.99

MW-10R 2/24/2015 6.62 3.539 3.68 10.98 0.69 51 0 3.31 363 0.050 U 1,680 1.91

Notes:
(a)  Water quality parameter readings at the completion of purging and prior to sampling.
(b)  Well was not sampled for dissolved iron due to slow recharge.
(c)  Well sampled prior to water quality parameter stabilization due to slow recharge.

mS/cm = milli-Siemens per centimeter.
NTU = nephelometric turbidity unit.
°C = degrees Celsius.
mg/L = milligrams per liter.
ORP = oxidation-reduction potential.
mV = millivolt.
mg-N/L = milligram nitrogen per liter.
mg/L = milligrams per liter.
µg/L = micrograms per liter.
"U" = Not detected at or above laboratory reporting limits.
NM = Not measured due to turbidity reading difficulties.

Monitoring 
Well ID

Sample 
Collection Date

Water Quality Parameters(a) Geochemical Parameters
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Monitoring Well 
ID

Measurement 
Date

Top of PVC Well 
Elevation(a) 

(feet amsl)(b)
Depth to Groundwater 

(feet)
Groundwater Elevation 

(feet amsl)
MW-1R 8/15/2014 14.19 8.98 5.21
MW-1R 11/25/2014 14.19 4.81 9.38

MW-1R (c) 2/24/2015 14.19 5.32 8.87
MW-1R (d) 2/24/2015 14.19 7.96 6.23
MW-2R 8/15/2014 13.87 7.80 6.07
MW-2R 11/25/2014 13.87 6.72 7.15

MW-2R (c) 2/24/2015 13.87 5.13 8.74
MW-2R (d) 2/24/2015 13.87 5.19 8.68
MW-4R 8/15/2014 13.76 5.61 8.15
MW-4R 11/25/2014 13.76 4.86 8.90

MW-4R (c) 2/24/2015 13.76 5.92 7.84
MW-4R (d) 2/24/2015 13.76 10.62 3.14

MW-7 8/14/2014 13.66 2.59 11.07
MW-7 11/25/2014 13.66 0.47 13.19

MW-7 (c) 2/24/2015 13.66 2.04 11.62
MW-7 (d) 2/24/2015 13.66 2.09 11.57
MW-9 8/14/2014 12.83 3.28 9.55
MW-9 11/25/2014 12.83 1.84 10.99

MW-9 (c) 2/24/2015 12.83 3.31 9.52
MW-9 (d) 2/24/2015 12.83 2.65 10.18
MW-10R 8/15/2014 13.42 4.19 9.23
MW-10R 11/25/2014 13.42 3.57 9.85

MW-10R (c) 2/24/2015 13.42 3.52 9.90
MW-10R (d) 2/24/2015 13.42 3.55 9.87

Notes:
(a) Casing elevations were surveyed on 15 August 2014 by KPG, Inc. of Tacoma, Washington.
(b) Water quality parameter readings at the completion of purging and prior to sampling.
(c) Groundwater elevation collected at high tide.
(d) Groundwater elevation collected at low tide.

PVC = polyvinyl chloride.
amsl = above mean sea level.



Table 3:  Groundwater Analytical Results
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Gasoline Diesel Oil Benzene Toluene Ethylbenzene Total Xylenes  
MW-1R 8/18/2014 250 U 100 U 200 U 1.0 U 1.0 U 1.0 U 3.0 U

MW-1R 11/25/2014 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-1R 2/24/2015 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-2R 8/15/2014 250 U 100 U 200 U 1.5 1.0 U 1.0 U 3.0 U

MW-2R 11/25/2014 250 U / 250 U 100 U / 100 U 200 U / 200 U 0.20 U/0.20 U 0.20 U/0.20 U 0.20 U/0.20 U 0.60 U/0.60 U

MW-2R 2/24/2015 250 U / 250 U 100 U 200 U 1.0 U / 0.42 1.0 U / 0.20 U 1.0 U / 0.20 U 3.0 U / 0.60 U

MW-4R 8/15/2014 250 U 100 U 200 U 1.0 U 1.0 U 1.0 U 3.0 U

MW-4R 11/25/2014 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-4R 2/24/2015 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-7 8/14/2014 250 U 100 U 200 U 1.0 U 1.0 U 1.0 U 3.0 U

MW-7 11/25/2014 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-7 2/24/2015 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-9 8/14/2014 250 U 100 U 200 U 1.0 U 1.0 U 1.0 U 3.0 U

MW-9 11/25/2014 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-9 2/24/2015 250 U 110 U 220 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-10R 8/15/2014 250 U / 250 U 100 U / 100 U 200 U / 200 U 1.0 U / 1.0 U 1.0 U / 1.0 U 1.0 U / 1.0 U 3.0 U / 3.0 U

MW-10R 11/25/2014 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

MW-10R 2/24/2015 250 U 100 U 200 U 1.0 U 1.0 U 1.0 U 3.0 U

SEEP-1 2/24/2015 250 U 100 U 200 U 0.20 U 0.20 U 0.20 U 0.60 U

SEEP-2 2/24/2015 250 U 100 U 200 U 0.81 0.20 U 0.20 U 0.60 U

1,000(c) 500 500 51(d) 15,000(d) 2,100(d) 1,000

NA NA NA 110(e) 215(e) 25(e) NA

Notes: 
(a)  Samples were analyzed for diesel- and heavy oil-range, hydrocarbons using Northwest Total Petroleum Hydrocarbon (TPH) Method NWTPH-Dx with 
       Acid/Silica Gel Clean-up and for gasoline-range hydrocarbons using Northwest TPH Method NWTPH-G.  
(b)  Select aromatic volatile organic compounds (VOC) analyzed by EPA Method 8021B. 
(c)  Cleanup level without presence of benzene.
(d)  Cleanup level is based on Clean Water Act - CWA 303 (c)(4)(B).
(e)  Value based on NOAA Screening Quick Reference Tables (SQUIRT).

µg/L = micrograms per liter.
U = Not detected at or above laboratory reporting limits or limits of quantitation. 
MTCA = Washington State Department of Ecology Model Toxics Control Act (WAC 173-340).
NOAA = National Oceanic and Atmostpheric Administration.
NA = Not measured, Not available, or Not applicable.

Where two values are displayed, the second is the analytical result for a field duplicate sample.

NOAA SQUIRT Marine Values 
Chronic Effects 

MTCA Method A Cleanup Level 

Volatile Organic Compounds (µg/L)(b) Monitoring Well 
ID

Sample 
Collection 

Date
Total Petroleum Hydrocarbons (µg/L)(a)
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