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1. INTRODUCTION 
 

 
This report presents the results of a Feasibility Study (FS) for the Cornet Bay Marina located on 
Whidbey Island, Washington (Figure 1).  The site has been investigated by the Washington State 
Department of Ecology (Ecology) and will be remediated under a Consent Decree between 
Ecology and the current property owner (Ecology 1993).  The FS has been prepared in 
accordance with the Ecology guidelines on feasibility study preparation, as required by the 
Model Toxics Control Act (MTCA). 
 
1.1  PURPOSE 
 
The purpose of a FS is to present and evaluate alternatives for contaminated site cleanup.  The 
FS is used by Ecology to solicit public and agency comments to select a cleanup action for the 
site under Washington Administrative Code (WAC) 173-340-360 through 173-340-390.  This 
site is a petroleum contaminated site and the alternatives evaluated are technologies known to be 
applicable for petroleum site remediation. 
 
1.2  REPORT ORGANIZATION 
 
This FS uses data collected during prior site investigations conducted by the property owner and 
Ecology as well as data collected for the FS to develop and evaluate cleanup action alternatives.  
After the FS is complete, Ecology will issue a cleanup action plan (CAP) presenting the selected 
cleanup action(s) that will be used to address site contamination.  This FS is organized as follows: 

 
Section 1  Introduction 
Section 2 Background 
Section 3 Remedial Investigation 
Section 4 Feasibility Study Activities 
Section 5  Nature and Extent of Contamination 
Section 6 Development of Cleanup Standards 
Section 7 Technology Screening 
Section 8 Description of Remedial Alternatives 
Section 9 Model Toxics Control Act (MTCA) Minimum Requirements 
Section 10 Disproportionate Cost Analysis 
Section 11 References. 
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2.  BACKGROUND 
 
 
This section presents a site overview, brief site history information, current site uses and 
environmental conditions.  The objective of this section is to summarize the historical work 
conducted at the site and to present information necessary to support the conclusions of this FS. 
 
2.1  SITE DESCRIPTION AND HISTORY 
 
The Cornet Bay Marina is located on Whidbey Island, on the south side of Deception Pass, 
bounded on the west by Cornet Bay and on the east by Cornet Bay Road (Figure 2).  Deception 
Pass State Park is north of, and adjacent to the site.  The site is relatively flat, with the exception 
of the elevated septic tank drain field at the northeast corner of the site.  A wooden bulkhead 
(shown in the photo) along the bay separates the land from the water.  

 
The site, constructed in 1962, is an operating marina 
serving the general public with a diesel and unleaded 
gasoline fueling system.  The fuel system consists of a  
2-compartment 12,000-gallon tank (9,000-gallon gasoline 
and 3,000-gallon diesel) enclosed in an underground 
reinforced concrete vault.  Two galvanized steel lines, 
encased in one large diameter polyvinyl chloride (PVC) 
pipe, run underground from the tank to the bulkhead and 
out to the fueling dock.  Other structures on site include a 
convenience store, storage shed, two above-ground waste 
oil tanks, and a boat harbor.   
 
2.1.1  Geology And Hydrogeology 
 
Shallow soils at the site consist primarily of fill material, 
including dredged sediments from the adjacent bay.  Based 
on soil types observed during soil boring and test pit 

excavation, shallow soils (less than 10 feet below ground surface [ft bgs]) are heterogenous and 
are not correlated well across the site.  Soils consist of sand and silt, with varying amounts of 
gravel and clay.  Based on drilling performed by Ecology in 1995, soils below about 10 ft bgs 
(to a total investigated depth of 25 ft bgs) consist primarily of clay.  A cross section of the site, 
prepared by Ecology, is presented in Figure 3. 
 
During a test pit investigation conducted in June 2006, undisturbed samples of both clayey-silt 
and silty-gravelly-sand were collected from about 4 ft bgs for laboratory analysis of physical 
parameters.  The hydraulic conductivities of both materials were low; 1.74E-07 centimeters per 
second (cm/s) for a vertical sample from the clayey-silt and 8.97E-06 cm/s and 3.13E-07 cm/s 
for vertical and horizontal samples, respectively, of the gravelly-silty-sand. 
 
Groundwater occurs at the site at depths ranging from about 4 to 7 ft bgs.  Groundwater is tidally 
influenced; however, the primary groundwater flow direction is assumed to be generally to the 

View of Cornet Bay Marina Site Looking 
North Toward Store 
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west, toward Cornet Bay.  Tidal influence was measured during the June 2006 field 
investigation.  Based on the results of the investigation, there was an approximately 2.5 ft change 
in water levels at monitoring well MW-2, approximately 0.5 ft in MW-1, and approximately 
0.2 ft in MW-3.  Monitoring well locations are presented in Figure 4.  The differences in 
reactions in the various wells are most likely attributed to the proximity to the bulkhead and the 
relatively impermeable soil. 
 
2.2 PRELIMINARY INVESTIGATIONS 
 
From the mid-1960s until February 1989, four underground storage tanks (USTs) were used at 
the site: 10,000-gallon regular gasoline, 6,000-gallon regular gasoline, 3,000-gallon diesel, and 
2,000-gallon gasoline or “pre-mix” for 2-stroke engines.  In January 1989, petroleum was 
observed seeping into the bay along the bulkhead.  The seeps were contained by absorbent 
booms.  No other remediation was done at that time. 
 
In April 1989, the original USTs at the site were emptied and a limited investigation was 
conducted by Roxbury Construction (Nelson 1990).  The investigation indicated that petroleum 
contamination had occurred due to broken fuel lines.  During the study, only soil was 
investigated; no groundwater assessment was done.  The four USTs were removed in 
March 1990 by Technical Services, Inc under contract to Welch Enterprises.  Soil from the tank 
excavation was placed back in the ground.  A summary of the tank removal activities is provided 
in a report by Welch (1990).   
  
In late 1990, the current 2-compartment tank was installed within a portion of the former UST 
excavation.  Petroleum-contaminated soil and free product were observed in the excavation.  An 
unknown volume of contaminated water from the excavation was pumped into a drainage ditch 
along Cornet Bay Road (Ecology 1990).  Approximately 10,000 gallons of petroleum-
contaminated groundwater was reportedly pumped out of the excavation and disposed offsite 
(Nelson 1990).  In addition, an unknown volume of petroleum-contaminated soil was removed 
from the excavation and disposed offsite.  Test pit excavations were performed in four widely-
spaced locations at the site and soil and groundwater samples were collected for analysis.  
Elevated concentrations of gasoline-range organics (GRO), diesel-range organics (DRO), and 
benzene, toluene, ethylbenzene and xylene (BTEX) constituents were detected at the locations 
sampled.  An “emulsion layer of fuel” was reported on the water surface in at least 2 of the test 
pits (Welch 1990). 
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3.  REMEDIAL INVESTIGATION 
 
 
A Consent Decree for the site was established in 1993 between the Ecology and the Cornet Bay 
Marina site owner/operator to assess the extent and degree of gasoline and diesel contamination 
at the site in accordance with the requirements of the MTCA (Ecology 1993).  The scope of work 
outlined in the Consent Decree included the completion of a Remedial Investigation (RI) 
directed by Ecology.  On numerous occasions since the Consent Decree was signed, Ecology has 
investigated the soil, groundwater and sediment at the site to assess the impact of the petroleum 
release.  Each of these investigations is described briefly in the sections that follow.  Figure 4 
shows the sampling locations for these activities.  The analytical results for soil and groundwater 
are presented in Figures 5 and 6, respectively. 
 
3.1  1995 INVESTIGATION 
 
In November 1995, ten soil borings (B1 through B10) were drilled and sampled by Ecology.  
Soil samples were collected where field screening techniques indicated the presence of 
petroleum (Ecology 1996a).  Groundwater samples were collected from several boreholes.  
Concentrations of GRO, DRO, and BTEX constituents were detected at concentrations 
exceeding the cleanup criteria at most of the locations sampled.  The two locations with the 
highest concentrations of GRO and DRO in the soil were boring B8 and B3, see Figure 5.   
 
Boring B8 was located just north of the store building and had a maximum GRO concentration 
of 2,600 milligrams per kilogram (mg/kg) and a maximum DRO concentration of 7,400 mg/kg.  
Boring B3 was located just south of the store building and had a GRO concentration of 
4,900 mg/kg and a DRO concentration of 4,030 mg/kg.  A surface water sample acquired near 
the bulkhead showed no contamination. 
 
3.2  1996 MONITORING WELL INSTALLATION 
 
Three monitoring wells were installed by Ecology in downgradient locations at the site in 1996: 
 

• MW-1 (screened from 10 to 25 ft bgs),  
• MW-2 (screened from 5 to 25 ft bgs), and  
• MW-3 (screened from 5 to 20 ft bgs) (Ecology 1996b).   

 
Monitoring well construction data is provided in Table 1.  The wells were sampled by Ecology in 
1996, 2003, and 2005.  No contamination has been detected in MW-1, which is screened deeper 
than the other two wells, at depths below the water table.  Concentrations of DRO, GRO, and 
benzene were well above MTCA Method A cleanup levels in samples collected from wells  
MW-2 and MW-3 for each sampling event (Ecology 1996b, Ecology 2003, Ecology 2005).  
Table 2 presents the results of each groundwater sampling event since 1996. 
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At MW-2, the highest concentrations of GRO and DRO were detected in 2003.  The 
concentration for GRO was 21,300 micrograms per Liter (µg/L).  The concentration for DRO 
was 127,000 µg/L.   
 
At MW-3, the highest concentrations of GRO and DRO were detected in 1996.  The 
concentration for GRO was 24,000 µg/L.  The concentration for DRO was 98,000 µg/L.  
 
3.3  2003 INVESTIGATION 
 
Ten direct push borings (DP1 through DP10) were advanced and sampled at the site in June 2003 
(Ecology 2003).  This work was done to determine if natural attenuation had reduced 
contaminant levels and also to investigate the southern area of the site.  Samples collected from 
the borings indicated the presence of elevated concentrations (above MTCA Method A cleanup 
levels) of DRO, GRO, and BTEX in soil and groundwater throughout the site.  Areas of elevated 
concentrations corresponded to areas of elevated GRO and DRO detected during the 
investigation conducted in 1995.  The two locations with the highest concentrations of GRO and 
DRO in the soil were boring DP-1 and DP-9, see Figure 5. 
 
Boring DP-1 was located approximately 30 ft north of the store building and had a GRO 
concentration of 2,730 mg/kg and a DRO concentration of 7,050 mg/kg.  Boring DP-9 was 
located approximately 60 ft south of the store building and had a GRO concentration of 
1,910 mg/kg and a DRO concentration of 5,170 mg/kg. 
 
The highest concentrations of GRO alone were found in the soil at boring locations DP-5 and 
DP-10, see Figure 5.  Boring DP-5 was located approximately 140 ft south of the store building 
and had a GRO concentration of 5,150 mg/kg.  Boring DP-10 was located approximately 50 ft 
east of the store building and had a GRO concentration of 5,310 mg/kg. 
 
In addition, during this investigation a sheen was observed on the bay water extending about 3 ft 
out from the north edge of the bulkhead.  The results of this work indicated natural attenuation 
was not reducing contaminant levels and also that the southern area of the property was 
contaminated. 
 
3.4  2005 INVESTIGATION 
 
Between April and June 2005, EA Engineering, Science, and Technology, Inc. (EA) conducted a 
limited investigation to better define the nature and extent of contamination at the site.  Eight 
direct push borings (GP-1 through GP-8) and three hand auger borings (HA-1 through HA-3) 
were advanced and sampled at the site.  The results of this investigation are reported in the 
Investigation Report (EA 2005) and a letter to Ecology regarding the summary of results for the 
June 2005 Field Investigation (EA 2006a).  Based on the results of EA’s limited investigations, 
the extent of the contamination appears to be generally confined to the marina property, see 
Figures 5 and 6.  GRO and DRO concentrations were below cleanup levels around the perimeter 
of the property, with the exception of hand auger borings HA-1 and HA-2, the DRO detected at 
these locations appears to be more consistent with lube oil-range organics (LRO) and it is likely 
that this contamination is not attributable to operations at the marina. 
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3.5  2005 SEDIMENT SCREENING SURVEY 
 
Ecology conducted a Screening Survey for Petroleum Contaminants (Ecology 2005) at the 
Cornet Bay Marina in 2005.  The study included collection of groundwater, surface water, and 
sediment samples to determine if petroleum contaminants were migrating into intertidal areas of 
Cornet Bay and evaluate the significance of existing contaminant levels.  Sampling locations are 
shown in Figure 4. 
 
Samples of groundwater indicated contamination exceeding screening levels for benzene and 
GRO in MW-2 and MW-3.  Additionally, the concentration of DRO exceeded screening levels in 
MW-3.  Samples of surface water from the two streams adjacent to the site showed no 
contamination. 
 
The study found that sediment samples along the bulkhead showed no evidence of BTEX, 
gasoline or diesel, with the exception of one location at the southern end of the bulkhead that 
contained low levels of BTEX and diesel (Ecology 2005).  Concentrations of polyaromatic 
hydrocarbons (PAHs) exceeded screening levels at 4 of the 6 sampled sediment locations, 
suggesting that sediment contamination is due to creosote from the timber bulkhead. 
 
Tissue samples from shellfish were not collected during this event as planned because the 
number of clams found was insufficient for sampling purposes,  
 
The sediment data are presented in the Sediment Screening Report, which is included with other 
reports that document the Remedial Investigation actions. 
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4.  FEASIBILITY STUDY ACTIVITIES 
 
 

The scope of work outlined in the Consent Decree for the site also included the completion of 
this FS.  In support of the FS and future remediation activities, EA conducted the following 
activities: 
 

• A groundwater level study 
• Additional groundwater monitoring 
• A test pit investigation 
• Surface water sampling 
• An assessment of the existing bulkhead 
• An assessment of the existing building 
• An assessment of the existing on-site sewage system. 

 
4.1  GROUNDWATER LEVEL STUDY 
 
On 26 May 2006, EA visited the Cornet Bay Marina to deploy Level Troll® 500 water level 
loggers to determine if the groundwater at the site is influenced by tidal variations.  The level 
loggers were installed in the three onsite monitoring wells and on a piling on the marina dock 
(see photo).  The level loggers record temperature, depth, and pressure at set time intervals as 
specified by the user.  
 
Monitoring wells MW-1, MW-2, and MW-3 were first 
opened and checked for product.  No measurable product 
was noted in any of the three monitoring wells.  Water 
level and total depth measurements were obtained and 
recorded before installing the level loggers.  Water levels 
measured in the wells are presented in Table 1.  Level 
loggers were deployed at a depth of 15 ft. below the top 
of the well casing (ft btoc).  Level logger cables were 
suspended from the bottom of the well plug.  The level 
logger placed in the 2-inch (in.) PVC casing tied to the 
marina dock piling was suspended using a safety ring.   
 
The level loggers were programmed to begin collecting 
data on 26 May 2006, in 15-minute intervals, for a period 
of 7 days.  The level loggers were checked prior to 
leaving the site to assure the data was being recorded.   
 
EA returned to the site to retrieve the level loggers on 1 June 2006.  Data from the level loggers 
was downloaded to the Rugged Reader® Palm device to transfer the data into an Excel® 
spreadsheet.   
 

PVC Pipe on Dock Piling for Level 
Troll® Protection 
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The measured water levels were adjusted and graphed, as shown in Figure 7, using the 
information provided by Ecology in Appendix A.  Over the week long monitoring period, the 
tide varied approximately 14 ft.  Over the same time period, the water level variance was 
negligible (less than 2 in.) in MW-3, up to 6 in. in MW-1, and more than 2.6 ft in MW-2. 
 
4.2  GROUNDWATER MONITORING ACTIVITIES 
 
On 1 June 2006, EA sampled wells MW-1, MW-2, and MW-3 using a peristaltic pump and low-
flow sampling procedures.  In accordance with the Sampling and Analysis Plan (SAP) 
Revision 3 (EA 2006b), groundwater samples were collected for laboratory analysis of GRO; 
DRO; LRO; and BTEX.  In addition, groundwater samples were also analyzed for FS parameters 
including alkalinity, salinity, hardness, iron, manganese, chemical oxygen demand, total organic 
carbon, biological oxygen demand, anions, chloride, sulfate, and nitrate.   
 
The monitoring wells were opened and checked for the presence of free product using a free 
product indicator.  No measurable product was noted in the three monitoring wells.  Water level 
and total depth measurements were obtained and recorded before installing dedicated 
polyethylene tubing in the wells.  The tubing intake was placed approximately 2 to 3 ft below the 
groundwater level.  The tubing intake in MW-1 was lowered during purging, due to drawdown 
experienced during purging. 
 
The peristaltic pump was used to purge groundwater at a rate of 300-500 milliliters per minute.  
Groundwater quality parameters were measured every three minutes during purging until 
parameters stabilized.  Purge forms are provided in Appendix B.  Groundwater samples were 
then collected.  A duplicate sample was collected from MW-3 (CB-MW3D).  Table 1 
summarizes monitoring well construction information, water level measurements, and water 
quality parameters obtained after the readings stabilized. 
 
Groundwater purged during development and monitoring well sampling was contained in a  
30-gallon drum and stored within the enclosure around the UST vault. 
 
Laboratory results for the petroleum constituents in the monitoring well groundwater samples are 
attached and are summarized in Table 2 along with results from prior sampling events.  
Contaminant concentrations in MW-1 and MW-2 appear to remain fairly consistent with 
May 2005 results, while MW-3 indicates a slight increase for most of the petroleum constituents 
analyzed for.  The analytical results for groundwater FS parameters are presented in Table 3.  
Complete laboratory reports are presented in Appendix C. 
 
4.3  TEST PIT EXCAVATION AND SOIL SAMPLING RESULTS 
 
On 1 June 2006, five test pits (TP1 through TP5) were excavated onsite for soil sample 
collection, to identify soil types, and to observe the possible presence of product at the water 
table.  The test pits were dug using an excavator operated by Clear Creek Contractors with EA 
oversight.  The test pits were excavated to a maximum depth of 6 ft bgs.  Test pit locations are 
indicated on Figure 8.  Test pit logs are provided in Appendix D.    
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Shallow soil types encountered across the site area were not consistent and varied from sand and 
gravel to silt and clay.  In TP1, located between the existing fuel vault and the septic tank 
drainfield, sand and gravel were encountered to the total depth of 5 ft bgs.  In TP2, located just 
north of the store building, sand and gravel were encountered to a depth of about 4 ft bgs, and 
were underlain by silt and clay to 6 ft bgs.  In TP3, located near the southeastern corner of the 
property, materials encountered with depth were gravel, silt, sand, and clay, to a total depth of 
6 ft bgs.  Test pit TP4, located south of the store building, penetrated silt and clay from about 
0.5 ft bgs to the total depth of 4 ft bgs.  In test pit TP5, located near the southeast corner of the 
store building, soils consisted of silt, grading to sand, and grading back to silt at the total depth of 
6 ft bgs.  Groundwater was encountered at depths ranging from about 4 to 6 ft bgs in the test pits.  
Strong hydrocarbon odors, sheens, and/or elevated photoionization detector readings were 
encountered in soil from all test pits except TP4.  Details are provided in the test pit logs 
(Appendix D). 
 
Soil samples were collected from each test pit for analysis of GRO, BTEX, and DRO.  Three of 
the soil samples were also submitted for analysis of FS parameters (total organic carbon, 
chemical oxygen demand, total nitrogen, potassium, and phosphorus) and two of them were 
submitted for analysis of toxicity characteristic leaching procedures (TCLP) benzene.  The 
analytical results for petroleum constituents indicate elevated concentrations of GRO in every 
test pit except TP4.  Analytical results for test pit soil samples are summarized in Tables 4 and 5 
and complete laboratory reports are presented in Appendix C.  Additionally, a sediment sample 
was collected from the southern end of the site during this sampling event; the result is included 
in Table 4. 
 
Three Shelby tube samples were collected for physical analyses, including density, porosity, 
grain size, and hydraulic conductivity.  One vertical Shelby tube sample was collected from 
dense, clayey-silt in test pit TP2.  One vertical and one horizontal Shelby tube sample were 
collected from gravelly-silty-sand in test pit TP3.  The laboratory reports for these samples are 
located in Appendix E. 
 
4.4  SURFACE WATER SAMPLING 
 
On 7 September 2006, two samples were collected from Cornet Bay to determine if the 
groundwater contamination at the site was impacting the surface water adjacent to the site.  
During the site visit, a sheen was noted on the water’s surface and appeared to be emanating 
from the bulkhead.  A sample of this surface sheen water was collected and sent to a laboratory 
for analysis of GRO and DRO.  In addition, a sample was collected off the dock, farther out from 
the bulkhead to indicate potential background levels of GRO and DRO from daily marina 
activities.  The approximate location of these samples is shown in Figure 8. 
 
The analytical results for the samples indicated elevated levels of GRO and DRO in the surface 
sheen water near the bulkhead.  The dock sample showed no contamination.  These results 
suggest that the sheen was of petroleum fuel composition and that the site has an ongoing release 
into Cornet Bay through the bulkhead due to the upland contamination at the site.  Analytical 
results for the surface water sheen sample were 85.4 µg/L for GRO and 368 µg/L for DRO.  The 
complete laboratory report is presented in Appendix C. 
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4.5  BULKHEAD ASSESSMENT 
 
On 7 September 2006, Reid Middleton, Inc. conducted a field investigation to determine the 
condition of the timber bulkhead at the site and provide an opinion of probable design and 
construction costs for a replacement bulkhead (if required). 
 
The assessment indicated that various components of the bulkhead were rotting at several 
locations.  The complete bulkhead was rated in fair condition however, because the deteriorated 
areas did not overlap there were no compounding effects on the bulkhead integrity.  The life 
expectancy ranges from 7 to 12 years for the various components of the bulkhead.  The 
assessment also provided recommendations and limitations so as not to endanger the existing 
bulkhead while working around it with various pieces of equipment performing the tasks that 
would be associated with the remediation of the site.  If replacement of the bulkhead is 
necessary, the budgetary cost estimate for this task is approximately $1,070,000 in 2006 dollars.  
The complete Cornet Bay Marina Bulkhead Assessment is provided in Appendix F. 
 
4.6  BUILDING ASSESSMENT 
 
On 1 June 2006, Hassler Builders, Inc. conducted a site visit to determine the feasibility of 
temporarily moving the store building to facilitate remediation.  Based on Hassler Builders’ 
observations, the building move is feasible, and would include lifting and securing the building 
for a move of approximately 100 ft, then returning the building to a newly poured foundation.  
The budgetary cost estimate for this task is approximately $50,000 in 2006 dollars.  The cost 
estimate is included in Appendix G. 
 
4.7  ONSITE SEWAGE SYSTEM ASSESSMENT 
 
According to the as-built documentation provided by Island County Public Health (Appendix H), 
the onsite sewage system (OSS) includes two septic tanks, a pump chamber, and a modified sand 
filter/mound combination drainfield.  Although there has been no subsurface investigation within 
the drainfield area, it is suspected that contamination would have spread to this area since there 
are high concentrations of GRO and DRO immediately adjacent to the mound.  During a cleanup 
action at the site, this potential contamination would have to be addressed.  Therefore, it was 
necessary to consider whether the drainfield component of the existing onsite sewage system 
could be replaced if it had to be removed as part of the selected remedial alternative for the site. 
 
Washington State Department of Health OSS regulations specify a horizontal separation distance 
of 100 ft between the edge of a drainfield and surface water.  However, the regulation also 
provides that a local health officer may allow expansion of an existing OSS adjacent to a marine 
shoreline that does not meet minimum horizontal separation between the drainfield and the 
ordinary high water mark as long as other requirements specified in the regulation are met, 
including a horizontal separation of 50 ft or greater. 
 
Telephone conversations with the Island County Public Health officials were not able to 
ascertain a definite answer as to whether this particular drainfield could be replaced but indicated 
that it is a possibility once site conditions are evaluated following the cleanup action. 
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5.  NATURE AND EXTENT OF CONTAMINATION 
 
 
The results of the RI/FS activities conducted at the site are used in this section to define the 
nature and extent of contamination in soil, groundwater, and sediment at the site. 
 
5.1  LOCATION AND EXTENT OF FREE PRODUCT 
 
Free product was visible in 3 of the 5 test pits excavated during investigations conducted in 
June 2006, although product thickness could not be determined.  During groundwater 
monitoring, sheen was seen in both MW-2 and MW-3.  MW-1 is screened well below the water 
table, and it is not possible to measure free product at this location.   
 
Sheens have been seen intermittently in the vicinity of the bulkhead during past years.  Sheen 
was observed on the bay water at the north edge of the bulkhead near MW-2 when it was 
sampled in 2003.  During the Sediment Screening Survey conducted by Ecology in 2005, a 
visible sheen could be seen on the water coming from the bulkhead as the tidal waters dropped.  
After the tidal waters receded, there were no visible seeps along the bulkhead so it could not be 
determined at that time if the source of the sheen was groundwater.  During the FS investigation 
conducted in June 2006, sheen was observed seeping from the bulkhead at the south end of the 
store.  The sheens are suspected to originate from free product remaining at the site.   
 
The exact extent and depth of free product throughout the site is not known, though it is expected 
to be most prominent in the area between the fuel vault and MW-2.  The approximate extent of 
free product indicated in all the data is presented as accurately as possible in Figure 9. 
 
5.2  SOIL QUALITY  
 
Figure 10 depicts graphically the results of the soil sampling events conducted since 1995.  In 
general, soil contamination has been observed between 3 and 7 ft bgs, over the majority of the 
site.  No significant contamination has been seen in the southwest portion of the site.  Figure 9 
presents the estimated nature and extent of soil contamination. 
 
Soil contamination is found predominantly within the smear zone.  The smear zone is defined as 
the range of depths within which the groundwater will fluctuate under normal seasonal and tidal 
conditions.  In this zone, free product will move and “smear” the soil in response to changes in 
the water level elevation.  The smear zone soil may be saturated or unsaturated with groundwater 
at any given time.  
 
5.3  GROUNDWATER QUALITY  
 
Groundwater samples have been periodically collected and analyzed from the three wells onsite 
since they were installed in 1996.  Groundwater samples have contained measurable quantities of 
BTEX and petroleum hydrocarbons.  A summary of the historical results of groundwater 
sampling are presented in Table 2.  Additional groundwater samples were collected during soil 
boring events, the results of which are presented in Figure 6. 
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Groundwater samples from the two wells screened across the water table (MW-2 and MW-3) 
have consistently shown GRO and DRO contamination, which is consistent with floating 
products such as gasoline and diesel.  MW-1 was screened at a greater depth, at least 5 ft below 
the water table.  Groundwater samples collected from MW-1 have not shown contamination by 
GRO or DRO, which supports a conclusion that groundwater contamination remains within a 
few feet of the water table. 
 
5.4  SEDIMENT QUALITY  
 
Ecology conducted an investigation of the sediment in Cornet Bay in 2005.  The study found that 
sediment samples along the bulkhead showed no evidence of BTEX, gasoline or diesel, with the 
exception of one location at the southern end of the bulkhead that contained low levels of BTEX 
and diesel (Ecology 2005).  Concentrations of PAHs exceeded screening levels at 4 of the 
6 sampled sediment locations, suggesting that sediment contamination is due to creosote. 
 
Additionally, during the FS investigation conducted in June 2006, a sample of sediment was 
collected from the sediment settling pond at the southern end of the site.  This sample was 
analyzed for DRO, GRO and BTEX.  Results were below detection limits for the analyzed 
constituents. 
 
Sediment sampling locations are shown in Figure 4. 
 
The full extent of PAH contamination in sediments is not known, and further sampling of PAHs 
and possibly dioxins would be required for complete characterization.  Cleanup of the upland 
area of the marina site is a priority and will proceed as stipulated in the Consent Decree.  
Cleanup of sediment contamination from the bulkhead will be addressed at a later time, and 
evaluation of an approach to sediment cleanup is not included in this FS. 
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6.  DEVELOPMENT OF CLEANUP STANDARDS 
 
 
Under MTCA, cleanup standards are to be established on a site by site basis, requiring the 
establishment of the following elements: 
 

• Cleanup levels 
• Points of compliance 
• Other applicable regulatory requirements. 

 
These elements are discussed in the following sections. 
 
6.1 MODEL TOXICS CONTROL ACT CLEANUP LEVELS 
 
The intention for cleanup at this site is to achieve a permanent cleanup action in which “cleanup 
standards are met without further actions being required at the site” as defined in WAC 173-340-
200.  The site was probably contaminated to some degree throughout its long operating history 
(since the 1960s) and then primarily by an extensive susbsurface release of petroleum fuel 
products (gasoline and diesel) in 1989.  Given the circumstances of this site, appropriate testing 
for petroleum contamination includes (from MTCA Table 830-1) total petroleum hydrocarbon – 
gasoline range organics (TPH-G), total petroleum hydrocarbon – diesel range organics (TPH-D), 
benzene, toluene, ethylbenzene, xylenes, 1,2-dibromeoethane (EDB), 1,2-dichloroethane (EDC), 
methyl-tertiary-butyl ether (MTBE), carcinogenic polycyclic aromatic hydrocarbons (cPAHs), 
and lead.   
 
6.1.1  Establishment of Groundwater Cleanup Levels 
 
The Cornet Bay Marina Site is adjacent to surface waters of Puget Sound.  Groundwater 
discharges directly to surface water beneath and around the bulkhead.  Groundwater cleanup 
levels must be protective of marine surface water for both human health and aquatic life.  
Groundwater at the site is not used for drinking water, nor would it likely be in the future 
because of its location next to nonpotable surface water.  The marina gets its drinking water 
piped from a drinking water well 100-150 ft. east of the eastern most extent of groundwater 
contamination at the site.  This well also serves seven houses in the vicinity with drinking water 
and is reportedly about 60 ft. deep.  The well is directly upgradient from the site and there 
appears to be no likely pathway for contamination at the site to reach this well.  Nevertheless, 
because this well is in close proximity to the site, cleanup levels for protection of groundwater as 
drinking water should also be considered.   
 
The discussion of groundwater cleanup levels is divided into a discussion of groundwater 
cleanup levels for protection of human health by protection of groundwater as drinking water and 
by protection of marine surface water.  A secondary discussion addresses protection of aquatic 
life by protection of marine surface water. 
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6.1.1.1 Protection of Human Health 
 
Groundwater cleanup levels for protection of groundwater as drinking water 
 
MTCA provides three methods for developing cleanup levels for potable groundwater (WAC 
173-340-720):  Method A, Method B (standard and modified), and Method C (standard and 
modified).  Cleanup levels developed under these methods must be at least as stringent as 
contaminant concentrations established under applicable state and federal laws (applicable and/or 
relevant and appropriate requirements [ARARs]), and also must be protective of surface water 
beneficial uses. 
 
Method A may be used to establish cleanup levels at sites that have few hazardous substances 
and that either (1) numerical standards are available in MTCA or applicable ARARs, or (2) a 
“routine” cleanup action (as defined WAC 173-340-200) is applicable to the site.  This site meets 
the required criteria for use of Method A.  The site has been contaminated only with petroleum 
substances of which TPH-G, TPH-D, and benzene appear to be of remaining concern.  
Numerical groundwater cleanup levels for all of the required analytes from MTCA Table 830-1 
(Ecology 2007) are stipulated in MTCA Table 720-1.   
 
Method B is applicable to all sites.  Standard Method B uses default formulas, assumptions, and 
procedures in WAC 173-340-720.  Under modified Method B, modifications can be made to the 
default assumptions to derive site-specific cleanup levels.  There is little rational to modify the 
standard assumptions, and the use of Method C is not applicable at this site.  For sites 
contaminated with petroleum mixtures, Method B requires fractionation analysis of samples for 
petroleum composition, and these data are then used to compute site-specific groundwater 
cleanup levels for the TPH fractions.  An inherent assumption is that the composition of samples 
represents the petroleum composition of groundwater contamination throughout the site.  
However, hydrocarbon identification analyses of groundwater samples at this site indicated the 
nature of petroleum contamination is variable well to well.  Considering these data and also the 
large extent of contamination at the site (nearly and acre) suggests that the petroleum 
composition of individual samples would not necessarily represent petroleum contamination in 
groundwater throughout the site.   
 
Groundwater cleanup levels for protection of marine surface water 
 
Surface water cleanup levels for protection of human health must consider direct contact and 
ingestion of surface water, and consumption of aquatic life.  There is no routine human contact 
with surface water at the site.  Swimming next to the bulkhead is precluded by marina 
infrastructure and tidal flat conditions.  Furthermore surface water sampling indicates non-detect 
background conditions just away from the bulkhead. 
 
MTCA (WAC 173-340-730) provides three methods for developing cleanup levels for surface 
water:  Method A, Method B (standard and modified), and Method C (standard and modified).   
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Method A may be used to develop surface water cleanup levels at routine sites with few 
hazardous substances.  There is no “look up” Method A cleanup levels for surface water 
provided in MTCA.  Under Method A, the surface water cleanup level for a particular substance 
must be designated in stipulated the ARARs and the most stringent level used.  If there is no 
cleanup level established under ARARs for a particular substance, then the Method A cleanup 
level is based on the natural background concentration or the practical quantitation limit (PQL), 
for the substance which ever is higher.  PQLs would be utilized at the site because the 
background level contaminant of concern surface water is non-detect.  Contaminant levels 
protective of human health for surface water are found in ARARs for four of the required 
analytes (benzene, ethylbenzene, EDC, cPAHs).  PQL values would have to be used for the other 
seven required analytes.  Given modern laboratory analytical techniques, PQLs derived from 
analyses for some of these substances at the site could be so stringent as to be unattainable if 
applied as cleanup levels for groundwater.    
 
Under standard Method B, the surface water cleanup level for a particular substance must be at 
least as stringent as the most stringent concentration either established in the ARARs or 
computed under the standard Method B equations and default assumptions provided in WAC 
173-340-730.   The area offshore from the site is pristine and is routinely used for boating and 
fishing.  There is little rationale to modify the default assumptions in the standard Method B 
equations, and Method C is not applicable to this site.  Method B requires fractionation analysis 
of samples for petroleum composition when using the equations to compute surface water 
cleanup levels for petroleum mixtures.  In lieu of this however, Method A cleanup levels 
protective of groundwater as drinking water for petroleum mixtures in MTCA Table 720-1 are 
allowed as Method B surface water cleanup levels protective of human health [WAC 173-340-
730(3) (b)(iii)(C)].   
 
Under standard Method B, cleanup levels for protection of human heath - surface water can be 
established for seven of the required analytes.  Singular bio-concentration factors are not 
available for three of the required analytes (MTBE, EDB, and xylenes).  Research was done into 
available information on bioconcentration factors for these substances (TOXNET, etc.).  Results 
are not consistent, but the information suggest that standard Method B cleanup levels for surface 
water would be significantly greater than Method A or standard Method B cleanup levels for 
potable groundwater for MTBE, EDB, and xylenes.  There are no reference dose or cancer 
potency factor values available for lead, and Method B cleanup levels cannot be derived.   
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Groundwater Cleanup Level Summary Table. 
 
Groundwater cleanup levels (μg/L) for potable groundwater and protection of human health for 
marine surface water derived under Method A, Standard Method B or ARARs as described 
above are presented in the following table:   
 
 Method A 

(Drinking 
Water) 

Method B 
(Drinking 

Water) 

Method B 
(Surface Water) 

Total petroleum hydrocarbon – gasoline range 
organics 800 NA 800 

Total petroleum hydrocarbon – diesel range organics 500 NA 500 
Benzene 5 0.8 23 
Toluene 1,000 640 15,000 (ARAR) 
Ethylbenzene 700 800 2,100 (ARAR) 
Xylenes 1,000 1,600 > Method A/B, 

drinking water 
1,2-dichloroethane 5 0.48 37 (ARAR) 
1,2-dibromoethane 0.01/PQL 0.00051/PQL > Method A/B, 

drinking water 
Methyl-tertiary-butyl ether 20 24 > Method A/B, 

drinking water 
Benzo(a)pyrene * 0.0002 (ARAR) 0.0002 (ARAR) 0.018 (ARAR) 
Lead 15 NA NA 
Notes: 
ARAR = Applicable or Relevant and Appropriate Requirement 
NA =  Not applicable 
PQL = Practical Quantitation Limit 
> = greater than 
*Reference chemical for cPAHs 
 
Cleanup levels protective of human health – marine surface water as allowed under Standard 
Method B/ARARs are higher than cleanup levels protective of potable groundwater established 
under Methods A or Standard B.  If Standard Method B cleanup levels protective of surface 
water were to be used as the cleanup levels for groundwater at the site, the groundwater must be 
classified as nonpotable.  Groundwater at this site can be considered nonpotable under WAC 
173-340-720(2)(d) because the site is adjacent to marine surface water that is not suitable as a 
domestic water supply.  Conditions that allow this are: (1) the groundwater is not currently used 
as drinking water, (2) it is unlikely that contamination in the groundwater will be transported to 
areas where groundwater is or could be a source of drinking water, (3) groundwater at the site is 
hydraulically connected to the surface water.  It is likely these conditions are met at this site.   
 
Final cleanup levels for groundwater at the site will be established in the Cleanup Action Plan. 
 
6.1.1.2 Protection of Aquatic Life 

 
With the exception of lead, there are no established marine surface water cleanup levels in 
MTCA or ARARs for the required analytes that are protective of marine aquatic life (acute and 
chronic exposures).  Whole effluent toxicity testing (WAC 173-205) may be required to ensure 
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protection of aquatic life if contaminant levels in groundwater at the point of discharge to surface 
water are above PQLs at the site for the required analytes.  
 
6.1.2  Establishment of Soil Cleanup Levels 
 
There is a store on the marina property and part of the property is fuel-storage infrastructure and 
a raised drainfield.  The bulk of the property is graveled driveways and parking, with some 
grassy area.  There are no trees or shrubs on the site.  Adjacent land within 500 ft. of the site 
contains a boat repair facility, six houses with large yards, a picnic area and some undeveloped 
forested land. 
 
Soil Cleanup Levels at the Site Must Be Protective of Both Human Health and Terrestrial Life. 
 
6.1.2.1  Soil Cleanup Levels for Protection of Human Health 
 
The site is heavily visited by the public during boating season.  The site does not qualify as an 
industrial property and soil cleanup levels for unrestricted land use are applicable.  Visitors to the 
site could be temporarily exposed to dust, and the operator and employees of the marina have 
longer-term exposure.  (There is minimal contaminated surface soil at this site however.  The soil 
contamination is primarily in the subsurface “smear zone” about 3-7 ft deep).   
 
MTCA provides two methods for developing soil cleanup levels for unrestricted land use (WAC 
173-340-740):  Method A and Method B (standard and modified). 
 
Method A soil cleanup levels apply to sites that have few hazardous substances, and where either 
numerical cleanup levels are available in MTCA and/or ARARs, or the cleanup of the site can be 
considered “routine”.  The site meets these criteria.  The site is contaminated with petroleum 
substances, and numerical soil cleanup levels for the required analytes from MTCA Table 830-1 
are stipulated in MTCA Table 740-1.   
 
Method B is applicable to all sites.  Standard Method B uses default formulas, assumptions, and 
procedures in WAC 173-340-740.  Under modified Method B, modifications can be made to the 
default assumptions to derive site-specific cleanup levels, but there is little rational to modify the 
assumptions at this site.  Other exposure pathways must be evaluated when using Method B such 
as direct contact, leaching to groundwater, and vapors.  For sites contaminated with petroleum 
mixtures, Method B requires fractionation analysis of samples for petroleum composition, and 
these data are then used to compute site-specific soil cleanup levels for TPH fractions.  It is 
assumed that the composition of samples represents the petroleum composition of soil 
contamination throughout the site.  Given the heterogeneity of the soil and the large extent of 
contamination at this site (nearly and acre) the petroleum composition of individual samples 
probably would not necessarily represent TPH contamination in soil throughout the site.    
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Soil cleanup levels (mg/kg) protective of human health derived under Method A and Standard 
Method B are presented below:  
 
 Method A Method B 
Total petroleum hydrocarbon – gasoline range organics 30 NA 
Total petroleum hydrocarbon – diesel range organics 2,000 NA 
Benzene 0.03 18 
Toluene 7 6,400 
Ethylbenzene 6 8,000 
Xylenes 9 16,000 
1,2-dichloroethane NA 11 
1,2-dibromoethane 0.005 0.012 
Methyl-tertiary-butyl ether 0.1 560 
Benzo(a)pyrene 0.1 0.14 
Lead 250 NA 
Notes: 
NA = Not applicable 
*Method B values are cleanup levels protective of soil ingestion only. 

 
6.1.2.2  Protection of Terrestrial Life 
 
Soil cleanup levels must have no significant adverse effects on the protection and propagations 
of terrestrial ecological receptors (plants and animals) that could live on or be attracted to the 
site.  MTCA provides a tiered Terrestrial Ecological Evaluation (TEE) process for evaluating 
threats to terrestrial ecological receptors (WAC 173-340-7490 through 173-340-7494).   
 
The first tier provides exclusion criteria to determine if a site even requires a TEE.  Exclusion 
criteria potentially applicable to this site are either (1) contaminant levels in all soil throughout 
the site to a depth of 15 ft must not exceed non-detect/background level concentrations, or 
(2) there are barriers to the pathways for exposure of terrestrial life to soil at the site.  A TEE 
could be excluded for this site only if the intended cleanup actions (stipulated in the CAP) would 
eliminate all exposure pathways for plants and animals to any soil that is not pristine.   
 
The second tier provides four criteria to determine if a site could qualify for a “simplified” TEE.  
These criteria consider the use and nature of lands adjacent to the site in relation to plants and 
wildlife.  This site does not qualify for a simplified TEE because it is located adjacent to shore 
lands and also a picnic area that is part of Deception Pass State Park. 
 
The remaining alternative is to conduct a site-specific TEE for the site.  The initial step in this 
process is a “problem formulation” step (WAC 173-340-7493(2)) where site-specific issues 
regarding protection of terrestrial life are identified.  These include (1) chemicals of ecological 
concern, (2) exposure pathways, (3) terrestrial ecological receptors of concern, and (4) 
toxicological effects.  The problem formulation is discussed in the following sections. 
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Chemicals of Concern 
 
The land use of the site is commercial.  Food products are sold at the store along with boating 
and fishing supplies.  Both gasoline and diesel fuels are sold to boaters, and there are fuel storage 
tanks and distribution piping at the site.  For commercial land uses, protection of wildlife only is 
required (plants and soil biota are excluded [WAC 173-340-7493(2)(i)]).  A partial list of 
chemical substances with “indicator” concentrations in soil protective of terrestrial life is 
provided in the regulation (Model Table 749-3).  The site was contaminated by petroleum fuel 
products during past years.  Extensive soil data at the site acquired during characterization 
indicate that TPH-G and TPH-D concentrations are predominant in the soil (with benzene).  
Indicator values for TPH-D and TPH-G protective of wildlife (5,000 mg/kg and 6,000 mg/kg 
respectively) are provided in Model Table 749-3.  These values are higher than the Method A 
soil cleanup levels for protection of human health.  An indicator value for benzo(a)pyrene of 
12 mg/kg protective of wildlife is higher than the Method A soil cleanup level protective of 
human health.  An indicator value for lead (118 mg/kg) is provided, which is less than the 
Method A lead cleanup level in soil (250 mg/kg) for human health.  Model Table 749-3 does not 
provide indicator values protective of wildlife for other required analytes (BTEX, EDB, EDC, 
MTBE).  
 
Exposure Pathways 
 
Currently, areas of the site not occupied by structures (store, fuel tanks, and drain field) are 
graveled parking areas and driveways, and a patch of grass and weeds (approximately 
7,500 square ft in size).  Because of the gravel cover and heavy vehicular traffic, the driveways 
and parking areas provide no opportunity for wildlife to feed and reside, or have significant 
contact with the soil.  The grassy area ostensibly could provide limited habitat for wildlife to 
feed and reside, and have contact with the soil.  After cleanup actions are completed, it is 
anticipated current use of the site would continue and structures would remain.  Barriers to 
contact with the soil could be included in site restoration (paving and/or gravel would cover the 
property, and the grassy area could be eliminated). 
 
Terrestrial Life Receptors 
 
Because the land use is commercial, only wildlife receptors are considered.  Sea birds, land 
birds, and small mammals could frequent the site.  Birds could temporarily be attracted to 
discarded human food material and natural food could be available in the grassy area.  Small 
mammals could be attracted to the same food sources and possibly reside at the site - inside or 
associated with structures or burrowing in the grassy area.  Currently the site provides little 
attraction even for birds and small mammals.  After cleanup the site could provide almost no 
attraction even for birds and small mammals.   
 
Toxicological Effects 
 
For contact with soil, the most serious circumstance would be contact by wildlife with soil above 
residual saturation.  For birds, this could be directly detrimental to egg development.  (There is 
no surface soil above residual saturation at the site).  A determination of the complete spectrum 
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of toxicological effects of petroleum mixtures and other contaminants for site-specific wildlife 
would be untimely and complex.   
 
At this point however, it appears unnecessary to proceed further in the site-specific TEE process 
and continue an evaluation of toxicological effects on site-specific wildlife for the following 
reasons:   
 

(1) The petroleum contamination is aged.  The cleanup level concentrations in soil protective 
of human health for gasoline and diesel range organics are significantly lower than the 
indicator concentrations in soil protective of wildlife for gasoline and diesel range 
organics (MTCA Table 749-3).  In general, concentrations in soil for the carcinogenic 
substances (benzene, EDB, EDB, MTBE, cPAH) protective of human health are lower 
than concentrations protective of wildlife. 

 
(2) Currently the site offers little attraction to wildlife in terms of habitat for food and 

residence, and cleanup actions would make the site even less attractive to wildlife.  
Cleanup actions could result in soil at non-detect concentrations remaining at the site 
(such as excavation and replacement with clean fill).  Furthermore, site restoration after 
cleanup actions could include paving and/or gravel cover over the site and elimination of 
the grassy area, which provides barriers to wildlife for soil contact. 

 
Cleanup actions will be specified in the Cleanup Action Plan along with further establishment of 
cleanup levels for soil.   
 
6.2  POINTS OF COMPLIANCE  
 
The points of compliance defines the point or points on a site where the cleanup levels must be 
attained.  The term includes both standard and conditional points of compliance (Ecology 2001).  
Points of compliance are established at this site for soil and groundwater in accordance with the 
requirements and procedures set forth in MTCA regulations. 
 
6.2.1  Soil 
 
The point of compliance for soil cleanup levels is defined as throughout the site.  This means that 
the point of compliance extends throughout the soil profile and potentially below the water table 
and across the site to the limits of contamination near the property boundary.  The standard point 
of compliance for soil is 15 ft bgs.  Data from the site however indicates the depth extent of soil 
contamination is not more than 10 ft.   
 
6.2.2  Groundwater  
 
The standard point of compliance for groundwater is throughout the site, from the uppermost 
level of the saturated zone, taking into consideration the seasonal groundwater fluctuations, and 
extending vertically to the lowest-most depth that could potentially be affected by the site.  
Horizontally, the point of compliance is the limits of contamination near the property boundary. 
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The standard point of compliance for surface water is defined as the location where 
contamination in groundwater is released to the surface water.  This point of compliance will be 
as measured in monitoring wells adjacent to and screened below the bulkhead. 
 
6.3  OTHER POTENTIALLY APPLICABLE REQUIREMENTS  
 
MTCA requires that all cleanup actions comply with applicable state and federal laws 
[WAC 173-340-360(2)].  MTCA defines applicable state and federal laws to include “legally 
applicable requirements” and “relevant and appropriate requirements” (ARARs).  ARARs for the 
implementation of the remedial action at Cornet Bay Marina are presented in the following table.  
 

ARARs For Cornet Bay Marina Remedial Action 
Requirement ARAR? Rationale 

FEDERAL 
Clean Water Act 
National Pollution Discharge Elimination System 40 CFR Part 122 
 
The National Pollution Discharge Elimination System establishes 
permitting requirements, technology-based limitations and 
standards, control of toxic pollutants, and monitoring of effluents 
to assure discharge permit conditions and limits are not exceeded. 
 
Section 304   Ambient Water Quality Standards 

YES 
 
 

YES 
 

Applicable if groundwater will be extracted 
from ground and discharged.   
 
Standards for protection of Human Health 
and Aquatic life (acute and chronic) in 
marine surface waters. 

Safe Drinking Water Act (National Primary and Secondary 
Drinking Water Regulations) (42 U.S.C. 300f, 40 CFR Part 141, 
40 CFR Part 143) 
 
The Safe Drinking Water Act provides a national framework to 
ensure the quality and safety of drinking water.  The primary 
standards establish Maximum Contaminant Level (MCLs) and 
Maximum Contaminant Level Goals (MCLGs) for chemical 
constituents in drinking water.  Secondary standards pertain 
primarily to the aesthetic qualities of drinking water.  MCLs are 
enforceable standards set as close to the MCLGs as feasible, 
considering available treatment technology. 

YES The removal action is being conducted to 
reduce chemical concentrations in soil and 
groundwater, with a goal of meeting 
cleanup levels throughout the site.   

Clean Air Act, as Amended (42 U.S.C. 7401) 
 

The Clean Air Act is a comprehensive law which is designed to 
regulate any activities that affect air quality, and provides the 
national framework for controlling air pollution.  The National 
Primary and Secondary Ambient Air Quality Standards (40 CFR 
Part 50) set standards for ambient pollutants which are regulated 
within a region.  The National Emissions Standards for Hazardous 
Air Pollutants (40 CFR Part 61) establishes numerical standards 
for hazardous air pollutants. 

YES The Clean Air Act is will be required if any 
remediation alternatives produce air 
emissions. 

Endangered Species Act 
 
 
Prohibits jeopardizing federal threatened or endangered species, or 
adversely modifying habitats essential to their survival. 

NO Threatened or endangered species are not 
known to inhabit the area around Cornet 
Bay Marina.  Site activities will not 
jeopardize threatened or endangered 
species. 
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ARARs For Cornet Bay Marina Remedial Action 
Requirement ARAR? Rationale 

National Historic Preservation Act, Archeological Resources 
Protection (16 U.S.C. 470 et seq.) 
 
The National Historic Preservation Act requires that historically 
significant properties be protected.  Establishes requirements for 
the preservation of historic sites, buildings, or objects of 
significance.  Undesirable impacts to such areas must be 
mitigated. 

NO No historically significant structures are 
found at the site.  All site activities will 
occur in a previously disturbed area.  
Historically significant properties will not 
be disturbed. 

Coastal Zone Management Act YES The Costal Zone Management Act is 
required if any remedial alternatives are 
going to permanently affect land use. 

Resource Conservation and Recovery Act 
 
Provides the governing regulations for owners and operators of 
hazardous waste treatment, storage, and disposal facilities; and for 
the generators and transporters of hazardous waste.  In the State of 
Washington, the Resource Conservation and Recovery Act 
implemented by the Dangerous Waste Regulations (WAC Chapter 
173-303). 

YES All waste generated during the removal 
action will be characterized and handled per 
Resource Conservation and Recovery Act 
regulations, as implemented by WAC 173-
303. 

Occupational Safety and Health Act (29 CFR 1910) 
 
Establishes the worker health and safety requirements for 
operations at hazardous waste sites. 

YES Site activities will be conducted under 
appropriate Occupational Safety and Health 
Act standards. 

National Toxics Rule (40 CFR Part 131) 
 
Water Quality Standards:  Establishment of numeric criteria for 
protections of water quality from priority toxic pollutants. 

YES Numeric criteria for priority toxic 
pollutants are provided for protection o f 
Human Health and Aquatic life (acute and 
chronic) in marine waters. 

Rules for Transport of Hazardous Waste (49 CFR 107, 171) 
 
The U.S. Department of Transportation establishes requirements 
for packaging, handling, and manifesting hazardous waste. 

YES Any hazardous waste generated during site 
activities will be characterized as needed to 
determine packaging, handling, and 
transport requirements. 

STATE 
Dangerous Waste Regulations (WAC 173-303) 
 
The State of Washington Dangerous Waste Regulations 
implements the federal hazardous waste regulations pursuant to 
the Resource Conservation and Recovery Act.  These regulations 
establish requirements for the generation, treatment, and disposal 
of dangerous waste.  These requirements might be applicable as 
chemical-specific ARARs, depending on the chosen remedial 
action.  WAC 173-303 may be applicable if dangerous wastes are 
generated by the chosen remedial alternative.  

YES WAC 173-303 will be followed for all 
offsite generation, treatment, and disposal 
of hazardous waste (if generated during the 
removal action). 

Minimum Standards for Construction and Maintenance of Wells, 
Regulation and Licensing of Well Contractors and Operators 
(RCW 18.104, WAC 173-160, 162) 
 
Establishes standards for the design, construction, and 
maintenance of water wells in the State of Washington. 

YES Wells installed to implement the removal 
action will be constructed under these 
regulations. 
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ARARs For Cornet Bay Marina Remedial Action 
Requirement ARAR? Rationale 

Air Pollution Control Regulations (WAC 173-400), Control of 
New Sources of Air Toxics (WAC 173-600), and Ambient Air 
Quality Standards for Particulate Matter (WAC 173-470) 
 
The Washington clean air regulations were enacted to comply with 
the federal Clean Air Act, as amended.  The intent of this act is to 
ensure the protection of public health and the air resources of the 
state.  The regulation is applicable to remedial activities and 
establishes technical and procedural standards for the control of air 
contaminant sources.  Limits have been established for visibility, 
particulate, fugitive odor, and hazardous air emissions. 

YES All substantive requirements of the State air 
pollution control regulations will be 
followed during implementation of the 
remedial action. 

Washington Industrial Safety and Health Act, Chapter 296-62 
WAC 
 
Regulations guiding worker safety during the implementation of 
sampling efforts and/or remedial actions. 

YES Site activities will be conducted under 
appropriate Washington Industrial Safety 
and Health Act standards. 

Water Pollution Control Act, Chapter 90.48 RCW 
 
This act prohibits the discharge of pollutants into water. 

YES Applicable if effluents are to be discharged 
from the treatment facility during 
implementation of the remedial action. 

Water Quality Standards for Surface Waters of the State of 
Washington, Chapter 173-201A WAC 
 
The State of Washington has adopted the Federal Water Quality 
Criteria for Toxic Substances.  These criteria are applied to all 
surface waters, regardless of the designated use of the water body. 

YES Applicable if effluents are to be discharged 
from the treatment facility during 
implementation of the remedial action.  
Standards are provided for protection of  
aquatic life (acute and chronic) in marine 
waters. 

Underground Injection Control (WAC 173-218) 
 
Limits injection into aquifers to protect groundwater for beneficial 
uses. 

YES Potentially applicable if substances are 
injected (re-injected) into groundwater 
during implementation of the remedial 
action. 

Water Quality Standards for Groundwater of the State of 
Washington (WAC 173-200).  Public Water Supplies (WAC 246-
290).  Provides MCLs for chemical constituents in drinking water.  
 
The State of Washington has adopted these standards to ensure 
groundwater is protected. 
 
Effluent Testing for Toxicity (WAC 173-205) 

YES Must be considered for establishing cleanup 
levels in groundwater. 
 
Testing may be required to ensure 
contaminant levels in groundwater 
discharging to surface water are protective 
of aquatic life. 

Maximum Environmental Noise Levels (WAC 173-60) 
 
These rules are adopted pursuant to chapter 70.107 RCW, the 
Noise Control Act of 1974, in order to establish maximum noise 
levels permissible in identified environments, and thereby to 
provide use standards relating to the reception of noise within such 
environments. 

YES Relevant depending on remedial action 
selected 

Shoreline Management Act (WAC 173-26) 
 
The provisions of this chapter implement the requirements of 
chapter 90.58 RCW, the Shoreline Management Act of 1971. 
RCW 90.58.200 authorizes the adoption of rules by the department 
as necessary and appropriate to carry out the provisions of the act. 
RCW 90.58.080 directs local governments to develop and 
administer local shoreline master programs for regulation of uses 
on shorelines of the state.  

YES Will need to work with local government 
on applicability of this regulation to the 
selected remedial action. 

On-site Sewage Systems (WAC 246-272 and 246-272A) 
 
Rules and regulations concerning on-site sewage systems. 

YES Potentially applicable if the drainfield of for 
the OSS is removed as part of the remedial 
action. 
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LOCAL 
Requirement ARAR? Rationale 

On-site Sewage Systems (ICC 8.07C and 8.07D) 
 
Rules and regulations concerning on-site sewage systems. 

YES Potentially applicable if the drainfield of for 
the OSS is removed as part of the remedial 
action. 

Land Development Standards (ICC 11) 
 
Land development standards, storm water and surface water 
regulations, and clearing and grading requirements 

YES Compliance with substantive conditions of 
local permits required depending on the 
selected remedial action. 

Buildings and Construction (ICC 14) 
 
Building permits and building codes 

YES Compliance with substantive conditions of 
local permits required depending on the 
selected remedial action. 

Shoreline Use Regulations (ICC 17.05) 
 
The provisions of this chapter implement the requirements of 
chapter 90.58 RCW, the Shoreline Management Act of 1971. 
RCW 90.58.200 authorizes the adoption of rules by the department 
as necessary and appropriate to carry out the provisions of the act. 
RCW 90.58.080 directs local governments to develop and 
administer local shoreline master programs for regulation of uses 
on shorelines of the state. 

YES Will need to work with local government 
on applicability of this regulation to the 
selected remedial action. 

NOTE: ARAR = Applicable or Relevant and Appropriate Requirement. 
 ICC = Island County Code. 
 MCL = Maximum Contaminant Level. 
 MCLG = Maximum Contaminant Level Goal. 
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7.  TECHNOLOGY SCREENING 
 
 
This section describes and screens remedial technologies that are commercially available and 
applicable to remediation of petroleum hydrocarbons.  The screening process is very general, and 
designed to narrow the field to create a set of remedial alternatives that can be further evaluated 
against Ecology criteria.  Screening has been conducted with the overriding concern of Ecology 
that the sites be remediated as quickly as reasonably possible.  This analysis evaluates only 
mature technologies that have reached the stage of general commercial application.   
 
7.1  IMPACT OF FREE PRODUCT ON REMEDIATION 
 
The presence of free product at a site impacts the effectiveness, cost, and risk associated with 
treatment systems.  The free product also acts as a source for continued soil and groundwater 
contamination.  Because of this, it is common to first attempt to remove as much of the free 
product from the site as possible prior to remediating either the soil or groundwater.   
 
Left in place, free product can overwhelm the capacity of the treatment system.  In-situ 
biological and chemical systems are designed for a known volume of contaminants and a specific 
groundwater flow rate.  If contaminants are continually being released from free product at the 
site, they will exceed the design capacity of a remedial action selected for the site, allowing 
contaminants to migrate offsite without treatment. 
 
Ex-situ treatment systems are generally less impacted by free product, particularly in small 
volumes such as at the Cornet Bay Site.  However, free product can cause a release of 
contaminants if water is not properly handled (in the case of excavation); create problems with 
mechanical systems (breakdown seals, buildup on parts); clog or cause biological fouling on 
filtration systems (particulate filters, ion exchange systems, reverse osmosis systems); or may 
pass untreated through the treatment system. 
 
7.2 TECHNOLOGY SCREENING 
 
Remediation at this site needs to address four types of media: 
 

• Unsaturated soil – sometimes referred to as the vadose zone, or soil above the water table 
• Smear zone – a variable zone impacted by fluctuations in the water table elevation 
• Saturated Soil – soil below the water table 
• Groundwater. 
 

In previous investigations of the site, limited contamination has been observed in the unsaturated 
soil, so the focus of this FS will be to address the contaminants in the smear zone, saturated soil, 
and groundwater.  Addressing these areas also address the potential for migration of 
contamination from the site into Cornet Bay. 
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Commercially available technologies applicable to the remediation of petroleum contaminated 
soil (saturated and unsaturated), the smear zone, and groundwater are listed in the following 
table, and described in more detail in Sections 7.2.1 to 7.2.12. 
 

Technology List 
Section Technology Impacted Media 

7.2.1 Air Sparging Saturated Soil/Groundwater 
7.2.2 Bioventing Unsaturated Soil 

7.2.3 Containment Unsaturated Soil/Smear Zone/ 
Saturated Soil/Groundwater 

7.2.4 Dual/Multi Phase Extraction Unsaturated Soil/Smear Zone/ 
Saturated Soil/Groundwater 

7.2.5 In-Situ Thermal Desorption Unsaturated Soil/Smear Zone/ 
Saturated Soil/Groundwater 

7.2.6 Excavation and Disposal Unsaturated Soil/Smear Zone 
7.2.7 Ex-Situ Bioremediation Unsaturated Soil/Smear Zone 
7.2.8 In-Situ Bioremediation Saturated Soil/Groundwater 

7.2.9 In-Situ Chemical Oxidation Unsaturated Soil/Smear Zone/ 
Saturated Soil/Groundwater 

7.2.10 Volatilization/Vapor Collection Unsaturated Soil 
7.2.11 Pump and Treat Saturated Soil/Groundwater 
7.2.12 In well stripping Saturated Soil/Groundwater 

 
7.2.1  Air Sparging 
 
Air sparging (AS) is an in-situ remedial technology that reduces concentrations of volatile 
constituents in petroleum products that are adsorbed to soils and dissolved in groundwater 
[United States Environmental Protection Agency (EPA) 2004].  This technology, which is also 
known as “in-situ air stripping” and “in-situ volatilization,” involves the injection of 
contaminant-free air into the subsurface saturated zone, enabling a phase transfer of 
hydrocarbons from a dissolved state to a vapor phase.  The air is then vented through the 
unsaturated zone.  Air sparging is most often used together with soil vapor extraction (SVE), but 
it can also be used with other remedial technologies.  When air sparging is combined with SVE, 
the SVE system creates a negative pressure in the unsaturated zone through a series of extraction 
wells to control the vapor plume migration.  
 
When used appropriately, air sparging has been found to be effective in reducing concentrations 
of volatile organic compounds (VOCs) found in petroleum products at UST sites.  Air sparging 
is generally more applicable to the lighter gasoline constituents (i.e., BTEX), because they 
readily transfer from the dissolved to the gaseous phase.  Air sparging is less applicable to diesel 
fuel and kerosene.  
 
Ozone can be mixed with the air in an air sparging system to create a reaction between the ozone 
and the petroleum contaminants, providing chemical treatment of the petroleum contaminants in 
addition to physically removing contaminants.   
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Free product reduces the effectiveness of AS systems by acting as an ongoing source of 
contaminants.  Contaminant levels may drop during system operations but will increase once the 
system is shutdown for any appreciable time.  Free product may also interfere with the 
distribution of air through the smear zone in the vadose zone, creating preferential pathways and 
dead zones. 
 
Air sparging works best in permeable, homogenous soil.  In tighter, heterogeneous soil, 
preferential pathways are creating leaving pockets of soil untreated. 
 
7.2.2  Bioventing 
 
Bioventing is an in-situ remediation technology that uses native microorganisms to biodegrade 
organic constituents adsorbed to soils in the unsaturated zone.  Soils in the capillary fringe and 
the saturated zone are not affected.  In bioventing, the activity of the indigenous bacteria is 
enhanced by inducing air flow into the unsaturated zone (using extraction or injection wells) and, 
if necessary, by adding nutrients.  Bioventing systems promote biodegradation of constituents 
and minimize volatilization (generally by using lower air flow rates than for SVE).  Bioventing 
has proven to be very effective in remediating releases of petroleum products including gasoline, 
jet fuels, kerosene, and diesel fuel.  Bioventing is most often used at sites with mid-weight 
petroleum products (i.e., diesel fuel and jet fuel), because lighter products (i.e., gasoline) tend to 
volatilize readily and can be removed more rapidly using SVE.  Heavier products 
(i.e., lubricating oils) generally take longer to biodegrade than the lighter products.   
 
Bioventing is not appropriate for sites with groundwater tables located less than 3 ft below the 
land surface.  Special considerations must be taken for sites with a groundwater table located less 
than 10 ft below the land surface because groundwater upwelling can occur within bioventing 
wells under vacuum pressures, potentially occluding screens and reducing or eliminating 
vacuum-induced soil vapor flow.  This potential problem is not encountered if injection wells are 
used instead of extraction wells to induce air flow (EPA 2006). 
 
Free product reduces the effectiveness of bioventing systems by acting as an ongoing source of 
contaminants.  Vapor levels may drop during system operations but will increase once the 
system is shutdown for any appreciable time.  Because free product is not readily broken down 
into a vapor phase, bioventing systems are relatively ineffective in treating free product in a 
liquid phase.  
 
Similar to air sparging, bioventing is most effective in permeable, homogenous soil.  In tighter, 
heterogeneous soil, preferential pathways are created leaving pockets of soil untreated.  
 
7.2.3  Containment 
 
Containment addresses contamination by attempting to contain it onsite.  Slurry or sheet pile 
walls and surface capping are commonly used techniques to encapsulate contamination.  This 
action acts to prevent contamination from migrating offsite.  Unless it is combined with another 
treatment technology is does nothing to destroy or eliminate the source of soil or groundwater 
contamination. 
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7.2.4  Dual/Multi-Phased Extraction 
 
Dual or multi-phase extraction, as the name implies, simultaneously removes liquid phase (free 
product, contaminated groundwater) and gas phase (soil vapor) contaminants.  There are a 
number of systems of this kind available in the marketplace.  Enhanced Fluid Recovery (EFR) is 
one example of a form of a multi-phased extraction system aimed at removing free product and 
contaminants from the smear zone.  A monitoring well where free product has been observed is 
connected to a vacuum truck and a vacuum is applied.  Free product, contaminated groundwater, 
and soil vapors are drawn from the well into the truck.  The water/product is hauled offsite for 
disposal at a permitted facility.  EFR can be a relatively inexpensive treatment method.  There 
are no upfront costs unless additional wells are needed.  A typical EFR event lasts for one day 
and multiple wells can be treated at one time.  EFR events typically need to be repeated at widely 
spaced time intervals in order to sufficiently reduce contaminant concentrations.  While 
primarily used for removing gasoline contamination, EFR has recently been used on DRO with 
some success.  For DRO sites, a surfactant can be injected into the well a couple of days before 
treatment, to loosen the DRO and allow for its removal.  However, this may also mobilize DRO 
and allow it to migrate further (FRTR 2006). 
 
This site presents complications for dual/multi-phase extraction because this site is not paved.  
Without paving and a very shallow water table it is not be possible to maintain a vacuum, and 
thus removal will not be possible.  Additionally, the soils are not very permeable, which limits 
the ability of the extraction system to address all areas of concern. 
 
7.2.5  In-situ Thermal Desorption 
 
In-situ thermal desorption (ISTD) uses heating and steam stripping for subsurface remediation.  
The technology has been demonstrated as an effective method for the removal of volatile and 
semivolatile contaminants from both the vadose and saturated zones regardless of soil permeability 
or heterogeneity. 
 
ISTD technology utilizes electrical power to heat the soil in the subsurface treatment region.  A 
common approach is electrical resistivity heating (ERH).  Electrodes are installed in the 
subsurface treatment area using standard drilling or pile driving techniques.  Sets of conventional 
utility transformers are used to direct three-phase electricity from a municipal power line through 
the electrodes.  The electrodes are in electrical contact and cause heating of the subsurface.  
Other approaches utilize thermal wells to directly heat the subsurface, or radio frequency energy.  
Soil heating systems require the installation of a soil vapor extraction and treatment system. 
 
By increasing subsurface temperatures to the boiling point of water, ISTD speeds the removal of 
contaminants by two primary mechanisms: increased volatilization and steam stripping.  As 
subsurface temperatures begin to climb, contaminant vapor pressure, and the corresponding rate 
of contaminant extraction, increases by a factor of about 30.  Through preferential heating, ISTD 
creates steam in silt and clay stringers and lenses.  The physical action of steam escaping these 
tight soil lenses drives contaminants out of those portions of the soil matrix that tend to lock in 
contamination via low permeability or capillary forces.  The released steam then acts as a carrier 
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gas, sweeping contaminants to vapor or multi-phase extraction wells constructed in the vadose 
zone. 
 
7.2.6  Excavation and Disposal 
 
Excavation is used to remove contaminated soil from a source area.  This approach can be 
effective and relatively inexpensive if the contaminants are located at a shallow depth, above the 
water table, and there are no major obstructions on the site.  Although excavation is possible 
below the water table, it can be substantially more expensive because it is necessary to either 
dewater the site (if possible) or to provide water management for the saturated soils.  The 
excavation depth is typically limited by available equipment.  Standard backhoes can reach an 
average depth of 15 ft bgs; deeper excavations require either larger, more expensive equipment 
or creating benches below the ground surface, to increase the reach of the equipment. 
 
Roads, utilities, structures, and other obstructions at the site can limit the location and depth of 
excavations, particularly in unstable soils.  Shoring, protecting, or relocating the obstruction may 
be necessary.  Excavation around obstructions is possible but may result in a substantial amount 
of contaminants remaining on the site. 
 
Excavated soil can either be transported offsite for treatment or disposal, or treated onsite.  
Offsite treatment and/or disposal can be expensive depending on the location of the site relative 
to treatment or disposal facilities, the volume of soil involved, and the availability of different 
treatment or disposal options in the area.  In addition, generally the same volume of soil hauled 
offsite for disposal or treatment must be hauled back to the site as backfill for the excavation. 
 
Onsite treatment of the soil is an option.  However, the applicability of this option is limited by 
space availability at the site (for treatment stockpiles), the volume of material to be treated, the 
contaminant concentrations (which impact treatment time), and the ability to safely leave an 
open excavation at the site.  With onsite treatment, the volume of backfill can be reduced or 
eliminated.  
 
Free product can be excavated along with the contaminated soil.  Care must be taken to contain 
the runoff from excavation stockpiles.  The selected treatment facility for the runoff water must 
be capable of handling petroleum byproducts in its treatment train. 
 
7.2.7  Ex-Situ Bioremediation 
 
Ex-situ bioremediation is the process of removing contaminated soil and treating it elsewhere.  
Ex-situ bioremediation is usually done with one of three methods, landfarming, biopiles, or in a 
bioreactor.  
 
In landfarming, soil is excavated and taken to an area where it is spread out in thin layers.  The 
layers are tilled and aerated to stimulate biological activity and breakdown of contaminants.  
Additional amendments may be added to the soil to stimulate biological activity.  This method 
requires large open areas where soil can be spread out and may not be a viable option in cases 
where there is limited space and large volumes of soil. 
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“Biopiles are used to reduce concentrations of petroleum constituents in 
excavated soils through the use of biodegradation.  This technology involves 
heaping contaminated soils into piles and stimulating aerobic microbial activity 
within the soils through the aeration and/or addition of minerals, nutrients, and 
moisture.  The enhanced microbial activity results in degradation of adsorbed 
petroleum-product constituents through microbial respiration.  Biopiles are 
similar to land farms in that they are both above-ground, engineered systems 
that use oxygen, generally from air, to stimulate the growth and reproduction of 
aerobic bacteria which, in turn, degrade the petroleum constituents adsorbed to 
soil.  While land farms are aerated by tilling or plowing, biopiles are aerated 
most often by forcing air to move by injection or extraction through slotted or 
perforated piping placed throughout the pile” (EPA 2004). 

 
Ex-situ bioreactor processes involve placing the contaminated soil in a reactor.  Once inside the 
reactor amendments are added and the temperature and moisture is controlled to achieve 
maximum biological degradation of contamination. 
 
7.2.8  In-Situ Bioremediation 
 
In-situ bioremediation is a treatment process that uses naturally occurring microorganisms to 
break down petroleum hydrocarbons into less toxic or nontoxic substances (EPA 1996).   
 
Numerous bioremediation technologies are commercially available to enhance microbial growth 
and population size by creating optimal environmental conditions.  In-situ bioremediation 
systems treat the contaminated soil or groundwater in the location in which it was found.  
Generally, treatment involves injecting or mixing (through wells, excavation, or direct push 
technologies) solutions containing oxygen, nutrients and/or microbes into the saturated soil that 
will enhance and accelerate the natural bioremediation process. 
 
One limitation of this technology is that differences in heterogeneity in soil types and density 
may cause injected products to follow along preferential flow paths, and it may be difficult to 
inject product into low permeable soils.  Consequently, the product may not contact all areas of 
contamination leaving some areas of the site untreated.  Additionally, this technology will not 
treat areas of soil above residual saturation where free product is present. 
 
7.2.9  In-Situ Chemical Oxidation 
 
In-situ chemical oxidation technologies can be used for in-situ destruction and decomposition of 
petroleum contaminants.  A variety of chemical oxidants and application techniques are 
commercially available that can be used at sites contaminated with petroleum compounds.  With 
sufficient contact time, chemical oxidants are capable of converting the petroleum hydrocarbon 
mass to carbon dioxide and water and ultimately irreversibly reduce concentrations of petroleum 
hydrocarbons in soil and groundwater.  In contrast to other remedial technologies, contaminant 
reduction can be seen relatively quickly (e.g., weeks or months) (EPA 2004). 
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While many of the chemical oxidants have been used in wastewater treatment for decades, only 
recently have they been used to treat hydrocarbon contaminated groundwater and soil in-situ.  
Chemical oxidation technologies are predominantly used to address contaminants in the source 
area saturated zone and capillary fringe, however recent developments in soil mixing technology 
in combination with fast reaction time of chemical oxidants are allowing for treatment of the 
unsaturated and smear zone because the soil can be mixed thoroughly maximizing contact of 
contaminated soil and chemical oxidant.   
 
One limitation of this technology is the depth below the surface that can be treated with soil 
mixing.  In addition, clays and silts may not be as easy to mix thoroughly as these soils tend to 
stick together more than sands and gravels.  Consequently, the product may not contact all areas 
of contamination leaving some areas of the site untreated. 
 
Several chemical oxidants have been used to remediate petroleum contaminated UST sites.  The 
most commonly used (and most effective) are Hydrogen Peroxide/Fenton's Reagent and Ozone. 
Sodium or Potassium Permanganate have been used, but experience with these compounds is 
more limited, although some recent bench-scale and field studies are showing promise. 
 
The performance of chemical oxidation systems are negatively impacted by the presence of free 
product.  While the chemical reaction is capable of treating the contaminants, the concentration 
of contaminants will overwhelm the treatment capacity.  While it may be possible to provide a 
sufficient dose of the chemical oxidant to breakdown the contaminants in the free product, it is 
difficult to control the contact time between the free product and the oxidant, reducing the 
effectiveness of the treatment process. 
 
7.2.10  Volatilization/Vapor Collection 
 
Soil vapor extraction (SVE), also known as soil venting or vacuum extraction, is an in-situ 
remedial technology that reduces the concentration of volatile constituents in petroleum products 
adsorbed to soils in the vadose zone.  In this technology, a vacuum is applied to the soil matrix to 
create a negative pressure gradient that causes movement of vapors toward extraction wells.  
Volatile constituents are removed from the subsurface through the extraction wells.  The 
extracted vapors are then treated and discharged to the atmosphere or reinjected to the subsurface 
(where permissible). 
 
This technology has proven effective in reducing concentrations of VOCs and certain semi-
volatile organic compounds found in petroleum products at UST sites.  SVE is generally more 
successful when applied to the lighter (more volatile) petroleum products such as gasoline, and 
in homogeneous, permeable soils.  Diesel fuel, heating oils, and kerosene, which are less volatile 
than gasoline, are not readily treated by SVE but may be suitable for removal by bioventing.  
SVE is most effective in homogenous, permeable soil.  As in AS and bioventing, air flow in 
heterogeneous, tight soil create low air flow and preferential pathways that allows pockets of the 
site remain untreated. 
 
Free product reduces the effectiveness of SVE systems by acting as an ongoing source of 
contaminants.  Vapor levels may drop during system operations but will increase once the 
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system is shutdown for any appreciable time.  Because free product is not readily broken down 
into a vapor phase, SVE systems are relatively ineffective in treating free product in a liquid 
phase.  
 
7.2.11  Pump and Treat 
 
Pump and treat systems have been used for years for groundwater remediation systems but their 
use has fallen into disfavor in recent years.  The primary concern with this technology is that, 
without source removal, pump and treat has no foreseeable duration because achieving cleanup 
levels becomes increasingly difficult as contaminant concentrations are reduced.  In general, a 
pump and treat system consists of a series of extraction wells screened in the contaminated 
groundwater.  Pumps in the wells extract the contaminated groundwater and pump it to a central 
location for treatment.  The treated groundwater can then be discharged to a sewer system, 
reinfiltrated into the groundwater, or discharged to surface water (requiring and a National 
Pollutant Discharge Elimination System permit).   
 
The practicality of these systems is limited by the ability to extract contaminants from the 
groundwater and by the ability to dispose of the treated water.  Extraction of contaminants from 
the groundwater is limited by the formation and it may not be possible to reduce contaminant 
concentrations below the groundwater cleanup levels.  Remediation time frame can last for 
decades.  Discharge to a storm sewer is generally not permitted; discharge to a sanitary sewer 
can be expensive or unavailable.  
 
7.2.12  In Well Stripping 
 
In well stripping is an in-situ treatment process where air-lift pumping is used to move 
groundwater through a vertical circulation well.  A pressurized air delivery line is placed in the 
well to deliver a stream of air bubbles into the well.  The rising column of bubbles acts as an air-
lift pump pushing the combined stream of air/water up the well casing while drawing 
contaminated water in through the lower well screen.  As the air bubbles and water move up the 
well casing, VOCs transfer from a dissolved phase to a vapor phase in the air bubbles.  A 
vacuum is applied at the wellhead and the vapors are drawn off for treatment.  Water is 
recirculated back into the aquifer at a different vertical elevation (generally higher) from the 
intake screen.  The system is similar to ex-situ air stripping where; in this case, the air-stripping 
tower is the well itself.  Because of the circulation patterns established around the treatment well, 
contaminated groundwater may be captured and stripped several times as it passes through the 
treatment zone. 
 
The performance of this technology is negatively impacted by heterogeneous and impermeable 
soils because optimal subsurface circulation patterns will not be created within the groundwater.  
In addition, free product at the site would potentially clog screens, damage equipment seals and 
mechanical systems, and impact off-gas treatment systems. 
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7.3  TECHNOLOGY SCREENING SUMMARY 
 
The following table presents the screening of technologies described earlier.   
 

Technology Screening 
Technology Applicability Screening Summary 

Air Sparging Saturated Soil/Groundwater Soil at the site is too heterogeneous and impermeable to address all 
contaminated areas, will not be evaluated further. 

Bioventing Unsaturated Soil Soil at the site is too heterogeneous and impermeable to address all 
contaminated areas, will not be evaluated further. 

Containment 
Unsaturated Soil/Smear Zone/
Saturated Soil/Groundwater 

May be applicable, will be carried through evaluation of 
alternatives.  May be limited by staging and work space 
requirements. 

Dual/Multi Phase 
Extraction 

Unsaturated Soil/Smear Zone/
Saturated Soil/Groundwater 

Will not be feasible without adding a surface cap at the site and 
will not effectively address groundwater contamination, will not be 
evaluated further. 

In-situ Thermal 
Desorption 

Unsaturated Soil/Smear Zone/
Saturated Soil/Groundwater 

May be applicable, will be carried through evaluation of 
alternatives. 

Excavation & Disposal Unsaturated Soil/Smear Zone May be applicable, will be carried through evaluation of 
alternatives. 

Ex-Situ Bioremediation Unsaturated Soil/Smear Zone 
May be applicable, will be carried through evaluation of 
alternatives.  May be limited by staging and work space 
requirements. 

In-Situ Bioremediation Saturated Soil/Groundwater 

May be applicable, will be carried through evaluation of 
alternatives.  Direct push injection of product may be problematic 
given heterogeneous and impermeable soils.  May require multiple 
applications in areas of high contaminant concentrations. 

In-Situ Chemical 
Oxidation 

Unsaturated Soil/Smear Zone/
Saturated Soil/Groundwater 

May be applicable, will be carried through evaluation of 
alternatives.  Soil mixing of chemical oxidant may be advantageous 
given heterogeneous and impermeable soils. 

Soil Vapor Extraction Unsaturated Soil Soil at the site is too heterogeneous and impermeable to address all 
contaminated areas, will not be evaluated further. 

In well stripping Saturated Soil/Groundwater 
Soil at the site is too heterogeneous and impermeable and optimal 
subsurface circulation patterns will not be created within the 
groundwater to consider this technology further. 

Pump and Treat Saturated Soil/Groundwater 
Pump and treat is a long term treatment requiring additional 
treatment once the groundwater has been extracted.  This option 
will not be considered further. 

 
Based on the technology screening, the following technologies passed the initial screening 
process and will be developed into remedial alternatives in the following section. 

• Containment 
• In-situ Thermal Desorption 
• Excavation & Disposal 
• Ex-situ Bioremediation 
• In-situ Bioremediation 
• In-situ Chemical Oxidation. 
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8.  DESCRIPTION OF REMEDIAL ALTERNATIVES 
 
 
In this section the remedial technologies that passed the technology screening described in the 
previous section are combined into remedial alternatives to specifically address the soil and 
groundwater contamination at the site.  The remedial alternatives presented here represent six 
alternatives capable of providing a reasonable and potentially permanent solution to site 
contamination, as preferred by MTCA guidance. 
 
The technologies that could address the three main concerns at the site:  free product, unsaturated 
soil, and saturated soil/groundwater were identified through the technology screening in the 
previous section of this FS.  They include: 
 

• Containment 
• In-situ Thermal Desorption 
• Excavation & Disposal 
• Ex-situ Bioremediation 
• In-situ Bioremediation 
• In-situ Chemical Oxidation. 

 
There is a possibility that the area of the site could be returned to natural conditions following 
remediation instead of continuing operation as a marina.  The end use of the site had not been 
determined at the writing of this FS, and that possibility is considered in the evaluation of 
remedial alternatives.  In that case, only the excavation and ex-situ bioremediation alternatives 
should be considered because restoring the site to natural conditions requires excavation and 
disposal of soil in order to return the site to a natural sloping grade.  The other alternatives can be 
eliminated because they are designed to address contamination in place.  It would be inefficient 
and cost prohibitive to remediate the soil in-situ when it will have to be excavated and disposed 
of as part of the natural site restoration scenario anyway. 
 
The six remedial alternatives described in the following sections are combinations of the 
technologies discussed above.  These alternatives are designed to address remediation of 
contaminated site media.  The excavation and ex-situ bioremediation alternatives have been 
subdivided into two options based on the possible outcomes for site restoration.  Approximate 
restoration times described in the remedial alternatives do not include the time necessary to 
install a new bulkhead when required.  A seventh alternative, No Action, is included in 
accordance with EPA guidance on the preparation of feasibility studies.   
 
8.1  ALTERNATIVE 1:  CONTAINMENT 
 
This alternative addresses the contamination at the site by attempting to contain it onsite.  
Containment could only be achieved by having an impermeable bulkhead and constructing a 
sheet pile or slurry wall around the rest of the site as shown in Figure 11.  Following these 
activities, pavement will be placed over the site to act as a cap to prevent infiltration of storm 
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water.  Under this option it will be necessary to replace the existing timber bulkhead with an 
impermeable steel bulkhead. 
 
For this alternative it is important to consider the fact that it will be very difficult to achieve 
complete containment and there is no guarantee that contamination will not escape under the 
bulkhead or slurry wall containment.  Additionally, the contamination will remain in the soil and 
groundwater at the site indefinitely. 
 
This alternative does not include removal of the existing UST at the site and construction of the 
sheet pile or slurry wall will be complicated by spatial constraints and the location of the existing 
OSS and drainfield on the site. 
 
8.2  ALTERNATIVE 2:  IN-SITU THERMAL DESORPTION 
 
This alternative involves the use of ISTD.  Utilizing ERH methodology, a grid will be 
established across the contaminated areas of the site (Figure 12) using up to 160 electrodes with 
co-located multi-phase extraction wells.  Vapor off-gas will be treated using an oxidizer.  The 
electrodes and piping will be buried to allow complete site access during the treatment period 
which could range from six months to one year.  This option is expected to remove gasoline 
contamination to the required cleanup levels, as well as approximately most of the diesel 
contamination.  This alternative may leave areas with diesel exceeding cleanup levels; however, 
the diesel is not mobile and will attenuate over time.  This alternative includes the removal and 
replacement of the existing UST at the site. 
 
8.3  ALTERNATIVE 3:  EXCAVATION THROUGH SMEAR ZONE 
 
This alternative involves excavation of contaminated soil through the smear zone across the 
majority of the site.  Excavation would be performed using a track-mounted excavator to remove 
soil from the area shown in Figure 12 to a depth or approximately 9 ft.  Approximately 
11,200 cubic yards (cy) of petroleum-contaminated soil will be containerized and transported to 
a disposal facility.  Based on the TCLP results from soil sampling in June of 2006, the soil could 
be disposed in a Subtitle D landfill. 
 
The site will be backfilled with clean soil, compacted, and resurfaced following excavation.  
While backfilling, soil placed within the smear zone will be mixed with an oxygen source, such 
as ORC® or EHC® to allow enhanced bioremediation of the groundwater.  The oxygen source 
will support bioremediation of petroleum products remaining in the smear zone after excavation. 
 
The duration of this cleanup action will vary based on the number of excavators dedicated to the 
task and the number of containers (for soil transport) available when the work is conducted.  
Estimates range from 3 to 6 months. 
 
There are two options for consideration under this alternative which affect associated 
construction activities and cost of this cleanup action.  The first option includes restoring the site 
to preconstruction conditions following excavation and the second option includes restoring the 
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site to a natural state following excavation.  These options are explained in the following 
sections. 
 
Alternative 3A:  Excavation and Restoration to Preconstruction Conditions 
 
Under this option, the store building will be temporarily moved so that the soil can be removed 
from below the structure, the timber bulkhead will be replaced, the onsite sewage system will be 
removed, and the existing UST will be removed.   
 
Following backfilling and compaction of the excavation area a new foundation will be set for the 
store, which will be returned to its original condition.  A new onsite sewage system and UST will 
be installed.  The cost of replacing the bulkhead has been included with this alternative based on 
the bulkhead assessment performed in September 2006. 
 
Alternative 3B:  Excavation and Restoration to Natural Conditions 
 
Under this option, the store building will be demolished so that the soil can be removed from 
below the structure, the timber bulkhead will ultimately be demolished, the onsite sewage system 
will be removed, and the existing UST will be removed along with the other below ground 
utilities at the site.  Following backfilling and compaction of the excavation area, a natural slope 
and shoreline will be constructed to match the adjacent shorelines. 
 
8.4  ALTERNATIVE 4:  EX-SITU BIOREMEDIATION 
 
This alternative involves excavation of contaminated soil through the smear zone across the 
majority of the site.  Excavation would be performed using a track-mounted excavator to remove 
soil from the areas shown in Figure 13 to a depth of approximately 9 ft.  It is anticipated that the 
store building will be demolished and that soil will be removed and treated in four phases due to 
limited onsite treatment space.  Approximately 11,200 cy of petroleum-contaminated soil will be 
treated on site using ex-situ bioremediation or “biopiles”. 
 
The biopiles will be approximately 10 ft tall and approximately 20 ft wide.  The length of the 
biopiles will vary depending on the quantity of soil removed during the phase of operation.  Soil 
from phase III and IV of the excavation will be combined for treatment.  The biopiles will be 
constructed in "lifts", with aeration and moisturizing piping placed every few feet within the pile.  
Soils with lower permeability, such as the clays found at this site, are more difficult aerate.  To 
allow better air flow through the biopiles, the soil will be mixed with a compost type material.  
A shed will be constructed to house the blowers. 
 
The site will be backfilled using the treated soil, compacted, and resurfaced.  While backfilling, 
soil placed within the smear zone will be mixed with an oxygen source, such as ORC® or EHC® 
to allow enhanced bioremediation of the groundwater.  The oxygen source will support 
bioremediation of petroleum products remaining in the smear zone after excavation. 
 
This cleanup action is expected to take approximately 3 to 5 years to complete.  The timeframe 
may vary depending on the soil treatment time and other methodologies used to speed up the 
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treatment process.  If the adjacent park area to the east of the site could be used during the 
cleanup action, the timeframe may be reduced further.  During the remedial activities the site 
will be fully fenced and not accessible to the public during this time. 
 
There are two options for consideration under this alternative which affect associated 
construction activities and cost of this cleanup action.  The first option includes restoring the site 
to preconstruction conditions following treatment and the second option includes restoring the 
site to a natural state following treatment.  These options are explained in the following sections. 
 
Alternative 4A:  Ex-situ Bioremediation and Restoration to Preconstruction Conditions 
 
Under this option, the store building will be demolished so that the soil can be removed from 
below the structure and to increase the limited onsite treatment space.  The onsite sewage system 
will be removed, the existing UST will be removed, and the timber bulkhead will be replaced.   
 
Following backfilling and compaction of the excavation area a new foundation will be set and 
the store restored.  A new onsite sewage system and UST will be installed.  The cost of replacing 
the bulkhead has been included with this alternative based on the bulkhead assessment 
performed in September 2006. 
 
Alternative 4B:  Ex-situ Bioremediation and Restoration to Natural Conditions 
 
Under this option, the store building will be demolished so that the soil can be removed from 
below the structure, the timber bulkhead will ultimately be demolished, the onsite sewage system 
will be removed, and the existing UST will be removed along with the other below ground 
utilities at the site.  Following backfilling and compaction of the excavation area, a natural slope 
and shoreline will be constructed to match the adjacent shorelines.  Excess soil will be 
transported offsite to an appropriate disposal facility prior to ex-situ treatment. 
 
8.5  ALTERNATIVE 5:  PARTIAL EXCAVATION AND IN-SITU BIOLOGICAL 
DEGRADATION 
 
Alternative 5 is a combination of excavation and in-situ biological degradation.  For this option 
the store building will be temporarily moved and excavation will be implemented to remove 
areas suspected of having free product, since biological degradation is not effective remediating 
free product.  The area suspected of containing free product will be excavated to the water table 
(4 to 6 ft bgs), as shown in Figure 14.  An estimated 1,500 cy of soil will be removed along with 
the existing UST.  Excavated soil will be containerized and transported to an offsite disposal 
facility.  The UST will be replaced during backfilling.   
 
A source of oxygen and nutrients will then be introduced into the ground using direct push 
injection from depths approximately 3 to 13 ft bgs.  The product will encourage and support 
aerobic biodegradation of the petroleum contaminants.  Due to the high levels of petroleum 
contamination at the site it is expected the two injection events will be required to address site 
contamination.  The second phase of injections will occur six to twelve months after the first 
injection.  This cleanup action would take two or three years to complete. 
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8.6  ALTERNATIVE 6:  PARTIAL EXCAVATION AND IN-SITU CHEMICAL 
OXIDATION  
 
Alternative 5 is a combination of excavation and in-situ chemical oxidation.  For this option the 
store building will be temporarily moved and excavation will be implemented to remove areas 
suspected of having free product, since chemical oxidation is not effective addressing free 
product.  The area suspected of containing free product will be excavated to the water table  
(4 to 6 ft bgs), as shown in Figure 14.  An estimated 1,500 cy of soil will be removed along with 
the existing UST.  Excavated soil will be containerized and transported to an offsite disposal 
facility.  The UST will be replaced during backfilling. 
 
A chemical oxidizer will then be introduced into the ground using soil mixing equipment to treat 
contaminated soil and groundwater from approximately 3 to 13 ft bgs.  The product will 
chemically degrade the petroleum contaminants.  It is anticipated that the existing timber 
bulkhead will have to be replaced as part of this option in order to treat the soil adjacent to the 
bulkhead.  This cleanup action would take approximately 6 – 8 months to complete. 
 
8.7 ALTERNATIVE 7:  NO ACTION 
 
The No Action Alternative is included as a baseline alternative for comparison to the active 
remedial alternatives.  In this case, the no action alternative will require institutional control be 
placed on the property to prevent contact with the contamination during excavation activities, 
and prevention of access to the groundwater.  Institutional controls are legal or administrative 
measures designed to limit or control activities that could result in inadvertent exposure to 
contamination before, during, and after a cleanup action, particularly if contaminant residues are 
likely to remain above cleanup levels for an extended period of time.   
 
The No Action alternative does not satisfy MTCA threshold requirements for meeting cleanup 
standards.  No Action would not significantly affect the built environment.  No roads, buildings 
or utilities would be physically damaged or disrupted.  The long-term presence of contamination 
could deter future investment in the built environment and the community.  The natural 
environment would continue to be significantly and adversely impacted by the contamination 
present.  
 



Project No. 61994.01 CB FS 
  Page 39 of 50 
EA Engineering, Science, and Technology, Inc.  June 2008 
 

Cornet Bay Marina  Feasibility Study 
Whidbey Island, Washington   

9.  MTCA MINIMUM REQUIREMENTS 
 
 
This section evaluates each of the remedial alternatives with respect to the requirements for 
cleanup actions specified in WAC 173-340-360.  Cleanup actions selected under MTCA must 
first meet a specific set of minimum requirements [WAC 173-340-360(2)] before being 
compared to other remedial alternatives in a disproportionate cost analysis (presented in 
Section 10). 
 
The minimum requirements include “threshold” and “other” requirements.   
 
9.1  THRESHOLD REQUIREMENTS  
 
MTCA provides the framework for evaluating and selecting cleanup actions.  Within this 
framework are threshold requirements that must be met by all cleanup actions.  The threshold 
requirements for cleanup actions, as defined in WAC 173-340-360(2)(a) are:  
 

• Protect human health and the environment  
• Comply with cleanup standards  
• Comply with applicable state and federal law  
• Provide for compliance monitoring. 

 
How each of the alternatives meet the threshold requirement is presented below. 
 
9.1.1  Protect Human Health and the Environment and Comply with Cleanup Standards  
 
Section 6 presented the cleanup standards that protect human health and the environment.  In 
general, with the exception of the No Action Alternative, each of the remedial alternatives can 
meet most or all of the cleanup standards.   
 
9.1.2  Comply with State and Federal Laws 
 
There are numerous laws and associated regulations that influence how any particular remedial 
action is implemented, as detailed in Section 6.  Most of the alternatives can be implemented at 
the site and comply with state and federal laws.  Exceptions may include issues related to the 
replacement of the timber bulkhead and on-site sewage system, including the mounded 
drainfield, if those items are removed during the course of the selected remedial alternative. 
 
9.1.3  Provide for Compliance Monitoring 
 
Compliance monitoring plans that address monitoring of the effectiveness of the remedial action 
will be developed in conjunction with the Cleanup Action Plan (requirements specified in 
WAC 173-340-410).  All of the remedial alternatives being considered include comprehensive 
compliance monitoring plans. 
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9.2  OTHER MTCA REQUIREMENTS FOR CLEANUP ACTIONS 
 
The “other” MTCA requirements for cleanup actions are: 
 

• To use permanent solutions to the maximum extent practicable 
 
• To provide for a reasonable restoration time frame 

 
• To consider public concerns raised on the draft cleanup action plan during the public 

comment period [WAC 173-340-360(2)]. 
 
9.2.1  Use Permanent Solutions to the Maximum Extent Practicable 
 
MTCA specifies that when selecting a cleanup action preference shall be given to actions that are 
“permanent to the maximum extent practicable.”  To determine whether a cleanup action uses 
permanent solutions to the maximum extent possible, a disproportionate cost analysis shall be 
used [WAC 173-340-360 (3)(b)].  A disproportionate cost analysis is not required if a permanent 
cleanup action (WAC 173-240-200) which achieves cleanup standards without further action at 
the site is known.  Given the circumstances at this site a permanent cleanup action is not 
definitely known or can be assured at this time, and a disproportionate cost analysis is 
appropriate.  The disproportionate cost analysis is presented in Section 10. 
 
9.2.2  Provide for a Reasonable Restoration Time Frame 
 
All of the remedial alternatives considered can be completed within a reasonable time frame 
(generally less than 3 years) with the exception of alternative 4 (3 to 5 years). 
  
9.2.3  Public Concerns 
 
Public concerns will be addressed by Ecology during the selection of the remedial action.  A 
Public Notice and Participation periods is required (WAC 173-340-600) prior to implementation 
of the action. 
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10.  DISPROPORTIONATE COST ANALYSIS 
 
 

The procedure for determining whether a cleanup action uses permanent solutions to the 
maximum extant practicable is provided in WAC 173-340-360(3).  This section presents a 
“disproportionate cost analysis” to compare the relative costs and benefits of all the alternatives.  
Costs are disproportionate to benefits if the incremental cost of an alternative exceeds the 
incremental benefit achieved with the additional cost.  The analysis may be quantitative or 
qualitative.  The analysis begins by ranking alternatives from the most permanent to the least 
permanent.  Once alternatives are ranked, they are evaluated based on seven criteria in WAC 
173-340-360(f).  The seven criteria are: 
 

1) Protectiveness 
2) Permanence 
3) Cost 
4) Effectiveness over the long term 
5) Management of short-term risks 
6) Technical and administrative implementability 
7) Consideration of public concerns. 

 
For each of the seven criteria, the alternatives will be given a score from 1 to 5, with 5 being the 
highest score possible.  These scores will be summed, creating the value for the “benefit” of the 
alternative.  The scoring system is described in the following sections.   
 
10.1  PROTECTIVENESS 
 
Protectiveness of human health and the environment includes the degree to which existing risks 
are reduced, time required to reduce risk at the site and attain cleanup standards, onsite and 
offsite risks resulting from implementing the alternative, and improvement of the overall 
environmental quality.  All of the remedial alternatives are designed to aggressively address 
possible human health risk associated with exposure to contaminated media.  Scores are assigned 
to each of the alternatives as follows.  For this comparison, the excavation alternative will be 
most disruptive to on and off site alternatives, and will be used to compare implementation risks. 

 
Alternative Score Discussion 

1:  Containment 2 There is no guarantee that complete containment is achievable.  
Installation is complicated and will be disruptive to the site operations 
and neighborhood.  Contamination will be contained but remain in the 
environment indefinitely. 

2:  In-situ Thermal 
Desorption 

4 Reduces risk, though installation is complicated and will be disruptive to 
the marina.  On and offsite risks of implementing this alternative are 
lower compared to excavation. 

3:  Excavation 3 Removes risk from soil and the smear zone, though does not 
immediately address groundwater contamination issues.  Excavation 
will be very disruptive to marina operations and neighborhood, and will 
add a significant amount of truck traffic to local roads. 
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Alternative Score Discussion 
4:  Ex-situ 
Bioremediation 

2 Reduces risk but will require a lengthy time frame for complete 
remediation and will be very disruptive to marina operations and the 
surrounding neighborhood.  On and offsite risks of implementing this 
alternative are greater than excavation because this option involves 
leaving open excavations for extended periods of time. 

5:  In-Situ 
Bioremediation 

3 Reduces risk but will require a lengthy time frame for complete 
remediation.  On and offsite risks of implementing this alternative are 
low compared to excavation. 

6:  In-Situ Chemical 
Oxidation 

3 Reduces risk, though soil mixing will be very disruptive to marina 
operations and the surrounding neighborhood.  On and off site risks are 
similar to excavation. 

7:  No Action 1 Provides no additional protectiveness 

 
10.2  PERMANENCE 
 
The remedial alternatives were scored based on the degree to which the alternative permanently 
reduces the toxicity, mobility or volume of hazardous substances, including the adequacy of the 
alternative in destroying the hazardous substances, the reduction or elimination of hazardous 
substance releases and sources of releases, the degree of irreversibility of waste treatment 
process, and the characteristics and quantity of treatment residuals generated.  The score 
assigned to each is based on relative permanence presented earlier.  None of the alternatives are 
guaranteed to achieve cleanup standards therefore none are scored as a 5. 
 
 

Alternative Score Discussion 
1:  Containment 2 Prevents migration of hazardous substances, 

requires long-term monitoring and possible 
operation and maintenance (O&M). 

2:  In-Situ Thermal Desorption 4 Reduces or eliminates hazardous substances, 
will not require long-term monitoring, O&M, 
or institutional controls. 

3:  Excavation 4 Reduces or eliminates hazardous substances, 
will not require long-term monitoring, O&M, 
or institutional controls. 

4:  Ex-situ Bioremediation 3 Reduces or eliminates hazardous substances, 
will require O&M. 

5:  In-Situ Bioremediation 3 Reduces or eliminates hazardous substances, 
may require additional applications and long-
term monitoring to complete remediation. 

6:  In-Situ Chemical Oxidation 4 Reduces or eliminates hazardous substances, 
will not require long-term monitoring, O&M, 
or institutional controls. 

7:  No Action 1 Does not reduce or eliminate hazardous 
substances.  Requires institutional controls and 
long-term monitoring 
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10.3  COST  
 
Costs for each remedial alternative were developed as part of the FS process.  Cost estimates 
were prepared for each alternative using “A Guide to Developing and Documenting Cost 
Estimates during the Feasibility Study” (EPA 2000), and include a 25% contingency factor.  The 
cost estimates were calculated using the most common products and application methods 
available for a remedial alternative.  There are numerous competing companies and alternative 
application methods that may be used in the remedial design that could be more cost effective, 
though the cost estimates provided allow a relative comparison of alternatives to each other. 
 
The detailed cost estimates are presented in Appendix I in 2007 dollars.  The cost summary and 
score for each of the alternatives is provided in the following table.  Scoring is based on cost 
rank.  Least expensive alternative scores a 5, with the most expensive alternative scoring 1. 
 
 

Estimated Costs for Marina Restoration Option 
Alternative 1 Alternative 2 Alternative 3A Alternative 4A Alternative 5 Alternative 6 Alternative 7

 
Containment 

In-Situ 
Thermal 

Desorption 

Excavation  
(precon conditions)

Ex-Situ Bio  
(precon conditions) In-Situ Bio In-Situ 

Oxidation No Action 

Capital Costs  $    2,670,000   $    4,117,000   $            4,802,000  $            4,034,000  $ 6,476,000   $ 4,135,000  $      25,000 
O&M Costs  $       106,000   $         21,000   $                 21,000  $               441,000  $      46,000   $      46,000  $               - 

Periodic Costs  $                  -    $                  -    $                          -   $                          -   $ 1,007,000   $               -    $               -   
Total Costs  $    2,776,000   $    4,138,000   $            4,823,000  $            4,475,000  $ 7,529,000   $ 4,181,000  $      25,000 

Score 4 3 2 2 1 3 5 

 
 
Since cost is the only criteria where the site restoration options for alternatives 3 (excavation) 
and 4 (ex-situ bioremediation) will score differently, these alternatives have been scored in the 
following table for comparison. 
 
 

Estimated Costs of Natural Restoration Option 
Alternative 3B Alternative 4B 

  
  

Excavation 
(natural conditions)

Ex-Situ Bio 
(natural conditions) 

Capital Costs  $              2,762,000  $              2,688,000  
O&M Costs  $                   26,000  $                 446,000  

Periodic Costs  $                            -    $                            -   
Total Costs  $              2,788,000  $              3,134,000  

Score 3 3 
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10.4  EFFECTIVENESS OVER THE LONG-TERM 
 
Long-term effectiveness includes “the degree of certainty that the alternative will be successful, 
the reliability of the alternative during the period of time hazardous substances are expected to 
remain on-site at concentrations above cleanup levels, the magnitude of residual risk with the 
alternative in place, and the effectiveness of controls required to manage treatment residues or 
remaining wastes.”  MTCA suggests the use of the use of the following hierarchy of cleanup 
action components in descending order of long-term effectiveness:  
 

1) Reuse or recycling will be assigned a score of 5 
 
2) Destruction or detoxification will be assigned a score of 4 
 
3) Immobilization or solidification will be assigned a score of 3 
 
4) On- or off-site disposal will be assigned a score of 2 
 
5) On-site isolation or containment and institutional controls will be assigned a 

score of 1. 
 

 
Alternative Score Discussion 

1:  Containment 1 Petroleum hydrocarbons remain in contained place. 
2:  In-Situ Thermal 
Desorption 

4 Petroleum hydrocarbons are destroyed in this process. 

3:  Excavation 2 Petroleum hydrocarbons are transported off-site for disposal.  
Contamination may remain in groundwater. 

4:  Ex-situ 
Bioremediation 

4 Petroleum hydrocarbons are destroyed in this process.  
Contamination may remain in groundwater. 

5:  In-Situ 
Bioremediation 

4 Petroleum hydrocarbons are destroyed in this process. 

6:  In-Situ Chemical 
Oxidation 

4 Petroleum hydrocarbons are destroyed in this process. 

7:  No Action 1 Petroleum hydrocarbons remain in place. 

 
 
10.5  MANAGEMENT OF SHORT-TERM RISKS 
 
The risk to human health and the environment associated with the alternative during construction 
and implementation, and the effectiveness of measures that will be taken to manage such risks.  
Impacts from remedial action implementation include vehicle traffic, temporary relocation of a 
building, temporary closure of facilities, odor, open excavations, and noise, dust and safety 
concerns associated with extensive heavy equipment activity.  The greatest short-term risk to 
human health is related to safety and general construction activity.   
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Alternative Score Discussion 

1:  Containment 3 Constructing slurry or sheet pile walls and a new bulkhead will 
disrupt marina operations for approximately 3 to 4 months.  
Construction equipment will be noisy and unsightly for the 
surrounding neighborhood. 

2:  In-Situ Thermal 
Desorption 

3 Installing electrode and recovery wells and associated piping and 
electrical lines will disrupt marina operations for approximately 3 to 
4 months.  Overall, this will have slightly more short term impact 
than Alternative 5, but less short term impact than Alternative 3.  
Operating the system may be noisy during operations if 3-phase 
power cannot be obtained and generator is used to power system. 

3:  Excavation 2 Excavating the entire site will disrupt marina operations and 
neighborhood traffic for 4 to 6 months.  Construction equipment 
will be noisy and unsightly for the surrounding neighborhood. 

4:  Ex-situ 
Bioremediation 

1 Excavating and treating the soil onsite will disrupt marina 
operations for 3 to 5 years.  This is the most disruptive alternative in 
the short term.  The excavation and treatment process will be noisy 
for the duration of the project due to construction equipment and 
blowers used for treatment of biopiles. 

5:  In-Situ 
Bioremediation 

4 Limited excavation will disrupt traffic and marina operations for 
approximately 2 weeks.  The remaining treatments will be installed 
using a geoprobe, which can be noisy, but will otherwise not cause 
a great impact to site activities. 

6:  In-Situ Chemical 
Oxidation 

3 Limited excavation will disrupt traffic and marina operations for 
approximately 2 weeks while soil mixing activities will disrupt 
marina operations for an additional month.  If a new bulkhead is 
required marina operations could be affected for another month.  
Soil mixing and construction equipment will be noisy and unsightly 
for the surrounding neighborhood. 

7:  No Action 5 This alternative will cause no short term disruptions. 
 
10.6  TECHNICAL AND ADMINISTRATIVE IMPLEMENTABILITY 
 
Ability to be implemented includes consideration of whether the alternative is technically 
possible, availability of necessary offsite facilities, services and materials, administrative and 
regulatory requirements, scheduling, size, complexity, monitoring requirements, access for 
construction operations and monitoring, and integration with existing facility operations and 
other.  Remedial actions conducted under a Consent Decree are exempt from the procedural 
requirements of the local government permits [WAC 173-340-710 (9)(b)]. 
 

Alternative Score Discussion 
1:  Containment 2 Permitting or other administrative requirements will be necessary 

for construction.  The permitting process for a new bulkhead is 
expected to take 1 to 2 years.  Complete containment will be very 
difficult to achieve and installation will be complicated by the OSS 
and associated drainfield. 

2:  In-Situ Thermal 
Desorption 

4 Permitting or other administrative requirements may be necessary 
for construction.  3-phase power is required for the operation of the 
system; Puget Sound Energy may have to run new electrical 
services to the site to support the system. 
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Alternative Score Discussion 
3:  Excavation 3 Grading permit from the local government will be required for 

excavation.  May require permits from Island County to work in the 
waterway.  May not be able to replace onsite sewage system.  If 
bulkhead is replaced, the permitting process for a new bulkhead is 
expected to take 1 to 2 years. 

4:  Ex-situ 
Bioremediation 

2 Grading permit from the local government will be required for 
excavation.  May require permits from Island County to work in the 
waterway.  May not be able to replace onsite sewage system.  If 
bulkhead is replaced, the permitting process for a new bulkhead is 
expected to take 1 to 2 years.  The length of time required for 
treatment means maintaining open excavations during treatment. 

5:  In-Situ 
Bioremediation 

1 Soil conditions at the site are not suitable for this alternative and the 
amount of product required is unrealistic for injection application 
into the formation. 

6:  In-Situ Chemical 
Oxidation 

2 Grading permit from local government will be required for 
excavation.  May require permits from Island County to work in the 
waterway.  If a new bulkhead is required, the permitting process is 
expected to take 1 to 2 years.  Soil conditions at the site are not 
suitable for this alternative but soil mixing application will help 
overcome soil conditions. 

7:  No Action 5 Easily implemented 
 
10.7  CONSIDERATION OF PUBLIC CONCERNS  
 
Public concerns will be addressed during the public review period.  Scoring of this criterion will 
be deferred until after public comment.  Below is a summary of scores for each alternative to be 
used for the disproportionate cost analysis. 
 

Summary of Scores 
Alternative 

Screening Criteria 
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Protectiveness 2 4 3 2 3 3 1 

Permanence 2 4 4 3 3 4 1 

Effectiveness over the long 
term 1 4 2 4 4 4 1 

Management of short-term 
risks 3 3 2 1 4 3 5 

Technical and 
administrative 
implementability 

2 4 3 2 1 2 5 

TOTAL 10 19 14 12 15 16 13 
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10.8  DISPROPORTIONATE COST ANALYSIS 
 
The goal of this disproportionate cost analysis is to determine whether the incremental cost of an 
alternative is disproportionate to the incremental benefit relative to the lower cost alternative 
[WAC 173-340-360(e)(i)].  A systematic approach was developed to quantify the relative benefit 
of the alternatives.  The total benefit of each alternative was calculated as the sum of ratings for 
six of the seven MTCA evaluation criteria (cost is not included as a benefit) as presented in the 
previous table.  The budgetary cost estimated was then divided by the total “benefit” provide by 
the alternative to obtain a cost/unit of benefit. 
 
10.8.1  Marina Restoration Option 
 
The following table presents the cost/unit benefit for the remedial alternatives based on the 
assumption that the site will continue to operate as a marina following the cleanup action and 
will need to be restored to preconstruction conditions. 
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"Benefit" Score 10 19 14 12 15 16 
Cost $2,776,000 $4,138,000 $4,823,000 $4,475,000 $7,529,000 $4,181,000 

Cost/Unit "Benefit" $277,600 $217,789 $344,500 $372,917 $501,933 $261,313 

 
 
Based on this analysis, the ISTD alternative provides the most benefit per unit of cost.  It also has 
the highest benefit score overall.  Therefore, ISTD could be considered as the preferred remedial 
alternative for this scenario.  Some of the benefits associated with this alternative include: 
 

• Contamination will be addressed throughout the saturated and unsaturated zones. 
• There is a high degree of certainty in the outcome of this action. 
• There will be permanent reduction of contamination in a relatively short time frame. 
• The majority of contaminants are destroyed in this process. 
• There are few unknowns associated with implementation of this action. 
• The timber bulkhead doesn’t have to be replaced or the store moved. 
• There will be limited disruption to the marina and surrounding community. 

 
Some of the concerns associated with alternative include: 
 

• The system will require periodic operation and maintenance over its lifetime. 
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• Currently there is no 3-phase power at the site; 3-phase power will need to be 
obtained if system cannot be installed to work with existing infrastructure.  This cost 
has been included in the cost estimate. 

 
• A pilot test is advisable prior to full implementation of this alternative, for selection 

of ISTD to apply.  
 
10.8.2  Natural Restoration Option 
 
The following table presents the cost/unit benefit for the remedial alternatives based on the 
assumption that the site will no longer continue to operate as a marina following the cleanup 
action and can be restored to natural conditions. 
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"Benefit" Score 14 12 
Cost $2,788,000 $3,134,000 

Cost/Unit "Benefit" $199,143 $261,167 

 
Based on this analysis, the excavation provides the most benefit per unit of cost.  It also has the 
highest benefit score overall.  Therefore excavation should be considered as the preferred 
remedial alternative for this scenario.  Some of the benefits associated with this alternative 
include: 
 

• A shorter construction period which reduces risk sooner. 
• Little to no operation and maintenance required. 
• Better technical and administrative implementability. 

 
Some of the concerns associated with this alternative include: 
 

• Contaminants are not destroyed in the process; soil is transported offsite for disposal. 
 
• It will be very disruptive to the surrounding neighborhood. 
 
• Services provided by the marina (fuel, supplies, and moorage) to boaters and the 

surrounding community will be eliminated. 



Project No. 61994.01 CB FS 
  Page 49 of 50 
EA Engineering, Science, and Technology, Inc.  June 2008 
 

Cornet Bay Marina  Feasibility Study 
Whidbey Island, Washington   

11.  REFERENCES 
 
 
EA 2005.  Investigation Report for Washington State Department of Ecology Mixed Funding 

LUST Sites.  EA Engineering, Science, and Technology, Inc.  June 2005. 
 
EA 2006a.  Letter from EA Engineering, Science, and Technology, Inc to Mr. Roger Nye, 

Washington Department of Ecology.  Subject:  Cornet Bay Marina, Summary of Results 
for 29 June 2005 Field Investigation, Work Order # 17079, Contract Number 30700.  
Dated 3 March 2006. 

 
EA 2006b.  Sampling and Analysis Plan for Amendment No. 2 and No. 3, Work Order #17079, 

Washington State Department of Ecology Mixed Funding LUST Sites.  Revision 3. 
 
Ecology 1990.  Letter from Annette Petrie, Site Inspector, to Mr. Milt Woods.  Subject: Site 

Assessment at Cornet Bay Marina dated November 27, 1990. 
 
Ecology 1993.  Consent Decree between State of Washington Department of Ecology and Milton 

Woods. 
 
Ecology 1996a.  Letter from Wally Moon, Toxics Cleanup Program, to Mr. Milt Woods.  

Subject: Cornet Bay Marina Site Investigation dated June 7, 1996. 
 
Ecology 1996b.  Cornet Bay Marina Remedial Investigation.  Prepared by Wally Moon of the 

Washington State Department of Ecology Toxics Cleanup Program.  Report incomplete.  
Dates 1996. 

 
Ecology 2001.  Focus:  Model Toxics Control Act Cleanup Regulation:  Process for Cleanup of 

Hazardous Waste Sites.  Focus No. 94-129.  Washington State Department of Ecology.  
May 2001. 

 
Ecology 2003.  Untitled, undated report.  Presents summary of site investigation in June 2003 by 

Pinnacle Geosciences. 
 
Ecology 2005.  Screening Survey for Petroleum Contamination at Cornet Bay Marina (Island 

County).  Publication No. 05-03-033.  Washington State Department of Ecology.  
September 2005. 

 
Ecology 2007.  Model Toxics Control Act Statute and Regulation.  Publication 94-06.  
Washington State Department of Ecology Toxics Cleanup Program.  November. 
 
EPA 1996.  A Citizen’s Guide to Bioremediation.  EPA 542-F-96-007.  EPA Office of Solid 

Waste and Emergency Response.  April 1996. 
 



Project No. 61994.01 CB FS 
  Page 50 of 50 
EA Engineering, Science, and Technology, Inc.  June 2008 
 

Cornet Bay Marina  Feasibility Study 
Whidbey Island, Washington   

EPA 2000.  A Guide to Developing and Documenting Cost Estimates during the Feasibility 
Study.  EPA 540/$-DO/002.  OSWER 9355.0-075.  Office of Emergency and Remedial 
Responnse.  July. 

 
EPA 2004.  How to Evaluate Alternative Cleanup Technologies for Underground Storage Tank 

Sites: A Guide for Corrective Action Plan Reviewers. (EPA 510-B-94-003; EPA 510-B-
95-007; and EPA 510-R-04-002). 

 
EPA 2006.  Biosparging Webpage. http://www.epa.gov/OUST/cat/biosparg.htm. 
 
FRTR 2006.  4.4.1 Dual Phase Extraction.  Federal Remediation Technologies Roundtable.  

http://www.frtr.gov/matrix2/section4/4_41.html. 
 
Nelson 1990.  Letter from Earl V. Nelson to Mr. Joe Hickey, dated October 22, 1990. 
 
Welch 1990.  Cornet Bay Marina, 5191 N. Cornet Bay Rd., Oak Harbor, WA 98277 (No other 

title or date).  Report on 1990 Site Investigation prepared by Welch Enterprises, Inc. 
 



 

 

 
FIGURES 















Note:  Water level on dock adjusted based on local tide tables.

Figure 7.  Cornet Bay Marina, Water Level Measurements
(26 May to 1 June 2006)
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TABLES 



TABLE 1.  MONITORING WELL CONSTRUCTION AND FIELD MEASUREMENT DATA.

Well ID Well Type

Total 
Depth   
(ft bgs)

Top of Screen 
Depth (ft 

btoc)

Bottom of 
Screen Depth 

(ft btoc) Screen Length (ft)

Water Level 
Measured on 
26 May 2006 

(ft btoc)

Water Level 
Measured on 
1 June 2006 

(ft btoc)

MW-1 M 31 10 25 15 6.68 6.43
MW-2 M 25 5 25 20 6.74 6.73
MW-3 M 20 5 20 15 3.68 3.12

Conductivity Turbidity Dissolved Oxygen Temperature Oxidation-Reduction
Well Date Measured pH (mS/cm) (NTUs) (mg/L) (oC) Potential (mV)

MW-1 6/1/2006 7.67 9.223 1.7 0.26 13.23 -165.4
MW-2 6/1/2006 6.80 1.689 2.52 0.64 12.6 -168.1
MW-3 6/1/2006 6.88 2.918 10.6 0.85 14.0 -144.0

NOTES:
 oC = degrees Celsius.
ft bgs = feet below ground surface
ft btoc = feet below top of casing.
mg/L - milligrams per liter
mS/cm = milliSiemans per centimeter.
mV = milliVolts
NA = not available
NTUs = Nephelometric turbidity units

Water Quality Parameters



TABLE 2. MONTIORING WELL GROUNDWATER ANALYTICAL DATA FOR PETROLEUM CONSTITUENTS.

Well Sample Date Benzene Toluene Ethylbenzene Xylenes MTBE GRO DRO LRO Lead
MW-1 10/?/96 ND ND ND ND -- ND -- -- 2.4

6/2/2003 <0.5 <0.5 <0.5 <1.0 <1.0 <50 294 <500 --
5/27/2005 <1.0 <1.0 <1.0 <3.0 -- <140 <48 -- --
6/1/2006 <0.5 <0.5 <0.5 <1.0 -- <50 529 D-09 <500 --

MW-2 10/?/96 16,400 23 170 98 -- 1,900 -- -- 2.2
6/2/2003 9,000 <50 354 <100 <100 21,300 127,000 <10,000 --

5/27/2005 7,300 J <10 84 <30 -- 2,600 <3,000 -- --
6/1/2006 7,150 16.6 86.9 29.6 -- 20,300 <5050 <10,100 --

MW-3 10/?/96 8,500 130 1,300 3,400 -- 24,000 98,000 -- 9.9
6/2/2003 185 4.63 86.7 29.4 3.91 1,170 17,200 <500 --

5/27/2005 260 <10 91 <30 -- 1,400 31,000 E -- --
6/1/2006 643 15.3 324 34.8 -- 3,900 <5,150 <10,300 --

Duplicate 6/1/2006 643 16 324 34.7 -- 3,880 2,020 D-06 <500 --
MTCA A Cleanup Levels 5 1,000 700 1,000 20 800/1000 500 500 15

NOTES:
All results are in ug/L (micrograms per liter = parts per billion).
-- = not sampled/not analyzed
NA = not available
E = result is considered estimated due to large relative percent difference between sample and duplicate (31,000 vs. 7,600 ug/L).
J = analyte was positively identified.  The associated numerical result is an estimate.
Groundwater samples on 6/1/06 were collected by EA Engineering.
D-09 = Results in diesel organics range are primarily due to overlap from a heavy oil range product. 
D-06 = The sample chromatographic pattern does not resemble the fuel standard used for quantitation.
The trip blank (CB-MW-TB) associated with these samples was below the laboratory detection limit for all constituents.  
MTCA Method A cleanup level for gasoline is 800 ug/L instead of 1000 ug/L when benzene is present.
Shaded cells indicate the results exceed the cleanup criteria.
DRO = Diesel range organics.
GRO = Gasoline range organics.
LRO = Lub-oil range organics
MTBE = methyl tertiary butyl ether



TABLE 3. MONITORING WELL GROUNDWATER ANALYTICAL DATA FOR FEASIBILTY STUDY PARAMETERS.

Carbonate 
Alkalinity

Bicarbonate 
Alkalinity

Total 
Alkalinity

MW-1 1,160 12.9 50 U, D-14 701 4.7 26.8 5 U 5 U 1,160 1,160 2,900 4 U 12.8 0.2 U 0.605

MW-2 705 40.4 119 373 0.7 48 5 U 5 U 705 705 115 0.4 U, I-02, D-14 7.83 16 2.95

MW-3 734 19.4 156 D-14 459 1.2 42 5 U 5 U 734 734 399 1 U, I-02, D-14 19.4 5.6 3.46

NOTES:
All results are in mg/L (milligrams per liter = parts per million) unless otherwise noted.
Groundwater samples on 6/1/06 were collected by EA Engineering.
D-14 = Diluted due to matrix effect.
I-02 = This sample was analyzed outside of the recommended holding time.
J = analyte was positively identified.  The associated numerical result is an estimate.
U = Result was below the laboratory reporting limit for this compound.  
BOD = Biological Oxygen Demand.
COD = Chemical Oxygen Demand.
TOC = Total Organic Carbon.

ManganeseChloride Nitrate-Nitrogen Sulfate IronWell

Alkalinity
Hydroxide 
Alkalinity

Bicarbonate 
Alkalinity BOD COD Hardness

Salinity 
(g/kg) TOC



TABLE 4.  TEST PIT SOIL ANALYTICAL DATA FOR PETROLEUM CONSTITUENTS.
 

 Date 
TCLP 

Benzene
Sample ID Sampled (mg/L)

CB-TP1-SS-2 6/1/2006 4.03 12.0 D-09 27.0 U --
CB-TP1-SS-4 6/1/2006 2,470 719 76.8 U 0.08 U
CB-TP2-SS-2 6/1/2006 21.50 11.7 Q-41 29.3 U --
CB-TP2-SS-4 6/1/2006 1,900 174 32.2 U --
CB-TP2-SS-6 6/1/2006 218 208 30.7 --
CB-TP3-SS-1.5 6/1/2006 396 277 28.6 D-10 --
CB-TP3-SS-4 6/1/2006 37.20 26 42.6 --
CB-TP3-SS-6 6/1/2006 61.50 15.2 27.7 U --
CB-TP4-SS-2 6/1/2006 4.50 U 12.3 Q-41 30.7 U --
CB-TP4-SS-4 6/1/2006 9.52 G-02 12.2 Q-41 30.6 U --
CB-TP5-SS-4 6/1/2006 43.90 569 63.6 U 0.183
CB-TP5-SS-4D 6/1/2006 33.30 85.6 32.1 U --
CB-SD1-0.5 6/1/2006 4.95 U 13.2 Q-41 33.1 U --
MTCA Method A Cleanup Criteria 30/100 2,000 2,000

NOTES:
NA = not available
D = Duplicate sample.
DRO = Diesel range organics.
GRO = Gasoline range organics.
LRO = Lub-oil range organics.
mg/kg = milligrams per kilogram.
mg/L = milligrams per liter.
MTCA Method A cleanup level for gasoline is 30 mg/kg instead of 100 mg/kg when benzene is present.
U = Not detected at or above the specified reporting limit.
D-06 = The sample chromatographic pattern does not resemble the fuel standard used for quantitation.
D-09 = Results in the diesel organic range are primarily due to overlap from a heavy oil range product.  
D-10 = The heavy oil range organics present are due to hydrocarbons eluting primarily in the diesel range
G-02 = The chromatogram for this sample does not resemble a typical gasoline pattern.  
Q-41 = The analyte had a high bias in the associated calibration verification standard.

GRO
(mg/kg) (mg/kg)

LRO
(mg/kg)

DRO



TABLE 5.  TEST PIT SOIL ANALYTICAL DATA FOR FEASIBILITY STUDY PARAMETERS.
   

 Date 
Total Keldahl 

Nitrogen Total Nitrogen TOC Phosphorus Potassium
Sample ID Sampled (mg/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg)

CB-TP2-SS-4 6/1/2006 121,000 B-14 0.127 U 200 255 3,640 695 3,790
CB-TP3-SS-4 6/1/2006 119,000 B-14 0.116 U 254 295 6,350 464 1,400
CB-TP5-SS-4 6/1/2006 119,000 B-14 0.207 197 252 5,530 670 3,060

NOTES:
mg/kg = Micrograms per liter.
U = Not detected at or above the specified reporting limit.
NA = not available
COD = Chemical oxygen demand
TOC = Total organic carbon

Nitrate/Nitrite-
Nitrogen
(mg/kg)(mg/kg)

COD
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Elevations Calculation Pad
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Purge Forms
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Laboratory Analytical Results
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Test Pit Logs 
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Shelby Tube Analytical Results 
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Bulkhead Assessment 
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Building Assessment 
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Onsite Sewage System As-builts 
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Cost Estimates 
 



Cornet Bay Marina
Alternative 1: Containment

Mobilization/Demobilization 124,000$              
Sheet Pile Wall/Pavement Cap/Impermeable Bulkhead 1,542,000$           
New Monitoring Wells 9,000$                  
Engineering & Management 319,000$              

Contingency (25%) 499,000$              
Taxes 177,000$              

Monitoring and Operations (for 15 years) 106,000$              

TOTAL BUDGETARY COST ESTIMATE 2,776,000$        

Assumptions
▪ Costs rounded to nearest thousand

Engineering and Mananagement

Monitoring and Operations (for 15 years)

▪ Due to spacial constraints only sheet piling or one-pass trenching techniques can be used to 
construct the containment wall

▪ Samples analyzed for diesel and gasoline range organics

▪ The mounded drainfield for the onsite sewage system will be left in place outside the 
containment area

▪ The UST and fuel lines for the marina will be left in place within the containment area

▪ Includes cost to install 3 new monitoring wells

▪ Quarterly sampling for 15 years following cleanup, in reality monitoring will have to continue 
indefinitely

▪ Annual reporting included

▪ Pavement cap includes 6" stone base, 2" binder course, 1" topping

▪ 5% project management fee
▪ 8% remedial design fee
▪ 6% construction manangment fee



Cornet Bay Marina
Alternative 2: In-Situ Thermal Desorption

ISTD System 2,083,000$           
Cost to install 3-phase power to the site 500,000$              
Engineering & Management 491,000$              

Contingency (25%) 769,000$              
Taxes 274,000$              

Monitoring and Operations (for 3 years) 21,000$                

TOTAL BUDGETARY COST ESTIMATE 4,138,000$        
* Costs provided by Thermal Remediation Services (June 2006), +/- 20% estimated cost

Assumptions
▪ Costs rounded to nearest thousand
▪ ISTD system cost includes O&M
▪ Cost to install 3-phase power is a worst case estimate based on initial 
estimate from Puget Sound Energy to bring in infrastructure from 
approximately 2 miles away
▪ Treatment time ranges from 75-130 days
▪ Costs are for 100% below ground completion of wells and piping
▪ Includes removal and replacement of exising UST

Engineering and Mananagement

Monitoring and Operations (for 3 years)

▪ 5% project management fee
▪ 8% remedial design fee
▪ 6% construction manangment fee

▪ Samples analyzed for diesel and gasoline range organics
▪ Annual reporting included

▪ Monthly groundwater sampling for 12 months
▪ Quarterly sampling for 3 years following cleanup
▪ Samples analyzed for diesel and gasoline range organics



Cornet Bay Marina
Alternative 3A: Excavation (restoration to preconstruction conditions)

Mobilization/Demobilization 150,000$              
Site Preparation 1,178,000$           
Excavation and Backfilling 1,644,000$           
Site Restoration 86,000$                
Engineering and Mananagement 528,000$              

Contingency (25%) 897,000$              
Taxes 319,000$              

Monitoring and Operations (for 3 years) 21,000$                

Periodic Costs -$                      

TOTAL BUDGETARY COST ESTIMATE 4,823,000$        

Assumptions
▪ Costs rounded to nearest thousand
▪ No staging of soil will be necessary

Excavation

Site Restoration

Engineering and Mananagement

Monitoring and Operations (for 3 years)

▪ 5% project management fee
▪ 8% remedial design fee
▪ 6% construction manangment fee

▪ Annual reporting included

▪ Quarterly sampling for 3 years following cleanup
▪ Samples analyzed for diesel and gasoline range organics

▪ Includes cost of new drainfield
▪ Includes cost to install 3 new monitoring wells

▪ Includes cost to remove and replace exisitng UST
▪ Includes bulkhead shoring and replacement
▪ Includes cost of up to 250 confirmation samples
▪ Includes cost to abandon 3 monitoring wells

▪ Includes cost to bring in clean fill, spread, and compact
▪ Cover material will be 3/4 in. crushed stone base, 3 in. thick

▪ Requires moving store building temporarily during excavation, replacing building and 
foundation upon completion of activities.

▪ Excavation of approximately 11,200 cubic yards of soil

▪ Soil disposal cost based on current rate of $33/ton
▪ Includes 80,000 pounds product to enhance bioremediation (to be placed in excavation)



Cornet Bay Marina
Alternative 3B: Excavation (restoration to natural conditions)

Mobilization/Demobilization 100,000$              
Site Preparation 213,000$              
Excavation and Backfilling 1,452,000$           
Site Restoration 12,000$                
Engineering and Mananagement 285,000$              

Contingency (25%) 516,000$              
Taxes 184,000$              

Monitoring and Operations (for 3 years) 26,000$                

Periodic Costs -$                      

TOTAL BUDGETARY COST ESTIMATE 2,788,000$        

Assumptions
▪ Costs rounded to nearest thousand
▪ No staging of soil will be necessary

Excavation

Site Restoration

Engineering and Mananagement

Monitoring and Operations (for 3 years)

▪ Includes cost to bring in clean fill, spread, and compact
▪ Cover material will be vegetation

▪ Annual reporting included

▪ 5% project management fee
▪ 8% remedial design fee
▪ 6% construction manangment fee

▪ Quarterly sampling for 3 years following cleanup
▪ Samples analyzed for diesel and gasoline range organics

▪ Requires demolition of store building and foundation
▪ Excavation of approximately 11,200 cubic yards of soil

▪ Soil disposal cost based on current rate of $33/ton

▪ Does not include cost associated with demolition or disposal of floating docks/slips
▪ Includes cost to install 3 new monitoring wells

▪ Includes cost to remove USTand piping
▪ Includes cost of up to 250 confirmation samples
▪ Includes cost to abandon 3 monitoring wells

▪ Includes 80,000 pounds product to enhance bioremediation (to be placed in excavation)



Cornet Bay Marina
Alternative 4A: Ex-situ Bioremediation                                

(restoration to preconstruction conditions)

Mobilization/Demobilization 150,000$              
Site Preparation 1,188,000$           
Excavation and Soil Treatment (Over 3 to 5 years) 649,000$              
Backfilling 418,000$              
Site Restoration 171,000$              
Engineering and Construction Management 437,000$              

Contingency (25%) 753,000$              
Taxes 268,000$              

Monitoring  (for 3 years) 441,000$              

TOTAL BUDGETARY COST ESTIMATE 4,475,000$        

Assumptions
▪ Costs rounded to nearest thousand

Excavation & Soil Treatment

Site Restoration

Engineering and Mananagement

Monitoring and Operations (for 3 years)

▪ Includes cost to replace treated soil, spread, and compact
▪ Cover material will be 3/4 in. crushed stone base, 3 in. thick

▪ Annual reporting included

▪ 5% project management fee
▪ 8% remedial design fee
▪ 6% construction manangment fee

▪ Quarterly sampling for 3 years following cleanup
▪ Samples analyzed for diesel and gasoline range organics

▪ Requires demolition of store building and replacing building and foundation upon completion 
of activities.

▪ Excavation and treatment of approximately 11,200 cubic yards of soil

▪ Soil disposal cost based on current rate of $33/ton

▪ Includes cost of new drainfield
▪ Includes cost to install 3 new monitoring wells

▪ Includes cost to remove/replace existing UST
▪ Includes bulkhead shoring and replacement
▪ Includes cost of up to 250 confirmation samples
▪ Includes cost to abandon 3 monitoring wells

▪ Includes 80,000 pounds product to enhance bioremediation (to be placed in excavation)



Cornet Bay Marina
Alternative 4B: Ex-situ Bioremediation                                

(restoration to natural conditions)

Mobilization/Demobilization 100,000$              
Site Preparation 256,000$              
Excavation and Soil Treatment (Over 3 to 5 years) 961,000$              
Backfilling 402,000$              
Site Restoration 12,000$                
Engineering and Construction Management 276,000$              

Contingency (25%) 502,000$              
Taxes 179,000$              

Monitoring  (for 3 years) 446,000$              

TOTAL BUDGETARY COST ESTIMATE 3,134,000$        

Assumptions
▪ Costs rounded to nearest thousand

Excavation & Soil Treatment

Site Restoration

Engineering and Mananagement

Monitoring and Operations (for 3 years)

▪ Annual reporting included

▪ Requires demolition of store building and foundation
▪ Excavation and treatment of approximately 11,200 cubic yards of soil

▪ Soil disposal cost based on current rate of $33/ton

▪ Includes cost to install 3 new monitoring wells

▪ Includes cost to remove existing UST
▪ Includes cost of up to 250 confirmation samples
▪ Includes cost to abandon 3 monitoring wells

▪ Cover material will be vegetation

▪ Does not include cost associated with demolition or disposal of floating docks/slips

▪ Quarterly sampling for 3 years following cleanup
▪ Samples analyzed for diesel and gasoline range organics

▪ Includes 80,000 pounds product to enhance bioremediation (to be placed in excavation)

▪ 5% project management fee

▪ 6% construction manangment fee
▪ 8% remedial design fee

▪ Includes cost to replace treated soil, spread, and compact



Cornet Bay Marina
Alternative 5: Partial Excavation with In-Situ Bioremediation

Mobilization/Demobilization 100,000$              
Site Preparation 83,000$                
Partial Excavation and Backfilling 269,000$              
Product Cost 3,881,000$           
Application Cost 283,000$              
Site Restoration 69,000$                
Engineering and Mananagement 152,000$              

Contingency (25%) 1,209,000$           
Taxes 430,000$              

Monitoring and Operations (for 3 years) 46,000$                

Periodic Costs 1,007,000$           

TOTAL BUDGETARY COST ESTIMATE 7,529,000$        

Assumptions
▪ Costs rounded to nearest thousand
▪ No staging of soil will be necessary
▪ Direct push application of product

Excavation

Site Restoration

Engineering and Mananagement

Monitoring and Operations (for 3 years)

▪ Includes cost to install 3 new monitoring wells

▪ Annual reporting included

▪ 5% project management fee
▪ 8% remedial design fee
▪ 6% construction manangment fee

▪ Samples analyzed for diesel and gasoline range organics

▪ Excavation of approximately 2,400 cubic yards of soil
▪ Soil disposal cost based on current rate of $33/ton

▪ Quarterly sampling for 3 years following cleanup

▪ Includes cost to bring in clean fill, spread, and compact

▪ Does not include dewatering costs if nessecary for excavation

▪ Includes cost to remove and replace existing UST
▪ Includes cost to abandon 1 monitoring well

▪ Monthly groundwater sampling for 12 months

▪ Cover material will be 3/4 in. crushed stone base, 3 in. thick



Cornet Bay Marina
Alternative 6: Partial Excavation with In-Situ Chemical Oxidation

Mobilization/Demobilization 100,000$              
Site Preparations 1,153,000$           
Partial Excavation & Backfilling 269,000$              
Product Cost 618,000$              
Application Cost 385,000$              
Site Restoration 69,000$                
Engineering and Mananagement 494,000$              

Contingency (25%) 772,000$              
Taxes 275,000$              

Monitoring and Operations (for 3 years) 46,000$                

TOTAL BUDGETARY COST ESTIMATE 4,181,000$        

Assumptions
▪ Costs rounded to nearest thousand
▪ No staging of soil will be necessary
▪ Soil mixing application of product

Excavation

Site Restoration

Engineering and Mananagement

Monitoring and Operations (for 3 years)

▪ Does not include dewatering costs if nessecary for excavation

▪ Excavation of approximately 2,400 cubic yards of soil
▪ Soil disposal cost based on current rate of $33/ton
▪ Includes cost to remove and replace existing UST
▪ Includes cost to abandon 1 monitoring well

▪ Annual reporting included

▪ 5% project management fee
▪ 8% remedial design fee
▪ 6% construction manangment fee

▪ Quarterly sampling for 3 years following cleanup
▪ Samples analyzed for diesel and gasoline range organics

▪ Includes cost to bring in clean fill, spread, and compact
▪ Cover material will be 3/4 in. crushed stone base, 3 in. thick
▪ Includes cost to install 3 new monitoring wells

▪ Monthly groundwater sampling for 12 months
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