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after the installation of the water supply well.  Prior to 1968, the property was 

undeveloped. 

SUMMARY OF PREVIOUS ENVIRONMENTAL ACTIVITIES 

UST Removals 

In September 1990, Applied Geotechnology, Inc. (AGI) removed three gasoline 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 concentrations of up to 30 mg/kg (AGI, 1991).   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 concentration of 1,237 mg/kg, and a composite 

sidewall sample contained a TPH concentration of 30 mg/kg.  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 was collected and analyzed for benzene, 

toluene, ethylbenzene, and total xylenes (BTEX).  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 an angle boring 

(designated MW-1) and collected soil samples.  The approximate location of the boring is 
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shown on Figure 2.  The boring was drilled at an 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 Installation 

On April 21, 2009, during the drilling of a replacement water supply well (designated 

Well #17) at the southern part of the OWSI facility, 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 Model Toxics Control Act (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 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 sample were presented in a report by Robinson Noble (Robinson Noble, 2009), 

and a copy of the laboratory report for the 2010 sample is presented in Appendix A. 

Notification 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 their Confirmed 

or Suspected Contaminated Sites database. 

SITE CHARACTERIZATION ACTIVITIES 

From April through October 2010, SLR conducted a subsurface investigation at the 

subject property to meet the objectives described previously.  The investigation activities 

and the results of the work are presented below. 
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Drill and Install Groundwater Monitoring Wells 

April 2010 Drilling and Sampling Activities 

On April 14, 2010, four soil borings (designated MW-1A, MW-1B, MW-1C, and 

MW-2A) were drilled in an attempt to install perched groundwater monitoring wells at 

the former northern gasoline UST area and near the storage trailer.  The approximate 

locations of the borings are shown on Figure 2.  Prior to conducting the drilling activities, 

public and private utility locating services identified and marked the locations of 

underground utilities at the property.  Cascade Drilling, Inc. (Cascade) of Woodinville, 

Washington, 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 at approximate 5-foot intervals by using 3-inch diameter split-

barrel samplers.  Three borings (designated MW-1A, MW-1B, and MW-1C) were drilled 

near the northern 2,000-gallon gasoline UST excavation, and were advanced to depths of 

approximately 19.5, 39, and 36.5 feet, respectively, before meeting refusal due to cobbles.  

One boring (designated MW-2A) was drilled to the north of the storage trailer, and was 

advanced to a depth of approximately 29.5 feet before meeting refusal due to cobbles.   

The soil cuttings are stored on the property in properly labeled 55-gallon drums, pending 

off-site disposal at an Ecology-approved facility. 

SLR screened each soil sample for evidence of petroleum hydrocarbons such as sheen, 

staining, odor, and detectable photoionization detector (PID) readings.  Strong 

hydrocarbon-like odors were present in the three MW-1 borings at depths between 

approximately 16.5 and 31.5 feet bgs.  There was no field evidence of petroleum 

hydrocarbons in boring MW-2A.  The soil sample with the highest PID reading, the 24.5-

foot-deep sample from MW-1B, was submitted to Friedman & Bruya, Inc. (F&B) in 

Seattle, Washington, for analysis.  Soil boring logs that present the field screening results 

are presented in Appendix B.  Perched groundwater was not encountered in any of the 

borings.  Immediately after drilling, all of the borings were abandoned by filling with 

hydrated bentonite pellets.   

June 2010 Well Installation Activities  

To ensure that the borings could be advanced to groundwater, air rotary drilling methods 

were used to install four perched groundwater monitoring wells (designated MW-1, MW-

2, MW-3, and MW-4) at the subject property on June 7, 8, 9, 10, and 11, 2010.  Tacoma 

Pump and Drilling, Inc. (Tacoma Pump), of Spanaway, Washington, conducted the 

drilling and well installation activities under the direction of an SLR geologist.  Well 

MW-1 was installed near the likely source of the impacted perched groundwater (the 

northern former gasoline UST area), and MW-2, MW-3, and MW-4 were installed at 
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locations to delineate the western/southwestern, southern, and northern extents of the 

impacted perched groundwater.  The locations of the wells are shown on Figure 2.  Each 

of the borings was advanced below the perched groundwater table, to depths ranging from 

approximately 46 to 60 feet bgs.  The soil cuttings are stored on the property in properly 

labeled 55-gallon drums, pending off-site disposal at an Ecology-approved facility. 

Since soil samples had already been collected near well MW-1 to a depth of 

approximately 35 feet and the other wells were not located near a potential contaminant 

source area, the sampling plan included the collection of soil samples from each boring at 

depths below 40 feet bgs.  However, due to encountering perched groundwater at 

shallower depths than anticipated (as discussed below), soil samples were collected at 

depths below 30 feet in the borings to install MW-3 and MW-4.  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 limited field evidence of 

petroleum hydrocarbons (PID readings of up to 18.4 parts per million) in any of the 

borings.  Soil boring logs that present the field screening results are presented in 

Appendix B.  To assess the soil conditions near the perched groundwater table, a soil 

sample collected from each boring, at a depth near the estimated perched groundwater 

table, was submitted to F&B for analysis.  To delineate the vertical extent of the impacted 

perched groundwater, a soil sample collected from near the bottom of each boring was 

also submitted to F&B for analysis.   

Each groundwater monitoring well was constructed with 2-inch-diameter schedule 40 

PVC casing and screen.  The screen (0.010-inch slots) for each well was installed at a 

depth that intersected the estimated perched groundwater table.  Due to difficulty 

determining the perched groundwater table at several borings, the screen lengths ranged 

from 10 to 20 feet long to try to ensure that the screen intersected the water table.  

Hydrated bentonite chips were placed from the bottom of each boring to the bottom of the 

well.  A filter pack of 10x20 Colorado
TM

 silica sand was installed from the bottom of the 

well to approximately 1.5 to 3 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 well.  After 

installation, Tacoma Pump developed the wells 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.  Soil boring logs that describe 

the well construction details are presented in Appendix B. 

After installing the wells, Signature Surveying & Mapping, PLLC (Signature) of 

Shoreline, Washington, surveyed the location, and the ground surface and top of casing 

elevations of each well relative to the NAVD 88 datum.  The top of casing elevations are 

presented in Table 1.   
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Conduct Groundwater Sampling Events 

To assess the perched groundwater conditions and evaluate potential seasonal variations 

in groundwater elevations and water quality, SLR personnel conducted groundwater 

sampling events on June 14 and October 20, 2010.  Immediately prior to sampling, the 

depths to groundwater were measured in all of the groundwater monitoring wells by using 

an electronic water level probe.  The depth to groundwater measurements were converted 

to groundwater elevations by using the results of the well elevation survey.   

Before the sample collection in June, SLR purged at least three pore volumes from each 

well by using a disposable PVC bailer.  The bailers were also used to collect the samples.  

In October, a submersible Grundfos RediFlo 2 pump was used to purge and sample the 

wells 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 of temperature, conductivity, pH, dissolved oxygen, and oxidation-reduction 

potential were measured.  Each groundwater sample was collected following the 

stabilization of the field parameter measurements.  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 ANALYTCAL RESULTS 

Soil 

In April 2010, F&B analyzed the soil sample from boring MW-1B that was collected at a 

depth of approximately 24.5 feet bgs.  The sample was analyzed for GRO by Ecology 

Method NWTPH-Gx, for BTEX, methyl tertiary butyl ether (MTBE), 1,2-dibromoethane 

(EDB), 1,2-dichlorooethane (EDC), and naphthalene by EPA Method 8260C, and for lead 

by EPA Method 200.8.  The soil sample 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).  

Toluene, ethylbenzene, total xylenes, naphthalene, and lead were detected at 

concentrations (5.70, 1.20, 6.70, 0.58, and 1.11 mg/kg, respectively) that were below the 

Method A cleanup levels (7, 6, 9, 5, and 250 mg/kg, respectively).  The other analytes 

were not detected at concentrations above the MRLs.  To obtain the additional data 

necessary to calculate a site-specific MTCA Method B soil cleanup level, if appropriate, 

the sample from MW-1B was also analyzed for volatile petroleum hydrocarbons (VPH) 

by Ecology Method NWVPH and hexane by EPA Method 8260C.  The soil sample 

analytical results [GRO, BTEX, naphthalene, and lead only] are presented in Table 1, and 

copies of the laboratory reports are presented in Appendix C. 
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In June 2010, F&B analyzed soil samples from borings MW-1 (collected at depths of 

approximately 40 and 55 feet bgs), MW-2 (collected at depths of approximately 40 and 

55.5 feet bgs), MW-3 (collected at depths of approximately 30.5 and 45.5 feet bgs), and 

MW-4 (collected at depths of approximately 30.5 and 55 feet) for GRO, BTEX, and 

naphthalene.  The soil sample analytical results showed that both samples from MW-2 

and the deep sample from MW-3 contained benzene concentrations (0.036 to 0.21 mg/kg) 

that exceeded the MTCA Method A soil cleanup level.  The samples from MW-1 and 

MW-4 and the 30.5-foot-deep sample from MW-3 did not contain analyte concentrations 

that exceeded the MRLs.  The soil sample analytical results are presented in Table 1, and 

copies of the laboratory reports are presented in Appendix C. 

Groundwater 

F&B analyzed the June 2010 groundwater samples for GRO by Ecology Method 

NWTPH-Gx, for BTEX, MTBE, EDC, and naphthalene by EPA Method 8260C, for EDB 

by EPA Method 8011 Modified, and for total lead by EPA Method 200.8.  The analytical 

results showed that the sample from well 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 also 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 below the MRLs.   

F&B analyzed the October 2010 groundwater samples for 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.  The samples from MW-3 and MW-4 did not contain analyte concentrations that 

exceeded the MRLs.  All of the groundwater sample analytical results are presented in 

Table 2, and the GRO and benzene concentrations are also shown on Figures 3 and 4.  

Copies of the laboratory reports are presented in Appendix C.   

GEOLOGY AND HYDROGEOLOGY 

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 
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to gravelly silt that is 15 to at least 23 feet thick.  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 silt unit.  At MW-1, the silt unit is underlain by a silty sand that extends 

beyond the bottom of the boring.  A cross-sectional view of the shallow geology (to 

approximately 60 feet bgs) beneath the property (Section A-A’) is shown on Figure 6.  

The location of the cross section is shown on Figure 5. 

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 

approximately 49 to 215 feet bgs.  The deep water-bearing units at Well #2 occur at 

depths between 215 and 245 feet bgs.  The well log is presented in Appendix D.  

On June 14 and October 20, 2010, the groundwater table beneath the property occurred 

within the sand to gravel unit, and appeared to be perched on top of the underlying silt 

unit.  On June 14
th

, the depths to the perched groundwater in the wells ranged from 23.92 

to 41.33 feet below the tops of the well casings, and the groundwater elevations ranged 

from 252.69 to 271.41 feet above the NAVD 88 datum.  On October 20
th

, the depths to 

the perched groundwater in the wells ranged from 26.67 to 40.71 feet below the tops of 

the well casings, and the groundwater elevations ranged from 253.08 to 268.66 feet above 

the NAVD 88 datum.   

Groundwater flow 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.  The elevation of the 

silt is about 10 feet lower at monitoring wells MW-1 and MW-2 than at wells MW-3 and 

MW-4 (see Figure 6).  From June to October, the perched groundwater elevations beneath 

the property decreased 2.75 feet at MW-4 and 3.51 feet at MW-3, while groundwater 

levels in wells located at the low point of the clayey to gravelly silt unit showed 

substantially less decline (1.08 feet at MW-2) or an increase (1.03 foot rise at MW-1).  

These water level changes are consistent with groundwater migrating from the higher 

parts of the silt unit and collecting in the lower parts of the silt.  This interpretation is 

consistent with the greatest hydrocarbon impacts occurring 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.  The groundwater monitoring data from both sampling events are presented in 

Table 3.   

GROUNDWATER RECEPTOR SURVEY 

SLR conducted a survey to identify the potential groundwater and surface water receptors 

in the vicinity of the subject property.  The receptor survey included a review of Ecology 

and OWSI records of water supply wells located within a ½-mile radius of the property, a 
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review of a topographic map of the property area, and a survey of the elevations of the 

bottom of the gulley in the western part of the property.   

Well Records 

Ecology and OWSI well records identified 12 water supply wells located within a ½-mile 

radius of the property.  Based on the well records, the locations of the wells are accurate 

to at least the quarter-quarter of a section.  As shown on Figure 7, the wells are located to 

the north, northwest, and west of the area of impacted perched groundwater at the 

property.  All of the available water supply well completion logs and a table that presents 

the well completion details are presented in Appendix D. 

According to the well records, the groundwater from each of the supply wells in the 

property area is used for domestic purposes.  There is one public water supply well (Well 

#2) located at the northern end of the property.  The well is screened at depths ranging 

from 214 to 245 feet bgs.  All of the identified water supply wells in the vicinity of the 

property are completed (screened or open casing) at depths between 157 and 377 feet.  

The soil descriptions on the well logs consistently note that a thick sequence of clay units 

occur above the deep groundwater-bearing zones.  Groundwater flow directions in the 

deeper regional aquifer have been inferred to flow from the upland areas toward Port 

Ludlow (Economic and Engineering Services, Inc., 1994), indicating that the water 

supply wells are located hydraulically upgradient or cross-gradient of the impacted 

perched groundwater.  Based on the presence of the clay and the inferred deep 

groundwater flow direction, it is unlikely that the impacted perched groundwater beneath 

the property could affect water quality in the deep groundwater-bearing zones.  The lack 

of detectable petroleum hydrocarbons in the 1990, 2009, and 2010 water samples from 

Well #2 provides evidence to that assertion. 

Topographic Map and Gulley Elevation Survey 

Based on a review of a 1991 topographic map of the property area, there are two surface 

water bodies located within ½ mile of the property.  Puget Sound (Port Ludlow Bay) is 

located approximately 2,900 feet to the south of the property, and an unnamed pond is 

located approximately 650 feet to the north of the property (see Figure 4).  The pond is 

located at a ground surface elevation approximately 40 feet higher than the property, and 

it is unlikely that the perched groundwater beneath the property discharges into the pond.   

The gulley located in the western part of the property extends south, beyond Oak Bay 

Road, to a low lying marshy area near Puget Sound.  The topographic map does not 

indicate that surface water is present in the gulley, and on October 20, 2010, SLR 

personnel inspected the eastern slope and bottom of the gulley (within the property 
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boundaries) for the presence of perched groundwater seeps.  There was no observed 

evidence of groundwater seepage and there was no surface water in the gulley at that 

time.  The north end of the gulley (near Walker Way) is approximately 6 feet deep, and 

next to the southern boundary of the OWSI facility, the gulley is over 20 feet deep.  To 

compare the perched groundwater elevations to the elevations of the bottom of the gulley, 

Signature surveyed the ground surface elevations at 17 locations on the bottom of the 

gulley relative to the NAVD 88 datum.  The elevations of the bottom of the gulley range 

from 285.6 feet at the northern end of the gulley to 254.0 feet at the southern property line 

(see Figure 4).  In October 2010, the groundwater elevation near the southern end of the 

OWSI facility (260.67 feet at MW-3) was 6.67 feet higher than the gulley floor 

approximately 155 feet to the southwest.  Since groundwater seeps were not observed in 

the gulley, it appears that the perched groundwater elevations, at the time of the 

observations, were below the gulley floor.   

The OWSI property is located near the top of a steep slope down to Puget Sound (see 

Figure 1).  Since the topography slopes to the south and the gulley is oriented north-south 

and is over 2,500 feet long, the perched groundwater beneath the property may seep into 

the gulley at a location to the south of the property.  

CONCLUSIONS 

From April through October 2010, SLR conducted a subsurface investigation at the 

OWSI property to:  1) assess the gasoline concentrations in the soil at the area of the 

northern former gasoline USTs, 2) delineate the lateral and vertical extents of the 

gasoline-impacted perched groundwater, and 3) characterize seasonal effects on 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 and from the UST 

removal activities, it appears that the former northern gasoline UST area is the source of 

the hydrocarbon-impacted perched groundwater.  The field screening results and the soil 

and groundwater sample analytical results indicate that the gasoline did not migrate 

straight down to the groundwater zone.  The area of remaining impacted soil within the 

vadose zone has not been fully delineated.   

Low benzene concentrations (0.036 to 0.21 mg/kg), marginally above the MTCA Method 

A soil cleanup level, were detected at depths of up to 15 to 20 feet below the perched 

groundwater table.  The benzene detected in the saturated soil samples likely reflects 

benzene dissolved in the pore water, rather than adsorbed to the soil.  Since the low 

benzene concentrations in saturated soil likely reflect dissolved benzene in pore water, 
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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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APPENDIX A 
 

LABORATORY REPORT FOR WELL #2 SAMPLE            
COLLECTED IN 2010 









 

 

APPENDIX B 
 

SOIL BORING LOGS 
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LABORATORY REPORTS











































































































































































































APPENDIX D 
 

WATER SUPPLY WELL LOGS 
 

 

 










































