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1. Introduction 

On behalf of Chevron Environmental Management Company (Chevron), ARCADIS 
U.S., Inc. (ARCADIS) is pleased to submit this 2011 Site Investigation Completion 
(Report) for the Former Unocal Edmonds Bulk Fuel Terminal (Site), located at 11720 
Unoco Road, Edmonds, Washington. The Site location is shown on Figure 1. This 
Report presents the data collected during the hydraulic evaluation activities completed 
pursuant to the Aquifer Testing Work Plan dated January 25, 2011 (ARCADIS, 2011a).  
Aquifer testing was conducted to collect the additional data needed to help assist in the 
selection, and eventual design of a potential remedial remedy for the Site.   

Information and activities summarized in this report include: 

· Field activities, summarizing the tidal study and aquifer test activities;  

· Data summary of the tidal study and hydraulic conductivity testing and analysis, 
including hydraulic conductivity step tests, short and long duration hydraulic 
conductivity tests. 

This report also presents a summary of the analytical results and field methods utilized 
during the investigation of light non-aqueous phase liquid (LNAPL) and petroleum 
hydrocarbon impacts in soils in the vicinity of Detention Basin No.2 (DB-2) as outlined 
in the Detention Basin No.2 Investigation Work Plan dated July 29, 2011 (ARCADIS, 
2011b). Site layout is shown on Figure 2.  

This report is not intended to address all assessment activities conducted at the Site 
under the current Agreed Order, but is a summary of the recent assessment and 
investigations described above. Additional Site investigation work, including additional 
monitoring well installation, is anticipated as part of the Feasibility Study (FS) 
preparation and will be described as part of revisions to the Draft FS Work Plan. A 
thorough discussion and evaluation of the location, concentrations, and distributions of 
Constituents of Concern (COCs) will be presented as part of a Conceptual Site Model 
(CSM) report, as an Interim Submittal prior to preparation and completion of the Draft 
FS.  A schedule of deliverables will be included in the revised Draft FS Work Plan. 
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2. Background 

2.1 Site Description 

The Lower Yard occupies approximately 22 acres and lies east-southeast of Burlington 
Northern Santa Fe Railway Company (BNSF) property, south of the Edmonds Marsh 
(also known as the Union Oil Marsh) and a drainage ditch (Willow Creek), and north of 
the Upper Yard (Figure 2).  

At its nearest point (the southwest corner of the Lower Yard), the Lower Yard boundary 
is approximately 160 feet from the Puget Sound shoreline. Two storm water detention 
basins (Detention Basin No.1 (DB-1) and DB-2) are located along the north and 
northeast boundaries of the Lower Yard. DB-1 borders Edmonds Marsh and Willow 
Creek and acts as a detention pond for overflow from DB-2 during storm events.  DB-2 
serves as a collection area from which Site stormwater is discharged into Willow 
Creek.  

Currently, a stormwater system consisting of 12 storm drains collects surface water 
runoff and discharges directly into DB-2 via gravity flow. From DB-2, stormwater is 
discharged into Willow Creek under an Industrial Stormwater General Permit (SO3-
002953C), and excess stormwater is stored in DB-1. When DB-1 is full, water from DB-
1 is pumped to the DB-2 outfall. There are currently no permanent aboveground 
structures at the Site. A temporary storage shed is located along Unoco Road in the 
southern portion of the Lower Yard.  

Previous structures in the Lower Yard included petroleum storage and transfer 
equipment (aboveground storage tanks and piping), two truck loading racks, several 
office buildings, a railcar loading/unloading station, a stormwater conveyance system 
including two 10,000-gallon stormwater detention tanks and two 500-gallon vapor 
recovery tanks, an air-blown asphalt plant, and an asphalt packaging warehouse. 

2.2 Site History 

Unocal operated the bulk fuel terminal from 1923 to 1991. Fuel was brought to the 
terminal on ships, pumped to the storage tanks in the Upper Yard, and loaded from the 
tanks into rail cars and trucks for delivery to customers. In addition, an asphalt plant 
operated at the Lower Yard from 1953 to the late 1970s. 
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In 2001, Unocal conducted an Interim Action in the Lower Yard, removing LNAPL and 
petroleum-impacted soil and groundwater from four areas of the Lower Yard. The 
results of the 2001 Interim Action are summarized in Lower Yard Interim Action As-built 
Report, Unocal Edmonds Terminal – Volume 1 (Maul Foster Alongi, Inc. [MFA] 2002). 
Additional Interim Actions conducted in 2003 included soil excavations in the 
Southwest Lower Yard and DB-1.  Results of the 2003 Interim Action are summarized 
in the 2003 Lower Yard Interim Action As-Built Report, Detention Basin No. 1, 
Southwest Lower Yard, Metals Area 3, and Storm Drain Line Excavations – Volume 1 
(MFA 2004).  Previous excavations are shown on Figure 2. 

In June 2007, Unocal entered into an Agreed Order with the Washington Department 
of Ecology (Ecology) to conduct an Interim Action in the Lower Yard (Ecology 2007). 
The Agreed Order (Ecology 2007) supersedes Agreed Order No. DE 92TC-N328, 
dated October 25, 1993. Specific objectives of the Interim Action as established in the 
Interim Action Report – Work Plan for 2007 Lower Yard Interim Action, Unocal 
Edmonds Bulk Fuel Terminal (Work Plan; SLR International Corporation [SLR] 2007a) 
included: 

· Removal of soil with petroleum impacts in excess of the soil remediation levels 
which were established in the 2001 Work Plan for the Lower Yard 

· Removal of LNAPL 

· Extraction of groundwater that is in contact with LNAPL 

· Removal of soil with arsenic concentrations in excess of the soil remediation 
levels which were established in the Work Plan (SLR 2007a) 

· Remove the sediment in the drainage ditch (Willow Creek), at locations near the 
Site’s two storm water outfalls, that failed 2003 toxicity tests 

· Obtain the data necessary to determine if the remaining soil concentrations are 
sources of LNAPL on the groundwater table 

· Obtain the data necessary to determine if the remaining soil concentrations will 
cause an exceedance of the groundwater cleanup levels (CULs) at the 
groundwater points of compliance (POCs) 
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· Obtain the data necessary to determine if the petroleum hydrocarbon 
concentrations in the groundwater beneath the Lower Yard will naturally 
attenuate to below the CULs at the groundwater POCs 

The 2007 Agreed Order Interim Actions were conducted in two phases from July 2007 
to April 2008 (Phase I), and July 2008 to October 2008 (Phase II). Phase I Interim 
Action work consisted of the removal of 108,000 tons of petroleum impacted soil for 
offsite disposal, and the removal of approximately 9,700 gallons of LNAPL. During 
Phase I construction activities, approximately 2 million gallons of groundwater were 
extracted, treated onsite, and discharged under a National Pollutant Discharge 
Elimination System (NPDES) Permit to Willow Creek. The complete results of the 2007 
Phase I Interim Actions are summarized in Phase I Remedial Implementation As-Built 
Report, Unocal Edmonds Bulk Fuel Terminal Lower Yard (ARCADIS 2009).  

Phase II Interim Action work consisted of the removal of 14,825 tons of petroleum 
impacted soil for offsite disposal and the removal of 131 gallons of LNAPL. During 
Phase II, approximately 520,000 gallons of groundwater were extracted, treated onsite, 
and discharged to Willow Creek under a NPDES permit. Phase II construction activities 
also included the removal of 2,000 tons of impacted sediments, and subsequent 
restoration of approximately 420 feet of Willow Creek. The complete results of the 2008 
Phase II Interim Action are summarized in the FINAL – Phase II Remedial 
Implementation As-Built Report, Unocal Edmonds Bulk Fuel Terminal Lower Yard 
(ARCADIS, 2010).  

In accordance with the Agreed Order (Ecology 2007), groundwater monitoring was 
initiated and is ongoing following completion of the interim remedial excavation 
activities. Groundwater sampling events were originally planned to be conducted every 
other month (bi-monthly) over a two year period at wells within three groundwater flow 
paths and the 21 POC wells. Groundwater flow paths were established within the 
interior of the Site and each groundwater flow path consisted of seven monitoring wells 
(an upgradient well, three source area wells, and three downgradient wells). The 
groundwater flow paths and the frequency of groundwater monitoring events were 
created to provide the data to utilize Ecology’s Natural Attenuation Analysis Tool 
Package A, Modules 1, 2 and 3 (Tool Package A: Ecology 2005). 

The locations of the wells inside the three groundwater flow paths were based on the 
presence of LNAPL on groundwater prior to remedial activities. Prior to the 2007/2008 
Interim Action remedial excavations, the groundwater flow paths were believed to fit 
the established model of upgradient, source area, and downgradient wells. As a result 
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of the 2007/2008 Interim Action, remedial excavations extended beyond the mapped 
flow path areas, and it was determined that the resulting monitoring well arrangement 
was not suitable for use with Tool Package A (Ecology 2005).  

As a result of the source removal and associated data collection, LNAPL no longer is 
observed across most of the Site and the flow paths as previously defined do not 
contain monitoring wells that could provide upgradient and downgradient water quality 
data in relation to specific source areas.  Therefore the monitoring well plan outlined in 
the Agreed Order (Ecology 2007) was no longer applicable for a spatial evaluation of 
natural attenuation away from the source, as required for use with Tool Package A 
(Ecology 2005). As a result, revisions to the monitoring program were reviewed and 
approved by Ecology in December 2009.  Since, the current monitoring well network is 
sufficient to monitor and evaluate the status of the overall dissolved-phase impacts. 
Therefore the stability of the Site impacted groundwater is being evaluated on a well-
by-well basis, and the monitoring program needed to support this analysis was reduced 
accordingly.  

Currently, groundwater sampling events are conducted on a quarterly basis, with POC 
wells sampled during first and third quarter events, and all Site wells (POC and interior 
wells) sampled during second and fourth quarter events. LNAPL has been present in 
one monitoring well (MW-510) from October 2009 until the present, with the exception 
of a single gauging event in June 2011. Current groundwater gauging data and 
analytical results are presented in Appendix A.   

2.3 Site Geology 

Five hydrostratigraphic units have been identified in the Lower Yard and are discussed 
in detail below: 

· 2008 Fill. The 2007-2008 Interim Action excavations were backfilled to 6 to 12 
inches above the observed groundwater table in the open excavations with 
poorly graded coarse gravels (3/8-inch to 1-inch) with little to no fines. Backfill 
material above the coarse gravel to ground surface was a mixture of very fine 
to medium sand, trace silt, and fine to medium gravel materials. 
 

· 1929 Fill. This unit consists of silty sands with gravel and sandy silts with gravel. 
During the 2007-2008 Interim Action excavations subsurface materials 
encountered from ground surface to a depth of 8 to 15 feet below ground 
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surface (bgs) were mostly fill material placed circa 1929 or later, during the 
creation of the Lower Yard facility. 
 

· Marsh Deposits. In many areas of the Lower Yard, beneath the 1929 Fill, there 
is a layer approximately 6 to 12 inches thick composed of silt and sandy silt 
with large amounts of organic matter such as peat, wood debris, and 
decomposing vegetation. This layer is encountered at depths ranging from 8 to 
14 feet bgs, directly below the 1929 Fill material, and is interpreted to be 
representative of the former marsh horizon beneath the Lower Yard. 
 

· Beach Deposits. Below the 1929 Fill and Marsh Deposits, a poorly graded sand 
formation of very fine to medium sand with fine gravel is present, containing 
organic material such as driftwood and seashells. This layer is interpreted to 
be representative of the former beach environment in the area prior to the 
creation of the Lower Yard. 
 

· Whidbey Formation. This material is a poorly graded sand layer consisting of 
very fine to medium sand with fine gravel and is distinct from the overlying 
materials in the Lower Yard. It is present to the maximum explored depth of 
41.8 feet bgs. This unit contains interbedded sand with silt, and interbedded 
silt and sandy silt are also present. The interbeds range in thickness from 
less than 1 inch to several feet, and appear to be laterally discontinuous. 
This unit is interpreted to be alluvium, and is likely part of the Whidbey 
Formation. 

The current lithology of the Lower Yard consists primarily of 2008 Fill. The 2007 - 2008 
excavations were extended to the depth of the Beach Deposits or Whidbey Formation 
materials. Remaining un-excavated areas are most likely 1929 Fill material, underlain 
by the hydrostratigraphic units described above.  
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3. Tidal Study Field Activities 

A tidal study was conducted to better understand the effects of tidal changes in Puget 
Sound on groundwater within the Lower Yard, specifically to support evaluation of 
remediation alternatives in the upcoming FS as required by the Agreed Order (Ecology 
2007).  These activities will also help define possible changes to Site hydrogeology 
post- 2007/2008 Interim Action, and to better understand the possible interaction of 
groundwater and local surface water features. 

The tidal study was completed from April 22 to May 9, 2011. Tidal study activities were 
conducted in accordance with the Aquifer Testing Work Plan (ARCADIS, 2011a). Data 
logging pressure transducers recording time, temperature, pressure, depth, 
conductivity, pH and salinity were installed in monitoring wells LM-2, MW-104, MW-
122, MW-129R, MW-149R, MW-500, MW-501, MW-502, MW-515, MW-518, and MW-
8R and at staff gauges TB, D-1, D-2, D-3, D-5 and D-6R, located in DB-1. A transducer 
was not installed in monitoring well MW-510 due to the presence of LNAPL in the well. 
Inadvertently, the transducer at MW-501 was not installed until May 5, 2011. Staff 
gauge D-4 was unable to be reached due to unstable surface conditions in the creek 
channel; therefore data were not collected at this location. Staff gauge D-6 was unable 
to be reached due to the high water level in DB-1.  

A new staff gauge and transducer were installed at the west end of DB-1 on April 22, 
2011. This staff gauge location is identified as D-6R. Staff gauge D-6R was surveyed 
at a later date for horizontal and vertical coordinates. All monitored well locations and 
staff gauge locations were surveyed to a common vertical datum prior to tidal study 
activities, with the exception of staff gauge location D-6R, which was surveyed upon 
completion of tidal study activities. Locations monitored during the study are presented 
on Figure 3. 

During the installation of each transducer, a depth to water measurement was collected 
prior to transducer deployment and after each transducer was installed. The 
transducers were installed one foot above the bottom of each monitoring well, with the 
exception of well MW-122. Monitoring well MW-122 is a deep well at a total length of 
40 feet bgs. The transducer at well MW-122 was installed approximately 15 feet below 
top of casing (btoc), or 25 feet from the bottom of the well casing, which is the total 
length of the transducer cable. All transducers installed at staff gauge locations were 
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installed as close to the creek bed as possible, at a depth sufficient to measure the 
extreme lows and highs of the tidal fluctuations.  

Data were collected at 10 minute intervals. Periodically during the study, data were 
uploaded from the data logging transducers to ensure that the transducers were 
operating correctly and to compile the accumulated data. The transducer in monitoring 
well MW-122 was removed and replaced with a new transducer on May 5, 2011, due 
to a transducer malfunction. Data collected from MW-122 during the period from April 
22 to May 5, 2011, are not included in the analysis due to the malfunction of the 
transducer, which was reading levels deeper than the total depth of the well. Data 
collected from MW-122 from May 5 to May 9, 2011 are presented.  

On May 9, 2011, after 18 days of data accumulation, the transducers in the monitoring 
wells were removed. The Aquifer Testing Work Plan (ARCADIS 2011a) specified a 14 
day monitoring period, but due to the malfunctioning transducer in well MW-122, the 
monitoring period was extended an additional 4 days to ensure a sufficient amount of 
data was collected. The data files were downloaded onto portable storage devices and 
data collection was stopped. Data from transducers installed at staff gauge locations 
were also downloaded onto portable storage devices for this time period, but were left 
in place to continue to record tidal data during the aquifer testing activities. 
Transducers installed at staff gauge locations were removed upon completion of 
aquifer testing activities.  

A stilling well was originally planned to be installed in Puget Sound adjacent to the Site 
to monitor surface-water level changes in Puget Sound. Due to logistical difficulties with 
the installation it was not possible to install the stilling well. Instead, National Oceanic 
and Atmospheric Administration (NOAA) tidal data collected from the nearest available 
Puget Sound recording station No. 9447130 were used during the analysis of this 
study. This station is located on the shore of Elliot Bay in Seattle, Washington 
approximately 14 miles south of the Site. This gauging station represents the closest 
available monitoring station for the Puget Sound and the only available Puget Sound 
data to compare to Site data.  
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4. Tidal Study Results and Analysis 

A tidal study was completed from April 22 to May 9, 2011. This time frame 
encompassed the end of a spring tide and a neap tide. The data from the tidal study 
were collected to evaluate the interactions and overall net gradient between the Puget 
Sound and groundwater at the Site, evaluate the potential for horizontal and vertical 
groundwater gradient reversals onsite, and measure and record salinity for improved 
understanding of transient salinity changes. These data will be used during remedy 
design and selection as part of the FS.  Transducers were installed at monitoring wells 
and staff gauges across the Site as shown on Figure 3. The transducers were set to 
record water levels, salinity, temperature, and conductivity at 10-minute intervals. 
Table 1 summarizes the minimum, maximum and average elevations and salinity 
concentrations and range in amplitude (if tidally influenced) at each monitoring well and 
surface water gauging location. Graphs depicting the tidal response, salinity 
concentrations and the Puget Sound elevations at each location are presented in 
Appendix B.  

4.1 Magnitude of Water Level Changes 

Tidal variations in water levels in the Puget Sound exert an influence on groundwater 
elevations at the perimeter of the Site. During the monitored period elevations of the 
Puget Sound ranged from an elevation of -4.84 feet above mean sea level (amsl) 
(minimum) to 9.28 feet amsl (maximum), as recorded at NOAA Station No. 9447130. 
Based on data collected during the tidal study, the Puget Sound had an average tidal 
amplitude of approximately 7 feet, and the amplitude varied from a minimum of 1.8 feet 
to a maximum of 14.1 feet.  

Shallow monitoring wells with observable response to tidal influence indicated a range 
in amplitude from 0.07 foot to 1.15 feet. One deeper monitoring well was monitored 
(MW-122) and the response observed at this well indicated a range in amplitude from 
0.02 to 0.33 foot (this well is completed in Whidbey Formation material). Staff gauges 
with an observable response to tidal influence indicated a range in amplitude from 0.02 
foot to 3.73 feet.  

4.2 Horizontal Hydraulic Gradients 

The groundwater elevations from wells installed in 1929 Fill and 2008 Fill, except MW-
501 which only had a partial data set, were used to evaluate the flow direction (gradient 



Page 10 of 38 

 

Final 2011 Site 
Investigation Completion 
Report 
 
Former Unocal Edmonds 
Bulk Fuel Terminal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

angle and magnitude) during the 17 day monitoring period (Devlin, 2003). Horizontal 
gradients in the surficial materials measured during the tidal study period ranged in 
magnitude from 0.0053 to 0.0058 foot/foot (ft/ft) with direction towards the west-
northwest. The horizontal groundwater gradient direction for the monitored period (17 
days) is presented on Figure 4.  

Results of the tidal study indicate that groundwater/surface water interactions occur at 
the northwestern Site boundary; therefore, the combined flow direction considering 
surface water and groundwater elevations were also evaluated. The horizontal gradient 
direction with the inclusion of the perimeter staff gauges (over the 17 day monitoring 
period, excluding MW-501) indicates a predominant flow direction to the west- 
northwest with a minor flow component to the northwest. This horizontal gradient 
direction including surface water for the monitored period is presented on Figure 5.  No 
observed horizontal gradient direction reversals were observed during the monitored 
period.  

4.3 Vertical Hydraulic Gradient 

Monitoring wells MW-122 (deep well, in the Whidbey Formation) and MW-129R 
(shallow well, in the 1929 Fill material) are located adjacent to one another and were 
used to evaluate the vertical groundwater gradient component. During the monitored 
period, the vertical gradient component was always upward between MW-122 and 
MW-129R. The vertical gradient ranged from a minimum of 0.03 to 0.05 ft/ft with an 
average gradient of 0.04 ft/ft. The greatest gradient magnitude was observed at high 
tides and the lowest gradient magnitude was observed at low tides. These results 
indicate that a vertical gradient reversal was not observed during the monitored period.  

4.4 Salinity 

During the tidal study, salinity values observed at wells and staff gauges varied across 
the Site. At some locations salinity variations were observed to correlate with tidal 
stage at wells and staff gauges with observable tidal influence. The highest observed 
value of salinity at a monitoring well was measured at LM-2 with values ranging from 
8.94 to 12.32 practical salinity units (PSU). This well had no measureable tidal 
influence during the monitoring period. At the other Site shallow monitoring wells 
salinity was significantly lower during the monitored period, ranging from 0.11 to 0.69 
PSU. At the deeper well MW-122, the salinity was constant, varying from 0.38 to 0.39 
PSU.  
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During the monitored period, the staff gauges exhibited a response to tidal fluctuations 
except D-6R, located in DB-1. Salinity at the tidally influenced staff gauges ranged from 
less than 0.1 to 30.08 PSU. Values of salinity at D-6R ranged from 1.47 to 1.80 PSU. 
Both elevations and salinity values observed at D-6R appeared to be influenced by 
precipitation events. Salinity variations due to tidal response are observed at the staff 
gauges (except D-6R) indicating that an exchange of water is occurring with the Puget 
Sound and Willow Creek.  

4.5 Tidal Efficiency 

The tidal efficiency at each monitoring well was estimated from transducer data. Tidal 
efficiency indicates the extent to which groundwater levels in a well are influenced by 
tidal fluctuations in a nearby surface water body, and is the ratio of groundwater level 
fluctuations to surface water level fluctuations. Factors that influence tidal efficiency 
include the distance from the well to the surface water body, the length of the well 
screen relative to the thickness of the water-bearing zone (i.e., fully-penetrating versus 
partially penetrating wells), transmissivity of the water-bearing zone in which the well is 
screened, and presence of heterogeneous soil types. Tidal efficiency is scaled from 
zero to one, with higher values indicating greater groundwater-surface water 
interactions.  

For this study, the tidal efficiency at each monitoring well was calculated during each 
tidal cycle of the monitored period. The average tidal efficiency for a well was then 
calculated based on values from each tidal cycle. Results show that tidal efficiency 
varied between approximately 0.003 (LM-2 and MW-515) and 0.09 (MW-149R). The 
average tidal efficiency of all the wells studied was 0.03. The values are relatively low, 
likely due to the low permeability and heterogeneity of material at the Site. The 
relatively low tidal efficiency values observed at Site monitoring wells indicates that 
groundwater levels at the Site are not significantly influenced by tidal changes in Puget 
Sound.  

The table below summarizes estimated tidal efficiency values for Site monitoring wells 
and presents minimum and maximum tidal efficiency and the relative location of each 
monitoring point.  
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Tidal Efficiency Summary 

Well ID  Tidal Efficiency Relative Location 

of Monitoring Point, 
Approximate Distance to Puget 

Sound (miles) 

Soil Type at  

Monitoring Point 

Min Max Average  

MW-8R 0.01 0.03 0.02 Northwest boundary, 0.20 2008 Fill 

MW-104 0.04 0.07 0.05 Northwest boundary, 0.23 1929 Fill 

MW-122 0.02 0.03 0.02 Southeast boundary, 0.35 Whidbey Formation 

LM-2 0.001 0.02 0.003 Middle of Site, northern boundary, 
0.34 

1929 Fill 

MW-129R 0.004 0.03 0.01 Southeast boundary, 0.35 1929 Fill 

MW-149R 0.08 0.11 0.09 Northwest boundary, 0.12 2008 Fill 

MW-500 0.001 0.02 0.01 Southeast boundary, 0.36 1929 Fill 

MW-502 0.003 0.02 0.01 Middle of Site, southern boundary, 
0.28 

1929 Fill 

MW-515 0.001 0.01 0.003 Northwest boundary, 0.25 2008 Fill 

MW-518 0.04 0.06 0.05 Northwest boundary, 0.25 2008 Fill 

MW-501  0.002 0.01 0.01 Southeast boundary, 0.35 1929 Fill 

 

4.6 Tidal Study Observations 

The following observations and conclusions were made after review and analysis of the 
tidal study. 

• Monitoring wells MW-8R, MW-104, MW-122, MW-149R, and MW-518 
appeared to exhibit a response to the tidal fluctuations in the Puget Sound 
during the monitored period. 

• Monitoring wells MW-500, MW-501, MW-502, MW-515 and LM-2 did not 
appear to exhibit a response to the tidal fluctuations in the Puget Sound during 
the monitored period. 

• A vertical upward gradient was observed in the data set from MW-129R/MW-
122.  
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• LM-2 exhibits no measurable tidal influence but was observed to have the 
highest salinity concentrations measured at a monitoring well during the tidal 
study.  

• Water from the Puget Sound is mixing with water in the Willow Creek as 
indicated by the water level response to tidal fluctuations and varying salinity 
concentrations observed at the staff gauge locations. This is also occurring at 
the tidally influenced monitoring wells; however, the magnitude of responses to 
tidal fluctuations and salinity concentrations are significantly less at the wells 
than observed in the Willow Creek.  

• Insufficient data were collected from the Southeast Lower Yard during the 
monitored period to determine the local groundwater and surface water 
connection. Further transducer studies are anticipated to be conducted in the 
vicinity of monitoring wells MW-135, MW-136, MW-500, and MW-501.  

• At locations where a monitoring well was located in the vicinity of a staff 
gauge, groundwater elevations were compared to surface water elevations. 
During the monitored period:  

• The horizontal component of the hydraulic gradient is towards staff 
gauge TB (located in the tidal basin, north of MW-20R) in Willow 
Creek; except at extreme high tide, when it appears that the surface 
water elevation at staff gauge TB is greater than groundwater 
elevation at monitoring well MW-104 and horizontal gradient may be 
directed towards the interior of the Site.  

• The horizontal component of the hydraulic gradient is towards staff 
gauge D-5 in Willow Creek at low tide.  However, during high tide, 
surface water elevation at staff gauge D-5 is greater than groundwater 
elevation at monitoring well MW- 518 and horizontal hydraulic gradient 
may be directed toward the Site. 

• Surface water elevations at staff gauge D-6R and groundwater 
elevations at monitoring well LM-2 indicate that surface water 
elevations in DB-1 are slightly higher than groundwater elevations at 
LM-2 during both high and low tides. This indicates that the hydraulic 
gradient is toward LM-2 from DB-1 regardless of tidal stage.  
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• At staff gauge locations during the monitored period: 

• At staff gauges D-1, D-2, D-3 and D-5 surface water flow is towards 
the Puget Sound during low tide and flow is directed towards 
Edmonds Marsh during high tide. During some tidal periods, the 
surface water elevations at these locations are greater than that of the 
Puget Sound during both low and “low” high tides. 

• At staff gauge D-6R (DB-1) an observable tidal influence was not 
observed. 

• At staff gauge TB surface water flow is towards the Puget Sound 
during low tide and flow is directed towards Willow Creek during high 
tide. 
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5. Hydraulic Conductivity Testing Field Activities 

Hydraulic conductivity tests were performed at the Site in select monitoring wells in 
order to evaluate the hydraulic conductivity of saturated material at the Site. The data 
will later be used in preparation of a revised CSM as well as for a future evaluation of 
remediation alternatives in the FS.  

Hydraulic conductivity testing was conducted from May 9 to May 20, 2011, and on 
September 29, 2011. The testing consisted of hydraulic conductivity step tests at ten 
wells from May 9 to 13, 2011, followed by short duration hydraulic conductivity tests at 
seven wells conducted from May 16 to 19, 2011, and then a long duration hydraulic 
conductivity test conducted at one well over a 24 hour period (May 19 to 20, 2011). 
Tested wells included LM-2, MW-104, MW-129R, MW-149R, MW-500, MW-518 and 
MW-8R (Figure 3). Step tests were completed prior to short duration tests.  

The step tests were conducted to determine if and at what rate the wells could be 
pumped at a constant rate while maintaining a steady-state drawdown, and to establish 
target pumping rates for the short duration tests. The step tests were conducted using 
a submersible pump with a control box or a peristaltic pump with down-hole tubing to 
pump the well. Rising head slug tests were conducted on September 29, 2011, on 
monitoring wells where short duration hydraulic conductivity tests could not be 
adequately completed due to their low yields (LM-2, MW-129R and MW-500). 

All tested wells are constructed of 2-inch diameter, Schedule 40 polyvinyl chloride 
(PVC). The slotted screen size in the wells is 0.01-inches with the exception of wells 
LM-2 and MW-104 which have 0.02-inch slotted screen sizes. Borehole diameters for 
the tested wells are 8-inches with the exception of MW-104 which was constructed in a 
10-inch diameter boring. All wells were constructed with a sand filter pack extending 
from the bottom of the boring to at least 1-foot above the top of the screen. Well 
construction information for the tested wells is summarized in Table 2. 

Hydraulic conductivity step tests were scheduled to begin at a rate of approximately 
0.25 gallons per minute (gpm), increasing to a rate of 0.5 gpm after 15 minutes of 
pumping, 1.0 gpm after 30 minutes of pumping, and 1.5 gpm after 45 minutes of 
pumping. However, the target rates were not achievable at every well and deviations 
are discussed below. At each pumping rate, water level measurements were collected 
every 30 seconds for the first five minutes of pumping, every two minutes for the next 
five minutes of pumping, and every five minutes for the next 10 minutes of pumping. 
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The step tests were typically terminated after 60 minutes of pumping. Hydraulic 
conductivity step test data are summarized in Table 3. Graphs presenting the step test 
data are included in Appendix C. 

After step tests were completed at each well and a target pumping rate was 
determined, short duration hydraulic conductivity tests were conducted in seven wells. 
Short duration tests were conducted at a constant pumping rate in order to estimate 
hydraulic conductivity within the1929 Fill and 2008 Fill materials at the Site. Tested 
wells included LM-2, MW-104, MW-129R, MW-149R, MW-500, MW-518 and MW-8R. 
Wells LM-2, MW-104, MW-129R and MW-500 are screened in 1929 Fill material, and 
wells MW-149R, MW-518 and MW-8R are screened in 2008 Fill material. The data 
collected from the short duration tests would also be used to determine which well to 
use for the long duration test.  

In general, short duration tests were conducted using a submersible down-hole pump 
in order to reach the target extraction rate as quickly as possible and with as few rate 
adjustments as possible. This is done in order to analyze drawdrown at the specified 
rate without interference from drawdown during the time interval between achieving 
each targeted pumping rate. The target extraction rate was then maintained throughout 
the duration of the test. In some instances, the water level in the well would draw down 
to the pump intake and in those cases the extraction rate was reduced in order to 
extend the test.  

Manual water level measurements were collected every 30 seconds for the first five 
minutes of the test, every two minutes for the next 10 minutes of the test, and every 
five minutes for the remainder of the test. In some cases, short duration tests could not 
be adequately completed because steady-state pumping rates could not be maintained 
due to low groundwater yield.  In these cases, rising head slug tests were performed 
instead. Rising head slug test methodology is described below. Short duration test data 
are summarized in Table 4. Graphs presenting the short duration test data are 
included in Appendix D.  

A long duration hydraulic conductivity test was conducted for 24 hours at monitoring 
well MW-8R. The objective of the long duration test was to confirm interpretations 
made during the short duration hydraulic conductivity test, obtain estimates of storage 
parameters, and evaluate responses in other wells to long-term pumping. Monitoring 
well MW-8R was selected to perform the long duration test because it is located along 
the Site boundary and is installed in a large 2007-2008 excavation area. These 
characteristics make MW-8R a suitable location to test the effectiveness of a potential 
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groundwater capture system in areas of 2008 Fill material, and represents the upper 
design limit for pumping versus drawdown. The long duration test was conducted using 
a submersible down-hole pump to pump the well over a period of 24 hours. The target 
extraction pumping rate was reached as quickly as possible and was maintained 
throughout the test. The flow rate was confirmed every hour using a flow totalizing 
meter and manually measuring the pump discharge rate.  

Manual water level measurements were collected every 30 seconds for the first five 
minutes of pumping, every 2 minutes for the next six minutes of pumping, every five 
minutes for the next 20 minutes of pumping, every 15 minutes for the next 60 minutes 
of pumping, every 30 minutes for the next two hours of pumping, and every hour for the 
remainder of the test. Pressure transducers were in installed monitoring well MW-8R, 
as well as surrounding wells MW-521, MW-522 and MW-523 during the duration of the 
test. The long duration test data are summarized in Table 5. Graphs presenting the 
long duration test data are included in Appendix E. 

5.1 Hydraulic Conductivity Test Deviations 

This section describes the deviations that occurred during the hydraulic conductivity 
testing. During the step test conducted at well MW-104 on May 11, 2011, data were 
collected at flow rates of 0.5 and 1.0 gpm, however, a flow rate of 1.5 gpm could not be 
achieved due to pump failure. Sufficient data had been collected to estimate hydraulic 
conductivity values at this well, so no further effort was made to achieve the 1.5 gpm 
rate.  

During the step test conducted at well MW-129R on May 12, 2011, data were collected 
at a flow rate of 0.25 gpm. However, the test was terminated early because the well 
pumped dry at the next stepped flow rate of 0.5 gpm. A submersible pump was used 
during this test. 

On May 10, 2011, a step test was conducted on well MW-500. In order to achieve and 
maintain a lower pumping rate, a peristaltic pump (which is capable of maintaining a 
pump rate below 1 gpm) was used to perform this test. Step test data were collected at 
rates of 0.1 and 0.19 gpm, the maximum flow rate of the pump, but stabilized 
drawdown was not achieved and the test was terminated. The step test at MW-500 
was replicated on May 12, 2011, using a 2-inch submersible pump. Data were 
collected at a flow rate of 0.25 gpm before the well went dry at a flow rate of 0.5 gpm. 
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Step testing conducted at well LM-2 on May 11, 2011, was terminated after the well 
went dry approximately 30 minutes after one step was completed at a flow rate of 
approximately 0.25 gpm. These data were not included in the analysis because a 
stabilized drawdown could not be achieved. On May 13, 2011, the step test was 
repeated with three lower steps at flow rates of 0.1, 0.15 and 0.18 gpm. Stabilized 
drawdown between pumping rates of 0.18 and 0.25 gpm was not reached at well LM-2. 
A peristaltic pump was used during this test.  

During the step testing conducted at well MW-8R on May 12, 2011, data were collected 
at flow rates of 0.25 and 0.5 gpm. However, the tubing ruptured on the submersible 
pump when the flow rate was increased to 1.5 gpm and the test was terminated. Step 
testing was repeated at well MW-8R on May 18, 2011, and data were collected at flow 
rates of 2, 4 and 5 gpm. 

During the short duration test at MW-500, the well was pumped with a submersible 
pump and the well went dry after pumping at 0.30 gpm. The test was restarted at a 
lower rate (0.25 gpm) with a peristaltic pump to determine if steady-state drawdown 
could be achieved, but the well was also pumped dry at the lower rate. A lower 
pumping rate could not be established at a steady-state drawdown, so short duration 
testing was abandoned for rising head slug tests. 

During the short duration test at LM-2, the well was pumped with a submersible pump 
at rates of 0.30 and 0.20 gpm to determine if steady-state drawdown could be 
achieved. The well was purged dry at both rates.  

5.2 Rising Head Slug Testing Methods 

Rising head slug tests were conducted on September 29, 2011, on those monitoring 
wells where short duration hydraulic conductivity tests could not be adequately 
completed due to their low yields (LM-2, MW-129R and MW-500). Slug tests were 
conducted by inserting an Aqua Troll 200® datalogging transducer into the monitoring 
well, to a depth of approximately 0.5 foot above the bottom of the well and allowing 
water levels to equilibrate. A six foot long, 2-inch diameter PVC bailer was then 
inserted into the well as far into the water table as possible without disturbing the 
transducer.  

Manual depth to water measurements were collected prior to deploying the transducer 
and bailer, and again after the transducer and bailer were inserted into the well. The 
bailer was then removed from the well as rapidly as possible, removing as much of the 
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water column as possible. The transducer was then left in the well to record water level 
data during well recharge. Dataloggers were left in the wells for a minimum of two 
hours, or until the depth to water level in the well had recharged to within 90 percent of 
the static water level. 
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6. Hydraulic Conductivity Test Results and Analysis 

As noted in Section 5, a series of hydraulic conductivity tests were conducted between 
May 12 and September 29, 2011 in order to estimate hydraulic conductivity. Short 
duration hydraulic conductivity (approximately 60 minutes) pumping tests were 
conducted in wells LM-2, MW-104, MW-129R, MW-149R, MW-500,  MW-518 and MW-
8R between May 12 and May 17, 2011. A long duration hydraulic conductivity test was 
conducted at well MW-8R from May 19 to May 20, 2011. And, three falling head slug 
tests were conducted using wells LM-2, MW-500 and MW-129R on September 29, 
2011.  

The estimated minimum, maximum, and arithmetic mean for the hydraulic conductivity 
values (in feet per day [ft/day]) for each tested well are summarized in the table below. 

Summary of Hydraulic Conductivity Results 

 Tested Well Minimum Estimated 
Hydraulic 

Conductivity  
(ft/day) 

Maximum 
Estimated 
Hydraulic 

Conductivity  
(ft/day) 

Arithmetic Mean 
Hydraulic 

Conductivity  
(ft/day) 

LM-2 0.3 0.4 0.4 

MW-104 7.5 15 11 

MW-129R 0.2 0.5 0.3 

MW-149R 5.9 5.9 5.9 

MW-500 0.05 0.1 0.1 

MW-518 10 17 13 

MW-8R 186 345 259 

 

Well construction information for the tested wells and the observation wells are 
summarized in Table 2. Available boring logs for each of the wells are included as 
Appendix F. The well development history was unknown at the time of this analysis.  

The analyses and results for the short duration tests, long duration test, and slug tests 
are presented below. 
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6.1 Short Duration Hydraulic Conductivity Test Analysis 

For wells LM-2, MW-104, MW-129R, MW-149R, and MW-518 the single rate 60 minute 
test data were used for the analyses. However, for wells LM-2 and MW-500 the single 
rate data were not suitable for analyses; therefore, the initial step from the step tests 
was used.  

Using the water level head data and the pumping rates, transmissivity (T) values were 
estimated for the near well portions of the aquifer using two analytical methods: Walton 
method and Theis solution. The Walton method used a spreadsheet-based model of 
the specific capacity test reduction technique described in the Selected Analytical 
Methods for Well and Aquifer Evaluation (Walton 1962). The AQTESOLV computer 
software was used to solve for T using the Theis (1935) solution. The results from 
these solutions and analysis are summarized in Table G-1 of Appendix G. 

Following the analyses, hydraulic conductivity (K) was estimated by dividing the 
transmissivity (T) by the saturated thickness of the well for each of the tested wells 
(using consistent units). Due to short stress period and low stress rate, the saturated 
interval of the well was used in lieu of the entire saturated aquifer thickness.  

6.2 MW-8R Long Duration Hydraulic Conductivity Test Analysis 

The water level data and the pumping rate information collected during the long 
duration (24 hour) hydraulic conductivity test conducted on monitoring well MW-8R was 
used to estimate T and K for the fill material in the gravelly sand (Phase I excavation 
backfill) in the vicinity of MW-8R. Drawdown in MW-8R was approximately 0.6 foot 
after 24 hours of pumping at 5 gpm and was slightly influenced/complicated by tidal 
influence. The tidal efficiency at MW-8R is approximately 2 percent, as noted on the 
table on page 12, and had negligible influence on the test results. Observation well 
data were also collected from wells MW-521, MW-522, and MW-523; however, the 
displacement in these wells was insufficient to analyze.   

Three solutions were used to estimate T and K: the Walton method (Walton 1962), the 
Theis method and the Theis Agarwal method using AQTESOLV. Hydraulic conductivity 
was estimated to range from 186 to 345 ft/day with an arithmetic mean of 259 ft/day 
within the area of 2008 Fill material (primarily sandy gravel). The results from these 
solutions are summarized in Table G-1 of Appendix G. Long duration test analyses 
are also included in Appendix G. 
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6.3 Slug Test Analysis 

At well locations LM-2, MW-500 and MW-129R, the hydraulic conductivity was 
estimated using results from the step tests and/or short duration tests. However due to 
the low permeability at those locations, slug tests were completed to verify the results.  

Both Bouwer and Rice (1976) and Dagan (1978) solutions were used to analyze the 
response data to provide a reasonable range of possible hydraulic conductivity values.  
The hydraulic conductivity values were derived from each well and ranged from 0.05 to 
0.4 ft/day. The results from these solutions are summarized in Table G-1 of Appendix 
G. Slug test analyses are also included in Appendix G. 

Note that that slug tests can be heavily impacted by drilling-induced disturbances (e.g., 
well skin and borehole damage) and insufficient well development.  The impacts and 
effects caused by these near well disturbances are difficult to avoid when performing 
and analyzing slug test results.   



Page 23 of 38 

 

Final 2011 Site 
Investigation Completion 
Report 
 
Former Unocal Edmonds 
Bulk Fuel Terminal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 
7. Summary/Conclusions of Hydraulic Conductivity Testing and Tidal Study 

Results 

Results of the tidal study indicate that the perimeter wells (located within approximately 
62 feet of the property boundary) are tidally influenced. Wells monitored during the tidal 
study indicate a higher tidal efficiency for northwest boundary wells adjacent to the 
Puget Sound versus southeast boundary wells that are adjacent to the marsh. Analysis 
of the horizontal hydraulic gradient indicates an overall horizontal gradient direction to 
the west-northwest over the entire tidal study period. An upward vertical gradient is 
indicated by the results from MW-122/MW-129R. It is anticipated that further 
transducer studies will be conducted in the vicinity of monitoring wells MW-135, MW-
136, MW-500, and MW-501 to better understand the horizontal hydraulic gradient in 
the southeast Lower Yard.  

Results from hydraulic conductivity testing reflect the heterogeneity of the subsurface 
due to the 1929 Fill and 2008 Fill materials which comprise the surficial materials. The 
results from the hydraulic conductivity testing indicate that the hydraulic conductivity 
estimates vary and correspond to the material in which the well is completed. The 
geometric mean of the hydraulic conductivity for wells completed in the 1929 Fill (LM-2, 
MW-129R, MW-500) compare well and indicates that the 1929 Fill is of much lower 
permeability than wells completed in the 2008 Fill material. Wells completed in the 
2008 Fill (including MW-8R, MW-129R and MW-518) have relatively higher hydraulic 
conductivity values than those completed in the 1929 Fill. One exception to this is MW-
104 which is completed in the 1929 Fill but has a higher hydraulic conductivity.  

Additional Site monitoring wells will be installed in the southeastern portion of the 
Lower Yard, in the vicinity of soil impacts located adjacent to the Washington State 
Department of Transportation (WSDOT) stormdrain, and downgradient of monitoring 
wells LM-2 and MW-510 in order to collect data necessary for development of the 
FS.The additional data will be evaluated with the data collected during the 2011 testing 
activities to develop a CSM for the Site, which will be submitted as an interim 
deliverable prior to the FS.  
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8. Soil Boring Advancement  

Additional Site Investigation activities were conducted from September 22 to 25, 2011, 
as outlined in Detention Basin No.2 Investigation Work Plan (ARCADIS, 2011b). Soil 
borings were advanced to the north, south, east and west of DB-2 and on the east 
bank of Willow Creek to determine the extent of LNAPL-impacted soil.   Permanent 
piezometers were installed in select borings to collect fluid-level data in the 
investigation area. 

Seventeen soil borings were advanced in the vicinity of DB-2, as shown on Figure 6. 
Eight of the borings were converted into piezometers. The table below summarizes the 
locations of piezometer installations.  

Boring ID Piezometer 
ID 

Boring ID Piezometer 
ID 

Boring ID Piezometer 
ID 

B-1 P-9 B-7 P-12 B-13 P-15 
B-2 -- B-8 -- B-14 -- 
B-3 -- B-9 P-13 B-15 -- 
B-4 P-11 B-10 -- B-16 P-16 
B-5 P-10 B-11 P-14 B-17 -- 
B-6 -- B-12 --   

 
Piezometers P-9 through P-12 and borings B-2, B-3, B-6 and B-8 were installed to the 
south of DB-2, between DB-2 and the 2007-2008 excavation areas A4, B6, B8 and 
B20. Piezometer P-16 and boring B-17 were installed to the north of DB-2 on the berm 
separating DB-2 and DB-1.  Piezometers P-13, P-14 and P-15 were installed to the 
northwest of DB-2, between DB-2 and the 2008 sediment removal excavation area, 
with P-14 installed within 10 feet of monitoring well MW-510. Piezometer P13 was 
installed through the 2:1 sloped sidewall of excavation area A4/B8 (ARCADIS, 2009), 
where the top 5-feet of the boring was installed in 2008 Fill material, and below 5 feet 
the boring was installed in the Whidbey Formation material.  

Borings B-10, B-12 and B-14 were installed to the northwest of DB-2 on the southeast 
bank of Willow Creek, within the sediment removal excavation area. Soil boring B-15 
was installed to the north of DB-2 on the access road at the north end of DB-1. This 
road was constructed over the north end of DB-1 during Phase II excavation activities, 
and is constructed of 2008 Fill material.  
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Soil borings were advanced using a direct push drill rig. Borings B-10, B-12 and B-14 
were installed on the southeast slope of Willow Creek were installed using a hand 
auger, due to logistical issues associated with heavy equipment mobilizing down to and 
operating along the creek bank. Soil borings were completed to a minimum depth of 15 
feet bgs in order to reach a depth greater than that reached during the 2007-2008 
excavation activities; native non-backfill material was encountered in every boring. 
Hand auger locations B-10, B-12 and B-14, located on the bank of Willow Creek were 
installed at elevations of 6.8, 7 and 7.5 feet amsl, respectively, and were advanced to 4 
feet bgs with the final extent of the borings at elevations of 3.0, 3.5 and 2.8 feet amsl. 
Historical groundwater elevations in the nearest monitoring well (MW-510) have ranged 
from 5.24 to 7.65 feet amsl. Boring locations where piezometers were not installed 
were backfilled with hydrated bentonite chips. 

8.1 Lithology 

Lithology encountered during soil boring advancement ranged from gravel to silt. The 
soil types encountered from ground surface (generally approximately 13 feet amsl) to 6 
to 12 feet bgs (approximately 7 to 1 feet amsl) were 2008 Fill and 1929 Fill. In general, 
the 2008 and 1929 Fill layers are underlain by the Whidbey Formation material. Marsh 
Deposit layers were encountered in various borings near the interface of the 2008 and 
1929 Fill layers and the Whidbey Formation layers. 

Marsh Deposit layers were encountered in seven of the 17 boring locations (B-1, B-5 
through B-7, B-11, B-13 and B-16). Depths ranged from 4 feet to 10.75 feet bgs 
(approximately 5.5 to 1.5 feet amsl), with the majority of the Marsh Deposit layers 
encountered between 7.5 and 10 feet bgs (4.5 to 5.5 feet amsl). Boring logs are 
included in Appendix H. Cross sections of the DB-2 investigation area are included as 
Figures 7 through 10.  

8.2 Light Nonaqueous Phase Liquid Presence in Soil Borings 

LNAPL was observed in eight boring locations (B-6, B-7, B-8 and P-11 through P-15) 
during boring installation. Two types of LNAPL were encountered: residual LNAPL and 
LNAPL-saturated soils. Soils coated and/or stained with LNAPL, but with no liquid 
LNAPL present were referred to as residual LNAPL. Residual LNAPL, where present, 
was generally observed as streaks or blebs in the soil cores and was not observed 
continuously within a soil layer in any of the boring locations. Soils with LNAPL 
entrapped within the soil pore spaces, which became fluid when the soils were 
disrupted, were referred to as LNAPL-saturated soils. LNAPL-saturated soils, where 
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present, were generally not observed to be in continuous layers in the soil cores. The 
following describes where LNAPL was observed and LNAPL was not observed. 
LNAPL-saturated soil was encountered in boring B-4 in a 2-inch layer at a depth of 10 
feet bgs (4 feet amsl) in silty sand material. Piezometer P-11 was installed in boring B-
4 in order to collect fluid level data. 

Residual LNAPL was found in boring B-6 from 9 to 9.5 feet bgs (4.5 to 4 feet amsl) in a 
highly organic peat layer of Marsh Deposit material with a high silt content that was 
black in color. The residual LNAPL was discontinuous and found only within the peat 
layer. 

Discontinuous residual LNAPL was encountered in boring B-7 from 7.5 to 8 feet bgs 
(5.5 to 5 feet amsl) in a highly organic peat layer of Marsh Deposit material with silt. 
Piezometer P-12 was installed in boring B-7 in order to collect fluid level data. 

Discontinuous LNAPL-saturated soils were observed in boring B-8 from 8.5 to 10 feet 
bgs (4.5 to 3 feet amsl) in 1929 Fill material.  Discontinuous LNAPL- saturated soils 
were also observed from 10.5 to 12 feet bgs (2.5 to 1 feet amsl) in Marsh Deposit 
material in this same boring. 

LNAPL-saturated soil was encountered in boring B-9 from 8.5 to 9.5 feet bgs (4.5 to 4 
feet amsl) and 11 to 11.5 feet bgs (2 to 1.5 feet amsl), in Whidbey Formation material. 
LNAPL saturated soils were continuous at these depths. Piezometer P-13 was installed 
in boring B-9 in order to collect fluid level data. 

Discontinuous LNAPL-saturated soils were observed in boring B-11 from 7.25 to 7.75 
feet bgs (5.75 to 5.25 feet amsl) in 1929 Fill material. A 3-inch layer of LNAPL- 
saturated soils were encountered in boring B-11 at 10.25 feet bgs (2.75 feet bgs). 
Piezometer P-14 was installed in boring B-11 in order to collect fluid level data. 

Discontinuous residual LNAPL was encountered in boring B-13 at a depth of 7 to 7.75 
feet bgs (6 to 5.25 feet amsl) in 1929 Fill material and was black in color. This layer 
was encountered directly above a 3-inch layer of peat in Marsh Deposit material. 
Piezometer P-15 was installed in boring B-13 in order to collect fluid level data. Boring 
logs are included in Appendix H. 

Generally LNAPL was observed within the seasonal high and low groundwater table 
“smear zone”. LNAPL was observed at residual or saturated levels (as described 
above), but always within the soil matrix. LNAPL was not observed independent of the 
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soil matrix as un-emulsified asphalt or thick layers of uninterrupted LNAPL as found in 
adjacent excavation areas A4/B8 (ARCADIS 2009) and DB-1 (MFA 2004). 
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9. Soil Sample Collection and Analysis 

During soil boring installation soils were classified using the Unified Soil Classification 
System (USCS) by an ARCADIS geologist. Field screening of soil samples was 
conducted with a photoionization detector (PID), as well as visual observations of 
impacted soil, visual observations for the presence of LNAPL or sheen, and/or odor. 
Depending on field screening indications, three and eight soil samples were collected 
from each boring for laboratory analysis. Samples collected for laboratory analysis 
were placed in laboratory-provided containers and stored in an ice-chilled cooler prior 
to delivery to Lancaster Laboratories in Lancaster, Pennsylvania. PID readings, soil 
types, and other pertinent geologic data were recorded on the boring log and are 
presented in Appendix H. 

Soil samples were submitted to a state certified laboratory and analyzed for the 
following constituents, per the Sampling and Analysis Plan (SAP; Appendix L of the 
Agreed Order [Ecology 2007]): 

· Benzene by United States Environmental Protection Agency (USEPA) Method 
8021B 
 

· Gasoline-range organics (GRO) by Ecology Method NWTPH-Gx 
 

· Diesel-range organics (DRO) and heavy oil-range organics (HO) by Ecology 
Method NWTPH-Dx (after silica gel cleanup) 

o Samples that contained detectable DRO and/or HO concentrations 
were also analyzed for carcinogenic polycyclic aromatic hydrocarbons 
(cPAHs) by USEPA Method 8270C 

Additional geotechnical samples were obtained from each boring located within smear 
zone soils. Undisturbed soil samples were collected using an acetate liner from the 
direct push rig, and were then capped, taped and submitted for the following 
properties: 

· Grain size analysis by ASTM International Method D422 
 

· Porosity by Method SW 9100. 
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9.1 Analytical Results 

A total of 78 samples from 17 soil borings were collected for analytical analysis of 
petroleum hydrocarbons. Twenty-two of these samples exceed Site Remediation 
Levels (RELs) for total TPH and/or CULs for total cPAHs (adjusted for toxicity). No 
samples exceeded Site CULs for benzene. The CULs for benzene and total cPAHs 
adjusted for toxicity are 18 and 0.14 milligrams per kilogram (mg/kg), respectively, and 
the REL for total TPH is 2,975 mg/kg. Soil CULs and RELs are summarized in Table 6. 

Soil samples collected from soil borings B-4 through B-11, B-13, B-16 and B-17 
contained petroleum hydrocarbon concentrations greater than one or more Site 
CUL/REL. Soils samples with concentrations exceeding CULs/RELs were collected 
from 4 feet bgs in borings B-8, B-11, B-16 and B-17 to 14 feet bgs in boring B-8. The 
soil sample collected from 0.5 to 1 foot bgs in boring B-10 along the Willow Creek bank 
exceeded the CUL for cPAHs and; no other sample collected along the Willow Creek 
bank contained concentrations exceeding CULs/RELs.  

Sixteen of the 78 samples collected for laboratory analysis contained concentrations of 
total TPH exceeding the REL of 2,975 mg/kg. Total TPH is calculated by summing the 
concentrations of GRO, DRO and HO. If one or more of the TPH constituents was 
reported at concentrations less than laboratory detection limits (non-detect), then half 
of the reporting limit value for that constituent was added to the total. The detected 
concentrations of total TPH in soil samples collected during this investigation ranged 
from 220,400 mg/kg in the sample collected from boring B-6 at a depth of 9 to 9.5 feet 
bgs (B6-9-9.5), to 4,413 mg/kg in the sample collected from boring B-4 at a depth of 
9.5 to 10 feet (B4-9.5-10). Sixty-two of the 78 soil samples did not contain total TPH in 
excess of the REL, and 18 of the 78 soil samples did not contain concentrations 
greater than the laboratory detection limits. 

Thirteen of the 16 samples with concentrations of TPH in excess of the RELs were not 
observed to contain LNAPL. In addition, the following field screening indicators did not 
support the high TPH concentrations reported: no sheen was produced when wetted, 
no hydrocarbon-like odor was detected, and roots and other organics observed in the 
soil column were clear to white with no indication of petroleum uptake. 

In peat samples where LNAPL was visually observed to be present either within or 
above the layer, the organic material was stained black, and LNAPL could be observed 
within the root structure. Samples with high TPH concentrations and no observable 
field indications, such as B-5-9-9.5 collected in boring B-5 at a depth of 9 to 9.5 feet 
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bgs, and at boring B-17 at a depth of 4 to 4.5 feet bgs, contained very high 
concentrations of organic matter (peat). This peat was encountered at many locations, 
some where LNAPL was present, and others where there was no indication of 
petroleum impacts, with widely varying analytical results.  Both organic rich samples 
from B-5 and B-17 contained concentrations of total TPH in excess of 20,000 mg/kg. 
The chromatograms of these two samples do not exhibit a strong petroleum 
hydrocarbon signature like that of sample B-11-7.5-8, where visual observations of 
LNAPL were recorded. The peat signature on the chromatogram would fall within the 
range consistent with both diesel and heavy oil (C16 through C34) causing an 
interference and possible “false positive” in the TPH range. A more detailed forensic 
analysis including high resolution gas chromatography and mass spectrometry 
(GC/MS) to identify biomarkers such as sterols must be completed to further assess 
this potential interference. Laboratory data reports and chromatograms from these 
three samples are included in Appendix I.  

As per the (SAP) (SLR 2007b), only samples that contained detectable concentrations 
of DRO were analyzed for cPAHs. The seven cPAH congener concentrations were 
adjusted for toxicity according to the method outlined in Air Toxics Hot Spots Program 
Risk Assessment Guidelines, Part II Technical Support Document for Describing 
Available Cancer Potency Factors (California Environmental Protection Agency 2005).  
If one or more of the congener concentrations was reported at concentrations less than 
the laboratory detection limits, then one-half of the detection limit was used in the 
adjustment calculations.  

A total of 57 samples were analyzed for cPAHs. Thirteen samples contained adjusted 
concentrations exceeding the CUL for cPAHs of 0.14 mg/kg. Detected concentrations 
in these samples ranged from 115.81 mg/kg in the sample collected from boring B-17 
at a depth of 4.5 to 5 feet bgs (B17-4.5-5), to 0.1451 mg/kg in the sample collected 
from boring B-16 at a depth of 4.5 to 5 feet bgs (B16-4.5-5).  Four of the samples 
analyzed for cPAHs did not contain constituent concentrations greater than laboratory 
detection limits.  

Soil sample analytical results from samples collected during this investigation are 
presented in Table 7 and on Figure 11. Laboratory data reports are included as 
Appendix I. 
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10. Piezometer Construction 

In accordance with the Detention Basin No. 2 Investigation Work Plan (ARCADIS 
2011b), piezometers P-9 and P-10 were installed to the south of DB-2, P-14 was 
installed approximately 10 feet to the north of monitoring well MW-510 and P-16 was 
installed along the berm separating DB-1 and DB-2. Four additional piezometers (P-11, 
P-12, P-14 and P-15) were installed due to the presence of LNAPL encountered during 
boring installation. Additional piezometers were not installed in borings where field 
observations did not indicate the presence of LNAPL or obvious staining, high PID 
readings, or where a sheen was not produced during inspection of soil by wetting in the 
field.  

The piezometers were constructed of 1-inch Schedule 40 PVC pipe with 0.01-inch 
slotted screen and pre-constructed well screen and sandpacks. The sand packs 
comprise 2/12 silica sand and extend from one foot above the screened interval (2 feet 
bgs) to the total depth of the piezometer (13 feet bgs).  Each of the piezometers is 
completed with hydrated bentonite chips to one foot bgs, with flush-mount well 
monuments set in concrete at ground surface. The piezometers were surveyed by 
OTAK Surveying of Kirkland, Washington for horizontal location and vertical elevation 
of the well casing. Boring logs are included in Appendix H. 

10.1 Piezometer Gauging 

In accordance with the Detention Basin No.2 Investigation Work Plan (ARCADIS 
2011b), the newly installed piezometers were gauged on a weekly basis for the first 
month after installation and on a monthly basis for the first quarter after installation. 
Oil/water interface probes (IF probe) are used for gauging events and disposable 
bailers are used to visually confirm detectable thicknesses of LNAPL. Piezometers P-
12 and P-13 are the only newly installed piezometers observed to have signs of 
LNAPL, both of which are located within close proximity of monitoring well MW-510. 
Depth to water measurements, groundwater elevations and LNAPL detections and 
thicknesses are presented on the following table: 
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ID Date Time Depth to 
Water 

(feet bgs) 

Depth to 
LNAPL 

(feet bgs) 

LNAPL 
Thickness 

(feet) 

Groundwater 
Elevation 
(feet amsl) 

 
P-9 

 
 
 
 

08/25/11 
09/02/11 
09/09/11 
09/16/11 
09/26/11 
10/28/11 
11/18/11 

12:51 
10:04 
07:58 
14:42 
11:03 
09:52 
08:55 

7.57 
7.58 
7.61 
7.64 
8.62 
7.59 
7.45 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

6.29 
6.28 
6.25 
6.22 
5.24 
6.27 
6.41 

 
P-10 

 
 
 
 

08/25/11 
09/02/11 
09/09/11 
09/16/11 
09/26/11 
10/28/11 
11/18/11 

12:49 
10:08 
08:02 
14:35 
10:59 
09:56 
09:00 

4.98 
4.97 
5.00 
5.00 
4.96 
4.80 
4.81 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

6.09 
6.10 
6.07 
6.07 
6.11 
6.27 
6.26 

 
P-11 

 
 
 
 

08/25/11 
09/02/11 
09/09/11 
09/16/11 
09/26/11 
10/28/11 
11/18/11 

12:45 
10:10 
08:05 
14:30 
12:15 
09:59 
09:03 

7.49 
7.49 
7.50 
7.53 
7.50 
7.36 
7.31 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

6.14 
6.14 
6.13 
6.10 
6.13 
6.27 
6.32 

 
P-12 

 
 
 
 

08/25/11 
09/02/11 
09/09/11 
09/16/11 
09/26/11 
10/28/11 
11/18/11 

12:42 
10:14 
08:08 
14:10 
12:37 
10:03 
09:13 

7.26 
7.10 
7.11 
7.18 
7.16 
6.91 
6.98 

-- 
-- 
-- 
-- 

7.15 
-- 
-- 

-- 
-- 
-- 

<0.01* 
0.01 

-- 
-- 

5.77 
5.93 
5.92 
5.85 

5.88** 
6.12 
6.05 

 
P-13 

 
 
 

 

08/25/11 
09/02/11 
09/09/11 
09/16/11 
09/26/11 
10/28/11 
11/18/11 

12:40 
10:17 
08:11 
14:17 
12:23 
10:20 
09:19 

6.90 
6.84 
6.89 
6.91 
6.93 
6.75 
--+ 

-- 
-- 
-- 
-- 

6.90 
6.74 
6.66 

-- 
-- 
-- 

<0.01* 
0.03 
0.01 
--+ 

6.12 
6.18 
6.13 
6.11 
6.09* 
6.35* 

--+ 
 

P-14 
 
 
 
 

08/25/11 
09/02/11 
09/09/11 
09/16/11 
09/26/11 
10/28/11 
11/18/11 

12:38 
10:21 
08:14 
14:23 
12:19 
10:16 
09:16 

6.79 
6.37 
6.50 
6.51 
6.60 
6.13 
6.24 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

5.35 
5.77 
5.64 
5.63 
5.54 
6.01 
5.90 
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P-15 

 
 
 
 

08/25/11 
09/02/11 
09/09/11 
09/16/11 
09/26/11 
10/28/11 
11/18/11 

12:30 
10:23 
08:17 
14:48 
10:56 
10:11 
09:09 

7.48 
6.97 
7.22 
7.10 
7.15 
6.68 
6.83 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

5.06 
5.57 
5.32 
5.44 
5.39 
5.86 
5.71 

 
P-16 

 
 
 
 

08/25/11 
09/02/11 
09/09/11 
09/16/11 
09/26/11 
10/28/11 
11/18/11 

12:25 
10:25 
08:19 
14:52 
11:00 
10:07 
09:07 

3.60 
3.41 
3.42 
3.39 
3.38 
3.14 
3.22 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

5.44 
5.63 
5.62 
5.65 
5.66 
5.90 
5.82 

*LNAPL was present during gauging, but not at measurable thicknesses.  
**Groundwater elevation adjusted for the presence of LNAPL. 
+ = LNAPL thickness could not be accurately measured due to LNAPL coating oil/water 
interface probe tip. 
bgs = below ground surface 
amsl = above mean sea level 
 
The newly installed piezometers will continue to be monitored on a quarterly basis as 
part of the groundwater monitoring program. Gauging results will continue to be 
reported in Monthly Progress Reports (MPRs) and Annual Groundwater Monitoring 
Reports. 

11. Light Nonaqueous Phase Liquid Baildown Testing 

On August 24, 2011, LNAPL baildown testing was conducted at monitoring well MW-
510. On July 29, 2011, the absorbent sock was removed from MW-510 to allow 
sufficient time for LNAPL recovery prior to testing. LNAPL thickness and groundwater 
elevation data were collected using an IF probe. The beginning of the LNAPL baildown 
test was initiated at the time of the daily low-low tide. 

Static depth to LNAPL prior to testing was 7.06 feet btoc, and static depth to 
groundwater was 7.07 feet btoc, resulting in an LNAPL thickness of 0.01 foot prior to 
baildown testing. The thickness of LNAPL observed in MW-510 was less than the 
preferred thickness (greater than or equal to the borehole diameter) as described in the 
Standard Operating Procedure for LNAPL Baildown Testing that was included in 
Appendix A of the Detention Basin No. 2 Investigation Work Plan (ARCADIS 2011b); 
however, based on comments and requests from stakeholders the test was performed 
as planned. LNAPL was removed from the well using a Superbailer™ widemouth bailer 
in order to maximize the surface area for LNAPL recovery. Removal of the LNAPL was 
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instantaneous. The volume of LNAPL removed was approximately 0.0016 gallon and 
the volume of groundwater removed was approximately 0.0044 gallon.  Depth to water 
and depth to LNAPL readings were collected manually using an IF probe 
approximately every 2 minutes from 0 to 15 minutes of testing, approximately every 5 
minutes from 15 to 35 minutes of testing, every 10 minutes from 35 to 185 minutes of 
testing and three times from 185 to 423 minutes of testing.  

LNAPL was present on the IF probe throughout the test. From 2 minutes to 25 minutes 
of testing the IF probe detected LNAPL, but not at a measurable thickness. LNAPL was 
observed on the IF probe and was dark in color with a low viscosity. At 35 minutes of 
testing, LNAPL was not measured by the IF probe, although a small amount of LNAPL 
was observed on the probe tip. LNAPL was detected by the IF probe, but not at a 
measurable thickness, during readings collected at 45, 55 and 65 minutes of testing. 
Readings from 75 minutes of testing to the end of testing (423 minutes) did not detect 
LNAPL with the IF probe, although a very small amount of LNAPL was observed on 
the IF probe tip. The LNAPL baildown test log is included in Table 8. 

Depth to water readings collected during the LNAPL baildown test conducted at MW-
510 correspond with tidal elevation data from Puget Sound. As the water level in well 
MW-510 dropped to approximately 7.16 feet btoc, LNAPL was no longer detected with 
the IF probe, although small amounts of LNAPL were observed on the probe tip. 
During the entire LNAPL baildown test, groundwater elevations were maintained within 
the screened interval of well MW-510. Therefore, the lack of measureable LNAPL was 
not due to a submerged screen column, but a lack of accumulated LNAPL within the 
water column.  A chart illustrating groundwater elevation measurements and Puget 
Sound tidal elevations is presented on Figure 12. 
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12. Summary/Conclusion of the Detention Basin No. 2 Investigation 

Based on soil analytical results and field observations, LNAPL appears to be present in 
soils and groundwater from approximately 5-feet to 1-foot amsl, but was found as high 
as 6-feet amsl. LNAPL observed during this investigation was primarily residual 
LNAPL, or stained and/or coated soils. LNAPL saturated soil, or where LNAPL became 
fluid when the soil column was disturbed, was generally found at groundwater 
interface, and/or within the smear zone between the seasonal high and low 
groundwater table.  

No evidence of un-emulsified asphalt, or LNAPL free of soil matrix, was observed 
during this investigation, as was observed in excavation areas B8 and A4 during the 
2007 Interim Action excavation work (ARCADIS, 2009a). Excavation areas B8 and A4 
are generally associated with the area formerly known as the “slops pond” as shown on 
Figure 13. Based on this information, and the aerial photo depicted in Figure 13, the 
slops pond was removed in its entirety and the LNAPL found in the vicinity of DB-2 is 
more likely attributed to prior activities in DB-1 not related to the former slops pond.   

No evidence of LNAPL was observed in hand auger borings conducted on the bank of 
Willow Creek. Soil analytical results were less than one-third the Soil REL of 2,975 
mg/kg, indicating that LNAPL has not, and is not migrating into or below Willow Creek. 
LNAPL has been effectively delineated to the northern half of DB-2.  

Highly organic soils and peat may be contributing to elevated concentrations of TPH 
specifically with respect to the C16 through C34 carbon ranges that correspond to both 
Site COCs, diesel and heavy oil. A detailed forensic analysis including GC/MS may be 
conducted to further understand the relationship between organic soils and petroleum 
related constituents in both soil and groundwater throughout the Site.   

Data collected during this investigation as well as from other Site assessment work and 
Interim Action excavations have created a need for an updated CSM. There is a more 
thorough understanding of Site impacts and their distribution following completion of 
the 2007/8 interim remedial actions. It is therefore proposed that a revised CSM be 
developed and presented as a stand-alone document as part of an interim deliverable.   
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13. Schedule and Path Forward to Feasibility Study 

On September 21, 2011, ARCADIS submitted a Draft FSWP for additional 
characterization and assessment work needed to prepare a Draft FS. A Final FSWP 
will be submitted within 60 days of receipt of comments from Ecology.  A Draft 
Edmonds Terminal FS Schedule is included in Appendix J. This schedule is intended 
to show the critical paths and estimated time frame for submittal of the Revised FSWP 
and Draft FS, but is not intended to be a firm commitment for deliverables due to 
uncertainties in stakeholder review timelines. Some of the anticipated Interim 
Actions/Deliverables may include, but are not limited to additional Site characterization, 
updated CSM, an evaluation of the current Site RELs and CULs, and groundwater 
capture modeling.  The Draft Edmonds Terminal FS Schedule will be updated and 
submitted with Monthly Progress Reports through submittal of the Draft FS.   



Page 37 of 38 

 

Final 2011 Site 
Investigation Completion 
Report 
 
Former Unocal Edmonds 
Bulk Fuel Terminal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 
14. References 

ARCADIS U.S., Inc. 2009. Phase I Remedial Implementation As-Built Report, Unocal 
Edmonds Bulk Fuel Terminal Lower Yard.  

ARCADIS U.S., Inc. 2010. FINAL – Phase II Remedial Implementation As-Built Report, 
Unocal Edmonds Bulk Fuel Terminal Lower Yard.  

ARCADIS U.S., Inc. 2011a. Aquifer Testing Work Plan. January 25, 2011.  

ARCADIS U.S., Inc. 2011b. Detention Basin No. 2 Investigation Work Plan, Former 
Unocal Edmonds Bulk Fuel Terminal. July 29, 2011  

Bouwer, H., and R.C. Rice. 1976. A slug test method for determining hydraulic 
conductivity of unconfined aquifers with completely or partially penetrating wells. 
Water Resources Research, vol. 12, no. 3, pp. 423-428. 

California Environmental Protection Agency. 2005. Air Toxics Hot Spots Program Risk 
Assessment Guidelines, Part II Technical Support Document for Describing Available 
Cancer Potency Factors. 

Dagan, G., 1978. A Note on Packer, Slug, and Recovery Tests in Unconfined 
Aquifers, Water Resources Research, Vol. 14, No. 5. pp. 929-934. 

Devlin, J.F. 2003. A Spreadsheet Method of Estimating Best-Fit Hydraulic Gradients 
Using Head Data from Multiple Wells. Groundwater. Vol 41. No. 3: 316-320. 

Maul Foster and Alongi, Inc. 2002. Lower Yard Interim Action Report – Volume 1. 
November 30, 2002.  

Maul Foster and Alongi, Inc. 2004. Draft 2003 Lower Yard Interim Action As-Built 
Report, Unocal Edmonds Terminal. February 26, 2004.  

SLR International Corporation. 2007a. Interim Action Report - Work Plan for 2007 
Lower Yard Interim Action, Unocal Edmonds Bulk Fuel Terminal. June 25, 2007.  

SLR International Corporation. 2007b. Sampling and Analysis Plan. July 5, 2007.  



Page 38 of 38 

 

Final 2011 Site 
Investigation Completion 
Report 
 
Former Unocal Edmonds 
Bulk Fuel Terminal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

Theis, C.V., 1935. The Relation Between the Lowering of the Piezometric Surface 
and the Rate and Duration of Discharge of a Well Using Groundwater Storage, Am. 
Geophys. Union Trans., Vol. 16, pp. 519-524. 

Walton, W.C. 1962. Selected analytical methods for well and aquifer evaluation. Illinois 
State Water Survey Bulletin 49. 

Washington Department of Ecology. 2005. Natural Attenuation Analysis Tool Package 
A, Modules 1, 2, and 3. 

Washington State Department of Ecology. 2007. Agreed Order for Remedial Action, 
Lower Yard of Unocal Edmonds Bulk Fuel Terminal, Edmonds, Washington. State of 
Washington Department of Ecology. June 2007. 

 

 

 

  



Tables 

 

 

 

























Figures 

 

 

 





E
 1

25
75

00
.0

0

E
 1

25
85

00
.0

0

N 297500.00

E
 1

25
90

00
.0

0

N 298000.00N 298000.00

N 297500.00

E
 1

25
85

00
.0

0

N 297500.00

E
 1

25
75

00
.0

0

SITE LAYOUT MAP

C
IT

Y
: S

Y
R

A
C

U
S

E
, N

Y
   

 D
IV

/G
R

O
U

P
: E

N
V

C
A

D
   

 D
B

: K
. D

A
V

IS
, P

. L
IS

TE
R

   
 P

M
/T

M
: R

. A
N

D
R

E
S

E
N

   
TR

: D
. R

A
S

A
R

   
LY

R
: O

N
=*

;O
FF

=R
E

F,
 (F

R
Z)

G
:\E

N
V

C
A

D
\S

Y
R

A
C

U
S

E
\A

C
T\

B
00

45
36

2\
00

03
\0

00
14

\D
W

G
\2

01
1-

S
I-C

R
\4

53
62

B
01

.d
w

g
   

LA
Y

O
U

T:
 2

   
S

A
V

E
D

: 
2/

27
/2

01
2 

3:
32

 P
M

   
A

C
A

D
V

E
R

: 
18

.0
S

 (L
M

S
 T

E
C

H
)

   
P

A
G

E
S

E
TU

P
: 

--
--

  P
LO

TS
TY

LE
TA

B
LE

: 
P

LT
FU

LL
.C

TB
   

P
LO

TT
E

D
: 

2/
27

/2
01

2 
3:

33
 P

M
   

B
Y

: 
A

LL
E

N
, R

O
Y

C
E

FIGURE

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT

FIGURE

2

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
01

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--

2

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
01

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--



E
 1

25
75

00
.0

0

E
 1

25
85

00
.0

0

N 297500.00

E
 1

25
90

00
.0

0

N 298000.00N 298000.00

N 297500.00

E
 1

25
85

00
.0

0

N 297500.00

E
 1

25
75

00
.0

0

MW-508
MW-507

MW-506

MW-504

MW-505

MW-503

MW-516
MW-517

MW-514
MW-513

MW-512

MW-511

MW-520

MW-522

MW-519

MW-521

MW-523

MW-524

TB

MW-509

MW-109

MW-139R

MW-510

MW-E

MW-136MW-203

MW-134X

MW-13U

MW-147

MW-20R

MW-143
MW-151

MW-301

MW-108

MW-135

P-1P-1P-8

P-2
P-3

P-4
P-5 P-7

P-6

 

MW-122
MW-203

MW-131

MW-109

MW-126

MW-149R

MW-500

MW-129R

MW-122

LM-2

MW-510

MW-518

MW-104

MW-8R

D-7
D-4

D-6

D-2

D-5
D-3

MW-515

D-6R

MW-501

MW-502

MW-150

2D-1

MONITORING WELL LOCATIONS

C
IT

Y
: S

Y
R

A
C

U
S

E
, N

Y
   

 D
IV

/G
R

O
U

P
: E

N
V

/C
A

D
D

   
 D

B
: P

. L
IS

TE
R

,  
A

. S
C

H
IL

LI
N

G
, P

. L
IS

TE
R

   
 P

M
/T

M
: R

. A
N

D
R

E
S

E
N

   
 T

R
: D

. R
A

S
A

R
   

LY
R

: O
N

=*
;O

FF
=R

E
F,

 (F
R

Z)
G

:\E
N

V
C

A
D

\S
Y

R
A

C
U

S
E

\A
C

T\
B

00
45

36
2\

00
03

\0
00

14
\D

W
G

\2
01

1-
S

I-C
R

\4
53

62
B

06
.d

w
g

   
LA

Y
O

U
T:

 3
   

S
A

V
E

D
: 

3/
1/

20
12

 3
:2

9 
P

M
   

A
C

A
D

V
E

R
: 

18
.0

S
 (L

M
S

 T
E

C
H

)
   

P
A

G
E

S
E

TU
P

: 
--

--
  P

LO
TS

TY
LE

TA
B

LE
: 

P
LT

FU
LL

.C
TB

   
P

LO
TT

E
D

: 
3/

1/
20

12
 3

:3
0 

P
M

   
B

Y
: 

A
LL

E
N

, R
O

Y
C

E

FIGURE

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT

FIGURE

3

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
01

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--

3

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
01

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--



TIDAL STUDY GROUNDWATER FLOW

DIRECTION

4

FIGURE

IM
A

G
E

S
:

 F
ig

ur
e 

4 
- G

W
 F

lo
w

 R
os

e 
D

ia
gr

am
.ti

ff
X

R
E

FS
:

P
R

O
JE

C
TN

A
M

E
:  

--
--

C
IT

Y
:S

Y
R

A
C

U
S

E
, N

Y
   

 D
IV

/G
R

O
U

P
: E

N
V

/C
A

D
D

   
 D

B
: A

. S
C

H
IL

LI
N

G
, P

. L
IS

TE
R

   
  P

M
/ T

M
: R

. A
N

D
R

E
S

E
N

   
TR

: D
. R

A
S

A
R

   
 L

Y
R

:(O
P

T)
O

N
=*

;O
FF

=R
E

F
G

:\E
N

V
C

A
D

\S
Y

R
A

C
U

S
E

\A
C

T\
B

00
45

36
2\

00
03

\0
00

12
\D

W
G

\4
53

62
N

01
.d

w
g

   
LA

Y
O

U
T:

 4
   

S
A

V
E

D
: 3

/5
/2

01
2 

9:
33

 A
M

   
A

C
A

D
V

E
R

: 
18

.1
S

 (L
M

S
 T

E
C

H
) 

  P
A

G
E

S
E

TU
P

: 
--

--
  P

LO
TS

TY
LE

TA
B

LE
: 

--
--

   
P

LO
TT

E
D

: 
3/

5/
20

12
 9

:3
4 

A
M

   
B

Y
: L

IS
TE

R
, P

A
U

L

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT

NOTES:

2430 - RED NUMBERS INDICATE READINGS PER CARDINAL
DIRECTION

2500 - BLACK NUMBERS ARE FOR SCALE

NNW - LETTERS INDICATE CARDINAL DIRECTION



5

FIGURE

IM
A

G
E

S
:

 F
ig

ur
e 

5 
- G

W
 a

nd
 S

ur
fa

ce
 W

at
er

 R
os

e 
D

ia
gr

am
.ti

ff
X

R
E

FS
:

P
R

O
JE

C
TN

A
M

E
:  

--
--

TIDAL STUDY GROUNDWATER AND

SURFACE WATER FLOW DIRECTION

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT

C
IT

Y
:S

Y
R

A
C

U
S

E
, N

Y
   

 D
IV

/G
R

O
U

P
: E

N
V

/C
A

D
D

   
 D

B
: A

. S
C

H
IL

LI
N

G
, P

. L
IS

TE
R

   
  P

M
/ T

M
: R

. A
N

D
R

E
S

E
N

   
TR

: D
. R

A
S

A
R

   
 L

Y
R

:(O
P

T)
O

N
=*

;O
FF

=R
E

F
G

:\E
N

V
C

A
D

\S
Y

R
A

C
U

S
E

\A
C

T\
B

00
45

36
2\

00
03

\0
00

12
\D

W
G

\4
53

62
N

02
.d

w
g

   
LA

Y
O

U
T:

 5
   

S
A

V
E

D
: 3

/5
/2

01
2 

9:
35

 A
M

   
A

C
A

D
V

E
R

: 
18

.1
S

 (L
M

S
 T

E
C

H
) 

  P
A

G
E

S
E

TU
P

: 
--

--
  P

LO
TS

TY
LE

TA
B

LE
: 

--
--

   
P

LO
TT

E
D

: 
3/

5/
20

12
 9

:3
5 

A
M

   
B

Y
: L

IS
TE

R
, P

A
U

L

NOTES:

2317 - RED NUMBERS INDICATE READINGS PER CARDINAL
DIRECTION

2500 - BLACK NUMBERS ARE FOR SCALE

NNW - LETTERS INDICATE CARDINAL DIRECTION



E
 1

25
85

00
.0

0

N 298000.00

MW-508

MW-507

MW-506

MW-504

MW-505

MW-503

MW-516

MW-517

MW-514

MW-513

MW-512

MW-511

MW-509

MW-E

MW-13U

MW-101

MW-143

MW-108

P-1P-8

P-2 P-3

MW-131

MW-109

MW-126

MW-129R

MW-122

LM-2

MW-510

MW-518

MW-104

2

D-6

D-2

D-5

D-3

MW-502

MW-515

D-6R

MW-501

P-10

P-12

P-14

P-13

P-11

P-9

P-15

P-16

B-3B-2

B-6

B-17

B-8
B-10

B-14

B-15

D-1

B-12

 

 

 

DB-2 INVESTIGATION SOIL BORING
LOCATIONS

FIGURE

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT

FIGURE

6

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
01

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--

6

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
01

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--

C
IT

Y
: S

Y
R

A
C

U
S

E
, N

Y
   

 D
IV

/G
R

O
U

P
: E

N
V

/C
A

D
D

   
 D

B
: P

. L
IS

TE
R

,  
A

. S
C

H
IL

LI
N

G
, P

. L
IS

TE
R

   
 P

M
/T

M
: R

. A
N

D
R

E
S

E
N

   
 T

R
: D

. R
A

S
A

R
   

LY
R

: O
N

=*
;O

FF
=R

E
F,

 (F
R

Z)
G

:\E
N

V
C

A
D

\S
Y

R
A

C
U

S
E

\A
C

T\
B

00
45

36
2\

00
03

\0
00

14
\D

W
G

\2
01

1-
S

I-C
R

\4
53

62
B

03
.d

w
g

   
LA

Y
O

U
T:

 6
   

S
A

V
E

D
: 

3/
2/

20
12

 9
:0

3 
A

M
   

A
C

A
D

V
E

R
: 

18
.0

S
 (L

M
S

 T
E

C
H

)
   

P
A

G
E

S
E

TU
P

: 
--

--
  P

LO
TS

TY
LE

TA
B

LE
: 

P
LT

FU
LL

.C
TB

   
P

LO
TT

E
D

: 
3/

2/
20

12
 9

:0
3 

A
M

   
B

Y
: 

A
LL

E
N

, R
O

Y
C

E



MW-508 MW-507

MW-506

MW-504

MW-505

MW-503

MW-516

MW-517

MW-514

MW-513

MW-512

MW-511

MW-509

MW-E

MW-13U

MW-101

MW-143

MW-108

P-1P-8

P-2 P-3

MW-131

MW-109

MW-126

MW-129R
MW-122

LM-2

MW-510

MW-518

MW-104

2D-1

D-6

D-2

D-5

D-3

MW-502

MW-515

D-6R

MW-501

B-5/P-10

B-7\P-12

B-11\P-14

B-9\P-13

B-4/P-11

B-1/P-9

B-13\P-15

B-16\P-16

B-3B-2

B-6

B-17

B-8

B-10
B-12

B-14

B-15

A

A'

B

B'

C

C'D

D'

MW-139R

E
 1

25
85

00
.0

0

N 298000.00

A'A

 

 

 

CROSS SECTION LOCATION MAP

FIGURE

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT

FIGURE

7

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
01

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--

7

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
01

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--

C
IT

Y
: S

Y
R

A
C

U
S

E
, N

Y
   

 D
IV

/G
R

O
U

P
: E

N
V

/C
A

D
D

   
 D

B
: P

. L
IS

TE
R

,  
A

. S
C

H
IL

LI
N

G
   

 P
M

/T
M

: R
. A

N
D

R
E

S
E

N
   

 T
R

: D
. R

A
S

A
R

   
LY

R
: O

N
=*

;O
FF

=R
E

F,
 (F

R
Z)

G
:\E

N
V

C
A

D
\S

Y
R

A
C

U
S

E
\A

C
T\

B
00

45
36

2\
00

03
\0

00
14

\D
W

G
\2

01
1-

S
I-C

R
\4

53
62

B
04

.d
w

g
   

LA
Y

O
U

T:
 7

   
S

A
V

E
D

: 
3/

2/
20

12
 9

:3
2 

A
M

   
A

C
A

D
V

E
R

: 
18

.0
S

 (L
M

S
 T

E
C

H
)

   
P

A
G

E
S

E
TU

P
: 

--
--

  P
LO

TS
TY

LE
TA

B
LE

: 
P

LT
FU

LL
.C

TB
   

P
LO

TT
E

D
: 

3/
2/

20
12

 9
:3

3 
A

M
   

B
Y

: 
A

LL
E

N
, R

O
Y

C
E



CROSS SECTION A-A'

C
IT

Y
: S

Y
R

A
C

U
S

E
, N

.Y
.  

  G
R

O
U

P
: E

N
V

/C
A

D
D

-1
41

   
 D

B
: P

. L
IS

TE
R

, R
. A

LL
E

N
   

 P
M

: R
. A

N
D

R
E

S
E

N
   

 T
M

: S
. Z

O
R

N
  T

R
: D

. R
A

S
A

R
   

LY
R

: O
N

=*
;O

FF
=R

E
F,

 (F
R

Z)
G

:\E
N

V
C

A
D

\S
Y

R
A

C
U

S
E

\A
C

T\
B

00
45

36
2\

00
03

\0
00

14
\D

W
G

\2
01

1-
S

I-C
R

\4
53

62
V

01
.d

w
g

   
LA

Y
O

U
T:

 8
   

S
A

V
E

D
: 

2/
29

/2
01

2 
10

:2
0 

A
M

   
A

C
A

D
V

E
R

: 
18

.0
S

 (L
M

S
 T

E
C

H
)

   
P

A
G

E
S

E
TU

P
: 

--
--

  P
LO

TS
TY

LE
TA

B
LE

: 
P

LT
FU

LL
.C

TB
   

P
LO

TT
E

D
: 

2/
29

/2
01

2 
10

:2
0 

A
M

   
B

Y
: 

A
LL

E
N

, R
O

Y
C

E

FIGURE

8

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
B

L
P

R
O

JE
C

TN
A

M
E

:  
--

-- CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT



CROSS SECTIONS B-B' & C-C'

C
IT

Y
: S

Y
R

A
C

U
S

E
, N

.Y
.  

  G
R

O
U

P
: E

N
V

/C
A

D
D

-1
41

   
 D

B
: P

. L
IS

TE
R

, R
. A

LL
E

N
   

 P
M

: R
. A

N
D

R
E

S
E

N
   

 T
M

: S
. Z

O
R

N
  T

R
: D

. R
A

S
A

R
   

LY
R

: O
N

=*
;O

FF
=R

E
F,

 (F
R

Z)
G

:\E
N

V
C

A
D

\S
Y

R
A

C
U

S
E

\A
C

T\
B

00
45

36
2\

00
03

\0
00

14
\D

W
G

\2
01

1-
S

I-C
R

\4
53

62
V

02
.d

w
g

   
LA

Y
O

U
T:

 9
   

S
A

V
E

D
: 

2/
29

/2
01

2 
10

:3
6 

A
M

   
A

C
A

D
V

E
R

: 
18

.0
S

 (L
M

S
 T

E
C

H
)

   
P

A
G

E
S

E
TU

P
: 

--
--

  P
LO

TS
TY

LE
TA

B
LE

: 
P

LT
FU

LL
.C

TB
   

P
LO

TT
E

D
: 

2/
29

/2
01

2 
10

:3
7 

A
M

   
B

Y
: 

A
LL

E
N

, R
O

Y
C

E

FIGURE

9

IM
A

G
E

S
:

X
R

E
FS

:
 4

53
62

X
B

L
P

R
O

JE
C

TN
A

M
E

:  
--

-- CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT









B3

B4

B11

B14

A1

A3

A4

B20

B1

B2

B5

B6

B8

B9

B10

B11

B13

B14

B16

B17

B18

B15

A2

B20

B21

DRAINAGE DITCH
(WILLOW CREEK)

DETENTION
BASIN NO.1

EDMONDS MARSH

WILLOW CREEK

DETENTION
BASIN NO.2

1 FT. INITIAL
EXCAVATION

APPROXIMATE
LOCATION OF POINT
EDWARDS (UPPER
YARD) OUTFALL

FROM POINT EDWARDS
(UPPER YARD)
STORMWATER
COLLECTION POND

72" CONCRETE STORM
DRAIN TO PUGET
SOUND

WHEEL WASH
EXCAVATED AREA
(APPROX. 2 FT BGS)

 SDTI

RAILROAD TRESTLE EXCAVATION AREA

ASPHALT WAREHOUSE
EXCAVATION AREA

WILLOW CREEK
SEDIMENT
EXCAVATION AREA

B19

B7

FORMER
SLOPS POND

IM
A

G
E

S
:

 U
E

19
70

A
U

G
.jp

g
X

R
E

FS
:

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--

C
IT

Y
:

S
Y

R
A

C
U

S
E

, N
Y

   
 G

R
O

U
P

: E
N

V
C

A
D

   
 D

B
: K

. D
A

V
IS

, P
. L

IS
TE

R
   

P
IC

: J
 V

O
G

E
LE

Y
   

 P
M

: R
 . 

A
N

D
R

E
S

E
N

   
 T

R
: D

. R
A

S
A

R
   

LY
R

: O
N

=*
;O

FF
=R

E
F,

 (F
R

Z)
G

:\E
N

V
C

A
D

\S
Y

R
A

C
U

S
E

\A
C

T\
B

00
45

36
2\

00
03

\0
00

12
\D

W
G

\4
53

62
C

04
.d

w
g

   
LA

Y
O

U
T:

 1
3 

  S
A

V
E

D
: 

11
/2

2/
20

11
 3

:4
1 

P
M

   
A

C
A

D
V

E
R

: 
18

.0
S

 (L
M

S
 T

E
C

H
) 

  P
A

G
E

S
E

TU
P

: 
--

--
  P

LO
TS

TY
LE

TA
B

LE
: 

P
LT

FU
LL

.C
TB

   
P

LO
TT

E
D

: 
11

/2
2/

20
11

 3
:4

5 
P

M
   

B
Y

: A
LL

E
N

, R
O

Y
C

E

1970 AERIAL PHOTO WITH FINAL
EXCAVATION AREAS

13
FIGURE

CHEVRON ENVIRONMENTAL MANAGEMENT COMPANY
FORMER UNOCAL EDMONDS TERMINAL

EDMONDS, WASHINGTON
2011 SITE INVESTIGATION COMPLETION REPORT

FIGURE

13

IM
A

G
E

S
:

 U
E

19
70

A
U

G
.jp

g
X

R
E

FS
:

 4
53

62
X

02
 4

53
62

X
00

P
R

O
JE

C
TN

A
M

E
:  

--
--



Appendix A

Groundwater Gauging Data and

Analytical Results



Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

LM-2 10/20/08 16:08 8.14 2.66 -- NP 5.48
12/08/08 10:51 2.89 -- NP 5.25
02/20/09 9:55 2.64 -- NP 5.50
04/20/09 9:48 2.46 -- NP 5.68
06/22/09 11:35 2.84 -- NP 5.30
08/03/09 11:18 3.10 -- NP 5.04
08/17/09 9:27 3.09 -- NP 5.05
10/29/09 9:46 2.56 -- NP 5.58
01/18/10 13:47 2.59 -- NP 5.55
04/19/10 15:14 2.20 -- NP 5.94
07/19/10 7:24 2.41 -- NP 5.73
10/25/10 14:02 1.63 -- NP 6.51
03/21/11 12:32 1.60 -- NP 6.54
06/14/11 10:54 2.54 -- NP 5.60
09/26/11 10:59 2.79 -- NP 5.35

MW-E 10/20/08 16:20 14.42 7.95 -- NP 6.47
12/08/08 11:35 7.78 -- NP 6.64
02/20/09 10:27 7.58 -- NP 6.84
04/20/09 10:11 7.48 -- NP 6.94
06/22/09 12:14 7.94 -- NP 6.48
08/03/09 11:32 8.10 -- NP 6.32
08/17/09 9:39 8.19 -- NP 6.23
10/29/09 8:53 7.02 -- NP 7.40
01/18/10 13:45 6.89 -- NP 7.53
04/19/10 15:39 7.10 -- NP 7.32
07/19/10 7:41 7.65 -- NP 6.77
10/25/10 14:14 7.30 -- NP 7.12
03/21/11 12:44 6.58 -- NP 7.84
06/14/11 11:15 7.57 -- NP 6.85
09/26/11 11:06 7.93 -- NP 6.49

MW-8R 10/20/08 15:47 13.82 8.49 -- NP 5.33
12/08/08 10:17 8.35 -- NP 5.47
02/20/09 9:22 8.11 -- NP 5.71
04/20/09 9:09 8.40 -- NP 5.42
06/22/09 11:13 7.06 -- NP 6.76
08/03/09 10:53 8.21 -- NP 5.61
08/17/09 8:53 8.45 -- NP 5.37
10/29/09 8:43 7.99 -- NP 5.83
01/18/10 13:21 6.02 -- NP 7.80
04/19/10 14:29 7.64 -- NP 6.18
07/19/10 6:58 8.37 -- NP 5.45
10/25/10 13:31 7.83 -- NP 5.99
03/21/11 12:16 6.92 -- NP 6.90
06/14/11 9:58 8.13 -- NP 5.69
09/26/11 10:48 8.35 -- NP 5.47

MW-101 10/20/08 15:55 14.99 8.97 -- NP 6.02
12/08/08 10:30 8.96 -- NP 6.03
02/20/09 9:40 8.81 -- NP 6.18
04/20/09 9:15 8.83 -- NP 6.16
06/22/09 11:27 8.95 -- NP 6.04
08/03/09 11:03 9.14 -- NP 5.85
08/17/09 9:18 9.38 -- NP 5.61
10/29/09 9:00 8.71 -- NP 6.28
01/18/10 13:30 7.00 -- NP 7.99
04/19/10 14:43 8.31 -- NP 6.68
07/19/10 7:10 9.08 -- NP 5.91
10/25/10 13:39 8.55 -- NP 6.44
03/21/11 12:23 7.85 -- NP 7.14
06/14/11 10:07 8.79 -- NP 6.20
09/26/11 10:50 9.13 -- NP 5.86

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-104 10/20/08 15:53 14.08 8.21 -- NP 5.87
12/08/08 10:28 8.20 -- NP 5.88
02/20/09 9:34 8.09 -- NP 5.99
04/20/09 9:13 8.32 -- NP 5.76
06/22/09 11:24 8.41 8.40 0.01^ 5.67
08/03/09 11:02 8.51 -- NP 5.57
08/17/09 9:17 8.80 -- NP 5.28
10/29/09 8:59 8.12 -- NP 5.96
01/18/10 13:29 6.24 -- NP 7.84
04/19/10 14:40 7.77 -- NP 6.31
07/19/10 7:08 8.47 -- NP 5.61
10/25/10 13:37 7.74 -- NP 6.34
03/21/11 12:21 7.11 -- NP 6.97
06/14/11 10:04 8.26 -- NP 5.82
09/26/11 10:47 8.50 -- NP 5.58

MW-108 10/20/08 16:11 12.40 6.31 -- NP 6.09
12/08/08 10:59 7.80 -- NP 4.60
02/20/09 9:58 6.54 -- NP 5.86
04/20/09 9:51 6.48 -- NP 5.92
06/22/09 11:38 6.68 -- NP 5.72
08/03/09 11:20 6.75 -- NP 5.65
08/17/09 9:29 6.80 -- NP 5.60
10/29/09 9:43 7.45 -- NP 4.95
01/18/10 13:49 6.42 -- NP 5.98
04/19/10 15:16 6.07 -- NP 6.33
07/19/10 7:27 6.42 -- NP 5.98
10/25/10 13:58 5.66 -- NP 6.74
03/21/11 12:34 5.81 -- NP 6.59
06/14/11 10:49 6.38 -- NP 6.02
09/26/11 9:27 6.56 -- NP 5.84

MW-109 10/20/08 16:15 13.53 6.98 -- NP 6.55
12/08/08 11:02 7.38 -- NP 6.15
02/20/09 10:00 7.36 -- NP 6.17
04/20/09 9:53 7.30 -- NP 6.23
06/22/09 11:41 7.15 -- NP 6.38
08/03/09 11:22 7.56 -- NP 5.97
08/17/09 9:32 7.60 -- NP 5.93
10/29/09 9:41 7.39 -- NP 6.14
01/18/10 13:51 6.46 -- NP 7.07
04/19/10 15:20 6.87 -- NP 6.66
07/19/10 7:33 7.40 -- NP 6.13
10/25/10 13:58 6.40 -- NP 7.13
03/21/11 12:32 6.74 -- NP 6.79
06/14/11 10:44 6.95 -- NP 6.58
09/26/11 9:49 7.15 -- NP 6.38

MW-122 10/20/08 16:32 15.54 8.05 -- NP 7.49
12/08/08 11:40 7.87 -- NP 7.67
02/20/09 10:27 7.85 -- NP 7.69
04/20/09 10:13 7.92 -- NP 7.62
06/22/09 11:54 8.21 -- NP 7.33
08/03/09 10:30 8.31 -- NP 7.23
08/17/09 9:42 8.41 -- NP 7.13
10/29/09 9:35 7.78 -- NP 7.76
01/18/10 14:10 7.35 -- NP 8.19
04/19/10 15:43 7.61 -- NP 7.93
07/19/10 7:49 8.00 -- NP 7.54
10/25/10 14:15 7.52 -- NP 8.02
03/21/11 12:46 7.23 -- NP 8.31
06/14/11 11:11 7.90 -- NP 7.64
09/26/11 11:17 8.10 -- NP 7.44
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-126 10/20/08 17:05 12.40 4.51 -- NP 7.89
12/08/08 10:00 4.17 -- NP 8.23
02/20/09 9:33 4.32 -- NP 8.08
04/20/09 8:59 4.13 -- NP 8.27
06/22/09 11:03 4.54 -- NP 7.86
08/03/09 10:58 4.85 -- NP 7.55
08/17/09 8:44 4.65 -- NP 7.75
10/29/09 9:47 4.00 -- NP 8.40
01/18/10 13:02 3.55 -- NP 8.85
04/19/10 14:10 3.97 -- NP 8.43
07/19/10 6:44 4.72 -- NP 7.68
10/25/10 13:13 4.35 -- NP 8.05
03/21/11 12:08 3.74 -- NP 8.66
06/14/11 11:30 4.49 -- NP 7.91
09/26/11 10:35 4.91 -- NP 7.49

MW-129R 10/20/08 16:33 12.92 6.54 -- NP 6.38
12/08/08 11:38 6.78 -- NP 6.14
02/20/09 10:30 6.35 6.34 0.01 6.58**
04/20/09 10:15 6.35 -- NP 6.57
06/22/09 11:56 6.71 -- NP 6.21
08/03/09 10:25 6.90 -- NP 6.02
08/17/09 9:44 6.98 -- <0.01 5.94
10/29/09 9:34 6.27 -- NP 6.65
01/18/10 14:08 6.22 -- NP 6.70
04/19/10 15:44 5.88 -- NP 7.04
07/19/10 7:45 6.30 -- NP 6.62
10/25/10 14:17 5.79 -- NP 7.13
03/21/11 12:49 5.31 -- NP 7.61
06/14/11 11:07 6.36 -- NP 6.56
09/26/11 11:10 6.66 -- <0.01 6.26

MW-13U 10/20/08 16:46 25.60 17.52 -- NP 8.08
12/08/08 12:03 17.32 -- NP 8.28
02/20/09 10:52 17.29 -- NP 8.31
04/20/09 10:35 17.10 -- NP 8.50
06/22/09 11:40 17.40 -- NP 8.20
08/03/09 10:39 17.53 -- NP 8.07
08/17/09 9:55 17.63 -- NP 7.97
10/29/09 9:32 17.26 -- NP 8.34
01/18/10 14:02 16.21 -- NP 9.39
04/19/10 16:06 16.52 -- NP 9.08
07/19/10 8:10 17.21 -- NP 8.39
10/25/10 14:48 17.25 -- NP 8.35
03/21/11 13:03 16.33 -- NP 9.27
06/14/11 11:30 16.88 -- NP 8.72
09/26/11 11:15 17.34 -- NP 8.26

MW-131 10/20/08 16:17 12.53 6.37 -- NP 6.16
12/08/08 11:31 6.10 -- NP 6.43
02/20/09 10:58 5.91 -- NP 6.62
04/20/09 8:42 5.75 -- NP 6.78
06/22/09 11:46 6.27 -- NP 6.26
08/03/09 11:31 6.45 -- NP 6.08
08/17/09 9:32 6.46 -- NP 6.07
10/29/09 9:30 5.70 -- NP 6.83
01/18/10 13:46 4.81 -- NP 7.72
04/19/10 15:32 5.49 -- NP 7.04
07/19/10 8:36 6.11 -- NP 6.42
10/25/10 14:12 5.83 -- NP 6.70
03/21/11 12:42 4.83 -- NP 7.70
06/14/11 10:53 5.95 -- NP 6.58
09/26/11 11:04 6.40 -- NP 6.13
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-134X 10/20/08 16:40 35.13 26.58 -- NP 8.55
12/08/08 11:57 26.55 -- NP 8.58
02/20/09 10:55 26.62 -- NP 8.51
04/20/09 10:30 26.43 -- NP 8.70
06/22/09 11:35 26.69 -- NP 8.44
08/03/09 10:36 26.70 -- NP 8.43
08/17/09 9:50 26.79 -- NP 8.34
10/29/09 9:25 26.34 -- NP 8.79
01/18/10 13:57 25.51 -- NP 9.62
04/19/10 16:01 25.64 -- NP 9.49
07/19/10 8:06 26.41 -- NP 8.72
10/25/10 14:43 26.40 -- NP 8.73
03/21/11 13:00 25.65 -- NP 9.48
06/14/11 11:22 26.20 -- NP 8.93
09/26/11 11:11 26.34 -- NP 8.79

MW-135 10/20/08 16:35 18.13 10.06 -- NP 8.07
12/08/08 11:47 11.43 -- NP 6.70
02/20/09 10:47 10.14 -- NP 7.99
04/20/09 10:22 11.17 -- NP 6.96
06/22/09 11:23 10.84 -- NP 7.29
08/03/09 10:13 11.04 -- NP 7.09
08/17/09 9:55 11.16 -- NP 6.97
10/29/09 10:15 11.00 -- NP 7.13
01/18/10 13:05 10.20 -- NP 7.93
04/19/10 15:54 10.78 -- NP 7.35
07/19/10 7:52 10.97 -- NP 7.16
10/25/10 14:26 10.75 -- NP 7.38
03/21/11 12:56 10.53 -- NP 7.60
06/14/11 11:26 10.05 -- NP 8.08
09/26/11 11:05 11.25 -- NP 6.88

MW-136 10/27/08 13:35 15.99 8.13 -- NP 7.86
12/08/08 11:49 8.06 -- NP 7.93
02/20/09 10:50 7.80 -- NP 8.19
04/20/09 10:25 7.73 -- NP 8.26
06/22/09 11:25 8.00 -- NP 7.99
08/03/09 10:14 8.74 -- NP 7.25
08/17/09 9:57 9.78 -- NP 6.21
10/29/09 10:20 7.84 -- NP 8.15
01/18/10 13:02 7.08 -- NP 8.91
04/19/10 15:55 7.63 -- NP 8.36
07/19/10 7:55 8.06 -- NP 7.93
10/25/10 14:23 7.91 -- NP 8.08
03/21/11 12:56 6.22 -- NP 9.77
06/14/11 11:23 7.77 -- NP 8.22
09/26/11 11:23 8.70 -- NP 7.29

MW-139R 10/20/08 15:59 13.84 7.57 -- NP 6.27
12/08/08 10:46 7.17 -- NP 6.67
02/20/09 9:48 6.96 -- NP 6.88
04/20/09 9:38 6.77 -- NP 7.07
06/22/09 11:27 7.34 -- NP 6.50
08/03/09 11:12 7.54 -- NP 6.30
08/17/09 9:21 7.62 -- NP 6.22
10/29/09 9:23 6.93 -- NP 6.91
01/18/10 13:45 5.43 -- NP 8.41
04/19/10 14:58 6.51 -- NP 7.33
07/19/10 7:15 7.36 -- NP 6.48
10/25/10 13:48 7.08 -- NP 6.76
03/21/11 12:27 5.89 -- NP 7.95
06/14/11 10:39 7.01 -- NP 6.83
09/26/11 10:53 7.62 -- NP 6.22
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-143 10/22/08 12:25 11.94 4.55 -- NP 7.39
12/16/08 10:16 4.08 -- NP 7.86
02/20/09 10:18 4.02 -- NP 7.92
04/20/09 9:31 3.79 -- NP 8.15
06/22/09 11:05 4.45 -- NP 7.49
08/03/09 10:57 4.70 -- NP 7.24
08/17/09 8:45 4.69 -- NP 7.25
10/29/09 9:50 4.07 -- NP 7.87
01/18/10 13:07 2.81 -- NP 9.13
04/19/10 14:12 3.46 -- NP 8.48
07/19/10 6:44 4.47 -- NP 7.47
10/25/10 13:18 3.17 -- NP 8.77
03/21/11 12:06 3.80 -- NP 8.14
06/14/11 11:31 4.14 -- NP 7.80
09/26/11 10:36 2.90 -- NP 9.04

MW-147 10/20/08 15:45 11.02 5.69 -- NP 5.33
12/08/08 10:13 5.51 -- NP 5.51
02/20/09 9:13 5.35 -- NP 5.67
04/20/09 9:13 5.76 -- NP 5.26
06/22/09 11:08 5.67 -- NP 5.35
08/03/09 10:50 5.72 -- NP 5.30
08/17/09 8:51 5.99 -- NP 5.03
10/29/09 8:48 5.01 -- NP 6.01
01/18/10 13:18 2.86 -- NP 8.16
04/19/10 14:25 5.12 -- NP 5.90
07/19/10 6:58 5.93 -- NP 5.09
10/25/10 13:28 4.74 -- NP 6.28
03/21/11 12:15 4.07 -- NP 6.95
06/14/11 9:56 5.70 -- NP 5.32
09/26/11 10:39 8.78 -- NP 2.24

MW-149R 10/20/08 15:42 12.18 6.76 -- NP 5.42
12/08/08 10:07 6.70 -- NP 5.48
02/20/09 9:10 6.57 -- NP 5.61
04/20/09 9:06 7.09 -- NP 5.09
06/22/09 11:10 7.22 -- NP 4.96
08/03/09 10:46 7.33 -- NP 4.85
08/17/09 8:48 7.69 -- NP 4.49
10/29/09 8:50 6.77 -- NP 5.41
01/18/10 13:15 3.90 -- NP 8.28
04/19/10 14:20 6.76 -- NP 5.42
07/19/10 6:50 7.56 -- NP 4.62
10/25/10 13:23 6.13 -- NP 6.05
03/21/11 12:13 5.39 -- NP 6.79
06/14/11 9:44 7.27 -- NP 4.91
09/26/11 10:44 7.19 -- NP 4.99

MW-150 10/20/08 15:41 12.36 7.21 -- NP 5.15
12/08/08 10:05 6.90 -- NP 5.46
02/20/09 9:07 6.76 -- NP 5.60
04/20/09 9:04 6.89 -- NP 5.47
06/22/09 11:12 6.81 -- NP 5.55
08/03/09 10:44 6.95 -- NP 5.41
08/17/09 8:46 7.15 -- NP 5.21
10/29/09 8:48 6.44 -- NP 5.92
01/18/10 13:14 4.20 -- NP 8.16
04/19/10 14:18 6.34 -- NP 6.02
07/19/10 6:47 7.07 -- NP 5.29
10/25/10 13:25 6.55 -- NP 5.81
03/21/11 12:11 4.93 -- NP 7.43
06/14/11 9:40 6.75 -- NP 5.61
09/26/11 10:43 7.15 -- NP 5.21
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-151 10/20/08 15:39 11.05 5.76 -- NP 5.29
12/08/08 10:02 5.41 -- NP 5.64
02/20/09 9:16 5.28 -- NP 5.77
04/20/09 9:10 5.24 -- NP 5.81
06/22/09 11:07 5.52 -- NP 5.53
08/03/09 10:48 5.64 -- NP 5.41
08/17/09 8:51 5.82 -- NP 5.23
10/29/09 8:42 4.44 -- NP 6.61
01/18/10 13:10 1.26 -- NP 9.79
04/19/10 14:15 4.77 -- NP 6.28
07/19/10 6:53 7.80 -- NP 3.25
10/25/10 13:21 4.63 -- NP 6.42
03/21/11 12:10 2.71 -- NP 8.34
06/14/11 9:51 7.38 -- NP 3.67
09/26/11 10:38 5.75 -- NP 5.30

MW-20R 10/20/08 15:51 12.17 6.53 -- NP 5.64
12/08/08 10:27 6.50 -- NP 5.67
02/20/09 9:27 6.37 -- NP 5.80
04/20/09 9:11 6.80 -- NP 5.37
06/22/09 11:21 6.83 -- NP 5.34
08/03/09 11:00 6.90 -- NP 5.27
08/17/09 9:15 7.18 -- NP 4.99
10/29/09 8:58 6.55 -- NP 5.62
01/18/10 13:27 4.60 -- NP 7.57
04/19/10 14:38 6.30 -- NP 5.87
07/19/10 7:06 6.94 -- NP 5.23
10/25/10 13:34 5.96 -- NP 6.21
03/21/11 12:19 5.73 -- NP 6.44
06/14/11 10:02 6.76 -- NP 5.41
09/26/11 10:47 6.83 -- NP 5.34

MW-203 10/20/08 16:43 31.15 22.83 -- NP 8.32
12/08/08 12:00 22.69 -- NP 8.46
02/20/09 11:00 22.71 -- NP 8.44
04/20/09 10:33 22.55 -- NP 8.60
06/22/09 11:38 22.81 -- NP 8.34
08/03/09 10:38 22.90 -- NP 8.25
08/17/09 10:22 23.02 -- NP 8.13
10/29/09 9:30 22.11 -- NP 9.04
01/18/10 13:59 21.67 -- NP 9.48
04/19/10 16:04 21.86 -- NP 9.29
07/19/10 8:05 22.57 -- NP 8.58
10/25/10 14:45 22.62 -- NP 8.53
03/21/11 13:00 21.76 -- NP 9.39
06/14/11 11:27 22.26 -- NP 8.89
09/26/11 11:13 22.63 -- NP 8.52

MW-301 10/20/08 17:30 12.15 6.73 -- NP 5.42
12/08/08 -- -- -- -- --
02/20/09 11:22 6.53 -- NP 5.62
04/20/09 10:55 7.44 -- NP 4.71
06/22/09 10:36 7.25 -- NP 4.90
08/03/09 11:44 7.42 -- NP 4.73
08/17/09 10:28 7.92 -- NP 4.23
10/29/09 10:00 7.26 -- NP 4.89
01/18/10 14:11 4.95 -- NP 7.20
04/19/10 16:25 7.05 -- NP 5.10
07/19/10 8:34 7.62 -- NP 4.53
10/25/10 15:07 6.05 -- NP 6.10
03/21/11 13:26 6.36 -- NP 5.79
06/14/11 11:50 7.57 -- NP 4.58
09/26/11 11:50 7.27 -- NP 4.88
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-500 10/20/08 16:32 16.64 8.71 -- NP 7.93
12/08/08 11:45 5.16 -- NP 11.48
02/20/09 10:46 4.51 -- NP 12.13
04/20/09 10:19 3.54 -- NP 13.10
06/22/09 11:28 5.18 -- NP 11.46
08/03/09 10:20 6.15 -- NP 10.49
08/17/09 9:48 6.51 -- NP 10.13
10/29/09 9:05 4.94 -- NP 11.70
01/18/10 13:16 1.69 -- NP 14.95
04/19/10 15:50 3.77 -- NP 12.87
07/19/10 7:45 5.39 -- NP 11.25
10/25/10 14:35 5.51 -- NP 11.13
03/21/11 12:54 2.20 -- NP 14.44
06/14/11 11:17 4.71 -- NP 11.93
09/26/11 11:00 6.94 -- NP 9.70

MW-501 10/20/08 16:30 15.24 7.27 -- NP 7.97
12/08/08 11:43 5.20 -- NP 10.04
02/20/09 10:44 3.43 -- NP 11.81
04/20/09 10:17 2.50 -- NP 12.74
06/22/09 11:31 3.98 -- NP 11.26
08/03/09 10:22 4.95 -- NP 10.29
08/17/09 9:46 5.51 -- NP 9.73
10/29/09 9:02 3.01 -- NP 12.23
01/18/10 13:23 0.56 -- NP 14.68
04/19/10 15:48 2.54 -- NP 12.70
07/19/10 7:44 4.36 -- NP 10.88
10/25/10 14:35 4.57 -- NP 10.67
03/21/11 12:48 1.31 -- NP 13.93
06/14/11 11:12 3.51 -- NP 11.73
09/26/11 11:12 6.01 -- NP 9.23

MW-502 10/20/08 16:25 13.00 5.41 -- NP 7.59
12/08/08 11:20 5.16 -- NP 7.84
02/20/09 10:24 5.03 -- NP 7.97
04/20/09 10:40 4.98 -- NP 8.02
06/22/09 11:49 5.35 -- NP 7.65
08/03/09 11:34 5.53 -- NP 7.47
08/17/09 9:39 5.56 -- NP 7.44
10/29/09 9:40 5.03 -- NP 7.97
01/18/10 13:55 3.78 -- NP 9.22
04/19/10 15:42 4.47 -- NP 8.53
07/19/10 7:24 5.25 -- NP 7.75
10/25/10 14:15 5.20 -- NP 7.80
03/21/11 12:43 4.05 -- NP 8.95
06/14/11 11:05 4.90 -- NP 8.10
09/26/11 11:10 5.46 -- NP 7.54

MW-503 10/20/08 16:23 12.22 5.75 -- NP 6.47
12/08/08 11:23 5.42 -- NP 6.80
02/20/09 10:21 5.25 -- NP 6.97
04/20/09 10:43 5.00 -- NP 7.22
06/22/09 11:48 5.56 -- NP 6.66
08/03/09 11:33 5.75 -- NP 6.47
08/17/09 9:37 5.76 -- NP 6.46
10/29/09 9:39 5.00 -- NP 7.22
01/18/10 13:54 3.66 -- NP 8.56
04/19/10 15:40 4.69 -- NP 7.53
07/19/10 7:26 5.45 -- NP 6.77
10/25/10 14:12 5.19 -- NP 7.03
03/21/11 12:42 4.10 -- NP 8.12
06/14/11 11:01 5.10 -- NP 7.12
09/26/11 11:07 5.55 -- NP 6.67
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-504 10/20/08 16:14 13.32 7.01 -- NP 6.31
12/08/08 11:26 6.63 -- NP 6.69
02/20/09 10:16 6.46 -- NP 6.86
04/20/09 10:30 6.25 -- NP 7.07
06/22/09 11:42 6.81 -- NP 6.51
08/03/09 11:29 7.00 -- NP 6.32
08/17/09 9:35 7.05 -- NP 6.27
10/29/09 9:26 6.28 -- NP 7.04
01/18/10 13:53 4.90 -- NP 8.42
04/19/10 15:37 5.99 -- NP 7.33
07/19/10 7:28 6.80 -- NP 6.52
10/25/10 14:10 6.66 -- NP 6.66
03/21/11 12:40 5.48 -- NP 7.84
06/14/11 10:57 6.48 -- NP 6.84
09/26/11 11:05 7.09 -- NP 6.23

MW-505 10/20/08 16:11 11.42 5.10 -- NP 6.32
12/08/08 11:13 4.72 -- NP 6.70
02/20/09 10:18 4.53 -- NP 6.89
04/20/09 10:02 4.32 -- NP 7.10
06/22/09 11:39 4.90 -- NP 6.52
08/03/09 11:28 5.11 -- NP 6.31
08/17/09 9:33 5.13 -- NP 6.29
10/29/09 9:25 4.37 -- NP 7.05
01/18/10 13:52 2.99 -- NP 8.43
04/19/10 15:35 4.08 -- NP 7.34
07/19/10 7:31 5.89 -- NP 5.53
10/25/10 14:08 4.73 -- NP 6.69
03/21/11 12:39 3.45 -- NP 7.97
06/14/11 10:58 4.58 -- NP 6.84
09/26/11 10:54 5.14 -- NP 6.28

MW-506 10/20/08 16:16 13.44 7.13 -- NP 6.31
12/08/08 11:29 6.75 -- NP 6.69
02/20/09 10:13 6.60 -- NP 6.84
04/20/09 10:08 6.37 -- NP 7.07
06/22/09 11:44 6.93 -- NP 6.51
08/03/09 11:30 7.13 -- NP 6.31
08/17/09 9:31 7.17 -- NP 6.27
10/29/09 9:28 6.39 -- NP 7.05
01/18/10 13:47 5.02 -- NP 8.42
04/19/10 15:30 6.10 -- NP 7.34
07/19/10 7:37 6.91 -- NP 6.53
10/25/10 14:10 6.75 -- NP 6.69
03/21/11 12:40 5.50 -- NP 7.94
06/14/11 10:48 6.59 -- NP 6.85
09/26/11 11:00 7.13 -- NP 6.31

MW-507 10/20/08 16:09 13.60 7.38 -- NP 6.22
12/08/08 11:11 7.09 -- NP 6.51
02/20/09 10:11 6.91 -- NP 6.69
04/20/09 10:00 6.70 -- NP 6.90
06/22/09 11:37 7.23 -- NP 6.37
08/03/09 11:27 7.41 -- NP 6.19
08/17/09 9:29 7.45 -- NP 6.15
10/29/09 9:23 6.70 -- NP 6.90
01/18/10 13:48 5.49 -- NP 8.11
04/19/10 15:29 6.40 -- NP 7.20
07/19/10 7:36 7.14 -- NP 6.46
10/25/10 14:09 6.90 -- NP 6.70
03/21/11 12:38 5.86 -- NP 7.74
06/14/11 10:44 6.95 -- NP 6.65
09/26/11 11:01 7.40 -- NP 6.20
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-508 10/20/08 16:07 13.31 7.16 -- NP 6.15
12/08/08 11:09 6.33 -- NP 6.98
02/20/09 10:08 6.70 -- NP 6.61
04/20/09 9:59 6.40 -- NP 6.91
06/22/09 11:35 6.94 -- NP 6.37
08/03/09 11:26 7.15 -- NP 6.16
08/17/09 9:28 7.20 -- NP 6.11
10/29/09 9:22 6.55 -- NP 6.76
01/18/10 13:49 5.13 -- NP 8.18
04/19/10 15:27 6.11 -- NP 7.20
07/19/10 7:33 6.88 -- NP 6.43
10/25/10 14:07 6.58 -- NP 6.73
03/21/11 12:36 5.51 -- NP 7.80
06/14/11 10:40 6.70 -- NP 6.61
09/26/11 10:57 7.18 -- NP 6.13

MW-509 10/20/08 16:05 10.28 3.97 -- NP 6.31
12/08/08 11:07 3.59 -- NP 6.69
02/20/09 10:06 3.39 -- NP 6.89
04/20/09 9:36 3.18 -- NP 7.10
06/22/09 11:33 3.75 -- NP 6.53
08/03/09 11:11 3.95 -- NP 6.33
08/17/09 9:27 6.97 -- NP 3.31
10/29/09 9:10 3.23 -- NP 7.05
01/18/10 13:50 1.85 -- NP 8.43
04/19/10 15:26 2.93 -- NP 7.35
07/19/10 7:18 3.77 -- NP 6.51
10/25/10 14:49 4.59 -- NP 5.69
03/21/11 12:30 2.34 -- NP 7.94
06/14/11 10:17 3.43 -- NP 6.85
09/26/11 10:55 4.20 -- NP 6.08

MW-510 10/20/08 16:03 12.53 6.47 -- NP 6.06
12/08/08 10:49 6.45 -- NP 6.08
02/20/09 9:51 6.35 -- NP 6.18
04/20/09 9:46 6.72 -- NP 5.81
06/22/09 11:31 7.05 -- NP 5.48
08/03/09 11:15 7.08 -- <0.01 5.45
08/17/09 9:24 7.29 -- <0.01 5.24
10/29/09 9:31 6.72 6.71 0.01 5.82**
01/18/10 13:31 4.98 4.85 0.13 7.65**
04/19/10 15:04 6.40 6.38 0.02 6.15**
07/19/10 7:40 7.04 7.00 0.04 5.52**
10/25/10 14:49 6.04 6.02 0.02 6.51**
03/21/11 13:25 5.81 5.80 0.01 6.73**
06/14/11 12:11 7.08 -- NP 5.45
09/26/11 12:47 6.96 6.94 0.02 5.59**

MW-511 10/20/08 16:49 15.20 7.75 -- NP 7.45
12/08/08 12:05 7.45 -- NP 7.75
02/20/09 10:13 7.34 -- NP 7.86
04/20/09 10:44 7.09 -- NP 8.11
06/22/09 11:16 7.66 -- NP 7.54
08/03/09 10:40 7.89 -- NP 7.31
08/17/09 9:17 7.87 -- NP 7.33
10/29/09 9:10 7.30 -- NP 7.90
01/18/10 13:36 6.06 -- NP 9.14
04/19/10 16:10 6.83 -- NP 8.37
07/19/10 7:18 7.59 -- NP 7.61
10/25/10 14:50 7.51 -- NP 7.69
03/21/11 13:06 6.37 -- NP 8.83
06/14/11 11:38 7.29 -- NP 7.91
09/26/11 11:08 7.88 -- NP 7.32
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-512 10/20/08 16:04 13.19 6.90 -- NP 6.29
12/08/08 10:37 6.51 -- NP 6.68
02/20/09 10:10 6.30 -- NP 6.89
04/20/09 9:28 6.12 -- NP 7.07
06/22/09 11:18 7.68 -- NP 5.51
08/03/09 11:09 6.86 -- NP 6.33
08/17/09 9:18 6.91 -- NP 6.28
10/29/09 9:07 6.15 -- NP 7.04
01/18/10 13:34 4.78 -- NP 8.41
04/19/10 14:48 5.85 -- NP 7.34
07/19/10 7:16 6.67 -- NP 6.52
10/25/10 13:48 6.51 -- NP 6.68
03/21/11 12:22 5.26 -- NP 7.93
06/14/11 10:16 6.35 -- NP 6.84
09/26/11 11:53 6.95 -- NP 6.24

MW-513 10/20/08 16:01 11.09 4.78 -- NP 6.31
12/08/08 10:41 4.40 -- NP 6.69
02/20/09 10:07 4.19 -- NP 6.90
04/20/09 9:30 4.00 -- NP 7.09
06/22/09 11:21 4.58 -- NP 6.51
08/03/09 11:08 4.78 -- NP 6.31
08/17/09 9:21 4.80 -- NP 6.29
10/29/09 9:13 4.04 -- NP 7.05
01/18/10 13:37 2.67 -- NP 8.42
04/19/10 14:51 3.75 -- NP 7.34
07/19/10 7:12 4.57 -- NP 6.52
10/25/10 13:44 4.42 -- NP 6.67
03/21/11 12:25 3.18 -- NP 7.91
06/14/11 10:12 4.25 -- NP 6.84
09/26/11 10:54 4.83 -- NP 6.26

MW-514 10/20/08 16:02 11.39 5.09 -- NP 6.30
12/08/08 10:35 4.70 -- NP 6.69
02/20/09 10:08 4.19 -- NP 7.20
04/20/09 9:28 4.31 -- NP 7.08
06/22/09 11:19 4.88 -- NP 6.51
08/03/09 11:07 5.08 -- NP 6.31
08/17/09 9:19 5.11 -- NP 6.28
10/29/09 9:06 4.35 -- NP 7.04
01/18/10 13:33 2.98 -- NP 8.41
04/19/10 14:46 4.05 -- NP 7.34
07/19/10 7:10 4.97 -- NP 6.42
10/25/10 13:41 4.71 -- NP 6.68
03/21/11 12:23 3.48 -- NP 7.91
06/14/11 10:14 4.56 -- NP 6.83
09/26/11 10:50 5.13 -- NP 6.26

MW-515 10/20/08 16:00 11.60 5.30 -- NP 6.30
12/08/08 10:42 4.91 -- NP 6.69
02/20/09 9:47 5.70 -- NP 5.90
04/20/09 9:25 4.52 -- NP 7.08
06/22/09 11:25 5.09 -- NP 6.51
08/03/09 11:04 5.29 -- NP 6.31
08/17/09 9:23 5.33 -- NP 6.27
10/29/09 9:15 4.55 -- NP 7.05
01/18/10 13:40 3.18 -- NP 8.42
04/19/10 14:54 4.26 -- NP 7.34
07/19/10 7:12 5.10 -- NP 6.50
10/25/10 13:45 4.93 -- NP 6.67
03/21/11 12:26 3.65 -- NP 7.95
06/14/11 10:14 4.75 -- NP 6.85
09/26/11 10:52 5.35 -- NP 6.25
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-516 10/20/08 15:59 11.25 4.94 -- NP 6.31
12/08/08 10:33 4.56 -- NP 6.69
02/20/09 9:49 4.35 -- NP 6.90
04/20/09 9:26 4.17 -- NP 7.08
06/22/09 11:24 4.75 -- NP 6.50
08/03/09 11:05 4.94 -- NP 6.31
08/17/09 9:24 4.96 -- NP 6.29
10/29/09 9:14 4.22 -- NP 7.03
01/18/10 13:39 2.84 -- NP 8.41
04/19/10 14:52 3.91 -- NP 7.34
07/19/10 7:11 4.75 -- NP 6.50
10/25/10 13:44 5.38 -- NP 5.87
03/21/11 12:25 3.30 -- NP 7.95
06/14/11 10:12 4.41 -- NP 6.84
09/26/11 10:50 5.00 -- NP 6.25

MW-517 10/20/08 15:57 12.00 5.69 -- NP 6.31
12/08/08 10:31 5.31 -- NP 6.69
02/20/09 9:51 5.12 -- NP 6.88
04/20/09 9:27 4.91 -- NP 7.09
06/22/09 11:22 5.49 -- NP 6.51
08/03/09 11:06 5.68 -- NP 6.32
08/17/09 9:25 5.72 -- NP 6.28
10/29/09 9:05 4.97 -- NP 7.03
01/18/10 13:31 3.58 -- NP 8.42
04/19/10 14:44 4.66 -- NP 7.34
07/19/10 7:08 5.49 -- NP 6.51
10/25/10 13:42 5.33 -- NP 6.67
03/21/11 12:24 4.05 -- NP 7.95
06/14/11 10:08 5.16 -- NP 6.84
09/26/11 10:49 5.77 -- NP 6.23

MW-518 10/20/08 15:56 14.60 8.51 -- NP 6.09
12/08/08 10:44 8.37 -- NP 6.23
02/20/09 9:45 8.29 -- NP 6.31
04/20/09 9:17 8.40 -- NP 6.20
06/22/09 11:29 8.68 -- NP 5.92
08/03/09 11:04 8.79 -- NP 5.81
08/17/09 9:20 9.00 -- NP 5.60
10/29/09 9:19 8.42 -- NP 6.18
01/18/10 13:43 6.65 -- NP 7.95
04/19/10 14:56 8.01 -- NP 6.59
07/19/10 7:14 8.73 -- NP 5.87
10/25/10 13:47 8.05 -- NP 6.55
03/21/11 12:27 7.45 -- NP 7.15
06/14/11 10:09 8.45 -- NP 6.15
09/26/11 10:52 8.73 -- NP 5.87

MW-519 10/20/08 15:35 12.60 7.25 -- NP 5.35
12/08/08 10:25 7.12 -- NP 5.48
02/20/09 10:21 6.89 -- NP 5.71
04/20/09 9:02 7.17 -- NP 5.43
06/22/09 11:04 6.83 -- NP 5.77
08/03/09 10:57 6.96 -- NP 5.64
08/17/09 8:47 7.21 -- NP 5.39
10/29/09 8:56 6.75 -- NP 5.85
01/18/10 13:25 4.80 -- NP 7.80
04/19/10 14:37 6.41 -- NP 6.19
07/19/10 7:05 7.15 -- NP 5.45
10/25/10 13:36 6.60 -- NP 6.00
03/21/11 12:19 5.71 -- NP 6.89
06/14/11 10:03 6.88 -- NP 5.72
09/26/11 10:37 7.11 -- NP 5.49
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-520 10/20/08 15:50 13.31 7.95 -- NP 5.36
12/08/08 10:23 7.83 -- NP 5.48
02/20/09 9:23 7.61 -- NP 5.70
04/20/09 9:05 7.88 -- NP 5.43
06/22/09 11:19 7.55 -- NP 5.76
08/03/09 10:56 7.69 -- NP 5.62
08/17/09 8:49 7.92 -- NP 5.39
10/29/09 8:55 7.46 -- NP 5.85
01/18/10 13:26 5.51 -- NP 7.80
04/19/10 14:35 7.12 -- NP 6.19
07/19/10 7:03 7.85 -- NP 5.46
10/25/10 13:33 7.30 -- NP 6.01
03/21/11 12:18 5.38 -- NP 7.93
06/14/11 10:01 7.59 -- NP 5.72
09/26/11 10:43 7.82 -- NP 5.49

MW-521 10/20/08 15:48 12.18 6.82 -- NP 5.36
12/08/08 10:21 6.71 -- NP 5.47
02/20/09 9:21 6.49 -- NP 5.69
04/20/09 9:04 6.75 -- NP 5.43
06/22/09 11:06 6.41 -- NP 5.77
08/03/09 10:55 6.57 -- NP 5.61
08/17/09 8:48 6.80 -- NP 5.38
10/29/09 8:56 6.33 -- NP 5.85
01/18/10 13:24 4.39 -- NP 7.79
04/19/10 14:33 6.01 -- NP 6.17
07/19/10 7:01 6.74 -- NP 5.44
10/25/10 13:30 6.40 -- NP 5.78
03/21/11 12:16 5.29 -- NP 6.89
06/14/11 10:04 7.45 -- NP 4.73
09/26/11 10:40 6.70 -- NP 5.48

MW-522 10/20/08 15:50 13.82 8.49 -- NP 5.33
12/08/08 10:19 8.35 -- NP 5.47
02/20/09 9:23 8.10 -- NP 5.72
04/20/09 9:07 8.41 -- NP 5.41
06/22/09 11:15 8.11 -- NP 5.71
08/03/09 10:53 8.25 -- NP 5.57
08/17/09 8:54 8.51 -- NP 5.31
10/29/09 8:56 7.99 -- NP 5.83
01/18/10 13:22 6.03 -- NP 7.79
04/19/10 14:31 7.65 -- NP 6.17
07/19/10 7:02 8.43 -- NP 5.39
10/25/10 13:33 7.80 -- NP 6.02
03/21/11 12:18 6.97 -- NP 6.85
06/14/11 9:59 8.13 -- NP 5.69
09/26/11 10:46 8.40 -- NP 5.42

MW-523 10/20/08 15:47 13.53 8.17 -- NP 5.36
12/08/08 10:15 8.05 -- NP 5.48
02/20/09 9:21 7.81 -- NP 5.72
04/20/09 9:10 8.10 -- NP 5.43
06/22/09 11:11 7.78 -- NP 5.75
08/03/09 10:52 7.91 -- NP 5.62
08/17/09 8:52 8.17 -- NP 5.36
10/29/09 8:54 7.69 -- NP 5.84
01/18/10 13:20 5.73 -- NP 7.80
04/19/10 14:27 7.35 -- NP 6.18
07/19/10 6:54 8.09 -- NP 5.44
10/25/10 13:30 7.52 -- NP 6.01
03/21/11 12:15 6.64 -- NP 6.89
06/14/11 9:58 7.85 -- NP 5.68
09/26/11 10:44 8.02 -- NP 5.51
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

MW-524 10/20/08 15:44 13.16 8.95 -- NP 4.21
12/08/08 10:09 7.71 -- NP 5.45
02/20/09 9:13 7.60 -- NP 5.56
04/20/09 9:08 7.81 -- NP 5.35
06/22/09 11:19 7.69 -- NP 5.47
08/03/09 10:47 7.79 -- NP 5.37
08/17/09 8:50 8.03 -- NP 5.13
10/29/09 8:50 6.75 -- NP 6.41
01/18/10 13:17 4.26 -- NP 8.90
04/19/10 14:23 7.17 -- NP 5.99
07/19/10 6:51 7.99 -- NP 5.17
10/25/10 13:27 6.97 -- NP 6.19
03/21/11 12:12 5.78 -- NP 7.38
06/14/11 9:48 7.67 -- NP 5.49
09/26/11 10:41 7.90 -- NP 5.26

P-1 S 08/03/09 10:23 16.47 7.80 -- NP 8.67
08/17/09 9:43 6.60 -- NP 9.87
10/29/09 9:32 4.37 -- NP 12.10
01/18/10 13:31 1.26 -- NP 15.21
04/19/10 15:46 3.21 -- NP 13.26
07/19/10 8:02 4.65 -- NP 11.82
10/25/10 14:26 4.61 -- NP 11.86
03/21/11 12:46 2.16 -- NP 14.31
06/14/11 11:08 3.98 -- NP 12.49
09/26/11 11:27 6.76 -- NP 9.71

P-2 D 08/03/09 10:21 15.00 7.39 -- NP 7.61
08/17/09 9:46 7.46 -- NP 7.54
10/29/09 8:57 6.38 -- NP 8.62
01/18/10 13:28 6.30 -- NP 8.70
04/19/10 15:47 6.68 -- NP 8.32
07/19/10 7:46 7.02 -- NP 7.98
10/25/10 14:29 6.65 -- NP 8.35
03/21/11 12:49 6.26 -- NP 8.74
06/14/11 11:10 7.01 -- NP 7.99
09/26/11 11:15 7.01 -- NP 7.99

P-3 S 08/03/09 10:21 14.84 4.47 -- NP 10.37
08/17/09 9:48 4.77 -- NP 10.07
10/29/09 8:59 3.35 -- NP 11.49
01/18/10 13:25 0.81 -- NP 14.03
04/19/10 15:48 2.36 -- NP 12.48
07/19/10 7:48 3.72 -- NP 11.12
10/25/10 14:31 4.04 -- NP 10.80
03/21/11 12:49 1.19 -- NP 13.65
06/14/11 11:11 3.05 -- NP 11.79
09/26/11 11:17 5.18 -- NP 9.66

P-4 D 08/03/09 10:19 16.38 8.64 -- NP 7.74
08/17/09 9:49 8.75 -- NP 7.63
10/29/09 9:08 7.64 -- NP 8.74
01/18/10 13:21 7.56 -- NP 8.82
04/19/10 15:49 7.92 -- NP 8.46
07/19/10 7:50 8.28 -- NP 8.10
10/25/10 14:34 7.93 -- NP 8.45
03/21/11 12:52 7.51 -- NP 8.87
06/14/11 11:14 8.23 -- NP 8.15
09/26/11 11:20 8.41 -- NP 7.97

Piezometers

SEPT 2011 GWM Tables DRAFT.xls ARCADIS Page 13 of 19



Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

P-5 S 08/03/09 10:19 16.85 6.47 -- NP 10.38
08/17/09 9:50 6.78 -- NP 10.07
10/29/09 9:10 5.85 -- NP 11.00
01/18/10 13:18 2.76 -- NP 14.09
04/19/10 15:50 4.31 -- NP 12.54
07/19/10 7:54 5.71 -- NP 11.14
10/25/10 14:33 6.03 -- NP 10.82
03/21/11 12:53 3.17 -- NP 13.68
06/14/11 11:15 5.00 -- NP 11.85
09/26/11 11:21 7.13 -- NP 9.72

P-6 S 08/03/09 10:16 17.67 9.90 -- NP 7.77
08/17/09 9:53 6.31 -- NP 11.36
10/29/09 9:12 4.92 -- NP 12.75
01/18/10 13:10 3.09 -- NP 14.58
04/19/10 15:52 4.63 -- NP 13.04
07/19/10 7:59 5.21 -- NP 12.46
10/25/10 14:29 4.81 -- NP 12.86
03/21/11 12:54 3.41 -- NP 14.26
06/14/11 11:20 5.05 -- NP 12.62
09/26/11 11:25 6.40 -- NP 11.27

P-7 D 08/03/09 10:17 17.63 9.72 -- NP 7.91
08/17/09 9:52 9.80 -- NP 7.83
10/29/09 8:55 6.15 -- NP 11.48
01/18/10 13:14 8.56 -- NP 9.07
04/19/10 15:51 8.94 -- NP 8.69
07/19/10 8:00 7.36 -- NP 10.27
10/25/10 14:31 8.97 -- NP 8.66
03/21/11 12:52 8.62 -- NP 9.01
06/14/11 11:18 9.24 -- NP 8.39
09/26/11 11:23 9.55 -- NP 8.08

P-8 D 08/03/09 10:24 16.07 8.52 -- NP 7.55
08/17/09 9:41 8.92 -- NP 7.15
10/29/09 8:53 8.03 -- NP 8.04
01/18/10 13:33 7.47 -- NP 8.60
04/19/10 15:45 7.80 -- NP 8.27
07/19/10 8:03 8.12 -- NP 7.95
10/25/10 14:24 7.80 -- NP 8.27
03/21/11 12:45 7.49 -- NP 8.58
06/14/11 11:05 8.16 -- NP 7.91
09/26/11 11:20 8.34 -- NP 7.73

P-9 08/25/11 12:51 13.86 7.57 -- NP 6.29
09/02/11 10:04 7.58 -- NP 6.28
09/09/11 7:58 7.61 -- NP 6.25
09/16/11 14:42 7.64 -- NP 6.22
09/26/11 11:03 8.62 -- NP 5.24
10/28/11 9:52 7.59 -- NP 6.27
11/18/11 8:55 7.45 -- NP 6.41

P-10 08/25/11 12:49 11.07 4.98 -- NP 6.09
09/02/11 10:08 4.97 -- NP 6.10
09/09/11 8:02 5.00 -- NP 6.07
09/16/11 14:35 5.00 -- NP 6.07
09/26/11 10:59 4.96 -- NP 6.11
10/28/11 9:56 4.80 -- NP 6.27
11/18/11 9:00 4.81 -- NP 6.26
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

P-11 08/25/11 12:45 13.63 7.49 -- NP 6.14
09/02/11 10:10 7.49 -- NP 6.14
09/09/11 8:05 7.50 -- NP 6.13
09/16/11 14:30 7.53 -- NP 6.10
09/26/11 12:15 7.50 -- NP 6.13
10/28/11 9:59 7.36 -- NP 6.27
11/18/11 9:03 7.31 -- NP 6.32

P-12 08/25/11 12:42 13.03 7.26 -- NP 5.77
09/02/11 10:14 7.10 -- NP 5.93
09/09/11 8:08 7.11 -- NP 5.92
09/16/11 14:10 7.18 -- <0.01 5.85
09/26/11 12:37 7.16 7.15 0.01 5.88**
10/28/11 10:03 6.91 -- NP 6.12
11/18/11 9:13 6.98 -- NP 6.05

P-13 08/25/11 12:40 13.02 6.90 -- NP 6.12
09/02/11 10:17 6.84 -- NP 6.18
09/09/11 8:11 6.89 -- NP 6.13
09/16/11 14:17 6.91 -- <0.01 6.11
09/26/11 12:23 6.93 6.90 0.03 6.09**
10/28/11 10:20 6.75 6.74 0.01 6.35**
11/18/11 9:19 -- +

6.66 -- + -- +

P-14 08/25/11 12:38 12.14 6.79 -- NP 5.35
09/02/11 10:21 6.37 -- NP 5.77
09/09/11 8:14 6.50 -- NP 5.64
09/16/11 14:23 6.51 -- NP 5.63
09/26/11 12:19 6.60 -- NP 5.54
10/28/11 10:16 6.13 -- NP 6.01
11/18/11 9:16 6.24 -- NP 5.90

P-15 08/25/11 12:30 12.54 7.48 -- NP 5.06
09/02/11 10:23 6.97 -- NP 5.57
09/09/11 8:17 7.22 -- NP 5.32
09/16/11 14:48 7.10 -- NP 5.44
09/26/11 10:56 7.15 -- NP 5.39
10/28/11 10:11 6.68 -- NP 5.86
11/18/11 9:09 6.83 -- NP 5.71

P-16 08/25/11 12:25 9.04 3.60 -- NP 5.44
09/02/11 10:25 3.41 -- NP 5.63

09/09/11 8:19 3.42 -- NP 5.62

09/16/11 14:52 3.39 -- NP 5.65

09/26/11 11:00 3.38 -- NP 5.66

10/28/11 10:07 3.14 -- NP 5.90
11/18/11 9:07 3.22 -- NP 5.82

D-11 06/22/09 10:43 8.84 3 2.58 -- NP 6.26
06/22/09 12:31 2.81 -- NP 6.03
08/03/09 9:34 2.85 -- NP 5.99
08/03/09 12:02 2.82 -- NP 6.02
08/17/09 7:48 2.79 -- NP 6.05
08/17/09 10:59 2.87 -- NP 5.97
10/29/09 7:48 2.68 -- NP 6.16
10/29/09 10:08 2.54 -- NP 6.30
01/18/10 12:34 1.48 -- NP 7.36
01/18/10 14:39 1.83 -- NP 7.01
04/19/10 14:09 2.62 -- NP 6.22
04/19/10 16:13 2.78 -- NP 6.06
07/19/10 5:35 2.50 -- NP 6.34
07/19/10 9:08 3.86 -- NP 4.98

Staff Gauges
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

D-1 (continued) 10/25/10 12:18 1.30 -- NP 7.54
10/25/10 15:33 1.85 -- NP 6.99
03/21/11 11:17 2.50 -- NP 6.34
03/21/11 13:56 2.80 -- NP 6.04
06/14/11 8:54 2.40 -- NP 6.44
06/14/11 12:49 2.92 -- NP 5.92
09/26/11 8:56 2.43 -- NP 6.41
09/26/11 -- 2.69 -- NP 6.15

D-2 10/20/08 -- -- -- -- -- --
12/08/08 11:05 5.60 1.24 -- NP 6.84
02/20/09 9:55 0.60 -- NP 6.20
04/20/09 9:49 0.17 -- NP 5.77

06/22/09 10:50 8.67 3 2.30 -- NP 6.37
06/22/09 12:35 2.44 -- NP 6.23
08/03/09 9:40 2.43 -- NP 6.24
08/03/09 12:05 2.45 -- NP 6.22
08/17/09 7:53 2.50 -- NP 6.17
08/17/09 11:03 2.50 -- NP 6.17
10/29/09 7:52 2.35 -- NP 6.32
10/29/09 10:14 2.25 -- NP 6.42
01/18/10 12:38 1.38 -- NP 7.29
01/18/10 14:43 1.76 -- NP 6.91
04/19/10 14:14 2.32 -- NP 6.35
04/19/10 16:16 2.44 -- NP 6.23
07/19/10 5:46 2.26 -- NP 6.41
07/19/10 9:13 2.45 -- NP 6.22
10/25/10 12:23 1.00 -- NP 7.67
10/25/10 15:40 1.60 -- NP 7.07
03/21/11 11:21 2.27 -- NP 6.40
03/21/11 14:06 2.45 -- NP 6.22
06/14/11 9:23 2.64 -- NP 6.03
06/14/11 12:54 2.45 -- NP 6.22
09/26/11 9:25 2.30 -- NP 6.37
09/26/11 -- 2.39 -- NP 6.28
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

D-3 10/20/08 17:18 5.20 1.90 -- NP 7.10
12/08/08 11:09 1.78 -- NP 6.98
02/20/09 9:59 1.20 -- NP 6.40
04/20/09 9:53 1.20 -- NP 6.40

06/22/09 11:02 8.39 3 2.19 -- NP 6.20
06/22/09 12:40 2.24 -- NP 6.15
08/03/09 9:49 2.30 -- NP 6.09
08/03/09 12:10 2.23 -- NP 6.16
08/17/09 7:57 2.19 -- NP 6.20
08/17/09 11:08 2.40 -- NP 5.99
10/29/09 7:55 2.07 -- NP 6.32
10/29/09 10:13 2.04 -- NP 6.35
01/18/10 12:23 1.22 -- NP 7.17
01/18/10 14:46 1.52 -- NP 6.87
04/19/10 14:18 2.12 -- NP 6.27
04/19/10 16:22 2.29 -- NP 6.10
07/19/10 5:55 2.10 -- NP 6.29
07/19/10 9:17 2.28 -- NP 6.11
10/25/10 12:29 0.80 -- NP 7.59
10/25/10 15:42 1.45 -- NP 6.94
03/21/11 11:25 2.30 -- NP 6.09
03/21/11 14:05 2.50 -- NP 5.89
06/14/11 9:06 2.05 -- NP 6.34
06/14/11 12:59 2.35 -- NP 6.04
09/26/11 9:45 2.19 -- NP 6.20
09/26/11 -- 2.08 -- NP 6.31

D-42 06/22/09 10:19 9.39 3 2.96 -- NP 6.43
06/22/09 12:54 2.81 -- NP 6.58
08/03/09 10:09 2.93 -- NP 6.46
08/03/09 12:25 2.95 -- NP 6.44
08/17/09 8:10 2.92 -- NP 6.47
08/17/09 11:19 2.94 -- NP 6.45
10/29/09 8:19 2.74 -- NP 6.65
10/29/09 10:34 2.59 -- NP 6.80
01/18/10 12:55 2.06 -- NP 7.33
01/18/10 15:00 2.35 -- NP 7.04
04/19/10 14:33 2.87 -- NP 6.52
04/19/10 16:39 2.95 -- NP 6.44
07/19/10 6:19 2.90 -- NP 6.49
07/19/10 9:34 3.00 -- NP 6.39
10/25/10 12:45 1.70 -- NP 7.69
10/25/10 15:36 2.40 -- NP 6.99
03/21/11 11:48 2.83 -- NP 6.56
03/21/11 14:15 2.90 -- NP 6.49
06/14/11 9:00 2.35 -- NP 7.04
06/14/11 13:12 2.93 -- NP 6.46
09/26/11 10:00 2.82 -- NP 6.57
09/26/11 -- 3.03 -- NP 6.36
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Table 1

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Date Time

Depth to Water

(top of casing)

(feet)

Depth to

LNAPL

(feet)

Top of Casing

Elevation

(feet)

LNAPL

Thickness

(feet)

Groundwater

Elevation

(feet amsl)

Monitoring

Well

D-5 10/20/08 17:15 5.60 1.20 -- NP 6.80
12/08/08 11:18 1.25 -- NP 6.85
02/20/09 9:45 0.30 -- NP 5.90*

04/20/09 9:22 0.08 -- NP 5.68

06/22/09 10:39 9.09 3 2.88 -- NP 6.21
06/22/09 12:28 3.10 -- NP 5.99
08/03/09 9:32 3.10 -- NP 5.99
08/03/09 11:59 3.12 -- NP 5.97
08/17/09 7:46 3.12 -- NP 5.97
08/17/09 10:56 3.17 -- NP 5.92
10/29/09 7:45 2.99 -- NP 6.10
10/29/09 10:04 2.88 -- NP 6.21
01/18/10 12:29 1.76 -- NP 7.33
01/18/10 14:35 2.10 -- NP 6.99
04/19/10 14:05 2.87 -- NP 6.22
04/19/10 16:10 Dry -- NP Dry
07/19/10 5:32 2.78 -- NP 6.31
07/19/10 9:04 Dry -- NP Dry
10/25/10 12:15 1.50 -- NP 7.59
10/25/10 15:33 2.11 -- NP 6.98
03/21/11 11:13 2.80 -- NP 6.29
03/21/11 13:54 3.10 -- NP 5.99
06/14/11 8:50 2.65 -- NP 6.44
06/14/11 12:46 3.19 -- NP 5.90
09/26/11 8:50 2.69 -- NP 6.40
09/26/11 -- 2.99 -- NP 6.10

D-6 10/20/08 -- -- -- -- -- --
12/08/08 11:22 2.80 3.00 -- NP 5.80
02/20/09 10:16 4.40 -- NP 7.20
04/20/09 9:40 4.30 -- NP 7.10

06/22/09 11:10 8.11 3 3.12 -- NP 4.99
06/22/09 12:46 3.12 -- NP 4.99
08/03/09 9:59 3.30 -- NP 4.81
08/03/09 12:16 3.29 -- NP 4.82
08/17/09 8:02 3.30 -- NP 4.81
08/17/09 11:14 3.29 -- NP 4.82
10/29/09 8:09 2.76 -- NP 5.35
10/29/09 10:34 2.71 -- NP 5.40
01/18/10 12:46 3.77 -- NP 4.34
01/18/10 14:52 3.80 -- NP 4.31
04/19/10 14:25 2.20 -- NP 5.91
04/19/10 16:30 2.30 -- NP 5.81
07/19/10 6:08 2.35 -- NP 5.76
07/19/10 9:26 2.35 -- NP 5.76
10/25/10 12:36 1.65 -- NP 6.46
10/25/10 15:48 1.61 -- NP 6.50
03/21/11 11:35 1.64 -- NP 6.47
03/21/11 14:08 1.65 -- NP 6.46
06/14/11 8:57 3.72 -- NP 4.39
06/14/11 12:50 3.72 -- NP 4.39
09/26/11 9:00 3.95 -- NP 4.16
09/26/11 -- 3.90 -- NP 4.21

D-7 10/20/08 17:23 7.60 Dry -- NP Dry
12/08/08 11:31 Dry -- NP Dry
02/20/09 10:48 Dry -- NP Dry
04/20/09 10:23 Dry -- NP Dry
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Appendix B

Tidal Study Analysis



Appendix C

Hydraulic Conductivity Step Test

Data



Appendix D

Short Duration Hydraulic

Conductivity Test Data



Appendix E

Long Duration Hydraulic

Conductivity Test Data



Appendix F

Hydraulic Conductivity Test Well

Boring Logs



Appendix G

Hydraulic Conductivity Test

Results and Analysis



Appendix H

DB-2 Investigation Boring Logs



Appendix I

DB-2 Soil Sample Analytical Data

Reports and Gas Chromatograms

(Analytical Reports available on

attached CD)



Appendix J

Draft FS Schedule
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