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1. Introduction  

On behalf of Chevron Environmental Management Company (Chevron), ARCADIS 
U.S., Inc. (ARCADIS) has prepared the 2009 Annual Groundwater Monitoring Report 
for former Unocal terminal located at 11720 Unoco Road in Edmonds, Washington (the 
site).  The site and surrounding area are shown on Figure 1.  This report summarizes 
seven groundwater sampling and gauging events completed between October 2008 
and October 2009 in accordance with the requirements of Washington State Agreed 
Order No. DE 4460 and the Interim Action Report – Work Plan for 2007 Lower Yard 
Interim Action, Unocal Edmonds Bulk Fuel Terminal (SLR 2007a) (the Work Plan). Site 
layout is shown on Figure 2.  

2. Site Description 

The Lower Yard occupies approximately 22 acres and lies east-southeast of BNSF 
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. 
The site layout is shown on 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 detention basins (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 retention 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. There are currently no permanent 
above ground 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 
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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. 

2.1 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. 

In 2001, Unocal conducted an Interim Action in the Lower Yard, removing light non-
aqueous phase liquid( 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 – Volume 1 (MFA 2002). Additional Interim 
Actions conducted in 2003 included soil excavations in the Southwest Lower Yard and 
Detention Basin No.1.  The results of the 2003 Interim Action are summarized in 2003 
Lower Yard Interim Action As-Built Report – 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 (DOE) to conduct an Interim Action in the Lower Yard. Specific objectives of 
the Interim Action included removal of soil with petroleum impacts in excess of the soil 
remediation levels (RELs) established for the Lower Yard, removal of LNAPL, 
extraction of groundwater that is in contact with LNAPL, and removal of soil with 
arsenic concentrations in excess of the cleanup levels (CULs) within the Southwest 
Lower Yard. The soil RELs were calculated to provide a concentration that is protective 
of direct contact. The RELs are believed to be protective of groundwater as well.  
Groundwater monitoring, to be conducted following soil remediation, is expected to 
provide empirical evidence that RELs are protective of groundwater. Surface water and 
groundwater CULs were established in the Work Plan, and are summarized in Table 
1..  



Page 3 of 31 

 

 

 

 

  
2009 Annual 
Groundwater Monitoring 
Report 
 
Former Unocal Edmonds 
Terminal 
 

 

2.2 Geology 

Prior to excavation, subsurface materials encountered during 2007-2008 Phase I 
excavation were silty sands with gravel and sandy silts with gravel. Between 8 to 15 
feet below ground surface (bgs), a poorly graded sand formation of very fine to medium 
sand with fine gravel was encountered, which contained organic material such as 
beach debris, wood, and seashells. Excavation areas throughout the Lower Yard 
encountered a native layer approximately 6 to 12 inches thick composed of sandy silt 
with large amounts of peat, wood debris, and decomposing vegetation. This layer was 
encountered at depths of 8 to 14 feet bgs and is considered to be representative of the 
former marsh located at the site.  

The current lithology of the Lower Yard consists primarily of backfill material from the 
2007-2008 Phase I and Phase II Interim Action work. The fill was placed within 
excavated areas to a depth of 8 to 12 feet bgs and is composed of very fine to medium 
sand, trace silt, and coarse gravel. Backfill in the saturated zone (approximately 1 foot 
above groundwater to the bottom of each excavation) is composed of poorly graded 
coarse gravels. 

3. Groundwater Monitoring Program 

In accordance with the Agreed Order, No. DE92TC-N328, groundwater monitoring was 
to be conducted after remedial excavation activities to: 1) determine if the remaining 
soil concentrations will be a source of LNAPL; 2) to evaluate if the remaining soil 
concentrations will cause an exceedance of groundwater CULs at the points of 
compliance (POCs); 3) to determine if the remaining petroleum hydrocarbon 
concentrations in groundwater will naturally attenuate below the CULs at the POCs; 
and  4) to calculate the restoration timeframes to meet the groundwater CULs at the 
POCs. Groundwater sampling events were 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) (Ecology 2005).).  



Page 4 of 31 

 

 

 

 

  
2009 Annual 
Groundwater Monitoring 
Report 
 
Former Unocal Edmonds 
Terminal 
 

 

The locations of the wells inside the three groundwater flow paths were based on the 
presence of LNAPL on groundwater prior to the creation of the Work Plan. Prior to the 
2007/2008 Interim Action remedial excavations, the groundwater flow paths fit the 
established model of upgradient, source area, and downgradient wells. As a result of 
the 2007/2008 Interim Action, remedial excavations extended beyond the mapped flow 
path areas, and the resulting monitoring well arrangement was no longer suitable for 
use with Ecology’s Natural Attenuation Analysis Tool Package A. As a result of the 
source removal, 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, and are no longer applicable for a spatial evaluation of natural 
attenuation away from the source, as required for use with Ecology’s Natural 
Attenuation Analysis Tool Package A. This change in the site conceptual model 
rendered the previous sampling schedule and monitoring program obsolete with 
respect to the planned data evaluation, and necessitated revisions to the monitoring 
program that were reviewed and approved by WDOE in December 2009.  The current 
monitoring well network is sufficient to monitor and evaluate the status of the overall 
dissolved-phase plume; the stability of the site plume will be evaluated on a well-by-
well basis, and the monitoring program needed to support this analysis was reduced 
accordingly.  

3.1 Monitoring Well Network 

The current monitoring well network consists of 40 wells, 21 of which are considered 
POC wells. The following monitoring wells are considered POC wells:  

LM-2 MW-8R MW-20R MW-101 MW-104 MW-108

MW-109 MW-129R MW-135 MW-136 MW-139R MW-147

MW-149R MW-150 MW-500 MW-501 MW-510 MW-518

MW-522 MW-523 MW-524    

The remaining 19 wells are considered interior monitoring wells, and are as follows:  

MW-143 MW-502 MW-503 MW-504 MW-505 MW-506

MW-507 MW-508 MW-509 MW-511 MW-512 MW-513
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MW-514 MW-515 MW-516 MW-517  MW-519

MW-520 MW-521     

Groundwater monitoring well locations are shown on Figure 3. 

3.2 Groundwater Monitoring Program Revisions 

In December 2009, with the approval of WDOE the following revisions were made to 
the groundwater monitoring program: 

3.2.1 Sampling Schedule 

The groundwater sampling schedule was changed from every other month to quarterly. 
The October 2009 sampling event constituted the final bi-monthly event, with the 
quarterly schedule beginning in January 2010. Therefore, the remaining sampling 
events will occur in April 2010, July 2010, and October 2010. The change in sampling 
frequency reduced the number of sampling events by two, and will result in a total of 11 
events over the two year period. 

3.2.2 Analytical 

Based on the Indicator Hazardous Substances (IHSs) determined to be present at the 
site in the Work Plan, the following analytical suite was developed for the groundwater 
monitoring program: 

• Benzene by USEPA Method 8021B; 

• TPH-G by Ecology Methods NWTPH-Gx; 

• Total Petroleum Hydrocarbons as diesel (TPH-D) and Total Petroleum 
Hydrocarbons as heavy oil-range (THP-O) by Ecology Method NWTPH-Dx 
(after silica gel cleanup); and 

• Total Carcinogenic Polyaromatic Hydrocarbons (cPAHs), plus naphthalene, by 
USEPA Method 8270C. 
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Along with the petroleum hydrocarbons noted above, the following natural attenuation 
geochemical indicator parameters were also monitored in 2008-2009: 

• sulfate by USEPA Method 300.0; 

• nitrate by USEPA Method 300.0; 

• alkalinity by USEPA Method 310.0; 

• dissolved methane by USEPA Method RSK 175; and 

• dissolved manganese by USEPA Method 200.8. 

Water quality and geochemical indicator parameters, including dissolved oxygen, 
oxidation-reduction potential, pH, conductivity, temperature, and dissolved ferrous iron 
measurements, were also collected at the time of purging using a water quality meter 
with a flow-through cell.  Ferrous iron was measured using Hach® field kits. 

As of the January 2010 event, the following analytes and parameters will be collected 
during the First, Second, and Third Quarter 2010 sampling events: 

• TPH-G by Ecology Methods NWTPH-Gx;  

• TPH-D and TPH-O by Ecology Method NWTPH-Dx (after silica gel cleanup); 

• Benzene by USEPA Method 8021B for MW-20R only; 

• Water quality and geochemical parameters, including dissolved oxygen, 
oxidation-reduction potential, pH, conductivity, and temperature. 

During the final Fourth Quarter 2010 monitoring event, the 40 site wells in the program 
will be sampled for the full suite of analytes (including benzene, PAHs, and natural 
attenuation parameters).  
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3.3 Groundwater Monitoring Procedures 

During groundwater monitoring events from October 2008 to June 2009, 48 on-site 
wells and one off-site well (MW-301) were gauged. In July 2009, eight piezometers 
were installed in the southeast Lower Yard, and during groundwater monitoring events 
conducted in August 2009 and October 2009, 48 on-site wells, one off-site well and 
eight piezometers were gauged. During groundwater monitoring events wells are 
gauged with a decontaminated oil/water interface probe to determine depth to 
groundwater and to check for the presence of LNAPL. If LNAPL or an LNAPL film is 
detected, a bailer is lowered into the well to visually confirm its presence.  Prior to 
gauging, well caps are removed to allow groundwater levels to equilibrate for at least 
one hour prior to gauging. Headspace readings in the well casing are collected when 
the well caps are removed using a photo-ionization detector (PID).  Six staff gauges in 
Willow Creek were measured at the beginning of gauging activities during the October 
and December 2008 and February and April 2009 events.  Beginning with the June 
2009 event, additional staff gauges D-1 and D-4 were installed in Willow Creek, 
(Figure 3) and all of the staff gauges were re-surveyed. Also beginning in June 2009, 
the staff gauges were measured prior to gauging the onsite wells and after gauging 
was completed, providing two sets of data for each staff gauge for every gauging 
event. Gauging activities were conducted as close to the time of low tide as possible. 
Surface water elevations at the staff gauge locations are not included on groundwater 
contour maps as it cannot be concluded that surface water in Willow Creek and 
groundwater in the Lower Yard are the same potentiometric surface.  Tide tables for 
each gauging event are included in Appendix A.  Monitoring well gauging times are 
included in Table 2; the gauging times can be correlated with the tide tables to 
determine the tidal stage during gauging activities. 

After gauging, the wells were purged via low-flow methods using peristaltic pumps with 
disposable polyethylene tubing.  Water quality and geochemical parameters, including 
dissolved oxygen (DO), oxidation-reduction potential (ORP), pH, conductivity and 
temperature are collected at the time of purging using a properly calibrated In-Situ 
9500 Troll® groundwater quality meters with low-flow cells. Dissolved ferrous iron 
measurements are collected in the field using a Hach® ferrous iron measuring kit.  
Groundwater was purged until the geochemical parameters stabilize to within 10 
percent of their value.  Low-flow field sheets with groundwater parameters, as well as 
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laboratory analytical results reports collected during the 2008 and 2009 sampling 
events are provided in Appendix B through H.   

After stabilization parameters were reached, samples were collected into new, 
laboratory-supplied containers with proper preservatives and kept in iced coolers.  
Groundwater samples were picked up daily by a TestAmerica courier for transport to 
TestAmerica Laboratory, Bothell, Washington, for analysis during the October and 
December 2008 events.  Beginning with the February 2009 event samples for 
laboratory analysis except for cPAHs were packed in iced coolers and shipped to 
Lancaster Laboratories in Lancaster, Pennsylvania for analysis. cPAHs were sent to a 
separate laboratory to achieve the lowest possible detection levels. Samples for cPAHs 
analysis were picked up daily by a TestAmerica courier for transport to TestAmerica 
Laboratory in Bothell, Washington.  Beginning with the August 2009 event the cPAH 
samples were stored in a refrigerator at the ARCADIS office for pickup by a 
TestAmerica courier the following day for transport to TestAmerica Laboratory in 
Tacoma, Washington for analysis. 

3.4 Groundwater Flow 

Groundwater flow at the site is to the north-northwest in the central portion of the site 
and to the northwest in the western portion of the site. Due to gravel backfill used 
during the remedial excavations, groundwater across the central and southwestern 
portion of the site has a very low gradient. This flattening of the groundwater gradient 
across areas of excavation does not appear to have an effect on the overall site 
groundwater gradient.  The eastern portion of the site has a groundwater mounding 
effect, as discussed below. The majority of the southeast Lower Yard is also comprised 
of gravel backfill material from the remedial excavations.   

Groundwater flow in the southeast Lower Yard is dominated by a mounding effect.  
Groundwater gauging data generally indicates that the groundwater surfaces 
measured in P-3 and P-5, the two shallow piezometers completed in excavation 
backfill, have similar elevations to those measured in MW-500 and MW-501, which are 
also partially completed in excavation backfill material. The water levels measured in P-
3 and P-5 are generally several feet higher than the water levels in the deeper 
piezometer of each nested pair. Six piezometers (including the two completed deeper 
as part of the nested pairs) were installed in native or undisturbed material. 
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Groundwater levels measured in piezometers with deeper well screens (P-2, P-4, P-7, 
and P-8) show groundwater elevations consistent with site-wide groundwater flow.  The 
two shallow piezometers (P-1 and P-6) that were installed in older fill material show 
somewhat higher groundwater elevations than their deeper counterparts. There 
appears to be lateral outward migration of shallow groundwater from the groundwater 
mound in the excavation backfill into the surrounding older fill material as the mound 
decays. The silty, shallow older fill in the southeast Lower Yard (from 0 to 13 feet below 
ground surface) appears to have created a distinct zone in which shallow groundwater 
responds to recharge independently of the lower-permeability material below. The 
heterogeneous nature of the historical fill material found in the southeast Lower Yard 
has created localized pockets of lower and higher permeability which strongly affect 
shallow groundwater elevations. 

Summaries of each groundwater gauging event from this reporting period are 
discussed below, including gauging information from Willow Creek.  

3.4.1 October 2008 

On October 20, 2008, during low tide, ARCADIS field personnel gauged 49 wells, and 
five staff gauges in Willow Creek.  Depths to water ranged from 2.66 feet below top of 
casing (btoc) (5.48 feet above mean sea level [amsl]) in well LM-2 to 26.58 feet btoc 
(8.55 feet amsl) in well MW-134X.  The presence of LNAPL was not detected in any 
wells.  Groundwater elevations ranged from 4.21 feet amsl in well MW-524 to 8.55 feet 
amsl in well MW-134X.  Water levels in Willow Creek ranged from below measurement 
markings on staff gauge D-7 to 7.10 feet amsl at staff gauge D-3.  Water was present 
in the creek channel adjacent to staff gauge D-7, but the water level was below the 
base of the gauge.. Depths to water, groundwater elevations, and times of gauging are 
presented in Table 2.  October 2008 groundwater elevations and contours are shown 
on Figure 4. 

3.4.2 December 2008 

During low tide on December 8, 2008, ARCADIS field personnel gauged 49 wells and 
five staff gauges in Willow Creek.  Depths to water ranged from 2.89 feet btoc (5.25 
feet amsl) in well LM-2 to 26.55 feet btoc (8.58 feet amsl) in well MW-134X.  The 
presence of LNAPL was not detected in any wells. Groundwater elevations ranged 
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from 4.60 feet amsl in well MW-108 to 11.48 feet amsl in well MW-500.  Water levels in 
Willow Creek ranged from below measurement markings on staff gauge D-7 to 7.20 
feet amsl at staff gauge TB.  Water was present in the creek channel adjacent to staff 
gauge D-7, but the water level was below the base of the gauge.  December depths to 
water, groundwater elevations, and times of gauging are presented in Table 2.  
December 2008 groundwater elevations and contours are shown on Figure 5. 

3.4.3 February 2009 

During low tide on February 20, 2009, ARCADIS field personnel gauged 49 wells and 
five staff gauges in Willow Creek.  Depths to water ranged from 2.64 feet btoc (5.50 
feet amsl) in well LM-2 to 26.62 feet btoc (8.51 feet amsl) in well MW-134X.  The 
presence of LNAPL was detected in MW-129R at a thickness of 0.01 feet, from 6.34 
feet btoc to 6.35 feet btoc (6.58 to 6.57 feet amsl).  Groundwater elevations ranged 
from 5.50 feet amsl in well LM-2 to 12.13 feet amsl in well MW-500. Water levels in 
Willow Creek ranged from below measurement markings on staff gauge D-7 to 6.40 
feet amsl at staff gauge D-3.  Water was present in the creek channel adjacent to staff 
gauge D-7, but the water level was below the base of the gauge. February depths to 
water, groundwater elevations, and times of gauging are presented in Table 2.  
February 2009 groundwater elevations and contours are shown on Figure 6. 

3.4.4 April 2009 

During low tide on April 20, 2009, ARCADIS field personnel gauged 49 onsite wells 
and five staff gauges in Willow Creek.  Depths to water ranged from 2.46 feet btoc 
(5.68 feet amsl) in well LM-2 to 26.43 feet btoc (8.70 feet amsl) in well MW-134X. The 
presence of LNAPL was not detected in any wells. Groundwater elevations ranged 
from 4.71 feet amsl in offsite well MW-301 to 13.10 feet amsl in well MW-500.  Water 
levels in Willow Creek ranged from below measurement markings on staff gauge D-7 
to 6.40 feet amsl at staff gauge D-3.  Water was present in the creek channel adjacent 
to staff gauge D-7, but the water level was below the base of the gauge. April depths to 
water, groundwater elevations, and times of gauging are presented in Table 2.  April 
2009 groundwater elevations and contours are shown on Figure 7. 
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3.4.5 June 2009 

During low tide on June 22, 2009, ARCADIS field personnel gauged 49 onsite wells 
and six staff gauges in Willow Creek.  Depths to water ranged from 2.84 feet btoc (5.30 
feet amsl) in well LM-2 to 26.69 feet btoc (8.44 feet amsl) in well MW-134X. The 
presence of LNAPL was initially reported in well MW-104; however, the measurement 
was determined to be in error.  The measurement was not confirmed with a bailer at 
the time it was collected. The measurement was re-collected on June 23, 2009 and 
there was no indication of LNAPL or LNAPL film.  A bailer was also used to check for 
the presence of LNAPL on June 23, 2009 and there were no signs of LNAPL, 
hydrocarbon sheen or hydrocarbon-like odor in MW-104.   LNAPL has not been 
reported in well MW-104 in subsequent gauging events. 

Groundwater elevations on June 22, 2009 ranged from 4.90 feet amsl in offsite well 
MW-301 to 11.46 feet amsl in well MW-500.  Water levels were collected in Willow 
Creek prior to gauging the site and again after completion of site gauging. Water 
elevations in Willow Creek prior to site gauging ranged from 6.20 feet amsl at staff 
gauge D-3 to 6.43 feet amsl at staff gauge D-4. Water elevations in Willow Creek after 
site gauging ranged from 6.03 feet amsl at staff gauge D-1 to 6.58 feet amsl at staff 
gauge D-4. June depths to water, groundwater elevations, and times of gauging are 
presented in Table 2.  June 2009 groundwater elevations and contours are shown on 
Figure 8. 

3.4.6 July 2009 

3.4.6.1 Piezometer Installation 

On July 30th and 31st, 2009, eight piezometers were installed in the southeast Lower 
Yard, in the vicinity of monitoring wells MW-500 and MW-501 to investigate the 
apparent groundwater mound in the area. The piezometers were installed in pairs (P-1 
and P-8, P-2 and P-3, P-4 and P-5, and P-6 and P-7) with one installed as a shallow 
point and one installed as a deep point. The following table is a summary of the 
installation details of the piezometers:  
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Piezometer 
Total Depth 

 (ft bgs) 
Well Screen 

(feet bgs) 
Material at Screened Interval 

P-1 13 3 - 13 Undisturbed historical fill 
P-2 22 17 - 22 Native silt and clay below 2007/2008 gravel backfill 
P-3 12 3 - 12 2007/2008 gravel backfill 
P-4 22.5 17.5 - 22.5 Native silt and clay below 2007/2008 gravel backfill 
P-5 12.5 3 - 12.5 2007/2008 gravel backfill 
P-6 13 3 - 13 Undisturbed historical fill 
P-7 25 20 - 25 Native silt and clay 
P-8 25 20 - 25 Native silt and clay 

 

The piezometers are constructed of 1-inch schedule 40 PVC pipe with 0.01-inch slotted 
screen.  Sand packs are constructed of 2/12 silica sand and extend from one foot 
above the screened interval to the total depth of the well.  Each of the piezometers was 
completed with hydrated bentonite chips to one foot bgs, with flush-mount well 
monuments set in concrete at ground surface. Upon completion, the eight piezometers 
were surveyed, and a full round of groundwater gauging was conducted on August 3, 
2009.  

3.4.7 August 2009 

Two groundwater gauging events were completed in August 2009. A complete gauging 
round was completed on August 3, 2009 after the installation and development of eight 
piezometers which were installed in the southeast lower yard, and again on August 17, 
2009, as part of the bi-monthly gauging event. This summary describes the August 17, 
2009 gauging event associated with the August site sampling.  

During low tide on August 17, 2009, ARCADIS field personnel gauged 49 monitoring 
wells, eight piezometers and five staff gauges in Willow Creek. Depths to water ranged 
from 3.09 feet btoc (5.05 feet amsl) in well LM-2 to 26.79 feet btoc (8.34 feet amsl) in 
well MW-134X. On August 17, 2009, groundwater elevations ranged from 3.31 feet 
amsl in well MW-509 to 11.36 feet amsl in piezometer P-6.  Water elevations in Willow 
Creek prior to site gauging ranged from 5.97 feet amsl at staff gauge D-5 to 6.53 feet 
amsl at staff gauge TB.  Water elevations in Willow Creek after site gauging ranged 
from 5.92 feet amsl at staff gauge D-5 to 6.58 feet amsl at staff gauge TB.  
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An LNAPL film was present in well MW-510 during both of the August gauging events. 
The detections were confirmed with a bailer; however, the LNAPL layer was less than 
0.01 feet thick. Depth to water measurements, groundwater elevations, and times of 
gauging for both of the August gauging events are presented in Table 2.  August 3, 
2009 and August 17, 2009 groundwater elevations and contours are shown on 
Figures 9 and 10, respectively. 

3.4.8 October 2009 

During low tide on October 29, 2009, ARCADIS field personnel gauged 49 monitoring 
wells, eight piezometers and six staff gauges in Willow Creek.  Depths to water ranged 
from 2.56 feet btoc (5.58 feet amsl) in well LM-2 to 26.34 feet btoc (8.79 feet amsl) in 
well MW-134X. Groundwater elevations ranged from 4.89 feet amsl in offsite well MW-
301 to 12.75 feet amsl in piezometer P-6.  Water levels in Willow Creek prior to site 
gauging ranged from 6.10 feet amsl at staff gauge D-5 to 6.65 feet amsl at staff gauge 
D-4.  Water elevations in Willow Creek after site gauging ranged from 6.21 feet amsl at 
staff gauge D-5 to 6.80 feet amsl at staff gauge D-4.  

LNAPL was present in monitoring well MW-510 during the October 2009 sampling 
event.  LNAPL was measured at a thickness of 0.01 foot from an elevation of 6.71 feet 
amsl to 6.72 feet amsl. This measurement was confirmed using a bailer.  October 2009 
depths to water, groundwater elevations, and times of gauging are presented in Table 
2.  October 2009 groundwater elevations and contours are shown on Figure 11. 

3.5 Laboratory Analyses 

Groundwater samples were collected using clean, laboratory-supplied containers. In 
accordance with the Work Plan, groundwater samples were analyzed for the following 
hydrocarbon constituents: 

• benzene by US Environmental Protection Agency (USEPA) Method 8021B; 

• gasoline-range hydrocarbons (TPH-G) by Ecology Methods NWTPH-Gx; 

• diesel-range hydrocarbons (TPH-D) and heavy oil-range hydrocarbons (TPH-
O) by Ecology Method NWTPH-Dx (after silica gel cleanup); and 
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• total carcinogenic polynuclear aromatic hydrocarbons (cPAHs), including 
naphthalene, by USEPA Method 8270C. 

In addition to the hydrocarbon constituents monitored at the site, geochemical indicator 
parameters were monitored to assess the prevailing groundwater geochemical 
environment and degradation processes within the plume.  The following groundwater 
geochemical indicator parameters were monitored to further evaluate natural 
attenuation of the hydrocarbon constituents: 

• sulfate by USEPA Method 300.0; 

• nitrate by USEPA Method 300.0; 

• alkalinity by USEPA Method 310.0; 

• dissolved methane by USEPA Method RSK 175; and 

• dissolved manganese by USEPA Method 200.8. 

During the October and December 2008 events groundwater samples were picked up 
daily by a TestAmerica courier for transport to TestAmerica, Bothell, Washington, for 
analysis.  Beginning with the January 2009 event, samples for all analysis except for 
cPAHs were packed in iced coolers and shipped to Lancaster Laboratories, Lancaster, 
Pennsylvania for analysis. Samples for cPAH analysis were picked up daily by a 
TestAmerica courier for transport to TestAmerica, Bothell, Washington. Beginning with 
the August 2009 event PAH samples were stored in a refrigerator at the ARCADIS 
office for pickup by a TestAmerica courier the following day for transport to 
TestAmerica, Tacoma, Washington for analysis. Benzene, Total TPH and cPAH result 
data are presented in Table 3. 

Geochemical parameter monitoring was conducted during the first year of groundwater 
sampling events to assess the potential for natural attenuation at the site. In addition to 
the analytical samples collected, field parameter data including pH, conductivity, 
temperature, DO, ORP and ferrous iron were measured in the field.  While decreasing 
IHS concentration trends could be the result of physical processes such as plume 
migration or dilution/dispersion, evaluation of the site geochemistry in addition to IHS 



Page 15 of 31 

 

 

 

 

  
2009 Annual 
Groundwater Monitoring 
Report 
 
Former Unocal Edmonds 
Terminal 
 

 

concentration trends can be used to indicate the prevailing groundwater geochemical 
environment and potential mechanisms of hydrocarbon biodegradation within the 
plume.  Geochemical parameter results data are presented in Table 4. 

3.6 Groundwater Analytical Results 

Groundwater CULs for the site, as outlined in the Work Plan, are presented in Table 1. 
There are two values for total TPH CULs distinguished between the east and west side 
of the site as demarcated on Figure 2 through 18. Total TPH concentrations were 
calculated by summing the concentrations of gasoline, diesel, and heavy oil.  If one or 
more of the constituents did not exceed the laboratory detection limit, half of the 
detection limit for each constituent was added to the detectable concentrations. To 
calculate Total 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).  
Analytical reports for monitoring events are presented in Appendices B through H.  

3.6.1 October 2008 Analytical Results 

From October 21 to October 27, 2008, groundwater samples were collected from 40 
on-site monitoring wells.  Twenty-four of these samples contained concentrations of 
TPH greater than the laboratory detection limit. Fifteen of these samples exceeded 
applicable TPH CULs. Of the 24 samples with detectable concentrations of TPH, 19 
were detected for TPH-G only, and only five samples contained TPH-D. October 2008 
analytical data are presented in Table 3 and total TPH data are presented on Figure 
12. 

Concentrations of cPAHs were not detected greater than the laboratory detection limit 
in any of the samples collected during this sampling event.  However, due to elevated 
laboratory detection limits during cPAH analysis of samples collected from monitoring 
wells MW-510 and MW-522, the detection levels are greater than the cPAH CUL.   

Benzene was detected in samples from 16 wells throughout the site.  No samples 
contained benzene concentrations exceeding the site CUL. 
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3.6.1.1 Point of Compliance Wells 

During the October 2008 monitoring event, samples from six of the 21 POC wells 
contained concentrations of TPH that exceeded their applicable CULs (MW-104, MW-
500, MW-501, MW-510, MW-518 and MW-522). Concentrations in these samples 
ranged from 909 micrograms per liter (µg/L) in the sample collected from monitoring 
well MW-522 to 8,330 µg/L in the sample collected from monitoring well MW-501.   

Samples collected from six POC wells contained TPH concentrations that exceeded 
the laboratory detection limit, but did not exceed applicable CULs.  Concentrations in 
these samples ranged from 418 µg/L in the sample collected from MW-139R to 597 
µg/L in the sample collected from MW-20R.  Nine POC wells did not contain 
concentrations of TPH greater than the laboratory detection limit.   

Benzene was detected in seven POC wells during this event, with concentrations 
ranging from 0.503 µg/L in the sample collected from monitoring well MW-518 to 6.89 
µg/L in the sample collected from monitoring well MW-510.  No samples exceeded the 
benzene CUL of 51 µg/L. 

3.6.1.2 Interior Monitoring Wells 

Samples collected from nine of the 19 groundwater flow path wells contained 
concentrations of TPH which exceeded applicable TPH CULs.  Concentrations in these 
samples ranged from 701 µg/L in the sample collected from monitoring well MW-504 to 
1,697 µg/L in the sample collected from monitoring well MW-502.     

Samples collected from three interior monitoring wells contained concentrations of TPH 
that exceeded the laboratory detection limits but did not exceed site CULs. 
Concentrations in these samples ranged from 425 µg/L in the sample collected from 
monitoring well MW-521 to 647 µg/L in the sample collected from monitoring well MW-
517.  Seven interior monitoring wells did not contain detectable concentrations of TPH. 

Benzene was detected in samples from nine interior monitoring wells. Concentrations 
ranged from 0.702 µg/L in the sample collected from monitoring well MW-513 to 7.03 
µg/L in the sample collected from monitoring well MW-504. No samples contained 
benzene concentrations exceeding the benzene CUL. 
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3.6.2 December 2008 Analytical Results 

From December 9 to December 16, 2008, groundwater samples were collected from 
40 on-site monitoring wells.  Nineteen samples contained TPH concentrations greater 
than laboratory detection limits. Nine of these samples contained concentrations 
greater than applicable TPH CULs. Of the 19 samples with detectable concentrations 
of TPH, 16 were detected for TPH-G only, and three samples contained TPH-D. 
December 2008 analytical data are presented in Table 3 and total TPH data are 
presented on Figure 13. 

The sample collected from monitoring well LM-2 was the only sample that contained a 
cPAH constituent that was greater than the laboratory detection limit.  The total 
adjusted concentration of cPAHs in the sample collected from LM-2 was 0.00772 µg/L. 
No samples contained cPAH concentrations exceeding the site CUL of 0.018 µg/L.  
However, due to elevated laboratory detection limits during cPAH analysis of the 
sample collected from monitoring well MW-510, the detection level is greater than the 
site cPAH CUL. 

Benzene was detected at concentrations exceeding the laboratory detection limit in 
samples from 10 wells throughout the site.  No samples contained benzene 
concentrations exceeding the site REL. 

3.6.2.1 Point of Compliance Wells 

During the December 2008 monitoring event, groundwater samples from four of the 21 
POC wells contained concentrations of TPH that exceeded their respective TPH CULs 
(MW-104, MW-147, MW-510, and MW-518).  Concentrations in these samples ranged 
from 968 µg/L (MW-147) to 5,410 µg/L (MW-510).   

Samples collected from four POC wells contained TPH concentrations greater than the 
laboratory detection limit, but less than their respective CULs (MW-136, MW-20R, MW-
522 and MW-8R).  Concentrations in these samples ranged from 425 µg/L (MW-136) 
to 697 µg/L (MW-20R).  Thirteen POC wells did not contain concentrations of TPH 
above the laboratory detection limit.   
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Benzene was detected in five POC wells at concentrations greater than the laboratory 
detection limits (MW-104, MW-20R, MW-510, MW-522 and MW-8R). Concentrations 
ranged from 0.510 µg/L (MW-8R) to 22.2 µg/L (MW-20R). No samples contained 
benzene concentrations that exceeded the applicable CUL. 

3.6.2.2 Interior Monitoring Wells 

Samples collected from five of the 19 interior monitoring wells exceeded applicable 
TPH CULs (MW-502, MW-507, MW-512, MW-513 and MW-514).  Concentrations in 
these samples ranged from 562 µg/L (MW-507) to 1,438 µg/L (MW-502).   

Samples collected from six interior monitoring wells contained concentrations of TPH 
that exceeded laboratory detection limits but did not exceed site CULs. Concentrations 
in these samples ranged from 439 µg/L in the sample collected from monitoring well 
MW-519 to 491 µg/L in the sample collected from monitoring well MW-517.  Eight 
interior monitoring wells did not contain concentrations of TPH greater than the 
laboratory detection limits. 

Benzene was detected at concentrations greater than laboratory detection limits in 
samples from five interior monitoring wells (MW-520, MW-507, MW-512, MW-513 and 
MW-514). Concentrations in these samples ranged from 0.605 µg/L (MW-507) to 3.77 
µg/L (MW-520). No samples contained concentrations of benzene that exceeded the 
benzene CUL of 51 µg/L. 

3.6.3 February 2009 Analytical Results 

Groundwater samples were collected from 40 onsite wells from February 23, 2009 to 
March 2, 2009. Samples collected from 33 monitoring wells contained concentrations 
of TPH which exceeded the laboratory detection limit. Of those 33 samples, 16 
samples exceeded their respective TPH CUL. Twelve samples were detected for   
TPH-D only, while 21 samples contained a combination of TPH-D, TPH-G and/or  
TPH-O. February 2009 analytical data are presented in Table 3 and total TPH data are 
presented on Figure 14. 

No samples collected from site monitoring wells contained concentrations of cPAH 
constituents which exceeded the laboratory detection limits, however, due to raised 
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detection limits during the analysis of cPAH samples collected from monitoring wells 
MW-135 and MW-510, the calculated total adjusted cPAH values were greater than the 
site CUL for cPAHs.  

Benzene was detected in eight samples collected from site monitoring wells at 
concentrations exceeding the laboratory detection limits, only one of which exceeded 
the site CUL for benzene. 

3.6.3.1 Point of Compliance Wells 

During the February 2009 sampling event samples collected from 10 of the 21 POC 
wells contained concentrations of TPH which exceeded applicable CULs.  
Concentrations in the these samples ranged from 595 µg/L in  the sample collected 
from monitoring well MW-500 to 16,380 µg/L in the sample collected from monitoring 
well MW-510.  

Samples collected from eight of the 21 POC wells contained concentrations of TPH 
greater than the laboratory detection limits but less than applicable TPH CULs.  
Concentrations in these samples ranged from 91 µg/L in the sample collected from 
monitoring well MW-523 to 624 µg/L in the sample collected from monitoring well MW-
104. Three POC wells did not contain concentrations of TPH above the laboratory 
detection limits.  

Benzene was detected in samples collected from four POC wells during this sampling 
event (MW-101, MW-20R, MW-136 and MW-510). Concentrations of benzene in these 
samples ranged from 1.4 µg/L (MW-104) to 55 µg/L (MW-20R). The sample collected 
from monitoring well MW-20R exceeded the site CUL of 51 µg/L. 

3.6.3.2 Interior Monitoring Wells 

Samples collected from six of the 19 interior monitoring wells contained concentrations 
of TPH which exceeded applicable TPH CULs. Concentrations in these samples 
ranged from 748 µg/L in the sample collected from monitoring well MW-512, to 2,005 
µg/L in the sample collected from monitoring well MW-143.  
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Samples collected from nine interior monitoring wells contained concentrations of TPH 
greater than the laboratory detection limit but less than applicable TPH CULs.  
Concentrations in these samples ranged from 97 µg/L in the sample collected from 
monitoring well MW-506 to 308 µg/L in the sample collected from monitoring well MW-
520.  

Benzene was detected in samples collected from four interior monitoring wells (MW-
512, MW-514, MW-520, and MW-521) at concentrations ranging from 1.5 µg/L (MW-
512) to 2.9 µg/L (MW-514). No samples collected from interior monitoring wells 
exceeded the benzene CUL. 

3.6.4 April 2009 Analytical Results 

Groundwater samples were collected from 40 onsite wells from April 21, to April 27, 
2009. Samples collected from 31 monitoring wells contained concentrations of TPH 
which exceeded the laboratory detection limit. Of those 31 samples, 15 samples 
exceeded their respective TPH CUL. All 31 samples with detectable concentrations of 
TPH contained TPH-D. Fifteen of the 31 samples were detected for TPH-D only, while 
16 samples contained a combination of TPH-D, TPH-G and/or TPH-O. April 2009 
analytical data are presented in Table 3 and total TPH data are presented on Figure 
15. 

No samples collected from site monitoring wells contained concentrations of cPAH 
constituents which exceeded the laboratory detection limits, however, due to raised 
detection limits during the cPAH analysis of the sample collected from interior 
monitoring well MW-502, the calculated total adjusted cPAH value was greater than the 
site CUL for cPAHs.  

Benzene was detected in eight samples collected from site monitoring wells at 
concentrations exceeding the laboratory detection limits. No samples contained 
benzene concentrations greater than the site CUL of 51 µg/L. 

3.6.4.1 Point of Compliance Wells 

During the April 2009 monitoring event nine of the 21 POC wells contained 
concentrations of TPH exceeding applicable TPH CULs.  Concentrations in these 
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samples ranged from 779 µg/L in the sample collected from monitoring well MW-522 to 
22,930 µg/L in the sample collected from monitoring well MW-510.    

Samples collected from eight POC wells contained concentrations of TPH greater than 
the laboratory detection limits but less than their applicable CULs.  Concentrations in 
these samples ranged from 88 µg/L in the sample collected from monitoring well MW-
8R to 442 µg/L in the sample collected from monitoring well MW-501. Four POC wells 
did not contain concentrations of TPH above the laboratory detection limits. 

Benzene was detected at concentrations greater than the laboratory detection limit in 
samples collected from five POC wells (MW-108, MW-136, MW-147, MW-20R and 
MW-510).  Concentrations in these samples ranged from 1.7 µg/L (MW-147) to 47 µg/L 
(MW-20R).  No samples collected from POC wells exceeded the site CUL for benzene.  

3.6.4.2 Interior Monitoring Wells 

During the April 2009 monitoring event samples from six interior monitoring wells 
exceeded their respective TPH CULs. Concentrations in these wells ranged from 534 
µg/L in the sample collected from MW-512 to 1,503 µg/L in the sample collected from 
monitoring well MW-502.  

Eight interior monitoring wells contained concentrations of TPH which were greater 
than the laboratory detection limits but less than applicable TPH CULs.  Concentrations 
in these samples ranged from 104 µg/L in the sample collected from monitoring well 
MW-504 to 212 µg/L in the sample collected from monitoring well MW-519. 

Benzene concentrations were greater than the laboratory detection limits in samples 
collected from three interior monitoring wells (MW-512, MW-514 and MW-520). 
Concentrations in these samples ranged from 3.5 µg/L (MW-514) to 7.6 µg/L (MW-
520).  No samples collected from interior monitoring wells contained concentrations of 
benzene greater than the site CUL.  

3.6.5 June 2009 Analytical Results 

Groundwater samples were collected from 40 onsite wells from June 23 to June 29, 
2009.  Thirty six of the monitoring wells sampled during this event contained 
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concentrations of TPH greater than laboratory detection limits. Fourteen of the 36 
samples contained concentrations of TPH greater than applicable TPH CULs. All of the 
36 samples with detectable concentrations of TPH contained TPH-D. Eleven samples 
were detected for TPH-D only, while 24 samples contained a combination of TPH-D, 
TPH-G and/or TPH-O. June 2009 analytical data are presented in Table 3 and total 
TPH data are presented on Figure 16. 

cPAH constituents were detected greater than the laboratory detection limits in the 
sample collected from POC monitoring well MW-510.  The concentration of total 
cPAHs adjusted for toxicity in this sample was 0.014868 µg/L.  This sample did not 
exceed the cPAH site CUL of 0.018 µg/L. 

Benzene was detected greater than the laboratory detection limit in six samples 
collected during this event, however, no samples contained benzene greater than the 
benzene CUL of 51 µg/L. 

3.6.5.1 Point of Compliance Wells 

During the June 2009 sampling event samples collected from nine of the 21 POC wells 
contained concentrations of TPH that exceeded their respective TPH CULs. 
Concentrations in these samples ranged from 915 µg/L in the sample collected from 
monitoring well LM-2 to 25,090 µg/L in the sample collected from monitoring well MW-
510.   

Nine POC wells contained concentrations of TPH greater than the laboratory detection 
limit but less than site CULs. Concentrations in these samples ranged from 108 µg/L in 
the sample collected from monitoring well MW-8R to 675 µg/L in the sample collected 
from monitoring well MW-518.  

Benzene was detected in samples collected from three POC wells (MW-104, MW-136 
and MW-510) with concentrations ranging from 0.8 µg/L (MW-136) to 2.9 µg/L (MW-
104).  No samples contained benzene concentrations greater than the benzene. 
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3.6.5.2 Interior Monitoring Wells  

Concentrations in samples collected from five of the 19 interior monitoring wells 
contained concentrations of TPH that exceeded their respective TPH CULS (MW-143, 
MW-502, MW-507, MW-508 and MW-514). Concentrations in these samples ranged 
from 512 µg/L (MW-502) to 1,175 µg/L (MW-143).   

Samples from thirteen of the 19 interior monitoring wells contained concentrations of 
TPH greater than laboratory detection limits but less than site CULs, with 
concentrations ranging from 88 µg/L in the sample collected from MW-509, to 571 µg/L 
in the sample collected from MW-517.  

Concentrations of benzene were detected in samples collected from three interior 
monitoring wells (MW-512, MW-514 and MW-520).  Concentrations in these samples 
ranged from 0.5 µg/L (MW-520) to 2.0 µg/L (MW-514), not exceeding the site specific 
benzene CUL.  

3.6.6 August 2009 Analytical Results 

Groundwater samples from 40 onsite wells were collected from August 18 to August 
24, 2009.  During this event samples from 38 wells contained concentrations of TPH 
greater than the laboratory detection limit. Ten of the 38 samples contained 
concentrations of TPH that exceeded applicable TPH CULs. All of the 38 samples with 
detectable concentrations of TPH contained TPH-D. Twenty two samples contained 
TPH-D only, while 16 samples contained detectable concentrations of a combination of 
TPH-D, TPH-G and/or TPH-O. August 2009 analytical data are presented in Table 3 
and total TPH data are presented on Figure 17. 

Concentrations of benzene greater than the laboratory detection limit were detected in 
samples from seven onsite wells, none of which exceeded the benzene CUL of 51 
µg/L.   

Concentrations of cPAH constituents were not detected greater than the laboratory 
detection limits in samples collected from any site wells.  
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3.6.6.1 Point of Compliance Wells 

During the August 2009 sampling event samples collected from seven of the 21 POC 
wells contained concentrations of TPH greater than their respective TPH CULs.  
Concentrations in these samples ranged from 1,066 µg/L in the sample collected from 
MW-518, to 18,080 µg/L in the sample collected from MW-510.   

Samples collected from twelve of the 21 POC wells contained concentrations of TPH 
greater than laboratory detection limits but less than site CULs. TPH concentrations in 
these samples ranged from 95 µg/L in the sample collected from MW-108, to 464 µg/L 
in the sample collected from MW-104. Two POC wells did not contain concentrations of 
TPH above the laboratory detection limits. 

Concentrations of benzene were detected greater than laboratory detection limits in 
samples collected from five POC wells (MW-104, MW-136, MW-20R, MW-500 and 
MW-510). Concentrations ranged from 0.6 µg/L (MW-136 and MW-500), to 8.4 µg/L 
(MW-20R and MW-510).  No samples contained concentrations of benzene greater 
than the site CUL.  

cPAH constituents were not detected greater than laboratory detection limits in any 
samples collected from POC wells during this event. 

3.6.6.2 Interior Monitoring Wells 

During the August 2009 event TPH was detected at concentrations greater than 
applicable TPH CULs from three interior monitoring wells (MW-507, MW-513 and MW-
514).  Concentrations in these samples ranged from 561 µg/L in the duplicate sample 
collected from MW-507 to 847 µg/L in the sample collected from MW-514.  

Samples from 16 interior monitoring wells contained concentrations of TPH which were 
greater than laboratory detection limits but less than TPH CULs.  Concentrations in 
these samples ranged from 94 µg/L in the sample collected from MW-511 to 488 µg/L 
in the duplicate sample collected from MW-515. 
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Benzene was detected in samples collected from monitoring wells MW-512 (1.3 µg/L) 
and MW-514 (3.2 µg/L).  No samples collected from interior monitoring wells contained 
concentrations of benzene greater than site CULs. 

No cPAH constituents were detected at concentrations greater than the laboratory 
detection limits from any of the interior monitoring wells during this event.  

3.6.7 October 2009 Analytical Results 

Groundwater samples were collected from 39 onsite wells from October 26 to October 
30, 2009. No samples were collected from MW-510 due to the presence of LNAPL. Of 
the 39 samples collected, 37 contained concentrations of TPH greater than the 
laboratory detection limit, and 14 samples exceeded applicable TPH CULs.  All of the 
37 samples with detectable concentrations of TPH contained TPH-D, 19 samples 
contained TPH-D only and 11 contained TPH-O. October 2009 analytical data are 
presented in Table 3 and total TPH data are presented on Figure 18. 

Samples collected from three onsite wells contained concentrations of benzene greater 
than the laboratory detection limit, none of which exceeded the benzene site CUL. 

cPAH constituents were not detected greater than laboratory detection limits in any 
samples collected during this sampling event.  

3.6.7.1 Point of Compliance Wells 

During the October 2009 sampling event samples collected from 10 of the 20 sampled 
POC wells contained concentrations of TPH which exceeded applicable TPH CULs.  
Concentrations in these samples ranged from 715 µg/L in the sample collected from 
MW-150 to 2,720 µg/L in the sample collected from MW-147.  In addition, NAPL was 
observed in MW-510.  This well was not sampled due to the presence of NAPL.  The 
TPH concentration in the August 2009 round was 18,180 µg/L, and had been higher in 
the two previous rounds. 

TPH concentrations in nine samples collected from POC wells were above the 
laboratory detection limit but below applicable CULs. Concentrations ranged from 101 
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µg/L in the sample collected from MW-108 to 677 µg/L in the sample collected from 
MW-104. 

Benzene concentrations were detected greater than laboratory detection limits from 
POC wells MW-104 and MW-20R with concentrations of 2.0 µg/L and 4.9 µg/L, 
respectively. No samples collected from POC wells contained benzene concentrations 
greater than the benzene CUL. 

3.6.7.2 Interior Monitoring Wells 

Samples from four interior monitoring wells contained concentrations of TPH greater 
than their applicable TPH CULs (MW-502, MW-507, MW-513 and MW-514).  
Concentrations in these samples ranged from 594 µg/L in the duplicate sample 
collected from MW-513 to 1,013 µg/L in the sample collected from MW-507.  

Samples collected from 14 interior monitoring wells contained concentrations of TPH 
greater than laboratory detection limits but less than applicable CULs.  Concentrations 
in these samples ranged from 111 µg/L in the sample collected from MW-509 to 316 
µg/L in the sample collected from MW-512.  

Concentrations of benzene were greater than the laboratory detection limit in the 
samples collected from MW-512 and MW-514 with concentrations of 0.6 µg/L and 2.2 
µg/L, respectively.  No samples collected from interior monitoring wells contained 
concentrations of benzene greater than the site CUL of 51 µg/L. 

3.7 QA QC Samples and Laboratory Control Samples 

As part of the quality assurance project plan as described in Sampling and Analysis 
Plan (SAP) of the Work Plan, quality assurance procedures are followed during each 
sampling event.  This includes duplicate samples being collected at a frequency of 10 
percent of the total number of samples.  This equates to four duplicate samples 
collected per sampling event. Duplicates are submitted blindly to the laboratory and 
documentation of parent and duplicate samples are kept in the field notes and 
sampling sheets by ARCADIS field personnel.  In addition to duplicate samples, matrix 
spike and matrix spike duplicate (MS/MSD) samples are collected at a frequency of 5 
percent of the total number of samples, or two per sampling event. One equipment 
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rinsate sample is collected per sampling event. Equipment blank samples are collected 
by rinsing decontaminated field equipment with distilled water.  Duplicate samples, 
MS/MSD samples and equipment rinsate samples are collected and analyzed for 
hydrocarbon analysis only (NWTPH-Gx, NWTPH-Dx, cPAHs by 8270 and benzene by 
8021B) as per the SAP.  

4. Hydrovac Multi-phase Extraction (MPE) Events 

Two hydrovac MPE events were conducted on monitoring well MW-510 on November 
11, 2009 and December 8, 2009. An Emerald Services vacuum truck was used to 
extract water and air from monitoring well MW-510 using a down-hole PVC stinger and 
manifold fitted on the well casing. Extraction continued for approximately 6 hours per 
event. Approximately 611 gallons of water were removed from the well per event. Prior 
to and during each extraction event the water levels were measured, no measurable 
amounts of LNAPL were detected prior to or during either extraction event. 

5. Analysis of Groundwater IHS Concentration Trends 

Groundwater IHS concentration trends over time were evaluated at wells across the 
site as the primary line of evidence to determine the overall plume status, i.e., 
shrinking, stable, or expanding (Ecology 2005).  In general, if the groundwater IHS 
concentrations are determined to be stable or decreasing in at least 80% of the wells 
within the plume, then the plume should be considered stable or shrinking (Ecology 
2005).  To assess the significance of the observed trends in the groundwater IHS (i.e., 
benzene, total cPAH, and TPH) concentrations over time and to calculate degradation 
rates and projected year to CUL at wells with statistically significant decreasing IHS 
concentration trends, a statistical evaluation of the bi-monthly groundwater monitoring 
data from October 2008 through October 2009 (seven data points) was completed 
using a linear regression trend test and the data provided in Table 3.  The linear 
regression analysis was performed only for those monitoring locations where benzene, 
total cPAH, and/or TPH concentrations have exceeded the applicable CULs at least 
once during the monitoring period (25 monitoring locations).   

Linear regression analyses using natural log-normalized concentration data were 
conducted to estimate increasing or decreasing concentration trends, and attenuation 
rates (USEPA, 2002).  The analyses are presented in Appendix I.  Table 1a of 
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Appendix I summarizes the results and includes the R2 values and p-values from the 
analyses..  .   

R2 is a measure of the linear regression’s “fit” to the site data; it is the proportion of 
variability in the data (here, concentrations) which can be explained with the resulting 
model.  Values of R2 are bounded by zero and one, with values closer to one indicating 
a better fit of the regression to the data; conversely, R2 = 0 would indicate that the 
regression has no predictive value. The p-value of the regression model is used to 
determine the statistical significance of the linear regression, i.e., the level of 
significance of the null hypothesis: the slope of the regression line is equal to zero, or 
there is no significant trend in the data. For p-values greater than 0.10, the null 
hypothesis is accepted, and the slope of the regression line is considered not to be 
different than zero at a 90% confidence level.  For p-values less than 0.10, the null 
hypothesis is rejected, and the slope of the line is considered to be significantly 
different from zero; the data demonstrate a statistically significant trend.  

Ten wells on the western side of the site have indicated at least one groundwater CUL 
exceedance since October 2008 (Table 1a).  Seven of these wells, however, either 
have 1) decreasing groundwater IHS concentration trends overall or 2) recent 
concentrations less than the CULs.  Wells MW-20R and MW-520 indicate statistically 
significant decreasing concentration trends with respect to TPH concentrations in 
groundwater, with concentrations less than CULs for at least three sampling events.  
The concentration trends observed at wells MW-104, MW-143, MW-516, MW-518, and 
MW-522 are not statistically significant; however, the IHS concentrations at these 
locations have generally decreasing trends and been less than CULs for at least two, 
and up to six, sampling events.  Three wells (MW-147, MW-149R, and MW-150) may 
have increasing trends in groundwater IHS concentrations for TPH, but these 
regressions are not statistically significant at a 90% confidence level and, therefore, 
inconclusive.  Furthermore, the most recent TPH measurements for two of these wells 
(775 µg/L and 715 µg/L for MW-149R and MW-150, respectively) were only slightly 
greater than the CUL for TPH (706 µg/L).   

Fifteen wells on the eastern side of the site have indicated at least one groundwater 
CUL exceedance since October 2008 (Table 1a).  Of these 15 locations, eight 
locations (MW-501, MW-502, MW-504, MW-508, MW-512, MW-513, MW-514, and 
MW-515) either have 1) decreasing groundwater IHS concentration trends overall or 2) 
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recent concentrations less than the CULs.  Three wells (LM-2, MW-500, and MW-507) 
may have increasing trends in groundwater IHS concentration for TPH, but these 
regressions are not statistically significant at a 90% confidence level and, therefore, 
inconclusive. Regressions for three other wells – MW-129R, MW-135, and MW-136 – 
have statistically significant increasing trends for TPH over the entire period of record; 
however, concentrations of the IHSs in these wells have appeared to have stabilized 
over the past three monitoring events.  In the last of these 15 wells, MW-510, 
groundwater has a statistically significant increasing trend in TPH, and has consistently 
exceeded the CUL. LNAPL was observed in this well during the October 2009 
monitoring event. Elevated concentrations of TPH in this well may be due to the 
presence of residual LNAPL in the vicinity of this monitoring location: TPH 
concentrations in an upgradient monitoring well (MW-509) have consistently remained 
below the CUL since October 2008.   

Based on the linear regression analysis of data collected at wells where IHS 
concentrations have exceeded the applicable CULs at least once during the monitoring 
period, 21 of the 25 locations indicate stable or decreasing groundwater IHS 
concentration trends, while only four of the 25 locations (Table 1a) indicate a 
statistically significant increasing groundwater IHS concentration trend.   Even the 15 
site wells where IHS concentrations have not exceeded CULs indicate decreasing 
trends (Appendix I), although only four of these (MW-108, MW-109, MW-505, and 
MW-511) are statistically significant.   

Overall, analysis of the groundwater data collected thus far suggests that the 
groundwater plume at the site is generally stable or shrinking.  The long-term 
significance of the groundwater IHS concentration trends observed at the site will be 
further evaluated at the completion of the full two-year monitoring period. 

6. Geochemical Indicator Parameters  

In addition to the ongoing collection of hydrocarbon IHS groundwater data, 
geochemical indicator parameters have been monitored at the site on a bi-monthly 
basis to further characterize the groundwater environment and evaluate natural 
attenuation of remaining hydrocarbon impacts.  While trends in the hydrocarbon IHS 
constituent concentrations represent the primary line of evidence for natural 
attenuation in groundwater at the site, geochemical indicator parameters are monitored 
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as a secondary line of evidence to evaluate the suitability of the groundwater 
geochemical environment for biodegradation of the IHS constituents and to 
demonstrate that biodegradation is occurring (Ecology 2005).  

Degradation of hydrocarbon constituents in groundwater can proceed via aerobic or 
anaerobic microbial processes.  Bacteria present in soil and groundwater obtain energy 
for cell production and maintenance by facilitating thermodynamically advantageous 
reduction-oxidation (redox) reactions involving the transfer of electrons from electron 
donors to available electron acceptors.  When sufficient dissolved oxygen is present in 
groundwater, aerobic biodegradation of hydrocarbons dominates.  As oxygen becomes 
less available, anaerobic microorganisms consume electron acceptors in the following 
order of preference: nitrate, manganese oxides, ferric iron hydroxides, sulfate, and 
carbon dioxide.  Anaerobic biodegradation is thus associated with decreased 
concentrations of nitrate and sulfate, increased concentrations of ferrous iron and 
dissolved manganese, consumption of carbon dioxide, and production of methane 
within the plume (Wiedemeier et al. 1999). 

Table 4 provides a summary of the geochemical indicator parameters collected at the 
site and discussed below.   

6.1 Discussion of Geochemical Data 

6.1.1 Oxidation-reduction potential (ORP) 

The field ORP data collected at monitoring wells across the site vary, but consist 
primarily of negative values, which are generally indicative of reducing conditions, 
consistent with the occurrence of anaerobic biodegradation processes.  Well MW-511 
represents a generally upgradient, un-impacted monitoring location at the site; in 
contrast to many of the impacted monitoring locations, ORP data collected at this 
location have remained positive throughout the monitoring period. 

6.1.2 Dissolved oxygen (DO) and nitrate (NO3
-) 

Dissolved oxygen and nitrate concentrations measured in groundwater across the site 
are typically less than 1 milligram per liter (mg/L), indicating that they have been 
preferentially consumed as electron acceptors to support natural biodegradation of the 
petroleum hydrocarbon constituents, and that groundwater conditions across the site 
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are at least mildly reducing.  Dissolved oxygen has occasionally been observed at 
concentrations exceeding 1 mg/L at monitoring wells LM-2, MW-8R, MW-101, MW-
104, MW-109, MW-135, MW-139R, MW-149R, MW-501, MW-505, MW-509, MW-511, 
MW-512, MW-515, MW-516, MW-517, MW-523, and MW-524.  Nitrate concentrations 
measured across the site are nearly all less than 1 mg/L and have typically been below 
the reporting limit.  Well MW-511 indicates DO concentrations up to approximately 4 
mg/L and slightly higher nitrate concentrations (approximately 1 mg/L) than those 
observed at other site wells, potentially indicating slightly less reducing conditions at 
this upgradient un-impacted location. 

6.1.3 Dissolved manganese (Mn2+) and ferrous iron (Fe2+) 

When manganese oxides (Mn4+) are used as electron acceptors during anaerobic 
microbial respiration, soluble manganese (Mn2+) is produced; similarly, when ferric iron 
(Fe3+) is used as an electron acceptor during anaerobic microbial respiration, it is 
reduced to soluble ferrous iron (Fe2+).  Dissolved (i.e., reduced) manganese and 
ferrous iron concentrations greater than 1 mg/L have been detected in groundwater at 
many of the wells across the site (i.e., MW-20R, MW-101, MW-129R, MW-135, MW-
136, MW-139R, MW-143, MW-147, MW-501, MW-504, MW-505, MW-507, MW-512, 
MW-513, MW-514, MW-515, MW-516, MW-517, MW-518, and MW-523), particularly 
at wells located on the western portion of the site.  In contrast, dissolved manganese 
and ferrous iron concentrations measured at MW-511 have remained less than 0.5 
mg/L.  These data indicate that iron and manganese reduction processes are likely 
occurring in impacted areas at the site.  

6.1.4 Sulfate (SO4
2-) 

The highest groundwater sulfate concentrations at the site (greater than 200 mg/L and 
up to 2,220 mg/L) have been observed at MW-108, MW-109, LM-2, MW-507, MW-508, 
and MW-20R. The sulfate concentrations observed at these locations are not indicative 
of a lack of sulfate reduction, as methane is detected at these locations, indicating 
methanogenic activity and strongly reducing groundwater conditions.  Rather, the 
higher sulfate concentrations at these locations are likely indicative of a sulfate source, 
possibly due to saltwater intrusion.   Sulfate concentrations across the rest of the site 
are generally less than 100 mg/L, potentially indicative of sulfate-reducing conditions.   
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6.1.5 Methane (CH4) 

Methane concentrations measured at the site have ranged from less than 0.5 mg/L to 
as high as 21 mg/L (MW-136).  Methane concentrations greater than 1 mg/L have 
been detected at MW-20R (3.3 mg/L), MW-101 (3.0 mg/L), MW-104 (2.2 mg/L), MW-
108 (3.5 mg/L), MW-129R (15 mg/L), MW-135 (12 mg/L), MW-136 (21 mg/L), MW-143 
(18 mg/L), MW-147 (1.5 mg/L), MW-149R (1.61 mg/L), MW-500 (16 mg/L), MW-501 
(16 mg/L), MW-504 (1.97 mg/L), MW-506 (2.82 mg/L), MW-507 (2.3 mg/L), MW-508 
(6.1 mg/L), MW-510 (15 mg/L), MW-512 (2.1 mg/L), MW-517 (4.4 mg/L), MW-518 (4.5 
mg/L), MW-519 (14 mg/L), MW-520 (4.9 mg/L), MW-521 (3.1 mg/L), and MW-523 
(1.94 mg/L). These methane concentrations are indicative of strongly reducing 
groundwater conditions and were measured across the site.  The majority of locations 
with elevated methane concentrations have historically exceeded the applicable CULs 
for TPH, indicating ongoing degradation of the TPH impacts at the site. 

In general, the geochemical parameters monitored across the entire site indicate 
anaerobic groundwater conditions, with DO, nitrate, manganese oxides, ferric iron, and 
sulfate consumed as electron acceptors to support biodegradation of the petroleum 
hydrocarbon constituents in groundwater across the site. The geochemical data 
indicate that moderately to strongly reducing groundwater conditions prevail, indicative 
of the ongoing biodegradation of the hydrocarbon constituents across the site. 

7. Conclusions 

Groundwater flow in the southeast Lower Yard is dominated by a mounding effect.  
Groundwater gauging data generally indicates that the groundwater surfaces 
measured in P-3 and P-5, the two shallow piezometers completed in excavation 
backfill, have similar elevations to those measured in MW-500 and MW-501, which are 
also partially completed in excavation backfill material. The water levels measured in P-
3 and P-5 are generally several feet higher than the water levels in the deeper 
piezometer of each nested pair. Six piezometers (including the two completed deeper 
as part of the nested pairs) were installed in native or undisturbed material. 
Groundwater levels measured in piezometers with deeper well screens (P-2, P-4, P-7, 
and P-8) show groundwater elevations consistent with site-wide groundwater flow.  The 
two shallow piezometers (P-1 and P-6) that were installed in older fill material show 
somewhat higher groundwater elevations than their deeper counterparts. There is 
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lateral outward migration of shallow groundwater from the groundwater mound in the 
excavation backfill into the surrounding older fill material as the mound decays. The 
silty, shallow older fill in the southeast Lower Yard (from 0 to 13 feet below ground 
surface) appears to have created a distinct zone in which shallow groundwater 
responds to recharge independently of the lower-permeability material below. The 
heterogeneous nature of the historical fill material found in the southeast Lower Yard 
has created localized pockets of lower and higher permeability which strongly affect 
shallow groundwater elevations. 

The CUL for benzene has not been exceeded at any site monitoring location during the 
seven bi-monthly groundwater monitoring events, with the exception of one 
exceedance observed at MW-20R in February 2009, which has not been repeated.   

The CUL for total cPAHs was exceeded once at POC monitoring well MW-135, once at 
monitoring well MW-502, three times at monitoring well MW- 510 (LNAPL was 
observed at this location during the October 2009 monitoring event), and once at 
monitoring well MW-522 during the monitoring period.  However, the cPAH 
concentrations have since remained below the CUL at MW-135, MW-502, and MW-
522 for at least three monitoring events. 

Of the 40 wells monitored at the site, ten wells on the western side of the site have 
indicated historical exceedances of the CUL established for TPH; only five of these 
locations (MW-147, MW-149R, MW-150, MW-518, and MW-522) have shown 
exceedances during the October 2009 monitoring event.  Fifteen wells on the eastern 
side of the site have indicated historical exceedances of the CUL established for TPH; 
ten of these locations (LM-2, MW-129R, MW-135, MW-136, MW-500, MW-502, MW-
507, MW-510, MW-513, and MW-514) have shown exceedances during the October 
2009 monitoring event. Ongoing monitoring is required to verify that these 
concentrations decrease with time.   

While 25 of the 40 monitoring locations at the site have indicated at least one CUL 
exceedance during the past seven sampling events, a significant number of these 25 
locations have indicated recent groundwater IHS concentrations below the CULs 
and/or statistically significant decreasing concentration trends.  For example, 13 of the 
25 monitoring locations that have exceeded a CUL during the last seven monitoring 
events have indicated groundwater concentrations less than CULs for at least the last 
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two monitoring events, with nine of these locations less than CULs for six of the seven 
monitoring events.  Six of these 25 monitoring locations indicate statistically significant 
decreasing concentration trends with time, while four locations indicate statistically 
significant increasing concentration trends.  In addition, the geochemical parameters 
indicate that groundwater conditions across the site are reducing, suggesting ongoing 
biodegradation of the remaining hydrocarbon constituents in groundwater at the site 
(Wiedemeier et al, 1999).  Groundwater IHS trend analyses were based on seven bi-
monthly data points; the 2010 sampling events will occur on a quarterly basis, resulting 
in a total of 11 monitoring events over the two-year period.  The groundwater IHS 
trends will be re-evaluated at the end of the two-year monitoring period. 

Source removal has been conducted at the site, trend analyses indicate that the 
groundwater plume is generally stable or shrinking, and geochemical data provide 
evidence of ongoing biodegradation of hydrocarbon constituents in groundwater at the 
site, indicating that natural attenuation is a feasible remedial action for remaining 
groundwater hydrocarbon impacts at the site. 
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Table 1

Surface Water and Groundwater Cleanup Levels
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Eastern Western
Total TPH 506 706

Benzene 51 51

Total cPAHs 0.018 0.018

Notes :
Concentrations in micrograms per liter (µg/L)

Indicator 
Hazardous 
Substances

Surface Water and Groundwater 
Cleanup Level
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Table 2

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

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

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

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

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

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

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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

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

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

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

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

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

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
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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

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

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

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

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

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

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
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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

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

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

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

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

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

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
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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

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

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

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

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

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

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
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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 5.81

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

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

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

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

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

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
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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

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

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

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

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

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

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
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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

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

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

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

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

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

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

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

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

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

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

Staff Gauges

Southeast Lower Yard Piezometers
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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

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

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
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Table 2

Groundwater Elevation Data
Former Unocal Terminal

11720 Unoco Road
Edmonds, Washington

Top of Casing
Elevation

(feet)

LNAPL
Thickness

(feet)

Groundwater
Elevation

(feet amsl)

Monitoring
Well Date Time

Depth to Water
(top of casing)

(feet)

Depth 
to 

LNAPL
(feet)

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

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

TB 10/20/08 17:05 4.70 2.30 -- NP 7.00
12/08/08 11:16 2.50 -- NP 7.20
02/20/09 9:37 1.10 -- NP 5.80
04/20/09 9:20 1.33 -- NP 6.03
06/22/09 10:35 1.63 -- NP 6.33
06/22/09 12:25 1.85 -- NP 6.55
08/03/09 9:27 1.83 -- NP 6.53
08/03/09 11:56 1.83 -- NP 6.53
08/17/09 7:41 1.83 -- NP 6.53
08/17/09 10:52 1.88 -- NP 6.58
10/29/09 7:41 1.69 -- NP 6.39
10/29/09 10:01 1.64 -- NP 6.34

Notes:
amsl= Above Mean Sea Level

"--" = Not measured
NP = Not present

2 Staff gauge D-4 was established prior to June 2009 sampling event to replace staff guage D-7 which is not 
within the Willow Creek channel.
3 Staff guages were resurveyed by OTAK Incorporated June 1, 2009. staff guages were surveyed from top of 
gauge and water levels are now measured from top down to water.

LNAPL = Light non-aqeous phase liquid

D = Deep piezometer (installed between 22 and 25 feet below ground surface).

1 Staff gauge D-1 re-established prior to June 2009 sampling event.

S = Shallow piezometer (installed between 12 and 13 feet below ground surface).

* = Potentially anomalous reading that will be confirmed with subsequent gauging data.
^ = Measurement error. LNAPL measurement was not confirmed with a bailer at the time the measurement 
was collected.  The measurement was re-collected on 06/23/09 and there was no indication of LNAPL or 
LNAPL film.  A bailer was used to confirm the measurement on 06/23/09 and there were no signs of LNAPL, 
sheen or odor present in MW-104.
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

10/22/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 250 U 50 U 500 U 400 UU
12/10/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 245 U 50 U 490 U 393 UU
02/24/09 0.5 U NA NA NA 0.00755 UU 160 83 72 U 279
04/22/09 0.5 U NA NA NA 0.00755 UU 160 50 U 79 U 225
06/25/09 0.5 U NA NA NA 0.0073311 UU 36 50 U 69 U 96
08/20/09 0.5 U NA NA NA 0.012499 UU 82 50 U 74 U 144
10/27/09 0.5 U NA NA NA 0.01255 UU 310 50 U 74 U 372
10/22/08 3.89 11.8 0.554 1.00 U 0.00755 UU 253 U 728 505 U 1,110
12/10/08 3.41 0.50 U 23.5 1.15 0.0074 UU 245 U 859 490 U 1,227
02/24/09 1.4 NA NA NA 0.00733105 UU 130 460 68 U 624
04/23/09 0.5 [5.0] U NA [NA] NA [NA] NA [NA] 0.00763  [0.00838 ] UU 180 [210] 1,700 [1,800] 70  [72 ] U 1,915 [2,046]
06/24/09 2.9 NA NA NA 0.0073105 UU 140 740 72 U 916
08/19/09 2.0 NA NA NA 0.0119225 UU 120 310 68 U 464
10/27/09 2.0 NA NA NA 0.0125245 UU 130 510 73 U 677
10/22/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 250 U 50 U 500 U 400 UU
12/16/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 240 U 50 U 481 U 386 UU
02/25/09 0.5 U NA NA NA 0.007399 UU 1,400 50 U 580 2,005
04/21/09 0.5 U NA NA NA 0.00747 UU 710 50 U 69 U 770
06/24/09 0.5 U NA NA NA 0.00733105 UU 940 50 U 210 1,175
08/19/09 0.5 U NA NA NA 0.0125245 UU 360 50 U 71 U 421
10/27/09 0.5 U NA NA NA 0.0125245 UU 200 50 U 66 U 258
10/21/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00733 UU 240 U 91.2 481 U 452
12/09/08 0.50 U 0.562 1.38 3.49 0.00755 UU 243 U 604 485 U 968
02/23/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.007263  [0.0077399 ] UU 1,100 [1,000] 760 [790] 380 [420] 2,240 [2,210]
04/21/09 1.7 NA NA NA 0.00838 UU 730 630 99 1,459
06/23/09 0.5 U NA NA NA 0.0071876 UU 750 260 290 1,300
08/18/09 0.5 U NA NA NA 0.0119735 UU 240 76 70 U 351
10/26/09 0.5 U NA NA NA 0.0119735 UU 1,700 690 330 2,720
10/21/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00733 UU 245 U 50 U 490 U 393 UU
12/09/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 50 U 485 U 389 UU
02/23/09 0.5 U NA NA NA 0.00755 UU 110 50 U 78 U 174
04/21/09 0.5 U NA NA NA 0.00755 UU 100 50 U 76 U 163
06/23/09 0.5 U NA NA NA 0.0071876 UU 190 50 U 66 U 248
08/18/09 0.5 U NA NA NA 0.0119225 UU 160 50 U 66 U 218
10/26/09 0.5 U NA NA NA 0.011948 UU 430 50 U 320 775

Heavy Oil3

(µg/L)
Total TPH5

(µg/L)

CUL=706 (West Side)
506 (East Side)

West Side of Lower Yard

BTEX1

(µg/L)

CUL=51

Total cPAHs Adjusted for 
Toxicity2

(µg/L)

CUL=0.018

Diesel3

(µg/L)
Gasoline4

(µg/L)

MW-104*

Monitoring
Well

Date
Sampled

X

MW-143

MW-147*

MW-101*

B T E

MW-149R*
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Heavy Oil3

(µg/L)
Total TPH5

(µg/L)

CUL=706 (West Side)
506 (East Side)

BTEX1

(µg/L)

CUL=51

Total cPAHs Adjusted for 
Toxicity2

(µg/L)

CUL=0.018

Diesel3

(µg/L)
Gasoline4

(µg/L)
Monitoring

Well
Date

Sampled
XB T E

10/21/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 240 U 50 U 481 UJ 386 UU
12/09/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00719 UU 248 U 50 U 495 U 397 UU
02/23/09 0.5 U NA NA NA 0.00712 UU 82 50 U 69 U 142
04/21/09 0.5 U NA NA NA 0.0074 UU 240 50 U 69 U 300
06/23/09 0.5 U NA NA NA 0.00755 UU 160 50 U 69 U 220
08/18/09 0.5 U NA NA NA 0.0125245 UU 110 50 U 72 U 171
10/26/09 0.5 U NA NA NA 0.011948 UU 420 50 U 270 715
10/22/08 2.95 3.31 0.50 U 1.00 U 0.00755 UU 250 U 222 500 U 597
12/10/08 22.2 0.50 U 2.06 1.14 0.00712 UU 248 U 325 495 U 697
02/24/09 55 NA NA NA 0.00711965 UU 580 420 87 1,087
04/22/09 47 NA NA NA 0.00838 UU 510 270 86 866
06/24/09 0.5 U NA NA NA 0.00733105 UU 160 50 U 69 U 220
08/19/09 8.4 NA NA NA 0.0119225 UU 220 50 U 68 U 279
10/27/09 4.9 NA NA NA 0.01255 UU 170 50 U 72 U 231
10/22/08 0.779 0.711 0.50 U 3.96 0.00712 UU 248 U 429 JZ 495 U 801 J
12/10/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 243 U 114 485 U 478
02/24/09 0.5 U NA NA NA 0.00755 UU 30 U 50 U 70 U 75 UU
04/22/09 0.5 U NA NA NA 0.00793 UU 31 U 50 U 73 U 77 UU
06/24/09 0.5 U NA NA NA 0.0071876 UU 210 50 U 69 U 270
08/20/09 0.5 U NA NA NA 0.0125245 UU 260 50 U 75 U 323
10/27/09 0.5 U NA NA NA 0.011897 UU 140 50 U 67 U 199
10/22/08 1.24 0.50 U 0.884 1.56 0.00755 UU 248 U 275 JZ 495 U 647 J
12/10/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00726 UU 240 U 130 481 U 491
02/24/09 0.5 U NA NA NA 0.00755 UU 50 50 U 72 U 111
04/22/09 0.5 U NA NA NA 0.00815 UU 100 50 U 71 U 161
06/24/09 0.5 U NA NA NA 0.0071876 UU 460 50 U 86 571
08/20/09 0.5 U NA NA NA 0.012499 UU 230 120 69 U 385
10/27/09 0.5 U NA NA NA 0.012499 UU 160 54 73 U 251
10/22/08 0.503 0.50 U 0.50 U 1.92 0.00755 UU 248 U 770 JZ 495 U 1,142 J
12/10/08 0.50 U 0.50 U 0.50 U 2.12 0.0074 UU 245 U 796 JZ 490 U 1,164 J
02/25/09 0.5 U NA NA NA 0.00711965 UU 450 880 73 1,403
04/22/09 0.5 U NA NA NA 0.0074 UU 480 650 72 1,202
06/25/09 0.5 U NA NA NA 0.0071876 UU 200 440 70 U 675
08/20/09 0.5 U NA NA NA 0.0125245 UU 300 730 71 U 1,066
10/30/09 0.5 U NA NA NA 0.0125245 UU 310 660 74 U 1,007

MW-150*

MW-20R*

MW-516

MW-517

MW-518*
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Heavy Oil3

(µg/L)
Total TPH5

(µg/L)

CUL=706 (West Side)
506 (East Side)

BTEX1

(µg/L)

CUL=51

Total cPAHs Adjusted for 
Toxicity2

(µg/L)

CUL=0.018

Diesel3

(µg/L)
Gasoline4

(µg/L)
Monitoring

Well
Date

Sampled
XB T E

10/22/08 0.5 [5.0] U 0.5 [5.0] U 0.5 [5.0] U 1.00  [1.00 ] U 0.00755  [0.00747 ] UU 248  [248 ] U 79.9 [83.6] 495  [495 ] U 451 [455]
12/09/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 250 U 64.1 500 U 439
02/24/09 0.5 U NA NA NA 0.00755 UU 83 50 U 71 U 144
04/21/09 0.5 U NA NA NA 0.00755 UU 150 50 U 74 U 212
06/24/09 0.5 U NA NA NA 0.0071876 UU 220 50 U 70 U 280
08/18/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.0125245 [0.011948] UU 290 [250] 50 [50] U 75 [72] U 353 [311]
10/27/09 0.5 U NA NA NA 0.0125245 UU 58 50 U 66 U 116
10/21/08 1.45 0.50 U 0.50 U 1.00 U 0.00755 UU 250 U 356 500 U 731
12/09/08 3.77 0.50 U 0.50 U 1.00 U 0.00763 UU 243 U 125 485 U 489
02/23/09 1.6 NA NA NA 0.007928 UU 160 110 76 U 308
04/22/09 7.6 [7.3] NA [NA] NA [NA] NA [NA] 0.00747  [0.00740 ] UU 110 [110] 50  [50 ] U 66  [67 ] U 168 [169]
06/24/09 0.5 NA NA NA 0.0072631 UU 180 50 U 69 U 240
08/18/09 0.5 U NA NA NA 0.0119735 UU 140 50 U 72 U 201
10/27/09 0.5 U NA NA NA 0.012499 UU 130 50 U 73 U 192
10/21/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 245 U 57.9 490 U 425
12/09/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00755 UU 250 U 98.4 500 U 473
02/23/09 1.7 NA NA NA 0.008154 UU 90 50 U 78 U 154
04/21/09 0.5 U NA NA NA 0.00755 UU 31 U 50 U 73 U 77 UU
06/23/09 0.5 U NA NA NA 0.007701 UU 47 50 U 71 U 108
08/19/09 0.5 U NA NA NA 0.012499 UU 45 50 U 71 U 106
10/26/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.011897 [0.011948] UU 120 [78] 50  [50 ] U 69 [74] U 180 [140]
10/21/08 1.46 0.50 U 0.50 U 1.41 0.0356 UU 250 U 534 JZ 500 U 909 J
12/09/08 0.782 [0.805] 0.5 [5.0] U 0.5 [5.0] U 1.00  [1.00 ] U 0.00747  [0.00755 ] UU 245  [245 ] U 183 [186] 490  [490 ] U 551 [554]
02/23/09 0.5 U NA NA NA 0.007188 UU 490 160 71 U 686
04/21/09 0.5 U NA NA NA 0.00755 UU 620 62 97 779
06/23/09 0.5 U NA NA NA 0.0071876 UU 330 100 67 U 464
08/18/09 0.5 NA NA NA 0.0119225 UU 300 94 67 U 428
10/26/09 0.5 NA NA NA 0.0119735 UU 650 50 U 280 955
10/21/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 245 U 63.0 490 U 431
12/09/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00763 UU 248 U 50 U 495 U 397 UU
02/23/09 0.5 U NA NA NA 0.007399 UU 32 50 U 68 U 91
04/21/09 0.5 U NA NA NA 0.0074 UU 30 U 50 U 69 U 75 UU
06/23/09 0.5 [0.5] U NA NA NA 0.0072631 [0.00755] UU 39 [78] 50 [50] U 68 [68] U 98 [137]
08/18/09 0.5 U NA NA NA 0.0119225 UU 140 50 U 66 U 198
10/26/09 0.5 U NA NA NA 0.0119735 UU 120 50 U 66 U 178

MW-519

MW-520

MW-521

MW-522*

MW-523*
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Heavy Oil3

(µg/L)
Total TPH5

(µg/L)

CUL=706 (West Side)
506 (East Side)

BTEX1

(µg/L)

CUL=51

Total cPAHs Adjusted for 
Toxicity2

(µg/L)

CUL=0.018

Diesel3

(µg/L)
Gasoline4

(µg/L)
Monitoring

Well
Date

Sampled
XB T E

10/21/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00726 UU 240 U 50 U 481 U 386 UU
12/09/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 50 U 485 U 389 UU
02/23/09 0.5 U NA NA NA 0.007928 UU 32 U 50 U 74 U 78 UU
04/21/09 0.5 U NA NA NA 0.00747 UU 29 U 50 U 67 U 73 UU
06/23/09 0.5 U NA NA NA 0.0074745 UU 29 U 50 U 67 U 73 UU
08/18/09 0.5 U NA NA NA 0.0119225 UU 29 U 50 U 67 U 73 UU
10/26/09 0.5 U NA NA NA 0.011948 UU 270 50 U 150 445
10/21/08 0.505 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 145 JZ 485 U 509 J
12/09/08 0.510 0.50 U 0.50 U 1.00 U 0.0074 UU 240 U 97.1 481 U 458
02/23/09 0.5 U NA NA NA 0.00712 UU 68 50 U 70 U 128
04/21/09 0.5 U NA NA NA 0.0074 UU 29 50 U 67 U 88
06/23/09 0.5 U NA NA NA 0.0072631 UU 49 50 U 67 U 108
08/18/09 0.5 U NA NA NA 0.0119225 UU 62 50 U 66 U 120
10/26/09 0.5 U NA NA NA 0.0119735 UU 300 50 U 66 U 358

10/23/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 50 U 485 U 389 UU
12/11/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00772 243 U 50 U 485 U 389 UU
02/26/09 0.5 U NA NA NA 0.00755 UU 1,300 50 U 510 1,835
04/23/09 0.5 U NA NA NA 0.00719 UU 1,100 50 U 230 1,355
06/25/09 0.5 U NA NA NA 0.0071876 UU 520 50 U 370 915
08/20/09 0.5 U NA NA NA 0.011948 UU 290 50 U 71 386
10/30/09 0.5 U NA NA NA 0.01255 UU 1,500 50 U 700 2,225
10/23/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00733 UU 243 U 50 U 485 U 389 UU
12/11/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 50 U 485 U 389 UU
02/26/09 0.5 U NA NA NA 0.00712 UU 31 U 50 U 71 U 77 UU
04/23/09 2.5 U W NA NA NA 0.00712 UU 39 250 UW 66 U 197
06/25/09 0.5 U NA NA NA 0.0071876 UU 28 U 50 U 66 U 72 UU
08/20/09 0.5 U NA NA NA 0.011897 UU 36 50 U 68 U 95
10/30/09 0.5 U NA NA NA 0.013805 UU 40 50 U 71 U 101
10/23/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0077 UU 253 U 50 U 505 U 404 UU
12/12/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00733 UU 248 U 50 U 495 U 397 UU
02/26/09 0.5 U NA NA NA 0.008381 UU 32 U 50 U 75 U 79 UU
04/23/09 0.5 U NA NA NA 0.00719 UU 29 U 50 U 67 U 73 UU
06/25/09 0.5 U NA NA NA 0.0071876 UU 29 U 50 U 67 U 73 UU
08/20/09 0.5 U NA NA NA 0.011897 UU 29 U 50 U 67 U 73 UU
10/30/09 0.5 U NA NA NA 0.011897 UU 29 U 50 U 67 U 73 UU

East Side of Lower Yard

MW-524*

MW-8R*

LM-2*

MW-108*

MW-109*
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Heavy Oil3

(µg/L)
Total TPH5

(µg/L)

CUL=706 (West Side)
506 (East Side)

BTEX1

(µg/L)

CUL=51

Total cPAHs Adjusted for 
Toxicity2

(µg/L)

CUL=0.018

Diesel3

(µg/L)
Gasoline4

(µg/L)
Monitoring

Well
Date

Sampled
XB T E

10/24/08 0.50 U 0.50 U 0.50 U 1.12 0.0074 UU 250 U 68.1 500 U 443
12/12/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00755 UU 245 U 50 U 490 U 393 UU
02/27/09 0.5 U NA NA NA 0.007263 UU 1,900 50 U 730 2,655
04/27/09 0.5 U NA NA NA 0.00719 UU 1,400 50 U 250 1,675
06/26/09 0.5 U NA NA NA 0.0074745 UU 1,700 50 U 1,000 2,725
08/21/09 0.5 U NA NA NA 0.011948 UU 3,400 50 U 1,000 4,425
10/28/09 0.5 U NA NA NA 0.0125245 UU 1,900 50 U 240 2,165
10/27/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 50 U 485 U 389 UU
12/15/08 0.5 [5.0] U 0.5 [5.0] U 0.5 [5.0] U 1.00  [1.00 ] U 0.00712  [0.00740 ] UU 238  [243 ] U 50.0  [50.0 ] U 476  [485 ] U 382  [389 ] UU
02/27/09 0.5 U NA NA NA 0.07928 UU 800 50 U 870 1,695
04/24/09 0.5 U NA NA NA 0.00712 UU 310 50 U 67 U 402
06/29/09 0.5 U NA NA NA 0.007399 UU 1,600 50 U 1,000 2,625
08/24/09 0.5 U NA NA NA 0.0119735 UU 1,900 50 U 640 2,565
10/29/09 0.5 U NA NA NA 0.011897 UU 2,000 50 U 520 2,545
10/27/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00755 UU 243 U 50 U 485 U 389 UU
12/15/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 243 U 60.6 485 U 425
02/27/09 2.5 NA NA NA 0.00712 UU 2,400 120 490 3,010
04/24/09 1.9 NA NA NA 0.00944 UU 1,400 52 170 1,622
06/29/09 0.8 NA NA NA 0.007938 UU 2,500 50 U 1,200 3,725
08/24/09 0.6 NA NA NA 0.011897 UU 1,600 50 U 560 2,185
10/29/09 0.5 U NA NA NA 0.0125245 UU 2,100 50 U 460 2,585
10/22/08 0.50 U 0.50 U 0.724 1.00 U 0.00726 UU 240 U 57 JZ 481 U 418 J
12/10/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 248 U 50 U 495 U 397 UU
02/25/09 0.5 U NA NA NA 0.0083805 UU 42 50 U 73 U 104
04/23/09 0.5 U NA NA NA 0.008 UU 31 U 50 U 72 U 77 UU
06/25/09 0.5 U NA NA NA 0.00733105 UU 63 50 U 69 U 123
08/20/09 0.5 U NA NA NA 0.0119735 UU 87 50 U 66 U 145
10/28/09 0.5 U NA NA NA 0.0119735 UU 78 50 U 70 U 138
10/27/08 0.800 0.934 0.50 U 8.29 0.00712 UU 1,180 298 472 U 1,714
12/15/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 245 U 50 U 490 U 393 UU
02/27/09 0.5 U NA NA NA 0.007928 UU 250 50 U 320 595
04/24/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.00712  [0.00755 ] UU 44 [35] 50  [50 ] U 76  [75 ] U 107 [98]
06/29/09 0.5 U NA NA NA 0.0078021 1,400 50 U 500 1,925
08/21/09 0.6 NA NA NA 0.012499 UU 2,200 110 690 3,000
10/29/09 0.5 U NA NA NA 0.011897 UU 1,000 50 U 500 1,525

MW-129R*

MW-135*

MW-136*

MW-139R*

MW-500*
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Heavy Oil3

(µg/L)
Total TPH5

(µg/L)

CUL=706 (West Side)
506 (East Side)

BTEX1

(µg/L)

CUL=51

Total cPAHs Adjusted for 
Toxicity2

(µg/L)

CUL=0.018

Diesel3

(µg/L)
Gasoline4

(µg/L)
Monitoring

Well
Date

Sampled
XB T E

10/24/08 0.50 U 1.42 1.15 1.00 U 0.00838 UU 6,690 J 1,040 597 J 8,330 J
12/15/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 50 U 485 U 389 UU
03/02/09 0.5 [5.0] U NA [NA] NA [NA] NA [NA] 0.00755  [0.00755 ] UU 630 [550] 50  [50 ] U 160 [210] 815 [785]
04/24/09 0.5 U NA NA NA 0.00719 UU 350 50 U 67 442
06/26/09 0.5 U NA NA NA 0.007399 UU 1,700 50 U 1,100 2,825
08/21/09 0.5 U NA NA NA 0.01255 UU 2,600 50 U 760 3,385
10/29/09 0.5 U NA NA NA 0.0125245 UU 75 50 U 73 U 137
10/24/08 0.50 U 0.50 U 0.891 1.00 U 0.00755 UU 347 1,100 JZ 500 U 1,697 J
12/12/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00755 UU 321 JX 874 485 U 1,438 J
02/25/09 0.5 U NA NA NA 0.00755 UU 32 U 1,500 72 U 1,552
04/22/09 0.5 U NA NA NA 0.0712 UU 370 1,100 66 U 1,503
06/26/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.0071876 [0.0071876] UU 260 [220] 170 [160] 82 [66] [U] 512 [413]
08/21/09 0.5 U NA NA NA 0.011897 UU 140 50 U 67 U 199
10/28/09 0.5 U NA NA NA 0.011897 UU 370 470 66 U 873
10/27/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00712 UU 236 U 50 U 472 U 379 UU
12/12/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00726 UU 243 U 50 U 485 U 389 UU
02/26/09 0.5 U NA NA NA 0.007928 UU 77 50 U 74 U 139
04/22/09 0.5 U NA NA NA 0.00719 UU 130 50 U 68 U 189
06/26/09 0.5 U NA NA NA 0.0071876 UU 210 50 U 96 331
08/21/09 0.5 U NA NA NA 0.011897 UU 140 50 U 67 U 199
10/28/09 0.5 U NA NA NA 0.011897 UU 160 50 U 66 U 218
10/24/08 7.03 0.50 U 4.03 2.95 0.00838 UU 248 U 329 495 U 701
12/12/08 0.5 [5.0] U 0.5 [5.0] U 0.5 [5.0] U 1.00  [1.00 ] U 0.00755  [0.00747 ] UU 248  [250 ] U 50.0  [50.0 ] U 495  [500 ] U 397  [400 ] UU
02/27/09 0.5 U NA NA NA 0.00728 UU 30 U 50 U 70 U 75 UU
04/24/09 0.5 U NA NA NA 0.00712 UU 46 50 U 66 U 104
06/26/09 0.5 U NA NA NA 0.0071876 UU 220 50 U 73 U 282
08/21/09 0.5 U NA NA NA 0.011897 UU 220 50 U 68 U 279
10/28/09 0.5 U NA NA NA 0.0119735 UU 95 50 U 66 U 153
10/24/08 0.5 [5.0] U 0.50 [2.78] UJ 0.5 [5.0] U 1.01 [1.00 ] [U] 0.00755  [0.00726 ] UU 253  [250 ] U 50.0  [50.0 ] U 505  [500 ] U 404  [400 ] UU
12/15/08 0.5 [5.0] U 0.50  [0.647] U 0.5 [5.0] U 1.00  [1.00 ] U 0.00712  [0.00712 ] UU 238  [238 ] U 50.0  [50.0 ] U 476  [476 ] U 382  [382 ] UU
02/27/09 0.5 U NA NA NA 0.00755 UU 52 50 U 78 U 116
04/22/09 0.5 U NA NA NA 0.00807 59 50 U 67 U 118
06/26/09 0.5 U NA NA NA 0.00733105 UU 39 50 U 100 164
08/21/09 0.5 U NA NA NA 0.0125245 UU 98 50 U 75 U 161
10/28/09 0.5 U NA NA NA 0.011897 UU 67 50 U 69 U 127

MW-501*

MW-502

MW-503

MW-504

MW-505
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Heavy Oil3

(µg/L)
Total TPH5

(µg/L)

CUL=706 (West Side)
506 (East Side)

BTEX1

(µg/L)

CUL=51

Total cPAHs Adjusted for 
Toxicity2

(µg/L)

CUL=0.018

Diesel3

(µg/L)
Gasoline4

(µg/L)
Monitoring

Well
Date

Sampled
XB T E

10/24/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 245 U 50 U 490 U 393 UU
12/12/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 248 U 50 U 495 U 397 UU
02/27/09 0.5 U NA NA NA 0.007399 UU 37 50 U 70 U 97
04/24/09 0.5 U NA NA NA 0.00755 UU 31 U 50 U 72 U 77 UU
06/26/09 0.5 U NA NA NA 0.00733105 UU 38 50 U 140 203
08/21/09 0.5 U NA NA NA 0.01255 UU 85 50 U 75 U 148
10/30/09 0.5 U NA NA NA 0.01556 UU 50 50 U 74 U 112
10/24/08 0.995 0.50 U 0.50 U 1.00 U 0.00733 UU 240 U 523 481 U 884
12/12/08 0.605 0.50 U 0.50 U 1.00 U 0.00747 UU 245 U 194 490 U 562
02/27/09 0.5 [5.0] U NA [NA] NA [NA] NA [NA] 0.007331  [0.7331 ] UU 610 [560] 120 [130] 310 [120] 1,040 [810]
04/24/09 0.5 U NA NA NA 0.00747 UU 520 59 74 U 616
06/26/09 0.5 U NA NA NA 0.0072631 UU 640 62 440 1,142
08/21/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.0125245 [0.012499] UU 450 [500] 54 [50] [U] 69 [72] U 539 [561]
10/28/09 0.5 U NA NA NA 0.01255 UU 900 50 U 88 1,013
10/24/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00755 UU 243 U 50 U 485 U 389 UU
12/11/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00763 UU 243 U 50 U 485 U 389 UU
02/26/09 0.5 U NA NA NA 0.00712 UU 85 50 U 74 U 147
04/23/09 0.5 U NA NA NA 0.00815 UU 90 50 U 70 U 150
06/25/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.007399 [0.007399] UU 430 [310] 50 [50] U 290 [310] 745 [645]
08/21/09 0.5 U NA NA NA 0.0119735 UU 200 50 U 67 U 259
10/28/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.011948 [0.0125245] UU 71 [68] 50 [50] U 67 [70] U 130 [128]
10/23/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00733 UU 243 U 50 U 485 U 389 UU
12/11/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 50 U 485 U 389 UU
02/25/09 0.5 U NA NA NA 0.00755 UU 32 U 50 U 75 U 74 UU
04/23/09 0.5 U NA NA NA 0.00747 UU 31 U 50 U 71 U 76 UU
06/25/09 0.5 U NA NA NA 0.00733105 UU 29 50 U 68 U 88
08/21/09 0.5 U NA NA NA 0.0119735 UU 46 50 U 70 U 106
10/28/09 0.5 U NA NA NA 0.0119735 UU 48 50 U 76 U 111
10/23/08 6.89 0.832 0.540 4.93 0.149 UU 3,400 332 JZ 495 U 3,980 J
12/11/08 5.44 0.50 U 0.50 U 3.98 0.0747 UU 4,920 244 485 U 5,410
02/26/09 9.4 NA NA NA 0.031786 UU 14,000 430 3900 U 16,380
04/27/09 14 NA NA NA 0.00733 UU 21,000 530 1,400 22,930
06/24/09 18 NA NA NA 0.014868 22,000 490 2,600 25,090
08/20/09 8.4 NA NA NA 0.011897 UU 16,000 430 3,300 U 18,080
10/28/09 Not sampled due to the presence of LNAPL

MW-506

MW-507

MW-508

MW-509

MW-510*
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Heavy Oil3

(µg/L)
Total TPH5

(µg/L)

CUL=706 (West Side)
506 (East Side)

BTEX1

(µg/L)

CUL=51

Total cPAHs Adjusted for 
Toxicity2

(µg/L)

CUL=0.018

Diesel3

(µg/L)
Gasoline4

(µg/L)
Monitoring

Well
Date

Sampled
XB T E

10/24/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00755 UU 250 U 50 U 500 U 400 UU
12/12/08 0.50 U 0.50 U 0.50 U 1.00 U 0.00747 UU 243 U 50 U 485 U 389 UU
02/25/09 0.5 U NA NA NA 0.00711965 UU 30 U 50 U 70 U 75 UU
04/21/09 0.5 U NA NA NA 0.00712 UU 28 U 50 U 66 U 72 UU
06/24/09 0.5 [0.5] U NA NA NA 0.0071876 [0.0071876] UU 28 [28] U 50 [50] U 66 [66] U 72 [72] UU
08/19/09 0.5 U NA NA NA 0.0119225 UU 32 50 U 74 U 94
10/28/09 0.5 [0.5] U NA [NA] NA [NA] NA [NA] 0.011897 [0.0119225] UU 33 [28] [U] 50 [50] U 65 [65] U 91 [72] [UU]
10/23/08 1.97 0.50 U 2.96 5.23 0.00763 UU 250 U 348 500 U 723
12/11/08 2.50 0.50 U 2.17 3.58 0.0074 UU 243 U 320 485 U 684
02/25/09 1.5 NA NA NA 0.00712 UU 390 280 78 748
04/21/09 2.7 [3.7] NA [NA] NA [NA] NA [NA] 0.00712  [0.00712 ] UU 260 [220] 240 [280] 67 [66 ] U 534 [533]
06/24/09 0.8 NA NA NA 0.0072631 UU 180 84 78 342
08/19/08 1.3 NA NA NA 0.011897 UU 220 110 66 U 363
10/27/09 0.6 NA NA NA 0.011897 UU 190 92 67 U 316
10/23/08 0.702 0.50 U 0.50 U 3.81 0.00755 UU 245 U 564 JZ 490 U 932 J
12/10/08 0.793 0.50 U 0.50 U 1.21 0.0074 UU 245 U 439 490 U 807
02/25/09 0.5 [5.0] U NA [NA] NA [NA] NA [NA] 0.00755  [0.00755 ] UU 330 [300] 470 [440] 72  [74 ] U 836 [777]
04/22/09 0.5 U NA NA NA 0.00747 UU 290 330 66 U 653
06/24/09 0.5 U NA NA NA 0.007399 UU 170 280 75 U 488
08/20/09 0.5 U NA NA NA 0.0125245 UU 290 280 75 U 608
10/27/09 0.5 [5.0] U NA [NA] NA [NA] NA [NA] 0.0125245 [0.012499] UU 320 [320] 180 [240] 68 [68] U 534 [594]
10/23/08 2.98 0.640 1.54 4.69 0.00712 UU 253 1020 JZ 490 U 1,520 J
12/10/08 3.15 [3.40] 0.836 [0.822] 1.82 [1.89] 4.98 [4.95] 0.00733  [0.00755 ] UU 248  [245 ] U 801 [831] 495  [490 ] U 1,170 [1,200]
02/24/09 2.9 NA NA NA 0.007551 UU 710 830 75 U 1,578
04/21/09 3.5 NA NA NA 0.0151 UU 370 680 69 U 1,085
06/24/09 2.0 NA NA NA 0.007399 UU 280 510 70 U 825
08/19/09 3.2 [2.7] NA NA NA 0.012499 [0.01255] UU 290 [270] 520 [450] 73 [70] U 847 [755]
10/27/09 2.2 NA NA NA 0.011897 UU 400 400 66 U 833
10/22/08 1.86 [1.92] 1.35 [1.40] 1.00 [1.07] 4.47 [4.70] 0.00740 [0.00740 ] UU 248  [248 ] U 575  [603 ] JZ 495  [495 ] U 947  [975 ] J
12/10/08 0.50 U 0.50 U 0.50 U 1.00 U 0.0074 UU 243 U 100 485 U 464
02/24/09 0.5 U NA NA NA 0.00773311 UU 71 69 68 U 174
04/22/09 0.5 U NA NA NA 0.0074 UU 77 59 69 U 171
06/24/09 0.5 U NA NA NA 0.00733105 UU 170 85 76 U 293
08/20/09 0.5 [0.5] U NA NA NA 0.012499 [0.0125245] UU 200 [340] 63 [110] 75 [75] U 301 [488]
10/27/09 0.5 U NA NA NA 0.012499 UU 79 50 U 70 U 139

MW-511

MW-512

MW-513

MW-514

MW-515
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Table 3

Summary of Groundwater Analytical Data
Petroleum and Polynuclear Aromatic Hydrocarbons

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Notes:
1B= benzene, T= toluene, E= ethylbenzene, X= xylenes. BTEX analyzed by EPA Method 8021B

3Diesel and Heavy Oil (Lube) analyzed by method NWTPH-D Extended. 
4Gasoline analyzed by method NWTPH-G.

(µg/L) = micrograms per liter.
CUL = Cleanup level
EPA = Environmental Protection Agency
* = Denotes Point of Compliance (POC) wells.
[   ] = Bracketed data indicate duplicate samples.
Highlighted cell = Exceeds site specific CUL
NA = Not Analyzed. 

Lab 
Qualifiers

D
J

JX
JZ

U

UJ

UU
W

The compound was analyzed for but not detected.  The associated value is the compound 
quantitation limit.

2cPAHs = Carcinogenic Polynuclear Aromatic Hydrocarbons. Analyzed by EPA Method 8270C-HVI. 
cPAHs adjusted for toxicity according to WAC 173-340-708(8) and Air Toxics Hot Spots Program Risk 
Assessment Guidelines, Part II Technical Support Document for Describing Available Cancer Potency 
Factors .  Office of Environmental Health Hazard Assessment, California EPA.  May 2005.  If one or more 
adjusted cPAH constituents were reported as Non-Detect, half of the reporting limt was used in 
calculations.

5TPH = Total petroleum hydrocarbons. Total TPH calculated by summing the concentrations of gasoline, 
diesel and heavy oil. For results which did not exceed method reporting limits, half of the reporting limit was
added to determine Total TPH. 

Definition

The compound was analyzed for but not detected.  The associated value is the estimated 
compound quantitation limit.
The constituents making up the total are all non-detects.
Due to excessive foaming of the sample, normal reporting limits were not attained. 

Compound quantitated using a secondary dilution.
Indicates an estimated value.
Results in the diesel organic range are primarily due to overlap from a gasoline range 
Detected hydrocarbons in the gasoline range appear to be due to overlap of diesel range 
hydrocarbons.
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Table 4

Summary of Groundwater Analytical Data
Natural Attenuation Parameters

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

LM-2 10/23/08 57.54 3.51 17,373.54 0.39 222.94 5.00 U 914 1 UJ 28.1 0.349 4.0
12/11/08 53.17 3.89 13,859.08 0.17 338.86 5.00 U 942 0.200 U 46.9 0.358 5.0
02/26/09 49.78 3.82 12,912.70 1.62 371.08 0.460 U 915 0.250 U 59 0.367 3.2
04/23/09 51.06 4.91 11,367.56 7.37 133.42 9.7 768 0.250 U 50 0.298 6.0
06/25/09 55.63 5.36 17,476.72 3.18 -38.23 43.4 1,280 0.640 41 0.239 6.0
08/20/09 60.42 6.03 23,943.90 5.43 -93.49 90.6 2,220 0.250 UW 25 P 0.277 6.0
10/30/09 56.50 4.16 5,546.90 0.91 325.52 30.2 401 0.250 U 15 0.292 7.5

MW-8R 10/21/08 61.34 6.65 860.34 -0.02 -100.66 217 50.6 0.200 U 304 1.49 1.2
12/09/08 54.32 6.83 494.30 0.40 -132.57 180 58.1 0.200 U 299 0.664 1.2
02/23/09 47.03 6.75 426.42 0.42 -23.66 155 69.9 0.250 U 210 0.682 1.0
04/21/09 49.17 6.81 309.61 0.54 -167.35 134 47.5 0.250 U 21 0.375 0.0
06/23/09 61.01 6.69 404.48 0.22 17.20 0.460 45.70 0.250 U 100 0.719 2.0
08/18/09 68.36 6.55 568.94 0.11 -5.74 208 40.6 0.250 U 240 0.945 1.0
10/26/09 62.15 6.73 1,126.47 3.00 201.58 138 503 0.380 120 0.418 0.5

MW-20R 10/22/08 55.85 6.68 10,026.36 0.15 -63.43 306 283 0.200 U 771 2.97 6.0
12/10/08 54.77 6.63 7,040.07 0.00 -88.61 263 238 0.200 U 886 1.63 4.0
02/24/09 49.87 6.89 2,668.49 0.11 -94.36 271 77.7 0.250 U 3,300 0.404 2.0
04/22/09 48.29 6.77 1,613.57 0.53 -71.76 250 33.6 0.250 U 2,800 293 5.5
06/24/09 54.32 6.73 6,859.37 0.44 -54.70 234 287 0.390 160 1.24 3.5
08/19/09 58.26 6.72 12,573.84 0.18 -122.78 229 592 0.250 U 900 2.49 6.0
10/27/09 57.49 6.43 11,374.52 0.61 -95.09 186 520 2.80 340 1.41 2.0

MW-101 10/22/08 59.63 6.13 2,773.56 0.19 64.36 42.0 96.2 0.210 170 1.33 3.6
12/10/08 55.79 5.99 1,807.60 0.41 132.69 50.0 41.0 0.450 708 3.32 2.2
02/24/09 43.38 6.32 870.43 0.78 49.88 110 70.6 0.390 3,000 2.38 2.4
04/22/09 49.80 6.19 452.57 3.79 24.22 83.0 83.3 0.980 300 0.977 1.0
06/25/09 57.14 6.10 901.96 1.65 129.31 56.4 135.0 0.250 U 71 1.55 0.5
08/20/09 64.03 6.15 1,864.72 0.66 48.55 75.8 110 0.250 UW 250 P 2.98 6.0
10/27/09 59.81 6.11 877.98 1.56 141.54 136 37.5 1.20 1.7 0.185 0.5

MW-104 10/22/08 58.72 6.26 2,428.46 -0.01 -13.09 35.6 66.6 0.200 U 594 1.02 4.0
12/10/08 55.07 6.24 982.41 0.22 30.53 53.8 23.1 0.200 U 1,160 1.13 3.0
02/24/09 49.93 6.08 967.89 0.21 -26.14 58.8 17.0 0.250 U 2,200 1.19 3.2
04/23/09 48.22 6.23 566.34 1.01 -121.29 59.2 60.2 0.730 1,800 0.959 4.0
06/24/09 58.33 6.34 506.78 0.21 -62.91 63.90 39.20 0.25 U 1,200 0.714 6.0
08/19/09 62.87 6.32 1,353.13 0.29 -61.28 75.6 45.0 0.250 U 950 0.901 6.0
10/27/09 60.10 6.12 2,590.00 0.43 -27.46 110 92.4 0.300 3.2 1.4 4.5

MW-108 10/23/08 53.88 6.26 14,851.80 0.20 -83.53 509 373 1 UJ 2,390 D 0.208 1.4
12/11/08 50.51 6.29 14,241.04 0.01 -184.14 557 288 0.200 U 1,410 D 0.242 1.2
02/26/09 50.02 6.28 15,209.47 0.19 -268.28 549 456 0.250 U 3,000 0.263 3.0
04/23/09 49.14 6.36 14,218.55 0.02 -270.38 517 315 0.250 U 2,400 0.278 3.0
06/25/09 54.05 6.30 15,829.18 0.72 -132.71 486 507 0.520 2,100 0.284 4.5
08/20/09 56.41 6.31 16,788.72 0.07 -158.78 525 401 0.250 UW 3,500 0.254 2.0
10/30/09 55.36 6.31 18,050.49 0.12 -88.09 495 566 0.250 U 2,100 0.267 5.0

Total 
Alkalinity 
(mg/L as 
CaCO3)2

Nitrate 
(mg/L)3

Sulfate 
(mg/L)3

Methane 
(µg/L)4

Conductivity
(µS/cm)1

Manganese 
(mg/L)5

Ferrous Iron 
by Field 

Measurement 
(mg/L)6

Monitoring 
Well

Date 
Sampled

Temperature 
(ºF)1 pH1 DO 

(mg/L)1
ORP 
(mV)1
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Table 4

Summary of Groundwater Analytical Data
Natural Attenuation Parameters

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Total 
Alkalinity 
(mg/L as 
CaCO3)2

Nitrate 
(mg/L)3

Sulfate 
(mg/L)3

Methane 
(µg/L)4

Conductivity
(µS/cm)1

Manganese 
(mg/L)5

Ferrous Iron 
by Field 

Measurement 
(mg/L)6

Monitoring 
Well

Date 
Sampled

Temperature 
(ºF)1 pH1 DO 

(mg/L)1
ORP 
(mV)1

MW-109 10/23/08 54.91 6.22 16,332.14 1.34 -194.55 342 693 1 UJ 785 1.59 0.6
12/11/08 51.03 6.29 12,565.11 0.80 -193.01 291 640 0.200 U 560 0.528 0.2
02/26/09 47.82 6.38 13,623.75 3.97 -179.39 300 993 0.250 U 820 1.21 0.4
04/23/09 47.97 6.03 8,713.56 1.84 -192.93 316 546 0.250 U 350 1.58 1.0
06/25/09 54.17 6.21 22,124.79 0.52 -138.25 202 1,660 1.40 570 1.09 3.0
08/20/09 55.99 6.37 23,873.46 2.33 -155.34 331 1,540 0.250 UW 320 P 1,650 1.0
10/30/09 55.51 6.00 14,892.73 0.76 -41.77 332 1,200 0.250 U 400 1.38 1.0

MW-129R 10/24/08 54.76 6.45 839.57 -0.02 -33.84 502 23.8 0.200 U 1,930 5.74 5.8
12/12/08 51.10 6.62 867.09 0.12 -76.86 469 91.6 0.200 U 1,600 D 10.3 5.4
02/27/09 47.80 6.50 836.19 0.18 -70.26 505 47.1 0.250 U 6,000 8.56 5.8
04/27/09 49.18 6.56 822.66 0.17 -116.70 485 60.4 0.250 U 10,000 8.21 10.0
06/26/09 54.44 6.54 1,301.40 0.07 -79.11 493 64.40 0.250 U 9,100 7.81 9.0
08/21/09 57.58 6.58 1,013.56 0.06 -286.98 597 51.3 0.250 U 5,400 7.88 9.0
10/28/09 55.23 6.75 1,919.06 0.05 -161.96 1,150 1.7 0.250 U 15,000 5.22 8.0

MW-135 10/27/08 54.94 6.51 1,848.03 -0.03 -60.48 959 4.12 0.200 U 10,800 D 2.68 4.0
12/15/08 49.73 6.59 1,954.54 -0.09 -81.98 1,070 1.43 0.200 U 7,170 D 2.69 2.2
02/27/09 52.61 6.38 760.32 0.27 22.19 402 79.1 0.250 U 1,100 1.31 3.4
04/24/09 50.76 6.48 649.63 0.13 -134.17 382 67.2 0.250 U 620 0.743 2.0
06/29/09 51.44 6.47 1,319.24 1.09 -31.25 752 33.0 0.430 2,600 1.66 6.0
08/24/09 53.02 6.56 2,049.88 0.29 -60.39 1,140 6.00 0.250 U 11,000 1.67 7.0
10/29/09 52.90 6.54 2,162.52 0.14 -87.07 1,220 2.4 0.250 U 12,000 1.75 8.0

MW-136 10/27/08 53.88 6.34 2,330.80 0.06 -57.07 851 0.420 0.200 U 16,800 D 3.19 4.2
12/15/08 46.47 6.31 1,092.68 0.17 -99.68 629 32.5 0.200 U 9,050 D 4.31 2.8
02/27/09 47.97 6.34 990.82 0.43 -56.64 474 72.1 0.250 U 8,900 4.05 5.6
04/24/09 49.91 6.41 925.24 0.07 -193.85 405 91.1 0.250 U 13,000 4.62 8.0
06/29/09 51.53 6.43 975.31 0.37 -75.06 492 72.1 0.250 U 16,000 4.86 7.0
08/24/09 54.28 6.43 1,020.67 0.14 -92.53 544 36.3 0.250 U 21,000 4.82 10.0
10/29/09 53.78 6.35 981.76 0.25 -113.64 574 1.50 U 0.250 U 19,000 4.63 7.0

MW-139R 10/22/08 63.60 6.87 664.62 0.01 -22.31 243 64.8 0.200 U 864 2.48 1.0
12/10/08 54.36 6.96 708.71 0.78 15.38 167 76.1 0.200 12.5 0.902 0.5
02/25/09 43.11 7.06 334.12 3.34 136.11 105 53 0.400 5.0 U 0.115 0.4
04/23/09 47.34 7.08 180.00 1.66 -104.66 81.4 32.3 0.250 U 10 U 0.0102 0.4
06/25/09 62.38 7.14 365.34 0.50 -96.96 134 51.5 0.250 U 34 0.523 2.0
08/20/09 69.85 7.10 439.97 0.22 -108.16 156 49.7 0.250 UW 77 P 0.512 1.0
10/28/09 60.58 6.95 277.93 1.41 71.75 110 37.5 0.250 U 5.2 0.0215 0.5

MW-143 10/22/08 59.41 6.49 383.51 0.01 -49.00 142 34.4 0.200 U 2,210 D 1.26 5.4
12/16/08 50.76 6.39 367.82 0.06 -73.14 194 12.9 0.200 U 7,630 D 3.82 3.2
02/25/09 49.77 6.32 391.78 0.23 -61.12 229 1.5 U 0.250 U 18,000 4.47 4.2
04/21/09 51.98 6.44 395.08 0.12 -167.60 220 1.80 0.250 U 17,000 4.28 5.8
06/24/09 59.07 6.39 418.65 0.37 -130.39 210 1.5 U 0.250 U 15,000 3.67 6.0
08/19/09 61.70 6.42 379.94 0.06 -84.88 182 9.1 0.250 U 4,100 1.86 2.0
10/27/09 60.32 6.35 356.97 0.17 -144.82 154 14.5 0.360 4,900 0.868 6.5

MW-147 10/21/08 58.43 6.24 516.46 -0.02 -18.40 131 67.2 0.200 U 330 2.38 5.2
12/09/08 52.49 6.42 692.37 0.18 -104.13 301 141 0.200 U 895 4.16 6.4
02/23/09 49.80 6.42 776.76 0.12 -93.21 407 111 0.250 U 1,000 4.86 5.4
04/21/09 50.50 6.50 629.49 0.09 634.02 334 86.9 0.250 U 1,500 4.08 6.0
06/23/09 55.54 6.50 696.30 0.04 -108.35 393 49.60 0.250 U 340 3.92 7.0
08/18/09 60.57 6.46 605.85 0.06 -45.34 272 74.2 0.250 U 610 3.01 7.0
10/26/09 58.00 6.35 518.53 0.10 -41.83 205 84.6 0.250 U 890 3.26 8.0
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Table 4

Summary of Groundwater Analytical Data
Natural Attenuation Parameters

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Total 
Alkalinity 
(mg/L as 
CaCO3)2

Nitrate 
(mg/L)3

Sulfate 
(mg/L)3

Methane 
(µg/L)4

Conductivity
(µS/cm)1

Manganese 
(mg/L)5

Ferrous Iron 
by Field 

Measurement 
(mg/L)6

Monitoring 
Well

Date 
Sampled

Temperature 
(ºF)1 pH1 DO 

(mg/L)1
ORP 
(mV)1

MW-149R 10/21/08 58.41 6.56 521.83 0.09 -34.31 225 52.5 0.200 U 1,610 D 0.963 1.6
12/09/08 52.55 6.22 466.01 0.17 101.87 117 165 0.200 U 224 1.06 0.6
02/23/09 48.40 6.43 441.39 0.09 82.90 161 133 0.250 U 420 0.507 0.6
04/21/09 48.99 6.37 329.88 1.25 589.02 115 117 0.710 60 0.216 0.2
06/23/09 56.35 6.56 556.71 0.01 15.84 217 118 0.250 U 860 0.338 3.0
08/18/09 62.17 6.56 643.81 0.15 -22.07 256 121 0.250 U 1,100 0.480 3.0
10/26/09 58.37 6.21 404.24 3.57 203.93 76.4 160 1.600 7.9 0.0113 1.0

MW-150 10/21/08 58.35 6.52 748.62 -0.05 25.37 444 68.7 0.200 U 622 1.52 1.4
12/09/08 52.71 6.54 761.44 0.20 32.64 440 134 0.200 U 389 1.52 1.8
02/23/09 48.38 6.56 586.85 0.14 71.82 371 101 0.250 U 180 1.24 1.0
04/21/09 48.86 6.69 570.05 0.15 -80.49 341 86.5 0.250 U 50 1.14 1.0
06/23/09 57.16 6.77 569.79 0.27 31.03 347 60.80 0.250 U 220 0.945 1.0
08/18/09 62.67 6.61 708.96 0.06 -5.64 403 69.3 0.250 U 350 1.24 1.8
10/26/09 58.83 6.64 587.23 0.96 70.66 316 73 0.380 51 0.295 1.0

MW-500 10/27/08 60.04 6.44 4,499.73 0.05 -10.17 977 172 0.200 U 8,590 D 0.97 4.2
12/15/08 48.50 6.73 641.64 0.50 76.79 362 134 0.230 1,940 D 0.511 0.0
02/27/09 44.74 6.77 475.25 0.29 111.07 334 37.7 0.250 U 6,400 0.2 1.2
04/24/09 50.90 6.73 339.34 0.44 -143.85 263 18.6 0.250 U 39 0.0808 0.4
06/29/09 59.99 6.38 1,001.85 -0.08 -44.59 464 17,900 0.250 U 16,000 1,340 3.0
08/21/09 67.41 6.38 1,341.80 0.10 -233.97 647 2.20 0.250 U 15,000 1.82 2.5
10/29/09 59.42 6.42 734.24 0.16 -104.24 362 131 0.350 13,000 1.97 1.5

MW-501 10/24/08 60.21 6.53 3,805.79 -0.02 -27.98 1,700 59.2 0.200 U 10,500 DJ 3.49 5.0
12/15/08 51.44 6.66 475.85 4.55 91.22 269 55.4 1.73 91.9 0.0552 0.0
03/02/09 49.42 6.49 434.37 2.35 216.95 317 34.7 1.2 56.0 0.670 0.8
04/24/09 51.05 6.53 374.33 1.03 -42.42 248 29.7 0.250 U 140 0.694 1.0
06/26/09 59.01 6.40 1,025.69 0.04 37.36 NA 1.50 0.250 U 16,000 2.8 0.0
08/21/09 67.17 6.44 1,361.38 0.19 -47.09 752 2.7 0.250 U 13,000 5.0 7.0
10/29/09 58.23 6.43 366.98 0.24 -105.85 242 26.1 0.250 U 380 4.9 5.0

MW-502 10/24/08 59.77 6.31 558.51 0.05 -36.88 98.0 70.2 0.200 U 98.8 D 1.10 6.4
12/12/08 53.20 6.36 482.08 0.04 -33.02 87.2 63.4 0.200 U 67.0 0.739 3.0
02/25/09 48.02 6.37 343.38 0.11 -24.32 67.9 56.8 0.250 U 53 0.681 6.4
04/22/09 50.96 6.36 314.18 0.03 226.34 67.7 48 0.250 U 40 0.635 7.0
06/26/09 61.26 6.37 379.61 0.14 -57.95 95.0 52.80 0.250 U 33 0.627 6.5
08/21/09 64.60 6.17 364.92 0.10 -38.59 107 27.6 0.250 U 20 P 0.585 6.0
10/28/09 60.10 6.34 413.99 0.14 -65.94 153 41.4 0.250 U 45 0.568 6.0
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Table 4

Summary of Groundwater Analytical Data
Natural Attenuation Parameters

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Total 
Alkalinity 
(mg/L as 
CaCO3)2

Nitrate 
(mg/L)3

Sulfate 
(mg/L)3

Methane 
(µg/L)4

Conductivity
(µS/cm)1

Manganese 
(mg/L)5

Ferrous Iron 
by Field 

Measurement 
(mg/L)6

Monitoring 
Well

Date 
Sampled

Temperature 
(ºF)1 pH1 DO 

(mg/L)1
ORP 
(mV)1

MW-503 10/27/08 58.09 6.21 359.03 0.00 -44.22 189 8.44 0.200 U 478 0.139 3.0
12/12/08 54.35 6.36 302.27 0.07 -38.20 169 9.51 0.200 U 306 0.188 4.6
02/26/09 50.47 6.29 280.63 0.12 -14.44 155 11.8 0.250 U 210 0.196 2.0
04/22/09 51.85 6.36 273.33 0.02 259.93 152 12.3 0.250 U 150 0.245 7.0
06/26/09 55.34 6.36 281.37 0.05 -56.57 156 16.3 0.250 U 190 0.225 6.5
08/21/09 60.08 6.34 311.25 0.02 -37.47 158 11.7 0.250 U 180 P 0.238 7.0
10/28/09 58.50 6.31 314.43 0.04 -44.90 159 12.1 0.250 U 190 0.241 10.0

MW-504 10/24/08 58.92 6.73 1,157.92 0.08 5.06 435 64.2 0.200 U 1,970 D 3.24 0.8
12/12/08 49.76 6.98 958.10 0.24 36.78 261 188 0.710 269 1.14 0.2
02/27/09 46.92 7.04 572.72 0.28 473.30 251 119 0.400 120 0.376 0.2
04/24/09 49.13 7.08 566.26 0.92 -47.37 227 129 0.710 56 0.228 0.2
06/26/09 59.97 7.08 595.29 0.14 33.80 274 106 0.250 U 170 0.419 0.0
08/21/09 66.52 6.88 797.96 0.04 28.06 338 84.7 0.250 U 840 1.190 0.0
10/28/09 60.48 6.81 637.65 0.41 52.25 311 86.7 0.650 380 0.676 1.5

MW-505 10/24/08 56.61 6.77 1,292.49 0.42 23.88 289 119 0.540 961 2.41 0.6
12/15/08 51.14 6.89 823.56 2.25 68.13 216 144 0.630 219 1.42 0.0
02/27/09 46.85 6.85 659.23 2.72 182.77 181 167 0.390 130 1.16 0.0
04/22/09 49.75 7.04 586.48 1.48 -144.75 184 134 0.430 100 1.10 0.0
06/26/09 62.11 7.01 637.54 1.42 -17.29 190 133 0.340 190 9.11 0.5
08/21/09 64.00 6.88 719.54 0.60 -15.81 185 72.9 0.250 U 190 P 0.997 1.0
10/28/09 57.61 6.87 620.60 1.83 26.22 187 136 0.380 230 1.10 0.5

MW-506 10/24/08 58.38 6.90 851.73 -0.03 -3.02 238 147 0.200 U 2,820 D 1.42 0.8
12/12/08 49.85 6.88 863.65 0.35 52.81 186 90.7 0.210 1,770 D 1.61 0.4
02/27/09 47.32 7.10 363.65 0.50 76.54 121 59.9 0.560 140 0.105 0.0
04/24/09 48.74 7.12 272.22 0.56 -138.25 115 53.6 1.0 36 0.0139 0.0
06/26/09 57.74 7.11 601.49 0.11 85.41 183 74.30 320 1,800 0.135 0.0
08/21/09 62.46 7.06 329.13 0.07 46.69 141 28.1 0.250 U 2,200 0.434 0.5
10/30/09 59.70 6.89 363.42 0.37 4.84 132 71.7 0.250 U 1,600 0.729 0.5

MW-507 10/24/08 58.31 6.54 642.48 0.01 -93.26 214 80.7 0.200 U 1,110 D 5.10 6.0
12/12/08 52.21 6.61 795.60 0.07 -46.04 297 151 0.200 U 850 3.31 3.8
02/27/09 48.70 6.51 909.55 0.26 37.35 290 279 0.250 U 1,600 3.97 3.2
04/24/09 51.10 6.53 992.50 0.14 -38.69 293 364 0.250 U 1,600 3.40 3.0
06/26/09 56.60 6.52 1,350.93 0.03 -29.33 252 282 0.250 U 1,100 4.27 7.0
08/21/09 61.75 6.48 964.71 0.20 -46.15 279 297 0.250 U 2,300 6.04 7.0
10/28/09 59.50 6.59 1,034.93 0.38 -20.79 350 302 0.250 U 280 3.39 2.0

MW-508 10/24/08 58.26 6.80 1,614.86 0.09 -18.99 430 141 0.200 U 1,630 D 0.248 0.4
12/11/08 53.93 6.52 750.26 0.12 79.75 209 205 0.660 641 1.38 0.2
02/26/09 48.90 6.40 786.61 0.22 -210.79 212 243 0.560 1,300 0.963 0.0
04/23/09 49.87 6.29 882.52 0.22 -116.34 177 267 0.780 350 0.942 0.4
06/25/09 57.68 6.54 949.43 0.18 -79.16 216 274 0.250 U 6,100 1,010 0.0
08/21/09 61.65 6.39 1,031.70 0.21 -269.40 304 364 0.640 5,900 0.467 0.0
10/28/09 59.81 6.13 704.28 0.49 159.01 216 224 0.750 3,500 0.767 0.0

MW-509 10/23/08 59.60 6.62 489.68 0.23 44.82 185 66.0 0.260 514 0.926 0.4
12/11/08 50.47 6.83 445.56 1.34 113.25 90.0 66.2 1.92 52.5 0.450 0.4
02/25/09 44.22 6.98 256.98 6.04 391.88 80.8 44.4 0.250 U 5.0 U 0.0127 0.2
04/23/09 51.31 7.07 192.88 4.78 -52.52 74.8 40.6 0.250 U 10 U 0.0063 0.0
06/25/09 64.34 6.98 321.70 0.12 -14.93 117 55.9 0.250 U 9.0 0.0996 0.5
08/21/09 67.68 6.90 365.42 0.21 -268.87 129 38.9 0.250 U 120 0.365 0.5
10/28/09 57.40 6.80 219.09 2.56 99.13 95.8 29.5 0.250 U 29 0.131 0.0
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Table 4

Summary of Groundwater Analytical Data
Natural Attenuation Parameters

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Total 
Alkalinity 
(mg/L as 
CaCO3)2

Nitrate 
(mg/L)3

Sulfate 
(mg/L)3

Methane 
(µg/L)4

Conductivity
(µS/cm)1

Manganese 
(mg/L)5

Ferrous Iron 
by Field 

Measurement 
(mg/L)6

Monitoring 
Well

Date 
Sampled

Temperature 
(ºF)1 pH1 DO 

(mg/L)1
ORP 
(mV)1

MW-510 10/23/08 57.02 6.60 942.28 0.16 -1.59 512 9.78 0.200 U 7,480 D 0.221 1.2
12/11/08 52.98 6.60 795.47 0.28 -81.60 468 12.0 0.200 U 3,990 D 0.483 1.4
02/26/09 47.88 6.42 873.63 0.10 -55.76 468 17.0 0.250 U 9,700 2.32 1.6
04/27/09 50.18 6.44 851.95 0.17 -181.81 437 21.2 0.250 U 11,000 2.46 7.0
06/24/09 58.28 6.64 918.04 0.14 -123.30 475 10.1 0.250 U 14,000 1.11 6.0
08/20/09 62.64 6.60 937.57 0.06 -301.39 446 1.5 U 0.250 UW 15,000 0.698 6.0
10/28/09

MW-511 10/24/08 55.73 6.59 248.56 0.41 25.86 122 23.1 0.350 1.63 0.289 0.2
12/12/08 51.90 6.44 235.10 1.84 122.09 110 25.2 0.940 1.20 U 0.446 0.2
02/25/09 48.43 6.12 350.22 3.73 140.09 77.9 23.3 1.1 5.0 U 0.169 0.0
04/21/09 49.64 6.23 240.99 4.34 143.96 77.3 30.4 0.930 5.0 U 0.0887 0.0
06/24/09 54.46 6.27 213.52 2.87 178.32 87.1 27.2 0.940 6.4 0.0855 NA
08/19/09 58.96 6.30 211.69 3.17 145.06 86.1 22.3 0.940 5.4 0.0573 0.5
10/28/09 54.96 6.20 211.44 3.68 91.82 94.4 23.2 1.4 5.0 U 0.0439 0.0

MW-512 10/23/08 60.03 6.54 396.67 -0.04 14.55 150 30.8 0.200 U 1,200 D 1.56 1.2
12/11/08 53.48 6.58 480.74 0.01 -48.08 199 31.4 0.200 U 765 2.30 2.0
02/25/09 47.91 6.59 441.66 0.64 -3.83 205 34.3 0.250 U 1,200 1.15 2.6
04/21/09 51.96 7.05 460.06 0.37 -144.28 179 52.3 0.280 2,100 0.775 2.0
06/24/09 61.82 6.65 368.86 0.38 -40.13 152 37.0 0.250 U 720 0.367 2.0
08/19/09 66.20 6.55 346.88 0.23 -23.55 127 33.6 0.250 U 1,200 0.324 2.0
10/27/09 59.92 6.66 369.90 2.04 -47.20 157 37.5 0.450 1,600 0.351 1.0

MW-513 10/23/08 58.08 6.78 405.45 -0.06 -63.03 182 19.3 0.200 U 523 2.09 2.0
12/10/08 55.20 6.73 491.21 -0.06 -103.79 197 23.9 0.200 U 465 2.18 2.8
02/25/09 49.12 6.76 342.53 0.10 -45.95 210 14.8 0.250 U 490 1.90 2.4
04/22/09 50.10 6.81 342.40 0.12 -225.74 182 26.6 0.250 U 650 1.89 3.5
06/24/09 59.64 6.82 321.78 0.09 -89.07 167 13.1 0.280 300 1.38 3.0
08/20/09 62.58 6.73 343.96 0.11 -81.20 168 15.5 0.250 UW 320 P 1.38 2.8
10/27/09 59.76 6.73 374.84 0.08 -96.67 178 24.3 0.250 U 550 1.80 4.0

MW-514 10/23/08 59.15 6.81 368.79 -0.05 -69.84 182 17.4 0.230 200 1.62 2.2
12/10/08 55.53 6.74 410.41 0.01 -105.01 191 29.2 0.200 U 428 2.89 2.8
02/24/09 50.68 6.74 330.80 0.15 -84.41 189 21.5 0.250 U 680 2.07 2.2
04/21/09 51.33 6.83 345.19 0.43 -150.08 176 28.5 0.250 U 710 1.93 4.0
06/24/09 60.09 6.89 340.42 0.21 -133.74 167 17.8 0.310 400 1.54 3.0
08/19/09 64.22 6.77 362.34 0.10 -88.48 153 12.7 0.250 U 580 1.47 4.0
10/27/09 60.17 6.72 342.77 0.18 -90.96 169 13.8 0.250 U 690 1.67 4.0

MW-515 10/22/08 62.15 6.60 451.90 0.00 23.35 174 36.2 0.200 U 395 2.46 1.1
12/10/08 53.51 6.66 444.71 0.03 73.86 131 78.2 0.560 12.7 1.32 0.0
02/24/09 49.14 6.63 382.79 1.00 76.95 125 61.6 0.250 U 99 0.541 0.0
04/22/09 49.78 6.86 288.96 1.29 -156.87 112 54.1 0.250 U 45 0.569 0.0
06/24/09 62.81 6.64 514.96 0.11 29.36 185 55.6 0.250 U 510 1.430 0.5
08/20/09 67.66 6.65 526.87 0.29 14.84 194 33.0 0.250 UW 410 1.560 0.2
10/27/09 60.81 6.76 319.95 1.41 40.71 137 33.0 0.250 U 270 0.970 0.5

Not sampled due to the presence of LNAPL
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Table 4

Summary of Groundwater Analytical Data
Natural Attenuation Parameters

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Total 
Alkalinity 
(mg/L as 
CaCO3)2

Nitrate 
(mg/L)3

Sulfate 
(mg/L)3

Methane 
(µg/L)4

Conductivity
(µS/cm)1

Manganese 
(mg/L)5

Ferrous Iron 
by Field 

Measurement 
(mg/L)6

Monitoring 
Well

Date 
Sampled

Temperature 
(ºF)1 pH1 DO 

(mg/L)1
ORP 
(mV)1

MW-516 10/22/08 60.37 6.75 410.68 0.21 22.93 175 43.2 0.200 U 439 2.23 0.4
12/10/08 53.18 6.64 391.95 0.03 54.04 149 57.6 0.330 22.0 1.58 0.0
02/24/09 45.41 6.85 296.90 2.83 109.91 111 55.6 0.750 5.7 0.260 0.0
04/22/09 49.82 6.86 290.47 3.59 -7.72 110 54.1 0.500 10 U 0.0591 1.0
06/24/09 65.26 6.67 525.02 0.61 24.67 182 48.8 0.250 U 450 0.592 0.0
08/20/09 68.95 6.68 474.28 0.83 42.34 184 25.7 0.250 UW 300 P 1.02 0.0
10/27/09 60.04 6.69 339.91 1.48 38.92 149 34.4 0.250 U 25 0.831 0.0

MW-517 10/22/08 59.72 6.52 361.40 0.10 15.95 156 39.3 0.200 U 1,080 D 3.17 0.6
12/10/08 52.71 6.51 374.55 -0.04 63.88 161 47.4 0.200 U 394 1.81 0.0
02/24/09 46.38 6.71 355.26 1.97 101.76 127 65.8 1.2 11 0.892 0.4
04/22/09 50.90 6.70 348.44 1.21 -81.24 128 66.7 0.250 U 43 0.584 1.0
06/24/09 64.49 6.72 463.93 0.61 -52.18 184 50.5 0.250 U 1,700 1.14 1.0
08/20/09 67.06 6.60 437.32 0.33 7.39 184 20.6 0.250 UW 4,400 1.36 0.5
10/27/09 60.36 6.66 355.06 0.41 15.34 148 41.9 0.250 U 99 1.09 1.5

MW-518 10/22/08 61.89 6.46 2,403.10 0.10 6.25 194 93.4 0.200 U 2,380 D 1.60 3.0
12/10/08 56.07 6.64 590.16 0.08 22.59 247 32.5 0.200 U 1,920 D 2.22 1.6
02/25/09 47.59 6.55 482.43 0.15 -9.02 209 61.1 0.250 U 2,900 1.99 2.2
04/22/09 48.17 6.52 519.99 0.27 -182.35 163 63.6 0.600 3,100 1.48 2.0
06/25/09 58.02 6.48 1,501.29 0.24 6.00 117 97.6 0.500 1,500 1.67 2.0
08/20/09 65.80 6.49 2,674.51 0.12 -247.61 176 119 0.250 UW 4,500 1.5 3.0
10/30/09 62.35 6.50 1,278.14 0.45 -46.31 224 51.6 0.250 U 4,000 1.57 4.0

MW-519 10/22/08 58.05 6.55 535.69 -0.02 -34.53 217 29.8 0.200 U 6,780 D 1.31 3.6
12/09/08 53.23 6.64 610.07 0.11 -70.36 250 30.0 0.200 U 9,760 D 1.34 3.2
02/24/09 46.76 6.65 405.26 0.10 -41.65 186 43.1 0.460 8,800 0.847 2.7
04/21/09 51.87 6.63 478.38 0.13 638.95 255 21.5 0.250 U 14,000 1.22 2.7
06/24/09 60.02 6.58 618.06 0.06 -67.35 290 9.7 0.250 U 13,000 1.15 5.0
08/18/09 66.09 6.61 691.65 0.14 -57.02 258 36.7 0.250 U 14,000 1.16 2.5
10/27/09 59.84 6.59 364.97 0.31 -72.83 124 49.6 0.250 U 6,400 0.610 2.0
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Table 4

Summary of Groundwater Analytical Data
Natural Attenuation Parameters

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Total 
Alkalinity 
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CaCO3)2
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(mg/L)3
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Ferrous Iron 
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(mg/L)1
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MW-520 10/21/08 59.76 6.79 944.21 0.02 -14.62 212 32.0 0.200 U 2,230 D 1.58 1.4
12/09/08 53.17 6.81 584.24 0.12 -89.46 189 28.7 0.200 U 2,240 D 1.48 1.4
02/23/09 47.79 6.84 477.54 0.16 -57.60 187 22.1 0.250 U 2,500 1.18 1.6
04/22/09 48.74 6.75 397.91 0.40 -161.40 162 33.6 0.250 U 2,200 746 2.0
06/24/09 60.08 6.67 584.31 0.04 -54.65 202 19.3 0.250 U 4,900 1.46 3.0
08/18/09 67.93 6.60 587.53 0.06 27.15 194 5.5 0.250 U 1,600 1.09 2.0
10/27/09 60.06 6.50 483.54 0.09 9.18 153 33.6 0.250 U 1,100 1.03 1.0

MW-521 10/21/08 59.50 6.57 818.08 -0.01 4.73 172 63.9 0.200 U 888 1.42 0.9
12/09/08 53.28 6.77 555.86 0.38 -70.66 174 37.3 0.200 U 1,310 1.48 0.5
02/23/09 46.76 6.78 408.37 0.11 -33.28 150 50.8 0.250 U 1,200 1.44 0.6
04/21/09 52.18 6.65 282.87 0.33 643.50 105 43.5 0.250 U 66 0.587 0.2
06/23/09 62.33 6.68 366.61 0.35 12.69 142 33.4 0.250 U 530 0.649 1.0
08/19/09 66.65 6.54 504.12 0.14 -9.28 172 46.1 0.250 U 740 0.899 1.5
10/26/09 60.51 6.71 701.29 0.15 -191.41 154 52.3 0.250 U 3,100 1.73 1.5

MW-522 10/21/08 62.31 6.57 756.65 0.06 -47.72 251 18.0 0.200 U 972 1.70 5.2
12/09/08 53.30 6.71 548.80 0.14 -98.92 200 73.9 0.200 U 297 1.07 5.2
02/23/09 48.06 6.56 503.15 0.12 -50.16 171 108 0.250 U 260 1.16 4.6
04/21/09 49.60 6.65 393.02 0.11 699.67 154 76.6 0.250 U 74 0.880 5.2
06/23/09 59.64 6.61 442.11 0.05 -75.88 186 51.0 0.250 U 140 0.963 3.0
08/18/09 68.79 6.61 621.20 0.07 -68.46 244 29.5 0.250 U 580 1.26 3.0
10/26/09 61.92 6.43 1,166.69 0.09 -25.26 206 560 0.280 400 0.947 3.0

MW-523 10/21/08 61.66 6.66 870.33 0.01 24.73 221 45.7 0.200 U 1,940 D 3.28 0.8
12/09/08 54.24 6.71 587.13 0.31 31.67 218 53.2 0.200 U 482 3.01 0.6
02/23/09 47.46 6.67 420.64 0.41 98.18 164 70 0.250 U 31 1.12 0.0
04/21/09 49.53 6.76 353.07 0.35 -56.71 146 56.8 0.250 U 280 1.39 0.0
06/23/09 62.92 6.77 437.56 2.42 141.87 164 42.4 0.250 U 5.0 U 0.59 0.0
08/18/09 68.16 6.64 614.62 0.16 53.81 199 21.0 0.250 U 1,600 1.380 0.0
10/26/09 62.44 6.65 720.56 0.28 62.64 248 46.5 0.250 U 420 2.95 1.0

MW-524 10/21/08 60.03 6.46 965.29 -0.04 16.91 115 402 0.340 51.0 0.623 1.6
12/09/08 52.74 6.58 421.64 2.81 154.94 70.6 172 0.620 2.10 0.0353 0.0
02/23/09 47.66 6.62 337.04 2.35 118.32 76.5 141 0.480 6.2 0.0159 0.2
04/21/09 48.81 6.60 309.12 4.93 68.52 73.2 119 0.250 U 12 0.0308 0.0
06/23/09 59.55 6.59 374.54 0.55 139.04 86.0 121 0.250 U 5.0 U 0.023 0.0
08/18/09 65.03 6.49 468.64 0.50 108.31 104 154 0.250 U 7.9 0.0537 0.0
10/26/09 59.41 6.27 685.50 0.66 259.84 38 410 0.450 5.0 U 0.0106 1.0
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Table 4

Summary of Groundwater Analytical Data
Natural Attenuation Parameters

Former Unocal Terminal
11720 Unoco Road

Edmonds, Washington

Total 
Alkalinity 
(mg/L as 
CaCO3)2

Nitrate 
(mg/L)3

Sulfate 
(mg/L)3

Methane 
(µg/L)4

Conductivity
(µS/cm)1

Manganese 
(mg/L)5

Ferrous Iron 
by Field 

Measurement 
(mg/L)6

Monitoring 
Well

Date 
Sampled

Temperature 
(ºF)1 pH1 DO 

(mg/L)1
ORP 
(mV)1

Notes:
1: Temperature, pH, DO, conductivity and ORP measured using an In-Situ® 9500 and flow through cell.
2: Total Alkalinity analyzed using EPA method 310.1 
3: Sulfate and nitrate analyzed by EPA method 300.0.
4: Methane analyzed using method RSK 175.
5: Manganese analyzed using EPA method 6020.
6: Ferrous iron field measurement analyzed using a Hach field kit.
ºF = Degrees Fahrenheit
µS/cm = microsiemens per centimeter
DO = Dissolved oxygen
mg/L = milligrams per liter
µg/L = micrograms per liter
ORP = Oxidation-reduction potential
mV = millivolts
CaCO3 = Calcium carbonate
EPA = Environmental Protection Agency
NA = Not Analyzed 

Lab Qualifiers
D
U
UJ
W The analysis holding time was not met.
P Due to interfering peaks on the chromatogram, the value reported for methane represents the lowest reporting limit attainable.

Definition
Sample required dilution due to high concentrations of target analyte. 
The compound was analyzed for but not detected.  The associated value is the compound quantitation limit.
The compound was analyzed for but not detected.  The associated value is the estimated compound quantitation limit.
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DETENTION BASIN NO. 1 EXCAVATION

DRAINAGE DITCH
(WILLOW CREEK)
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Appendix E 

 

April 2009 Low Flow Sampling Field 
Sheets and Laboratory Analytical 
Reports 

(Analytical Reports available on 
attached CD)



Appendix F 

 

June 2009 Low Flow Sampling Field 
Sheets and Laboratory Analytical 
Reports 

(Analytical Reports available on 
attached CD) 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix G 

 

August 2009 Low Flow Sampling 
Field Sheets and Laboratory 
Analytical Reports 

(Analytical Reports available on 
attached CD) 

 

 

 

 

 

 

 

 

 

 

 



Appendix H 

 

October 2009 Low Flow Sampling 
Field Sheets and Laboratory 
Analytical Reports 

(Analytical Reports available on 
attached CD) 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix I 

 

Monitored Natural Attenuation Linear 
Regression Analysis 
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