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SUMMARY OF PREVIOUS ENVIRONMENTAL ACTIVITIES 

UST Removals 

In September 1990, Applied Geotechnology, Inc. (AGI) removed three gasoline 
underground storage tanks (USTs) at the property.  A 1,000-gallon UST was located 
beneath the floor of the northern garage bay, a 2,000-gallon UST was located outside 
(west) of the northern garage bay, and another 2,000-gallon UST was located 
approximately 40 feet south of the garage.  The approximate locations of the UST 
excavations are shown on Figure 2.   After removing each UST, one soil sample was 
collected from the sidewalls and/or floor of each excavation for laboratory analysis.  The 
soil sample analytical results showed that the floor samples from the 1,000-gallon UST 
excavation and the northern 2,000-gallon UST excavation contained total petroleum 
hydrocarbons (TPH; identified as gasoline) concentrations of 3,000 and 963 milligrams 
per kilogram (mg/kg), respectively (AGI, 1991).  There was no field evidence of gasoline-
impacted soil in the southern 2,000-gallon UST excavation, and a composite soil sample 
from the sidewalls and floor of the excavation did not contain a TPH concentration 
greater than the method reporting limit (MRL).  

To remove additional impacted soil in the 1,000-gallon UST excavation and the northern 
2,000-gallon UST excavation, soil excavation activities were conducted in October 1990.  
The 2,000-gallon UST excavation was extended to a depth of approximately 12 feet 
below ground surface (bgs).  Soil samples collected from the sidewalls and floor of the 
expanded excavation contained TPH as gasoline concentrations of up to 30 mg/kg (AGI, 
1991), which is the current Model Toxics Control Act (MTCA) Method A soil cleanup 
level.  To prevent any structural damage to the building, the 1,000-gallon UST excavation 
could only be extended to a depth of approximately 10 feet bgs.  A composite floor 
sample from the expanded excavation contained a TPH as gasoline concentration (1,237 
mg/kg) that exceeded the current Method A soil cleanup level, and a composite sidewall 
sample contained a TPH concentration (30 mg/kg) that equaled the current Method A 
cleanup level.  Approximately 120 cubic yards of impacted soil were removed from the 
northern 2,000-gallon UST excavation, and approximately 30 cubic yards of impacted 
soil were removed from the 1,000-gallon UST excavation.  The soil was transported off-
site for treatment by aeration and biodegradation methods. 

In October 1990, a water sample from Well #2 at the property was collected and analyzed 
for benzene, toluene, ethylbenzene, and total xylenes (BTEX) to determine if petroleum 
hydrocarbons had impacted the water supply.  The sample did not contain BTEX 
concentrations greater than the MRLs (AGI, 1991).   

In January 1991, AGI assessed the soil conditions beneath the 1,000-gallon UST 
excavation by drilling and sampling an angle boring (designated MW-1).  The 
approximate location of the boring is shown on Figure 3.  The boring was drilled at an 
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angle of 25 degrees east of vertical and extended to a measured depth of approximately 
30 feet (27 feet vertical depth and 12 feet east of the top of the hole).  Soil samples 
collected from the boring, at depths of approximately 15 and 30 feet, did not contain TPH 
concentrations greater than the MRL (AGI, 1991).   

Water Supply Well Replacement 

Well #2 has been operating as a public water supply well since 1968.  The well, which is 
located at the northern end of the property, is screened at depths ranging from 214 to 245 
feet bgs.  After 40 years of operation, the yield of Well #2 was decreasing, and in 2009, 
OWSI decided to install a replacement well (designated Well #17) at the southern part of 
the facility.  The planned construction of Well #17 was similar to the construction of Well 
#2. 

On April 21, 2009, during the drilling of the Well #17, the driller noticed a gasoline odor 
emanating from the well casing at a depth of approximately 50 feet [Robinson Noble & 
Saltbush, Inc. (Robinson Noble), 2009].  The drilling was discontinued, and soil and 
perched groundwater samples were collected from the bottom of the casing for laboratory 
analysis.  The analytical results showed that the groundwater sample contained gasoline-
range organics (GRO) and benzene concentrations [5,530 and 948 micrograms per liter 
(µg/L), respectively] that exceeded the MTCA Method A groundwater cleanup levels 
(800 and 5 µg/L, respectively).  Due to the presence of gasoline-impacted perched 
groundwater, the well was not completed and the casing was capped.  The location of the 
casing for Well #17 is shown on Figure 2.   

On April 23, 2009 and April 15, 2010, water samples were collected from Well #2 to 
further verify that petroleum hydrocarbons had not impacted the water supply.  The 
sample analytical results showed that petroleum hydrocarbons were not detected above 
the MRLs.  The analytical results of the 2009 and 2010 samples were presented in reports 
prepared by Robinson Noble (Robinson Noble, 2009) and SLR (SLR, 2010), respectively. 

Notification of Discovery of Release 

Within 24 hours after the laboratory confirmed that GRO and benzene concentrations 
were present above MTCA Method A cleanup levels in the perched groundwater, Mr. 
Greg Rae of OWSI notified the Jefferson County Health Department (Health Department) 
of the impacted groundwater, and the Health Department notified the Washington 
Department of Ecology (Ecology).  Ecology added the OWSI property to it’s Confirmed 
or Suspected Contaminated Sites database.   
 
In 2011, the Health Department conducted a site hazard assessment, and applied the 
Washington Ranking Method to calculate a hazard ranking of “2” for the OWSI site 
(Health Department, 2011).  It is our understanding that Ecology will not issue a final 
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hazard ranking for the site until August 2011, when the site is added to Ecology’s 
Hazardous Sites List. 

Initial Subsurface Investigation 

From April through October 2010, SLR conducted a subsurface investigation at the 
subject property to further assess the gasoline concentrations in the soil at the area of the 
northern former gasoline USTs, to delineate the lateral and vertical extents of the 
gasoline-impacted perched groundwater, and to characterize any seasonal effects on the 
perched groundwater elevations and water quality.  The investigation consisted of drilling 
and sampling four initial soil borings (MW-1A, MW-1B, MW-1C, and MW-2A) in April, 
drilling and sampling four additional soil borings (MW-1, MW-2, MW-3, and MW-4) in 
June, completing the June borings as perched groundwater monitoring wells (MW-1, 
MW-2, MW-3, and MW-4), and conducting groundwater sampling events in June and 
October.  The locations of the soil borings and monitoring wells are shown on Figure 2.  
The initial borings (MW-1A, MW-1B, MW-1C, and MW-2A) were drilled by using 
hollow-stem auger methods and met refusal due to cobbles, at depths ranging from 
approximately 19.5 to 39 feet bgs.  In June, borings MW-1, MW-2, MW-3, and MW-4 
were drilled by using air rotary methods, and were advanced to depths ranging from 
approximately 46 to 60 feet bgs. 

During the drilling of each boring, soil samples were collected by using a split-spoon 
sampler.  The samples were collected at approximate 5-foot intervals; however, if the 
boring was located adjacent to a previous boring (MW-1, MW-1B, MW-1C, and MW-2) 
or was not located near a potential contaminant source area (MW-3 and MW-4), the soil 
samples were not collected until reaching the depth of the previous adjacent boring or 
until reaching a depth just above the estimated perched groundwater table.  SLR screened 
each soil sample, as well as the drill cuttings, for evidence of petroleum hydrocarbons.  
Strong hydrocarbon-like odors were present in borings MW-1A, MW-1B, and MW-1C at 
depths between approximately 16.5 and 31.5 feet bgs (SLR, 2010).  MW-1A, MW-1B, 
and MW-1C were drilled within and near the northern 2,000-gallon gasoline UST 
excavation (see Figure 3).  There was limited or no field evidence of petroleum 
hydrocarbons in the soil samples and cuttings from the other borings.   

During the initial drilling in April 2010, the soil sample that exhibited the greatest 
evidence of petroleum hydrocarbons (the 24.5-foot-deep sample from MW-1B) was 
submitted to an Ecology-certified laboratory [Friedman & Bruya, Inc. (F&B) in Seattle, 
Washington] for analysis of GRO, BTEX, methyl tertiary butyl ether (MTBE), 1,2-
dibromoethane (EDB), 1,2-dichloroethane (EDC), naphthalene, and lead.  The analytical 
results showed that the sample contained GRO and benzene concentrations (140 and 0.49 
mg/kg, respectively) that exceeded the MTCA Method A soil cleanup levels (30 and 0.03 
mg/kg, respectively).  The sample also contained toluene, ethylbenzene, total xylenes, 
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naphthalene, and lead concentrations that were below the Method A cleanup levels (SLR, 
2010).   

Based on the previous soil sample analytical results from MW-1B, two selected soil 
samples from each of the June 2010 borings (MW-1, MW-2, MW-3, and MW-4) were 
submitted to F&B for analysis of GRO, BTEX, and naphthalene.  The analytical results 
showed that samples from MW-2 (at depths of approximately 40 and 55.5 feet bgs) and 
MW-3 (at a depth of approximately 45.5 feet bgs) contained benzene concentrations 
(0.036 to 0.21 mg/kg) that exceeded the Method A soil cleanup level; however, those 
samples were collected at depths of up to 15 to 20 feet below the perched groundwater 
table and the benzene concentrations likely reflect dissolved benzene in pore water rather 
than benzene adsorbed to the soil.  The soil samples from MW-1 and MW-4 did not 
contain analyte concentrations greater than the MRLs. 

Monitoring wells MW-1 through MW-4 were constructed with 2-inch-diameter schedule 
40 PVC casing and screen.  The screen lengths ranged from approximately 10- to 20-feet 
long to try to ensure that each screen intersected the perched groundwater table.  To 
assess the perched groundwater conditions and evaluate potential seasonal variations in 
groundwater elevations and quality, SLR personnel conducted groundwater sampling 
events on June 14 and October 20, 2010.  In June, the depths to groundwater in the wells 
ranged from 23.92 to 41.33 feet, and in October, the depths to groundwater ranged from 
26.67 to 40.71 feet (SLR, 2010).   

The June 2010 groundwater samples were submitted to F&B for analysis of GRO, BTEX, 
MTBE, EDB, EDC, naphthalene, and total lead.  The analytical results showed that the 
sample from MW-2 contained GRO, benzene, and ethylbenzene concentrations (8,400, 
2,100, and 960 µg/L, respectively) that exceeded the MTCA Method A groundwater 
cleanup levels (800, 5, and 700 µg/L, respectively).  The sample from MW-1 contained 
GRO and benzene concentrations (990 and 110 µg/L, respectively) that exceeded the 
Method A cleanup levels.  The samples from MW-3 and MW-4 contained analyte 
concentrations that were either below the Method A cleanup levels or the MRLs. 

The October 2010 groundwater samples were submitted to F&B for analysis of GRO, 
BTEX, and naphthalene.  The analytical results showed that the samples from MW-1 and 
MW-2 contained GRO concentrations (1,900 and 3,900 µg/L, respectively) and benzene 
concentrations (520 and 1,300 µg/L, respectively) that exceeded the MTCA Method A 
groundwater cleanup levels (SLR, 2010).  The samples from MW-3 and MW-4 did not 
contain analyte concentrations that exceeded the MRLs.   
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ADDITIONAL INVESTIGATION 

In April 2011, SLR conducted an additional investigation at the subject property to meet 
the objectives described in the first paragraph of this report.  The additional investigation 
activities and the results of the work are presented below. 

Inspect Gulley and Collect Surface Water Sample 

The gulley located in the western part of the OWSI property extends south, beyond Oak 
Bay Road, to a low lying marshy area near Puget Sound.  During the initial investigation, 
SLR inspected the portion of the gulley within the property in October 2010.  There was 
no observed evidence of groundwater seepage, and there was no surface water in the 
gulley at that time.  On April 4, 2011, SLR personnel inspected the gulley once again, and 
a stream was present.  The stream extended south, beyond Oak Bay Road, to Port Ludlow 
Bay, and was also present to the north of Walker Way [upslope (north) of the subject 
property].  The Jefferson County Health Department reported that the intermittent stream 
in the gulley is classified by the Washington Department of Natural Resources as a fish 
habitat (Jefferson County Health Department, 2011).  On April 4, 2011, groundwater 
seeps were not observed on the eastern bank of the gulley, within the subject property.   

To assess potential groundwater impacts to the intermittent stream and to delineate the 
southwestern extent of the impacted perched groundwater, SLR collected a sample of the 
stream water (designated Stream-4411) at a location in the southwestern part of the 
subject property.  The sample location was to the southwest of the area of impacted 
perched groundwater (see Figure 4).  The stream sample was collected at an elevation of 
approximately 262.25 feet above the NAVD 88 datum, which was approximately 4 to 11 
feet below the perched groundwater elevations at the northern and southern parts of the 
property (273.38 and 266.35 feet at monitoring wells MW-4 and MW-3, respectively) at 
the time of the sampling.   

The stream sample was submitted to F&B for analysis of BTEX by EPA Method 8021B 
and GRO by Ecology Method NWTPH-Gx.  The analytical results showed that the 
sample did not contain any analyte concentrations greater than the MRLs.  A copy of the 
laboratory report is presented in Appendix A. 

Drill and Sample Soil Borings 

On April 4, 2011, three soil borings (designated SB-1, SVE-1, and SVE-2) were drilled 
and sampled to further delineate the area of gasoline-impacted soil near the garage 
building.  Boring SB-1 was located along the west side of the northern part of the 
building, SVE-1 was located along the west side of the southern part of the building, and 
SVE-2 was located approximately 12 feet to the south of the south end of the building 
(see Figures 2 and 3).  Cascade Drilling, Inc. (Cascade) of Woodinville, Washington, 
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conducted the drilling activities under the direction of an SLR geologist.  The borings 
were drilled by using hollow-stem auger methods, and soil samples were collected from 
the borings by using 3-inch diameter split-barrel samplers.  The borings were advanced to 
a depth of approximately 37 feet bgs, which was the measured depth of the perched 
groundwater table at MW-1 in October 2010.  The soil cuttings are stored on the property 
in properly labeled 55-gallon drums, pending off-site disposal at an Ecology-approved 
facility. 

Since boring SVE-1 was located adjacent to previous boring MW-1B, a soil sample was 
only collected from the boring at a depth of approximately 14 feet bgs to assess the soil 
conditions immediately above the MTCA direct contact pathway compliance point of 15 
feet bgs.  Based on the results of the previous soil sampling near the garage building, soil 
samples were collected from borings SB-1 and SVE-2 beginning at a depth of 
approximately 15 feet.  The soil samples were collected at 5-foot intervals and SLR 
screened each sample and the drill cuttings for evidence of petroleum hydrocarbons such 
as sheen, staining, odor, and detectable photoionization detector (PID) readings.  Strong 
hydrocarbon-like odors were present in the samples and/or drill cuttings from borings 
SVE-1 and SVE-2 at depths between approximately 13 and 22 feet bgs and 18 and 24 feet 
bgs, respectively.  There was no field evidence of petroleum hydrocarbons in the soil at 
boring SB-1.  The soil sample from SVE-2 that exhibited the greatest evidence of 
petroleum hydrocarbons (collected at 20 feet bgs), the sample from SVE-1 at 14 feet bgs, 
and the sample from SB-1 at a depth immediately above the perched groundwater table 
(approximately 35 feet bgs) were submitted to F&B for analysis.  Soil boring logs that 
present the field screening results are presented in Appendix B.   

Perched groundwater was encountered in each of the borings at depths of approximately 
35 to 36 feet bgs.  However, at borings SVE-1 and SVE-2, a shallower saturated zone was 
encountered at depths of approximately 22 and 20 feet bgs, respectively.  The shallow 
saturated zone was not observed at boring SB-1. 

Immediately after drilling, boring SB-1 was abandoned by filling with hydrated bentonite 
pellets.  To allow for the potential future testing of soil vapor extraction (SVE) at the site, 
borings SVE-1 and SVE-2 were completed as SVE points.  Each point was constructed of 
2-inch-diameter schedule 40 PVC casing and screen.  The 15- to 20-foot-long screen 
(0.010-inch slots) for each SVE point was installed at depths that would likely influence 
the remaining impacted soil.  A filter pack of 2/12 Lapis Lustre silica sand was installed 
from the bottom of each SVE point to approximately 2 feet above the uppermost screen 
slot.  Hydrated bentonite chips were placed above the sand pack to approximately 2 feet 
bgs.  A flush-grade, traffic-rated, steel monument was installed in concrete to protect each 
SVE point.  The SVE point construction details are presented on the boring logs in 
Appendix B. 
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On April 6, 2011, SLR checked the SVE points for the potential presence of groundwater, 
and discovered that the both of the points contained over 15 feet of groundwater.  To 
assess the shallow groundwater conditions, Tacoma Pump and Drilling, Inc. (Tacoma 
Pump), of Spanaway, Washington, developed the SVE points by using surging and 
bailing methods.  The groundwater recovered in both SVE-1 and SVE-2 after 
development of the wells.  The development water is stored on the property in properly 
labeled, 55-gallon drums, pending off-site disposal at an Ecology-approved facility.  

Drill and Install Groundwater Monitoring Well 

To delineate the eastern extent of the gasoline-impacted perched groundwater, a 
groundwater monitoring well (designated MW-5) was drilled and installed to the east of 
the office, along the eastern property line.  The location of MW-5 is shown on Figure 2.  
On April 6, 2011, Tacoma Pump conducted the drilling and well installation activities 
under the direction of an SLR geologist.  The soil boring was advanced to below the 
groundwater table of the perched zone (encountered at approximately 30 feet bgs), to a 
depth of approximately 37 feet bgs.  Since MW-5 was not located near a potential 
contaminant source area, soil samples were collected from the boring at depths below 25 
feet bgs to locate the perched groundwater table.  The samples were collected at 5-foot 
intervals and SLR screened each soil sample, as well as the drill cuttings, for evidence of 
petroleum hydrocarbons such as sheen, staining, odor, and detectable PID readings.  
There was no field evidence of petroleum hydrocarbons in the boring.  To assess the soil 
conditions near the perched groundwater table, a soil sample collected from the boring, at 
a depth of approximately 25 feet bgs, was submitted to F&B for analysis.  During drilling, 
wet drill cuttings indicated that the shallower saturated zone was present at a depth of 
approximately 18 to 19 feet bgs.   

Well MW-5 was constructed with 2-inch-diameter schedule 40 PVC casing and screen.  
The 10-foot-long screen (0.010-inch slots) was installed across the groundwater table of 
the perched zone at a depth of approximately 26 to 36 feet bgs.  A filter pack of 10x20 
ColoradoTM silica sand was installed from the bottom of the well to approximately 1.5 
feet above the uppermost screen slot.  Hydrated bentonite chips were slowly placed above 
the sand pack to approximately 2 feet bgs.  The bentonite was placed at depths that would 
seal the shallow saturated zone from the well screen.  The well was completed 
approximately 3 feet above the ground surface, and a locking steel casing was installed in 
concrete to protect the well.  After installation, Tacoma Pump developed the well by 
using surging and bailing methods.  The development water is stored on the property in 
properly labeled, 55-gallon drums, pending off-site disposal at an Ecology-approved 
facility.  A soil boring log that describes the well construction details is presented in 
Appendix B. 

Following installation of the well and the SVE points, Signature Surveying & Mapping, 
PLLC (Signature) of Shoreline, Washington, surveyed the location, and the ground 
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surface and top of casing elevations of each new well and SVE point relative to the 
NAVD 88 datum.  The top of casing elevations are presented in Table 1.   

Conduct Groundwater Sampling Event 

To delineate the eastern extent of the gasoline-impacted perched groundwater and further 
assess the seasonal variations in perched groundwater elevations and water quality, SLR 
personnel conducted a groundwater sampling event on April 7 and 8, 2011.  On April 8th, 
the depths to groundwater were measured in all of the monitoring wells and SVE points 
by using an electronic water level probe.  The depth to groundwater measurements were 
converted to groundwater elevations by using the results of the well and SVE point 
elevation survey described previously, as well as the results of a previous well elevation 
survey conducted in 2010 (SLR, 2010).   

Prior to sample collection, SLR used a submersible Grundfos RediFlo 2 pump to purge 
all of the wells and SVE points by low flow (0.3 liters per minute) pumping methods.  
The pump intake was set at a depth of approximately 3 feet below the water table in each 
well.  During purging, field parameters could not be measured because the meter would 
not operate properly.  Since the meter was not working, the average volume of water 
purged from the wells during the October 2010 sampling event was used to determine 
when enough water had been purged from the wells/SVE points prior to collecting each 
sample.  The groundwater samples were submitted to F&B for analysis.  The purge water 
is stored on the property in properly labeled, 55-gallon drums, pending off-site disposal at 
an Ecology-approved facility.   

SAMPLE ANALYTICAL RESULTS 

Soil 

The selected soil samples from borings SB-1, SVE-1, SVE-2, and MW-5 were submitted 
to F&B for analysis of GRO by Ecology Method NWTPH-Gx and for BTEX by EPA 
Method 8021B.  The sample analytical results showed that the sample from SVE-2 
(collected at a depth of approximately 20 feet bgs) contained a GRO concentration (110 
mg/kg) that exceeded the MTCA Method A soil cleanup level (30 mg/kg).  Toluene, 
ethylbenzene, and total xylenes were detected in the sample at concentrations (0.64, 0.55, 
and 1.50 mg/kg, respectively) that were below the Method A cleanup levels (7, 6, and 9 
mg/kg, respectively).  The samples from SB-1, SVE-1, and MW-5 contained analyte 
concentrations that were either below the Method A cleanup levels or below the MRLs.  
The soil sample analytical results are presented in Table 2, and copies of the laboratory 
reports are presented in Appendix A. 
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Groundwater 

The groundwater samples collected in April 2011 were submitted to F&B for analysis of 
GRO by Ecology Method NWTPH-Gx and BTEX by EPA Method 8021B.  The 
analytical results showed that the samples from SVE-1, MW-1, and MW-2 contained 
GRO concentrations (34,000, 3,000, and 5,600 µg/L, respectively) and benzene 
concentrations (550, 530, and 500 µg/L, respectively) that exceeded the MTCA Method 
A groundwater cleanup levels (800 and 5 µg/L, respectively).  The sample from SVE-1 
also contained toluene, ethylbenzene, and total xylenes concentrations (5,700, 850, and 
3,300 µg/L, respectively) that exceeded the Method A cleanup levels (1,000, 700, and 
1,000 µg/L, respectively).  The sample from MW-4 contained a benzene concentration 
(5.30 µg/L) that barely exceeded the Method A cleanup level, and the sample from 
SVE-2 contained a GRO concentration (2,000 µg/L) that exceeded the Method A cleanup 
level and a benzene concentration (5 µg/L) that equaled the Method A cleanup level.  The 
samples from MW-3 and MW-5 contained analyte concentrations that were either below 
the Method A cleanup levels or below the MRLs.  The groundwater sample analytical 
results from this investigation and from the previous investigation are presented in Table 
3.  The GRO and benzene concentrations from the April 2011 sampling event are also 
shown on Figure 4.  Copies of the laboratory reports are presented in Appendix A.   

GEOLOGY AND HYDROGEOLOGY 

Based on the results of this investigation and the 2010 investigation (SLR, 2010), the 
soils beneath the subject property consist of dense glacial advance outwash (sand, gravel, 
and silt units) with interbedded lacustrine silts to the maximum depth drilled 
(approximately 60 feet bgs).  Specifically, thin surficial gravel fill is underlain by a sand 
(silty to gravelly) to gravel unit that is approximately 29 to 43 feet thick.  Beneath the 
central and southern parts of the property, a 5- to 10-foot-thick sandy silt to silt is 
interbedded within the sand to gravel unit.  The sand to gravel unit is underlain by clayey 
to gravelly silt that is 15 to more than 23 feet thick.  At the northern and central parts of 
the OWSI facility, the clayey to gravelly silt unit is overlain by a silty sand that is up to 11 
feet thick.  In the central part of the facility (at MW-1 and MW-2), the top of the clayey to 
gravelly silt occurs at an elevation of approximately 251 feet above the NAVD 88 datum, 
while at the northern, southern, and eastern parts of the facility (at MW-4, MW-3, and 
MW-5, respectively), the clayey to gravelly silt occurs at higher elevations 
(approximately 260 to 263 feet above the NAVD 88 datum).  At MW-2, MW-3, and 
MW-4, a gravelly sand to sand and gravel that is approximately 5 to 7.5 feet thick is 
interbedded within the clayey to gravelly silt unit (SLR, 2010).  At MW-1, the clayey to 
gravelly silt unit is underlain by silty sand that extends beyond the bottom of the boring.   

According to the driller’s log for the water supply well (Well #2) located in the northern 
part of the property, a thick sequence of clay and cemented sand occurs from 
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approximately 49 to 215 feet bgs (SLR, 2010).  The deep water-bearing units at Well #2 
occur at depths between 215 and 245 feet bgs.   

On April 8, 2011, the depths to groundwater in the wells and SVE points ranged from 
19.80 to 36.98 feet below the tops of the well casings, and the groundwater elevations 
ranged from 256.89 to 275.85 feet above the NAVD 88 datum.  The depths to 
groundwater and the groundwater elevations from the April 2011 monitoring event, as 
well as from the previous monitoring events, are presented in Table 1, and the 
groundwater elevations from the April 2011 monitoring event are shown on Figure 4.  At 
wells MW-1 through MW-4, the groundwater elevations in April 2011 were 3.32 to 5.68 
feet higher than in October 2010, and from June 2010 to April 2011, the groundwater 
fluctuations in the wells ranged from 3.81 to 5.68 feet.  The higher groundwater 
elevations in April 2011 likely reflect seasonal recharge (infiltration of precipitation 
during the autumn and winter). 

On April 8, 2011, the groundwater table beneath the property occurred within the sand to 
gravel unit, and appeared to be perched on top of the underlying clayey to gravelly silt 
unit (see Figure 5).  During periods of seasonal recharge, groundwater collects above the 
silt and overlying silty sand units.  In areas where the silty sands and silts are present at 
higher elevations, the groundwater elevations are higher.  For example, groundwater 
elevations were 266.35 feet at MW-3, 273.19 feet at SVE-1, 273.88 at MW-4, and 274.07 
feet at SVE-2 (see Figure 4).  This groundwater is hydraulically continuous with the 
deeper perched groundwater intercepted by wells MW-1 and MW-2.  The horizontal 
hydraulic conductivity of the sand to gravel unit is expected to be significantly (i.e., 
orders of magnitude) greater than the vertical hydraulic conductivity of the underlying silt 
and silty sand.  Therefore, groundwater accumulating above the 265-foot elevation is 
expected to primarily flow laterally towards the gravels encountered at MW-2 or towards 
the intermittent stream in the gulley, upstream of the April 2011 stream sampling 
location.   

The groundwater flow within the perched zone appears to be controlled by the geometry 
of the clayey to gravelly silt, with flow converging into the low point of the top of the silt 
unit (SLR, 2010).  As described above, the elevation of the silt unit is about 10 feet lower 
in the central part of the facility than at the northern, southern, and eastern parts of the 
facility.  This interpretation is consistent with the high petroleum hydrocarbon 
concentrations occurring in the groundwater at wells MW-1 and MW-2.  Based on the 
known clayey to gravelly silt geometry and the area of petroleum hydrocarbon-impacted 
groundwater, there appears to be a flow component to the south-southwest.  It is likely 
that the perched groundwater discharges to the intermittent stream, at locations near the 
southern end of the property, during periods of seasonal recharge. 
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CONCEPTUAL SITE MODEL 

The conceptual site model (CSM) describes potential chemical sources, release 
mechanisms, environmental transport processes, exposure routes, and receptors.  The 
primary purpose of the CSM is to describe pathways by which human and ecological 
receptors could be exposed to site-related chemicals.  A complete exposure pathway 
consists of four necessary elements:  (1) a source and mechanism of chemical release to 
the environment, (2) an environmental transport medium for a released chemical, (3) a 
point of potential contact with the impacted medium (referred to as the exposure point), 
and (4) an exposure route (e.g., soil ingestion) at the exposure point.  Based on 
information collected to date, elements of potentially complete exposure pathways are 
presented in Figure 6.  The processes that affect the fate and transport of released 
petroleum hydrocarbons in the environment, and potential exposure scenarios, are 
discussed below. 

Primary Source 

Chemicals of concern at the site consist of gasoline-related petroleum hydrocarbons and 
associated chemicals (i.e., BTEX).  The source of the petroleum hydrocarbons appears to 
have been a leaking 1,000-gallon UST located beneath the floor of the garage and a 
leaking 2,000-gallon UST located along the west side of the garage.  As mentioned 
previously, both of these USTs were removed from the site in 1990.  Following UST 
removal, petroleum-impacted soil was excavated and removed to the extent practical.  To 
prevent structural damage to the garage building, residual impacted soil was left in place 
beneath the 1,000-gallon UST. 

Fate and Transport 

Released petroleum constituents can exist in the environment in four different phases:  
adsorbed to soil, dissolved in water, as vapors, and as separate nonaqueous-phase liquid 
(NAPL) or residual product.  To date, no evidence of NAPL has been detected in the 
subsurface at the OWSI property.  The primary processes influencing transport of 
petroleum constituents in the subsurface include migration as NAPL (both vertically due 
to gravity and laterally along less permeable soil), leaching from soil to groundwater, 
volatilization from soil or groundwater to air, advection and dispersion in groundwater, 
and natural degradation.  These potential fate and transport processes are further 
discussed below.  

After a release from a UST, NAPL flows into the shallow soils near the tank.  After 
saturating the soil, a portion of the NAPL can migrate downward and laterally through the 
vadose zone, and may reach the groundwater table, where it would float on the fluctuating 
groundwater.  As the groundwater table rises and falls, a smear zone of residual 
hydrocarbons can form in the soil within the zone of groundwater fluctuation.  A portion 
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of the product can migrate with groundwater flow and based on solubility, the product 
also dissolves in the groundwater.  However, there is no evidence that NAPL migrated to 
the groundwater at the OWSI property, and there is no current evidence of NAPL in the 
soil. 

Much of the OWSI facility is covered with gravel, and as rain falls on the ground surface 
and infiltrates into the subsurface, residual chemicals in soil can dissolve in the water and 
percolate through the soils.  Some of the chemicals eventually reach the groundwater.  
Partitioning from soil to water is determined, in part, by the solubility of a particular 
hydrocarbon. 

Once dissolved in groundwater, petroleum hydrocarbons may be transported by diffusion 
and advection away from the source area.  Horizontal migration with groundwater 
(advection) is expected to be significantly more extensive at the OWSI property than 
vertical migration.  The top of the impacted perched groundwater occurs at depths 
between approximately 20 to 41 feet bgs.  The primary beneficial use aquifer in the 
vicinity of the property is currently used as a public water supply source, and occurs at 
depths of approximately 215 to 245 feet bgs beneath the property.  A thick sequence of 
clay units beneath the property area (SLR, 2010) likely act as an aquitard preventing 
vertical migration of the shallow groundwater to the deeper beneficial use aquifer.  As a 
result, the petroleum constituents are unlikely to migrate to water that is currently being 
used for drinking. 

Dispersion, retardation, and biodegradation act to reduce the dissolved petroleum 
hydrocarbon concentrations as groundwater migrates from the source area.  A growing 
body of evidence suggests that in most systems, biodecay is a significant loss mechanism 
for many petroleum constituents such as benzene (American Petroleum Institute, 2002).  
An intermittent stream is located over 200 feet southwest of the contaminant source area 
and based on topography and water levels, the perched groundwater discharges to the 
stream during periods of seasonal recharge.  Based on the lack of detectable petroleum 
hydrocarbons in the stream sample, it appears that the concentrations in the groundwater 
have degraded sufficiently prior to discharge that petroleum hydrocarbons are not 
detectable in the surface water. 

Some volatile petroleum hydrocarbons that are either adsorbed to soil in the vadose zone 
(relatively unsaturated soil above the water table) or dissolved in groundwater may 
volatilize to soil pore spaces.  Chemical vapors in pore spaces may eventually migrate 
through the soil matrix and enter outdoor air.  Once in outdoor air, mixing with ambient 
air is expected to reduce airborne chemical concentrations rapidly and substantially.  It is 
possible that vapors that migrate from impacted soil or groundwater may eventually enter 
indoor air of a building by penetrating cracks in a building floor.  
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Potential Exposure Scenarios 

The subject property is currently used for commercial purposes, and is likely to remain as 
a commercial use for the foreseeable future.  No residences are present on the property 
and it is unlikely that residences will be constructed on the property in the near future.  
However, the site is zoned single family residential and OWSI uses the property under a 
conditional use; therefore, the property could potentially be used for residential purposes 
in the future.  Scenarios by which current and potential future human and ecological 
receptors may have significant exposure to the petroleum constituents in soil and 
groundwater are summarized below. 

Soil 

Residual petroleum hydrocarbons are present in subsurface soil (>10 feet bgs) beneath the 
southern part of the garage building and surrounding area.  Because the impacted soil is in 
the subsurface, workers or hypothetical future residents are unlikely to directly contact 
chemicals in soil even if the existing building were removed at some point in the future.  
However, Ecology typically assumes that soil within 15 feet bgs can be excavated and 
placed on the ground surface [Washington Administrative Code (WAC) 173-340-740].  
In the unlikely event that impacted soil in the subsurface was excavated and placed on the 
surface, workers or hypothetical future residents could directly contact chemicals in soil.  
Direct-contact exposure routes for workers and residents include incidental soil ingestion, 
inhalation of vapors or particulates, and dermal contact. 

Vapor 

At the subject property, the perched groundwater table varies between approximately 20 
and 41 feet bgs.  SLR assumes that volatile chemicals in the vadose zone could migrate 
through the soil matrix and enter outdoor air where they could then be inhaled by outdoor 
workers or future residents.  As mentioned previously, the concentrations of volatile 
hydrocarbons in outdoor air are expected to be low due to mixing with ambient air.  It is 
also assumed that hydrocarbon vapors from the soil could migrate to the floor of the 
garage building or a future home, penetrate the buildings through cracks in the floors or 
foundations, and enter indoor air.  

Terrestrial Receptors 

The OWSI facility is developed and does not support significant habitat for natural 
terrestrial ecological receptors.  Based on the current and foreseeable land use, it is 
unlikely that the facility will be converted to natural areas in the near future.  Because the 
petroleum-impacted soil occurs at least 10 feet bgs, terrestrial ecological receptors are 
unlikely to have significant exposure to site-related chemicals in soil. 
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Groundwater 

The perched groundwater that has been impacted by petroleum hydrocarbons is not used 
for drinking purposes.  However, deeper groundwater located almost 200 feet below the 
impacted shallow groundwater is a public water supply.  As mentioned previously, due to 
a thick sequence of clay units, it is highly unlikely that the petroleum hydrocarbons could 
migrate from the shallow perched groundwater to the deeper aquifer.  Given that OWSI’s 
existing and proposed water supply wells target production zones at depths of 215 to 245 
feet bgs, it is unlikely that the shallow perched groundwater would be used for drinking 
water purposes in the foreseeable future.  Nevertheless, for the purpose of this CSM, it is 
conservatively assumed that the perched groundwater may be used for drinking water 
purposes by future residents.  Potential exposure routes for future residents include water 
ingestion, dermal contact, and inhalation of vapors that migrate to indoor air through 
showering. 

It is assumed that on-site workers and hypothetical future residents could be exposed to 
volatile chemicals that migrate from groundwater to outdoor air.  Also, it is assumed that 
workers and future residents could be exposed to volatile hydrocarbons that migrate from 
groundwater beneath the site to indoor air. 

Shallow groundwater appears to migrate southwest towards a gulley with an intermittent 
stream.  Petroleum hydrocarbons were not detected in a recent sample from the stream.  
Since the shallow groundwater likely discharges to the stream during periods of seasonal 
recharge, it appears that natural attenuation processes are reducing the hydrocarbon 
concentrations before groundwater discharges to the stream.  The lack of detectable 
hydrocarbon concentrations in the stream suggests that it is unlikely that aquatic 
organisms could have significant exposure to chemicals present in the shallow 
groundwater.  As a result, this exposure scenario is considered incomplete.  

 
CONCLUSIONS 

In April 2011, SLR conducted an additional subsurface investigation at the OWSI 
property to:  1) evaluate the potential groundwater impacts to surface water in a nearby 
intermittent stream, 2) delineate the southwestern and eastern extents of the gasoline-
impacted perched groundwater, 3) further delineate the area of the gasoline-impacted soil 
near the garage building, and 4) further assess potential seasonal variability in the perched 
groundwater elevations and water quality.  Based on the investigation results, SLR 
presents the following conclusions related to the environmental conditions at the 
property. 

Based on the soil sample analytical results from this investigation, the 2010 investigation, 
and from the UST removal activities, it appears that the former northern gasoline UST 
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LIMITATIONS 

The services described in this report were performed consistent with generally accepted 
professional consulting principles and practices.  No other warranty, express or implied, is 
made.  These services were performed consistent with our agreement with our client.  This 
report is solely for the use and information of our client unless otherwise noted.  Any reliance 
on this report by a third party is at such party's sole risk.   

Opinions and recommendations contained in this report apply to conditions existing when 
services were performed and are intended only for the client, purposes, locations, time 
frames, and project parameters indicated.  We are not responsible for the impacts of any 
changes in environmental standards, practices, or regulations subsequent to performance of 
services.  We do not warrant the accuracy of information supplied by others, nor the use of 
segregated portions of this report. 
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Table 1
Groundwater Monitoring Data

Olympic Water and Sewer Property
Port Ludlow, Washington
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MW-1 294.02 06/14/10 41.33 252.69
10/20/10 40.30 253.72
04/08/11 36.98 257.04

MW-2 293.79 06/14/10 39.63 254.16
10/20/10 40.71 253.08
04/08/11 36.90 256.89

MW-3 289.37 06/14/10 25.19 264.18
10/20/10 28.70 260.67
04/08/11 23.02 266.35

MW-4 295.33 06/14/10 23.92 271.41
10/20/10 26.67 268.66
04/08/11 21.95 273.38

MW-5 299.40 04/08/11 23.55 275.85
SVE-1 294.41 04/08/11 21.22 273.19
SVE-2 293.87 04/08/11 19.80 274.07

Notes:
aTop of casing elevations were surveyed relative to the NAVD 88 datum.
bDepth to groundwater measured in feet below top of PVC casing.
cThe top of the casing of MW-5 is 2.92 feet above the ground surface.  All of the other
 wells and the soil vapor extraction points are flush-grade completions.

Groundwater 
Elevation      

(feet)

Well 
Number

 Top of Casing 
Elevationa          

(feet)

Date 
Measured

Depth to 
Groundwaterb 

(feet)
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Table 2
Soil Sample Analytical Results

Olympic Water and Sewer Property
Port Ludlow, Washington
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Benzenea Toluenea Ethylbenzenea Total Xylenesa GROb

0.03 7 6 9 30
SVE-1 SVE1-14 04/04/11 14 to 14.3 <0.02 0.04 <0.02 0.074 <2.0
SVE-2 SVE2-20 04/04/11 20 to 20.5 <0.02 0.64 0.55 1.50 110
SB-1 SB1-35 04/04/11 35 to 35.5 <0.02 <0.02 <0.02 <0.06 <2.0
MW-5 MW5-25 04/06/11 25 to 25.5 <0.02 <0.02 <0.02 <0.06 <2.0
NOTES:

mg/kg = milligrams per kilogram (ppm).
Values in bold exceed the soil cleanup levels.
NA = Not analyzed.

bGasoline-range organics (GRO) by Ecology Method NWTPH-Gx.
cChapter 173-340 WAC, Model Toxics Control Act (MTCA) Cleanup Regulation, Method A Cleanup Levels.  Amended February 12, 2001.

Analytical Results (mg/kg)

Soil Boring Number Date
Collected

Approximate 
Sample 
Depth
(feet)

MTCA Method A Cleanup Levelsc

aBenzene, toluene, ethylbenzene, and total xylenes (BTEX) by EPA Method 8021B.

Sample Name



Table 3
Groundwater Sample Analytical Results

Olympic Water and Sewer Property
Port Ludlow, Washington
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Benzenea Toluenea Ethylbenzenea Total Xylenesa Naphthalenea MTBEa EDCa EDBb GROc Total Leadd

5 1,000 700 1,000 160f 20 5 0.01 800 15
MW-1 06/14/10 110 45 1.10 186 <1 <1 <1 <0.01 990 <1

10/20/10 520 140 110 221 15 NA NA NA 1,900 NA
04/07/11 530 82 160 120 NA NA NA NA 3,000 NA

MW-2 06/14/10 2,100 620 960 650 100 <1 <1 <0.01 8,400 <1
10/20/10 1,300 290 430 530 35 NA NA NA 3,900 NA
04/07/11 500 730 160 410 NA NA NA NA 5,600 NA

MW-3 06/14/10 0.36 <1 <1 <3 <1 <1 <1 <0.01 <100 <1
10/20/10 <0.35 <1 <1 <3 <1 NA NA NA <100 NA
04/07/11 <1 <1 <1 <3 NA NA NA NA <100 NA

MW-4 06/14/10 <0.35 <1 <1 <3 <1 <1 <1 <0.01 <100 <1
10/20/10 <0.35 <1 <1 <3 <1 NA NA NA <100 NA
04/08/11 5.30 75 13 47 NA NA NA NA 380 NA

MW-5 04/08/11 3.40 43 7.80 25 NA NA NA NA 220 NA
SVE-1 04/07/11 550 5,700 850 3,300 NA NA NA NA 34,000 NA
SVE-2 04/07/11 5.0 14 18 35 NA NA NA NA 2,000 NA
NOTES:

µg/L = micrograms per liter (ppb).
Values shaded and in bold exceed the groundwater cleanup levels.
NA = Not analyzed.

b1,2-dibromoethane (EDB) by EPA Method 8011 Modified.

dTotal lead by EPA Method 200.8.

fThe cleanup level is the total value for naphthalene, 1-methyl naphthalene, and 2-methyl naphthalene.

eChapter 173-340 WAC, Model Toxics Control Act (MTCA) Cleanup Regulation, Method A Cleanup Levels.  Amended February 12, 2001.

cGasoline-range organics (GRO) by Ecology Method NWTPH-Gx.

Analytical Results (µg/L)
Date

CollectedWell Number

MTCA Method A Cleanup Levelse

aBenzene, toluene, ethylbenzene, and total xylenes (BTEX), naphthalene, methyl tertiary butyl ether (MTBE), and 1,2-dichloroethane (EDC) by EPA Method 8260C, or BTEX by EPA Method 8021B.
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Primary pathway 1 Impacted soil is in subsurface and pathway is currently incomplete. Assumes that a future excavation deposits soil on the surface. 

Pathway assumed to be possible Pathway would be complete for a resident if homes are built on the site in the future.

Potentially complete exposure route ���� 2 Pathway could be complete if perched groundwater was used as domestic water source.

Incomplete exposure route ∅∅∅∅ 3 Petroleum consituents were not detected in surface water and pathway appears to be incomplete.
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SOIL BORING LOGS 
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