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Executive Summary 

Additional investigation activities were performed at the former Milwaukee Railyard Site (Site) 
in Tacoma, Washington, to evaluate the progress of the cleanup actions and compliance with the 
groundwater cleanup standards established for the Site as part of a Prospective Purchaser 
Consent Decree (PPCD). The Port of Tacoma entered into the PPCD with the Washington 
Department of Ecology (Ecology) in 1994 to conduct cleanup actions at the Site associated with 
historical releases of petroleum and to resolve the potential liability for petroleum hydrocarbons 
in the soil and groundwater at the Site. 

The historical releases of petroleum hydrocarbons were associated with former railyard 
operations prior to acquisition of the Site by the Port of Tacoma. Site investigation activities 
performed in the early 1990s identified concentrations of total petroleum hydrocarbons in soil 
and groundwater and the presence of nonaqueous phase liquids (NAPL). Site demolition 
activities have removed all potential sources of NAPL from the Site. The hydrocarbons are 
comprised predominantly of highly weathered diesel fuel with lesser amounts of heavier lube or 
fuel oils, located in the east-central portion of the Site. The investigations also showed that the 
NAPL was not migrating to the nearby Milwaukee Waterway (which was subsequently filled, in 
1995) or the Sitcum Waterway. Following the initial investigations, a remediation system 
consisting of 22 NAPL recovery wells was installed during 1997 in accordance with the PPCD, 
and a total of approximately 63,700 gallons of NAPL has been recovered through 2007. Since 
2004, the recovery rate and volume recovered have declined, and the system produces mostly 
water.  

The additional investigation, as approved by Ecology pursuant to a prepared work plan, included 
three primary tasks:  

• Task 1 consisted of groundwater sampling to measure the concentrations of petroleum 
hydrocarbons and related constituents for comparison to groundwater cleanup 
standards listed in the PPCD. 

• Task 2 consisted of collecting undisturbed soil core samples within the NAPL zone for 
direct observation and testing of physical properties (e.g., grain-size distribution, 
porosity, permeability, air/water/NAPL content). 

• Task 3 consisted of collecting NAPL samples for chemical and physical 
characterization.  

The results of the additional investigation demonstrate that the remaining residual NAPL is not 
impacting groundwater at levels above the established cleanup levels. Additionally, potentially 
hazardous constituents including benzene, toluene, ethyl benzene, and total xylenes; polynuclear 
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aromatic hydrocarbons; naphthalene; and polychlorinated biphenyls were not detected in offsite 
compliance wells MW-21, MW-22, and MW-23, which are located downgradient or 
crossgradient (at the point of compliance) from the area where NAPL was previously 
documented. In addition, measurable NAPL accumulations are now present in only two wells 
(CW-4 and CW-5) since September 2005. 

Gas chromatography (GC) testing of NAPL samples collected from select recovery wells and 
monitoring wells show that residual NAPL at the Site has undergone extensive biological, 
chemical, and/or physical alteration resulting from exposure to the natural environment 
(i.e., weathering). The GC analyses indicate that the remaining NAPL is highly weathered diesel 
and heavier fuel oils that are immobile under non-pumping conditions and have been depleted of 
water-soluble hazardous substances. Additionally, the results of soil coring observations and 
testing demonstrate that the residual NAPL at the Site is predominantly restricted to finer-
grained soils, which are less amenable to product removal, and that pore fluids are primarily 
saturated with water with comparatively small amounts of NAPL (2.9 percent to 8.8 percent). 
The results also show that NAPL is not extractable from the soil-pore throats at the test boring 
SC-1 location, but is extractable from the soil-pore throats at the test boring SC-2 location.  

The remediation system produces mostly water from the coarser-grained soils when it is 
operated. Recovery data show that the remediation system recovers less than 0.3 percent NAPL 
by volume. 
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1.0 Introduction 

This report presents the findings and conclusions of additional investigation activities performed 
at the former Milwaukee Railyard Site in Tacoma, Washington (Site, Figure 1). The Port of 
Tacoma entered into a Prospective Purchaser Consent Decree (PPCD) with the Washington 
Department of Ecology (Ecology) in 1994 and conducted cleanup actions at the Site associated 
with historical releases of petroleum. The objective of this investigation is to evaluate the 
progress of the cleanup actions and compliance with the groundwater cleanup standards at the 
points of compliance identified in the PPCD and the associated Cleanup Action Plan. 

The objectives and proposed tasks for this investigation were discussed during an August 30, 
2007 meeting with the Port of Tacoma, TechSolv Consulting Group, Inc. (TechSolv), Shaw 
Environmental, Inc. (Shaw), and Ecology. The technical approach was described in a letter from 
TechSolv to Ecology dated September 9, 2007 (TechSolv, 2007a). TechSolv subsequently 
prepared an Additional Studies Work Plan (Work Plan), dated October 15, 2007 (TechSolv, 
2007b). The Work Plan was approved by Ecology in a comment letter dated October 31, 2007 
(Ecology, 2007). The Work Plan and this report were implemented and prepared by Shaw and 
TechSolv. 

1.1 Prospective Purchaser Consent Decree 
The purpose of the PPCD is to resolve the potential liability for petroleum hydrocarbons in the 
soil and groundwater at the Site. The PPCD is also intended to promote the public interest by 
expediting cleanup activities and site redevelopment.  

Cleanup standards for soil and groundwater are identified in the PPCD. The cleanup level for 
total petroleum hydrocarbons (TPH) in groundwater is based on the protection of adjacent 
surface waters, and is set at 10 milligrams per liter (mg/L) TPH (for diesel and oil). The cleanup 
level for TPH in soil was identified as 200 milligrams per kilogram (mg/kg). Alternatively, 
compliance with the soil cleanup level can be demonstrated empirically by documenting 
compliance with groundwater cleanup standards. The point of compliance for groundwater is 
within the nonaqueous phase liquid (NAPL) area, and at the downgradient property boundary. 
The cleanup actions selected to achieve these cleanup standards included capping the site, 
installing and operating a groundwater and NAPL recovery system, and monitoring. 

1.2 Additional Studies Rationale 
The Work Plan was developed to evaluate compliance with the cleanup standards in accordance 
with the five-year review requirement in the PPCD. Groundwater sampling performed in 2004 
showed—with one exception—that TPH concentrations in groundwater were below cleanup 
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levels. The 2004 groundwater sample from well CW-5 (which also contained NAPL) contained 
TPH (13 mg/L) above the 10 mg/L cleanup level. Samples from the remediation system effluent 
have also been below the cleanup level for the last 21 sampling events, and below the laboratory 
detection limit during August 2007. These data suggest that groundwater cleanup standards 
under the PPCD may have been reached. 

A NAPL recovery system was installed during 1997 and operated through 2007, resulting in a 
decrease in the number of wells with measurable accumulations of NAPL. Figure 2 shows the 
current Site, locations of monitoring wells, and also depicts when measurable accumulations of 
NAPL were last observed. While the extent of measurable NAPL appears to have decreased, 
measurable NAPL remains in wells CW-4 and CW-5. NAPL recovery data show that the system 
produces relatively little NAPL compared to the total volume of groundwater pumped (less than 
0.3 percent by volume), and since 2004 the recovery rate and volume recovered have 
substantially declined. The NAPL is black in color and highly viscous, suggesting that the NAPL 
is depleted of water-soluble constituents, with little potential to migrate further or contaminate 
groundwater or surface water.  

Based on the results of the groundwater monitoring and operation of the remediation system, 
Ecology agreed that additional data were necessary to assess the progress of remedial action and 
compliance with PPCD cleanup standards. Direct observation methods were also proposed to 
document NAPL in subsurface soil, so that NAPL accumulations in monitoring wells could be 
directly compared to NAPL present in the adjacent soil.  

1.3 Nature of NAPL in the Subsurface  
The behavior of NAPL in the subsurface is discussed below and is presented in greater detail in 
Appendix A (from the American Petroleum Institute [API] Interactive LNAPL [light nonaqueous 
phase liquid] Guide, 2004) 

A common misconception among remediation practitioners is that NAPL in the subsurface exists 
as a homogeneous, separate-phase lens of NAPL at the water table. This “pancake” model led to 
several inaccurate conclusions about the occurrence, mobility, and recoverability of NAPL in the 
subsurface, including the following: 

• The thickness of NAPL measured in a monitoring well is directly proportional to the 
amount of NAPL in the surrounding soil. 

• Soils directly above the water table contain a uniformly high saturation of NAPL. 

• If NAPL accumulations are observed in a well, NAPL in the adjacent formation is 
easily recoverable, and likely to migrate further.  
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• Soil and NAPL properties were not considered significant limiting factors in 
determining the mobility of NAPL. 

A better model for NAPL in the subsurface considers the coexistence of NAPL, air, and water in 
the soil-pore throats. The degree of saturation of NAPL in the soil, and its mobility and 
recoverability, are highly dependent on the physical properties of the soil (e.g., heterogeneity, 
grain size, porosity, permeability) and NAPL (e.g., viscosity, composition, degree of 
weathering). In this multiphase model, NAPL partially fills the soil-pore space, and the degree of 
NAPL saturation decreases with depth until water fills all the pores (Beckett and Huntley, 1998). 
Though the NAPL saturation varies with depth, some of this NAPL may migrate into an adjacent 
monitoring well, with NAPL from the more permeable zones in the impacted soil column 
displacing water in a monitoring well, resulting in NAPL accumulations in the well that have no 
direct relationship to the amount of NAPL in the adjacent soil (Figure 3).  

1.4 Scope of Work 
The fieldwork activities and laboratory testing were performed in accordance with the Work Plan 
and consisted of three primary tasks: 

• Task 1 consisted of groundwater sampling to measure the concentrations of petroleum 
hydrocarbons and related constituents for comparison to groundwater cleanup 
standards listed in the PPCD. 

• Task 2 consisted of collecting undisturbed soil core samples within the NAPL zone for 
direct observation under regular and ultraviolet light. Selected soil samples were also 
tested for certain physical properties (e.g., grain-size distribution, porosity, 
permeability, air/water/NAPL content). 

• Task 3 consisted of collecting NAPL samples for chemical and physical 
characterization. The purpose of the testing was to characterize the nature and degree 
of weathering of the petroleum hydrocarbons for comparison with previous results, 
and to measure the physical characteristics of the NAPL (e.g., density, viscosity, 
surface tension, and interfacial tension). 

Ecology’s letter approving the Work Plan contained the following additional requirements: 

1. Perform additional groundwater sampling if the extraction system is not operated for 
more than three months. 

2. Evaluate solubility and toxicity as part of the NAPL characterization. 

3. Evaluate the potential for downward migration of petroleum compounds to the lower 
aquifer. 
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2.0 Background 

2.1 Site Description and History 
The Site covers approximately 53 acres of industrially-zoned property within the Port of Tacoma 
(Figure 1). The Site is bordered by East 11th Street on the northwest, Milwaukee Way on the 
northeast, Lincoln Avenue on the southeast, and Cascade Pole and Lumber Company and the 
Maersk-Pacific marine terminal on the southwest. The surface topography is essentially even, 
with about a 5-foot crown near the center of the Site for surface drainage. 

The Site was originally a tidal marsh within the Puyallup River delta. The Site was filled with 
dredged sediment from construction of nearby waterways in approximately 1900. By 1909, the 
Chicago, Milwaukee, Saint Paul, and Pacific Railroad Company had begun operating the Site as 
a railyard. The railyard was the West Coast headquarters for train maintenance and repairs. The 
railyard included maintenance and repair shops, and various other supporting buildings. The Site 
configuration changed very little between 1918 and 1980. Figure 4 presents a 1969 aerial 
photograph of the Site with key features noted, and the current monitoring well network added to 
the photograph.  A former river channel west of the Site, shown on the 1969 aerial photograph, 
was filled in as part of industrialization of the area. 

The railyard closed on March 15, 1980, and demolition began thereafter. The Union Pacific 
Railroad (UPRR) acquired the property in 1981. The Site has undergone redevelopment since the 
1980s, including removal of all buildings/structures, underground and above-ground storage 
tanks and associated piping, and all other appurtenances associated with railyard operations. In 
1995, Ecology and the Port of Tacoma entered into the PPCD, and the Port of Tacoma took 
ownership of the property later that year. A restrictive covenant prohibiting the use of 
groundwater for domestic purposes was also recorded by the Pierce County Auditor. 

The surface water body closest to the Site at the time of the purchase of the UPRR property by 
the Port of Tacoma in 1995 was the Milwaukee Waterway. The Milwaukee Waterway was 
subsequently filled with dredged materials from the Sitcum and Blair Waterways, capped, and 
redeveloped as a marine terminal (the base map for Figure 1 was modified to show the current 
configuration of the marine terminal). At present, the nearest surface water bodies are the Sitcum 
Waterway and the Puyallup River. 

Redevelopment of the Site was completed by the beginning of 2005. The Site has been capped 
with asphalt and utilized for vehicle and/or container storage (Figure 2). The Site is fenced in 
such a way that public access is prohibited and only controlled access is allowed. 
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2.2 Site Geology and Hydrogeology 
The Site comprises hydraulically placed fill overlying fluvial and tidal sediments of the Puyallup 
River Delta. Prior to development, the entire tideflats area, including the Site, was a tidal marsh. 
The former tideflat surface can be observed in borings and test pits as a silt layer occurring 
beneath the overlying hydraulic fill. The geology beneath the Site consists of the following units 
(starting with the uppermost unit): 

• The “Upper Sand” comprises 5 to 15 feet of fine- to coarse-grained silty sand 
(hydraulically placed fill), and typically occurs at grade to 10 feet below ground 
surface (bgs). The Upper Sand also contains areas of construction debris. 

• A small portion of the former City of Tacoma landfill at the southeast end of the Site 
is present at the same depth as the Upper Sand, which covers the remainder of the Site. 

• Beneath the Upper Sand, the “Upper Silt” represents the former tidal marsh sediments. 
This unit may range from a few inches to 4 or 5 feet thick, typically occurring at 10 to 
12 feet bgs. The Upper Silt is absent along much of the northeast side of the Site. 

• Beneath the Upper Silt, the “Lower Sand” comprises 15 to 25 feet of fine- to coarse-
grained sand. This sand extends to approximately 30 to 35 feet bgs, and is in direct 
contact with the Upper Sand in areas where the Upper Silt is absent. 

• Beneath the Lower Sand, the “Lower Silt” occurs at approximately 30 to 35 feet bgs, 
and is believed to be continuous beneath the Site and adjacent properties. 

Groundwater occurs in the Upper Sand under water table (unconfined) conditions and in the 
Lower Sand under semiconfined conditions (lower aquifer). The Upper Silt is a significant 
aquitard where present, and the Lower Silt is an aquitard of Site-wide significance. Groundwater 
in the Upper and Lower Sands is in hydraulic communication where the Upper Silt is absent. 

Groundwater recharge occurs from direct stormwater infiltration. Groundwater flow in the Upper 
Sand appears to be toward the area where the Upper Silt is absent, or towards the Lincoln 
Avenue ditch at the southeast end of the Site. The Lower Sand receives recharge from the Upper 
Sand. 

2.3 Previous Investigations 
In 1990, investigations performed on behalf of UPRR found NAPL, comprised predominantly of 
diesel fuel in the east-central portion of the Site along Milwaukee Way (Applied Geotechnology 
Inc. [AGI], 1990a; AGI, 1990b). In May 1990, a 6,000-gallon underground storage tank (UST), 
formerly used for storage of Bunker C fuel, was removed. Soils containing bunker oil were 
removed from the tank pit and piping trenches as an interim cleanup action. 
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A hydrologic characterization study was completed for the Site in 1993 (United States Pollution 
Control Inc. [USPCI], 1993). The results of the study identified concentrations of TPH and 
NAPL in soil and groundwater. Additional potential source areas identified were two former 
refueling racks; a product pipeline used to carry bunker fuel oil, and later diesel (abandoned in 
1995); the round house area; and various USTs (USPCI, 1993). A study conducted in 1993 
concluded that NAPL was not migrating to the Milwaukee Waterway (which was subsequently 
filled in 1995) or the Sitcum Waterway from the Site (AGI, 1993). A feasibility study was 
completed in 1994 that identified cleanup approaches for the Site (EMCON, 1994). 

A remediation system consisting of 22 recovery wells was installed during 1997, and a total of 
approximately 63,700 gallons of NAPL has since been recovered (Shaw, 2008a). Since 2004, the 
recovery rate and volume recovered have declined, and the system produces mostly water. Most 
of the well-heads for the extraction wells are not accessible from the surface as a result of Site 
grading and paving that occurred after the system was installed. Water elevations and product 
thickness measurements are made from other monitoring wells, which were completed at ground 
surface during paving of the Site. 
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3.0 Results 

This section presents the field and laboratory testing results. The field investigation and 
laboratory testing methods are described in Appendix B. 

3.1 Task 1 – Groundwater Monitoring 
Groundwater monitoring and sampling was performed in January and March 2008, and reported 
to Ecology in the January 2008 and April 2008 monthly progress reports (Shaw, 2008b and 
2008c). Groundwater elevations and NAPL thicknesses measured in 2008, along with historical 
data, are presented in Table 1. Figure 2 also shows monitoring wells that have documented 
NAPL accumulations since 1993 (CW-1, CW-4, CW-5, CW-8, and MW-29). Measurable NAPL 
accumulations are now present in only two wells (CW-4 and CW-5) since September 2006.  

Groundwater elevations and chemical data measured in January and March 2008, and 
groundwater elevation contours interpreted from these data, are shown in Figures 5 and 6, 
respectively. Both figures show groundwater generally flowing toward the north-northeast, with 
a horizontal hydraulic gradient of approximately 0.002 feet per foot. The gradient and flow 
direction are consistent with groundwater flow maps developed since the early 1990s. 

A summary of the groundwater analytical results for samples collected in January and March 
2008, along with results for samples collected in August 2004 (CW-4 and CW-5 were not 
sampled in 2004), are provided in Table 2. The 2004 and 2008 results indicate that diesel- and 
oil-range TPH were either not detected or detected at concentrations ranging from 0.13 to 
13 mg/L. The detected concentrations are below the TPH cleanup level of 10 mg/L established 
for the Site under the PPCD, with the exception of a single sample result from well CW-5 
(January 2008 sample at 13 mg/L as diesel). Additionally, the January and March 2008 data 
indicate benzene, toluene, ethyl benzene, and total xylenes (BTEX), polynuclear aromatic 
hydrocarbons (PAHs), naphthalene, and polychlorinated biphenyls (PCBs) were not detected in 
offsite compliance wells MW-21, MW-22, and MW-23, which are located downgradient or 
crossgradient from the area where NAPL was previously documented. 

3.2 Task 2 -Test Boring and Soil Characterization 
Two test borings (SC-1 and SC-2) were advanced to collect soil samples for physical observation 
and testing in areas with documented NAPL (Figures 2 and 4). Boring SC-1 was drilled near 
well CW-8, where NAPL was last observed in 2002. Boring SC-2 was drilled near well CW-5, 
where measurable accumulations of NAPL were present during this investigation. Soil cores 
were photographed under natural and ultraviolet light by PTS Laboratories in Santa Fe Springs, 
California, to identify NAPL. Selected soil samples were also tested for physical properties. The 
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methodology for collecting and testing the samples is described in Appendix B. Soil boring logs 
are presented in Appendix C. Laboratory reports and sample chain-of-custody records are 
included in Appendix D. 

Annotated photographic logs divided into 2-foot intervals for SC-1 are provided in Figures 7 
through 11, and for SC-2 in Figures 12 through 15. Photographs of the drilling and soil coring 
activities are provided in Appendix E. 

3.2.1 Test Boring SC-1 
Fill was encountered to depths of approximately 5 to 6 feet bgs. The fill material was then 
underlain by the Upper Sand (consisting generally of brown and gray-brown to gray medium 
dense, very fine to medium sand with some pebbles and rare gravels, trace fines, and occasional 
sandy silt or sandy silt zones The Upper Silt was not encountered to the total depth drilled 
(21 feet bgs). 

Grain size testing (Table 3), hydraulic conductivity measurements (Table 4) and capillary 
pressure curves (Figure 16) are indicative of fine to medium sand material. 

The laboratory photographs of the cores (Figures 7 through 11) exhibit fluorescence consistent 
with the presence of NAPL in finely laminated zones at depths of approximately 8.0 to 8.3, 8.6 
to 9.0, and 11 to 12.3 feet bgs (in the photographs, NAPL fluoresces yellowish-green; the 
intensity of the fluorescence increases with the amount of NAPL present). 

Table 5 shows that pore fluid is primarily saturated with water, with comparatively small 
amounts of NAPL (2.9 percent to 8.8 percent). Table 6 shows that NAPL was not extractable 
from the soil-pore throats during centrifuging at 1,000 times the acceleration due to gravity. 

3.2.2 Test Boring SC-2 
The soil profile encountered in Test Boring SC-2 was very similar to SC-1, consisting of fill 
underlain by the Upper Sand. The Upper Sand consisted generally of fine to medium sand with 
zones of gravel and coarse-grained sand. The gravel zones decrease with depth and are most 
abundant to a depth of approximately 12.0 feet bgs. The Upper Silt was not encountered to the 
total depth drilled (20 feet bgs). 

Grain size testing (Table 3), hydraulic conductivity measurements (Table 4) and capillary 
pressure curves (Figure 16) are consistent with fine to coarse sand. 

The laboratory photographs of the cores (Figures 12 through 15) show NAPL from 
approximately 7.9 feet to the total depth sampled (17 feet bgs). The greatest amount of NAPL 
(i.e., highest fluorescence) occurs from approximately 15.3 to 17 feet bgs, and is present in the 
sandy layers and not present in the more permeable gravel interbeds. 
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Table 5 shows that pore fluid consists primarily of water, except for the samples obtained from a 
depth interval of 16 to 17 feet bgs where NAPL and water saturations were roughly equivalent. 
Table 6 suggests that the NAPL is extractable from the soil-pore throats during centrifuging at 
1,000 times the acceleration due to gravity.  

3.3 Task 3 - NAPL Chemical and Physical Characterization 
NAPL and groundwater samples were collected on June 7 and 8, 2007, from five wells (RW2L3, 
RW5L3, RW2L5, CW-4, and CW-5) and submitted to Torkelson Geochemistry, Inc. (TGI) of 
Tulsa, Oklahoma, for chemical and physical testing. Geochemical and physical properties test 
results are summarized on Table 7. TGI’s evaluation report, including all gas chromatograms, is 
provided in Appendix F. 

The TGI results show that NAPL at the Site has undergone biological, chemical, and/or physical 
alteration resulting from exposure to the natural environment (i.e., weathering). Compositions 
range from weathered diesel (middle distillate) to weathered heavy lube oil-range petroleum 
hydrocarbons. A chromatogram representative of the NAPL collected from well RW-2L3 and a 
chromatogram for an unweathered diesel standard are presented in Figure 17. A summary of the 
effects of NAPL weathering and chromatogram interpretation is presented below. 

Gas chromatography (GC) is a primary method for identifying NAPL constituents. NAPL is 
injected into the GC, and enters a small-diameter coiled capillary tube. As the sample is heated 
and travels through the capillary tube, NAPL constituents separate by polarity and boiling point. 
A chromatogram depicts NAPL constituents as they exit the capillary tubing. The 
chromatograms identify the relative abundance (as peaks depicted on the y-axis) of the 
individual compounds, and constituents are identified by retention time (depicted as time beneath 
a peak on the x-axis). Lighter (lower molecular weight) compounds with shorter retention times 
appear on the left-hand side of a chromatogram. Heavier (higher molecular weight) compounds 
have longer retention times and appear on the right-hand side of a chromatogram. There are 
several “marker” compounds that indicate relative degrees of weathering, particularly in diesel-
range hydrocarbons. Selected marker compounds are labeled on the chromatogram in Figure 17. 

A chromatogram of non-weathered diesel fuel is characterized by an array of repeating peaks of 
normal alkanes (i.e., a homologous series of compounds including octane [nC8], nonane [nC9], 
and decane [nC10]). These compounds characteristically appear as the dominant peaks, and are 
evenly distributed in the middle range of the diesel standard (Figure 17). These compounds are 
easily weathered and decrease in relative abundance compared to other compounds with 
increasing weathering. This decrease in normal alkanes accentuates the relative abundance of 
other marker compounds that are more persistent (i.e., the isoprenoid compounds, labeled as 
IP12, IP14, etc.). Two specific marker isoprenoids are pristane and phytane, which are located 
next to nC17 and nC18 alkane peaks. With increasing weathering, these isoprenoid compounds 
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increase relative to the adjacent normal alkanes (Bruce and Schmidt, 1994). The TGI 
chromatograms show that all of the NAPL samples are so degraded that the normal alkanes are 
nearly absent on all the GC chromatograms, and the only dominant identifiable peaks are 
isoprenoids, particularly pristane and phytane (Figure 17). 

TGI’s analyses show that the NAPL consists of variable amounts of degraded diesel with some 
heavier lube-oil range hydrocarbons (see Appendix F). The NAPL sampled from RW-2L3 is 
primarily degraded diesel, while RW-5L3 contains degraded diesel and heavier lube-oil range 
hydrocarbons. The remainder of NAPL samples indicated a composition intermediate between 
RW-2L3 and RW-5L3, and so samples RW-2L3 and RW-5L3 were also tested for density and 
viscosity (Table 7). The density of the NAPL from RW-2L3 of 0.8803 gram/milliliter (gm/ml) is 
consistent with weathered diesel (non-degraded diesel has a density of about 0.827 gm/ml; API, 
2004). The NAPL sample collected from well RW-5L3 has a density of 0.9498 gm/ml, which is 
consistent with a heavy lube or fuel oil. The viscosity of the RW2L3 sample (8.34 centipoise 
[cP]) is comparable to the viscosity of No. 2 fuel oil (4.04 cP), and the viscosity of RW-5L3 
(633 cP) is comparable No. 6 fuel oil (Bunker C) and other heavier fuels (122 cP to 3,180 cP) 
(Beckett and Huntley, 2002).  
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4.0 Summary and Conclusions 

Groundwater sampling and NAPL testing indicate the presence of highly weathered petroleum 
that has been depleted of water-soluble hazardous constituents. Soil testing results also show that 
the residual NAPL is typically absent from the pore throats of coarser-grained soil, but is present 
in finer-grained soils which are less amenable to NAPL removal.  

Most of the fluid that is pumped by the remediation system consists of water extracted from 
coarser-grained soils. Recovery data show that the remediation system recovers less than 
0.3 percent NAPL by volume. 

The results of groundwater monitoring data collected at the Site show that the groundwater 
cleanup standards have been met and that the remaining residual NAPL is not impacting 
groundwater. All of the groundwater samples were either non-detect or below the cleanup levels 
for petroleum compounds, with the exception of one sample from well CW-5, which was 
marginally above the cleanup level for TPH in January 2008. BTEX, carcinogenic PAHs, 
naphthalene, and PCBs were not detected in groundwater samples from offsite compliance wells 
MW-21, MW-22, and MW-23, which are located downgradient or crossgradient from the area 
that has historically been affected by NAPL. Since dissolved constituents are generally not 
partitioning from the NAPL to the groundwater in the area downgradient of or below the NAPL, 
migration to the deeper aquifer is unlikely. 

Shaw recommends sampling wells CW-4 and CW-5 for three consecutive quarters to ascertain 
compliance with the cleanup standards associated with the PPCD. Recommendations for further 
work should be based on the results of these additional data. 
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Limitations 

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

Opinions and recommendations contained in this report apply to conditions existing when 
services were performed and are intended only for the client, purposes, locations, time frames, 
and project parameters indicated. We are not responsible for the impacts of any changes in 
environmental standards, practices, or regulations subsequent to performance of services. We do 
not warrant the accuracy of information supplied by others, or the use of separated portions of 
this report. 































































































































































































































 

 
 

AAppppeennddiixx  EE  
  

SSooiill  CCoorree  DDrriilllliinngg  PPhhoottooggrraapphhss  


















































	Report of Additional Investigation_text and tables
	Figures 1 through 17
	Appendices A thru F



