
Section 2.   Site Description and Physical 
Characteristics 

This section describes the site characteristics associated with Parcel E-2, including the site features; types 
of solid waste found in the Parcel E-2 Landfill; geologic, hydrogeologic, and hydrologic conditions; and 
wetland features1.  According to EPA guidance, characterization of a landfill’s contents is not necessary 
or appropriate for selecting a response action for these sites, when applying the presumptive remedy 
methodology for remedial alternatives evaluation (EPA, 1993a) (Appendix H to this report).  However, 
because Parcel E-2 is composed of a landfill and adjacent areas (the Panhandle Area, East Adjacent Area, 
and Shoreline Area) containing non-contiguous waste deposits outside the primary landfill area, all 
characterization data collected to date was included in this report to support the remedy evaluation 
process.   

2.1. SITE FEATURES 

Parcel E-2 encompasses approximately 47.4 acres at HPS.  As described in Section 1, the parcel was 
divided into the following four areas: 

1. The “Landfill Area,” which comprises the entire Parcel E-2 Landfill and its immediate perimeter 

2. The “East Adjacent Area,” located to the east of the Landfill Area 

3. The “Panhandle Area,” located west/southwest of the Landfill Area 

4. The “Shoreline Area,” located at the interface with the Bay 

The following subsections describe the surface features for each of the four RI/FS focus areas listed 
above, including information about the types of solid waste buried at the site.   

2.1.1. Landfill Area 

The surface of the 22-acre Landfill Area is covered with a vegetative layer to limit erosion.  The 
vegetation is maintained by a surface irrigation system that intermittently sprays water over the vegetative 
layer.  Inspections and associated maintenance are performed on a quarterly basis to ensure the integrity 

                                                      

1 In September 2004, the Navy divided Parcel E into two parcels (E and E-2).  Discussions within this document that 
reference reports published prior to September 2004 refer to the portion of Parcel E that became Parcel E-2. 
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of the vegetative layer and underlying interim cap that covers 14.5 acres of the Parcel E-2 Landfill 
(TtEMI, 2003b).  The interim cap, originally constructed to smother remnants of a waste layer fire that 
occurred in August 2000, consists of a multilayer system of sub-base soil, an HDPE membrane, a 
synthetic drainage layer, and topsoil (TtEMI, 2005b) (Appendix E to this report).  The remaining 7.5 
acres of the landfill that was unaffected by the fire is covered by a 2-foot-thick soil layer.   

Based on data from the 26 soil borings, 12 monitoring wells, and 25 test pits extended within the Landfill 
Area, the solid waste is comprised primarily of municipal-type waste and construction debris.  Solid 
waste includes wood, paper, plastic, metal, glass, asphalt, concrete, and bricks, that is mixed with sand, 
clay, and gravel fill.  Historic information indicates that industrial wastes were also disposed of in or 
around the Landfill Area including sandblast waste, radioluminescent devices, asbestos-containing debris, 
paint sludge, solvents, and waste oils (NEESA, 1984; NAVSEA, 2004).  (For simplicity, the debris and 
waste that make up the landfill are referred to as “solid waste” throughout this report.)  The lateral and 
vertical extents of solid waste within the landfill were determined in previous investigations discussed in 
Subsection 3.2 of this RI/FS report.  The types of solid waste within the Landfill Area are discussed in 
more detail in Section 4. 

The 14.5-acre interim landfill cap also limits precipitation from percolating into portions of the solid 
waste, and the entire Landfill Area is sloped sufficiently to allow for storm water drainage (drainage 
patterns are discussed in Subsection 2.3).  In the 4 years between the installation of the interim cap and 
the preparation of this report, no significant erosion, settlement, or slope failure, related to the presence of 
the cap, has been observed at Parcel E-2.   

In 2002, the landfill gas characterization study revealed that landfill gas had migrated north of the solid 
waste extent and onto the adjacent Navy and UCSF property.  In response to this finding, a time-critical 
removal action (TCRA) was conducted to reduce concentrations of subsurface methane north of the 
Parcel E-2 Landfill (under both Navy and UCSF property) below the lower explosive limit (LEL) of less 
than 5 percent, and to prevent future landfill gas migration.  The TCRA consisted of the installation and 
operation of a gas control, extraction, and treatment system, and is discussed in more detail in 
Subsection 3.8 of this RI/FS report.  

From 1997 to 1998, an 800-foot sheet-pile wall was constructed along the southern portion of the Landfill 
Area to reduce the potential for release of landfill constituents into the Bay.  To reduce groundwater 
mounding behind the sheet-pile wall, a groundwater extraction system (GES) was installed at the same 
time to intercept, treat, and discharge groundwater to the municipal sewer system (IT, 1999), both 
features are shown on Figure 1-3.  The GES was deactivated in April 2005 and remains off-line following 
implementation of the PCB Hot Spot removal action (TtFW, 2005a) (discussed in Subsection 3.10). 

2.1.2. Panhandle Area 

The Panhandle Area has a relatively flat topography, and is covered by fill soil that contains 
non-contiguous pockets of solid waste.  Waste at these locations is not contiguous with the Landfill Area 
 

\\Con-fs01\Projects\2005_Projects\25-049_Navy_HPS_E-2_RI-FS\B_originals\RI_FS\02Draft\RIFS-D_PE-2_Sec2.doc 

2-2 



Section 2  Site Description and Physical Characteristics 

and consists primarily of construction debris, with lesser quantities of industrial waste (discussed further 
in Section 4).  The presence of isolated solid waste locations is largely due to the manner in which the 
Panhandle Area was reclaimed from the Bay by using a combination of fill soils and waste materials 
(with larger proportions of fill soils as compared to the fill material within the Landfill Area).  The 
interim landfill cap, that covers much of the Landfill Area, does not extend onto the Panhandle Area. 

The Panhandle Area includes a drainage channel just outside the extent of landfill waste along the western 
perimeter of Parcel E-2 (see Figure 1-4).  The drainage channel directs runoff south and discharges 
indirectly to the Bay through low-lying seasonal wetlands southwest of the Parcel E-2 Landfill.  The 
wetland areas are discussed in more detail in Subsection 2.4.2. 

The Panhandle Area contains areas of potential low-level radioactivity, including a former experimental 
ship-shielding area, and the metal slag area.  The metal slag area in the southern peninsula of the 
Panhandle Area, and extending into the Shoreline Area, was excavated under an interim removal action 
(Figure 1-3) (TtFW, 2005b).  

2.1.3. East Adjacent Area 

Like the Panhandle Area, the East Adjacent Area has a relatively flat topography and includes solid waste 
locations intermixed with fill soils that are not contiguous with the Parcel E-2 Landfill.  Waste at these 
locations is not contiguous with the Landfill Area and consists primarily of construction debris, with 
lesser quantities of industrial waste (discussed further in Section 4).  The southern portion of the East 
Adjacent Area contains an area with PCB contamination, which recently underwent a soil removal action.  
The sheet-pile wall and associated GES also extends from the Landfill Area into the East Adjacent Area 
(Figure 1-3).  The interim gas control system also extends into the East Adjacent Area. 

2.1.4. Shoreline Area 

The Shoreline Area is the intertidal zone that contains areas covered with concrete riprap and other 
exposed shoreline containing sediments and emergent saline wetlands.  The intertidal sediments present in 
the Shoreline Area were characterized during the SDGI, and the results are summarized in a Shoreline 
Characterization Technical Memorandum (SulTech, 2005) (Appendix G to this report).  The metal slag 
area, discussed in the subsection above, also extends into the Shoreline Area. 

2.2. GEOLOGY AND HYDROGEOLOGY 

Numerous field investigations have been performed to characterize and define the geology and 
hydrogeology at HPS.  This subsection discusses the geologic and hydrogeologic conditions at 
Parcel E-2, based on the information derived from those investigations.  The geologic descriptions 
presented in this subsection are interpreted from lithologic cross-sections presented in the Landfill Lateral 
Extent Evaluation Report (TtEMI, 2004f).  Hydrogeologic descriptions related to hydrostratigraphy, 
groundwater flow patterns, hydraulic characteristics, tidal effects, and total dissolved solids (TDS) are 
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also presented in this subsection, and are based primarily on information included in the Parcel E 
Groundwater Summary Report prepared following the Phase III GDGI (TtEMI, 2004c).   

2.2.1. Geologic and Hydrogeologic Units 

The peninsula forming HPS is within a northwest-trending belt of the Franciscan Complex bedrock 
known as the Hunters Point Shear zone.  The natural geology at HPS consists of unconsolidated Holocene 
sediments of estuarine and alluvial origin (Quaternary age) deposited on an uneven, eroded bedrock 
surface composed primarily of serpentinite (Jurassic-Cretaceous age).  Artificial fill was deposited 
extensively over the natural sediments and bedrock during the expansion of the shipyard in the 
early 1940s.  Six individual geologic units have been identified at HPS.  In general, the stratigraphic 
sequence of these geologic units, from youngest (shallowest) to oldest (deepest), is as follows:  1) 
Artificial Fill; 2) Slope Debris and Ravine Fill; 3) Undifferentiated Upper Sand Deposits; 4) Bay Mud; 5) 
Undifferentiated Sedimentary Deposits; and 6) Franciscan Complex Bedrock (TtEMI, 2004c).  Figure 2-1 
shows the surficial geologic units present at HPS, including the various subdivisions within the 
Franciscan Complex Bedrock.  With the exception of Slope Debris and Ravine Fill, all other geologic 
units are present at Parcel E-2. 

The hydrostratigraphy of Parcel E-2 consists of a four distinct units, including three water-bearing units 
and one aquitard.  The shallowest water-bearing unit is referred to as the A-aquifer.  The A-aquifer is 
essentially man-made and consists primarily of Artificial Fill material, but also includes Undifferentiated 
Upper Sand Deposits.  The A-aquifer is separated from the deeper water-bearing unit, referred to as the 
B-aquifer, by the Bay Mud in most locations across HPS.  The B-aquifer consists of Undifferentiated 
Sedimentary Deposits underlying the Bay Mud.  The upper weathered portions of the Franciscan 
Complex bedrock that directly underlie permeable Artificial Fill, Undifferentiated Upper Sand, and 
Undifferentiated Sedimentary deposits are considered part of the overlying aquifer (TtEMI, 2004c).  The 
portions of saturated bedrock that are not in direct contact with the A- or B-aquifers are 
hydrostratigraphically classified as the bedrock water-bearing zone (WBZ) (TtEMI, 2004c).  Flow in the 
bedrock WBZ generally occurs in localized, discontinuous fractures located below the upper portions of 
bedrock (TtEMI, LFR, and Uribe, 1997).  The relationships between the stratigraphic and 
hydrostratigraphic units at HPS are presented on the following page. 
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Stratigraphic Unit Corresponding Hydrostratigraphic Unit 
Artificial Fill (Qaf) A-aquifer a

Undifferentiated Upper Sand Deposits (Quus) A-aquifer a

Bay Mud (Qbm) Aquitard b

Undifferentiated Sedimentary Deposits (Qu) B-aquifer c

Franciscan Complex Bedrock (KJfm) Bedrock Water Bearing Zone d

Notes:  
a Hydrostratigraphic unit comprises permeable portions of the Artificial Fill and Undifferentiated Upper Sand deposits, and includes 

weathered portions of the bedrock that directly underlie saturated Artificial Fill or Undifferentiated Upper Sand deposits and 
localized areas where Undifferentiated Upper Sand deposits are interbedded with Bay Mud deposits. 

b Hydrostratigraphic unit also includes low-permeability Artificial Fill deposits. 
c Unit comprises the permeable portions of the Undifferentiated Sedimentary deposits. 
d Unit consists of portions of saturated bedrock that are not in direct contact with the A- or B-aquifers. 

Numerous field investigations at Parcel E-2 have provided geologic information that was used to define 
the subsurface stratigraphy and depth to bedrock at Parcel E-2.  Figure 2-2 is a map showing cross-section 
locations across Parcel E-2.  Figures 2-3 through 2-8 are the geologic cross-section diagrams of the 
Landfill Area that were presented in the Landfill Lateral Extent Evaluation Report (TtEMI, 2004f).  
Figures 2-9 through 2-11 are hydrogeologic cross-section diagrams that were originally presented in the 
Parcel E Groundwater Summary Report (TtEMI, 2004c).  The hydrogeologic cross-sections cover both 
the Landfill Area and adjacent areas, and depict the lithologic units and the relative permeabilities of 
these sediments to portray the hydrostratigraphy at Parcel E-2.  The geologic cross-sections were prepared 
to depict the subsurface conditions in and immediately surrounding the landfill waste and, as such, 
focused on providing the greatest level of detail within the heterogeneous artificial fill.  In contrast, the 
hydrogeologic cross-sections were prepared to depict the overall hydrostratigraphy at Parcel E-2, with a 
specific focus on identifying permeable zones within the A- and B-aquifers.  Because of the different 
purposes for each set of cross-sections, the data set used to construct the hydrogeologic cross-sections 
does not provide the same level of detail for the heterogeneous artificial fill as compared to the geologic 
cross-sections. 

An important geologic feature at Parcel E-2 is the bedrock surface that declines steeply from the northeast 
portion to the southern portion of Parcel E-2 (cross-section G-G’, Figure 2-9).  The bedrock within the 
Hunters Point Shear Zone has been subjected to intense tectonic activity resulting in a high degree of 
folding, faulting, and metamorphism.  As a result, the top surface of the bedrock ranges from 
approximately 55 feet below ground surface (bgs) in the northern part of Parcel E-2 to greater than 
280 feet bgs in the southern part of Parcel E-2.  This is a decline of approximately 225 feet over the length 
of the site, which corresponds to a horizontal distance of approximately 1,100 feet.  Based on the bedrock 
depths reported above, the thickness of the overburden sediments and fill above the bedrock at Parcel E-2 
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varies from about 55 feet in the northeast portion of Parcel E-2 to greater than 280 feet in the southern 
portion.  Figure 2-12 shows the bedrock surface elevations at and adjacent to Parcel E-2. 

Another important geologic feature at Parcel E-2 is the distribution of the Bay Mud Aquitard.  The Bay 
Mud is present over most of Parcel E-2, except in the northwest corner of Parcel E-2.  In this location, the 
saturated Artificial Fill material and Undifferentiated Upper Sand Deposits (the A-aquifer) directly 
overlie the Undifferentiated Sediments (the B-aquifer); as a result, the A- and B-aquifers are 
interconnected.  However, as discussed in Subsection 2.2.2.2, the vertical direction of groundwater flow 
potential in this area is upward.  Further, as shown in cross-section G-G’ (Figure 2-9), the presence of 
laterally continuous layers of silt and clay within the B-aquifer sediments serve to hydraulically isolate 
the uppermost portions of the B-aquifer (that are interconnected with the A-aquifer) from the lower 
portions of the B-aquifer.  The Bay Mud Aquitard thickens away from upland areas in the northern 
portion of Parcel E-2, as shown on Figure 2-13.   

As part of the subsurface investigations that were conducted to gather the geologic and hydrogeologic 
data for the site, monitoring wells were installed across Parcel E-2 in the A-aquifer and uppermost B-
aquifer zones, and the well identifications are designated by “A” and “B” suffixes, respectively.  These 
well identifications are consistent with the hydrostratigraphic interpretations made in Figures 2-9 
through 2-11 (TtEMI, 2004c).  Groundwater monitoring has not been required in the lower B-aquifer 
zones because:  1) the degree of contamination in the uppermost B-aquifer is much lower than that in the 
A-aquifer (see Section 5); 2) the uppermost portions of the B-aquifer (that are interconnected with the A-
aquifer) are hydraulically isolated from the lower portions of the B-aquifer; and 3) there is an upward 
vertical flow potential from the uppermost B-aquifer to the A-aquifer (see Subsection 2.2.2.2).  
Groundwater monitoring has not been required in the Parcel E-2 bedrock WBZ because the bedrock is 
relatively deep (greater than 55 feet bgs in the northern portion of Parcel E-2 to greater than 200 feet bgs 
in the southeast portion of Parcel E-2).  In addition, the potential for the downward migration of 
contamination into the bedrock WBZ is low because of the site conditions that limit hydraulic 
communication between the uppermost B-aquifer zone and the lower B-aquifer zones.   

In the following subsections, more detail is provided on each of the geologic units at Parcel E-2, and their 
relationships to their corresponding hydrogeologic units. 

2.2.1.1. Artificial Fill and Undifferentiated Upper Sand Deposits – The A-Aquifer 

Cross-sections A-A’ through J-J’ (Figures 2-3 through 2-11) show varying thickness of heterogeneous 
Artificial Fill material at Parcel E-2 and adjacent portions of Parcel E and the UCSF compound.  The 
Artificial Fill ranges in thickness from 17 feet at the southern and northern edges of the Parcel E-2 
Landfill (cross-sections A-A’ and B-B’) (Figures 2-3 and 2-4) to 34 feet in the eastern portion of the 
landfill (cross-section E-E’) (Figure 2-7).  The fill material consists primarily of soil and construction 
debris used for land reclamation, as well as a range of solid waste, construction, and demolition debris 
deposited in the landfill.  The soil portion of the fill varies in composition from fine-grained clay deposits 
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to coarse gravel and larger boulders, and has an irregular contact with the underlying units.  The irregular 
contact may be attributed to both natural causes (such as former stream channels) and man-made causes 
(such as dredging or the placement of heavier bedrock-derived fill and debris that displaced the softer Bay 
Mud and sand deposits).   

Construction and demolition debris, consisting mainly of broken concrete, asphalt, and bricks used as 
riprap, is visible along the edge of the Landfill Area, where it meets the Shoreline Area.  Much of this 
shoreline debris was removed in 2004 as part of shoreline cleanup (TtFW, 2004c).  Ballast sand and fill 
soil are mixed with the construction debris in some areas (TtEMI, 2004f).  In addition to construction and 
demolition debris, the landfill contains industrial wastes, sandblast waste, and domestic refuse. 

Based on the geologic cross-sections (Figures 2-3 to 2-8) , the vertical extent of solid waste in the 
Parcel E-2 Landfill ranges in thickness from approximately 10 to 25 feet, and has an overlying cover 
thickness of 1 to 15 feet.  The elevation of the top of the solid waste in the landfill is estimated to vary 
between 2 to 18 feet above msl, and in most locations is present above the water table.  The bottom of the 
solid waste in the landfill extends beneath the water table, and is estimated to vary in elevation between 3 
feet above msl and 13 feet below msl (cross-section D-D’) (Figure 2-6).  The extent of the contiguous 
solid waste in the landfill is described in detail in Subsection 4.2.2.  

Cross-sections B-B’, D-D’, and E-E’ (Figures 2-4, 2-6, and 2-7) show a discontinuous, undifferentiated 
sand unit present beneath the Artificial Fill in the northern portion of Parcel E-2.  This Undifferentiated 
Upper Sand unit consists mostly of fine sand with occasional silty and clayey sands with marine shells.  It 
ranges in thickness from 0 to 14 feet, and generally overlies the Undifferentiated Sediments unit or Bay 
Mud, but in localized areas is interbedded with the Bay Mud (TtEMI, 2003e; TtEMI, 2004c).  

The A-aquifer primarily consists of the heterogeneous, unconsolidated Artificial Fill material, with 
portions of the Undifferentiated Upper Sand Deposits and localized areas of the Bay Mud interbedded 
with Undifferentiated Upper Sand deposits.  Cross-sections H-H’ (Figure 2-10) and J-J’ (Figure 2-11) 
show that the lateral continuity of the A-aquifer is disrupted by numerous low-permeability zones because 
of the heterogeneous nature of the artificial fill (TtEMI, 2004c).  The A-aquifer directly overlies the 
B-aquifer in the northwest corner of Parcel E-2, where the Bay Mud aquitard is absent (Figures 2-9, 2-10, 
and 2-13).  Cross-section C-C’ (Figure 2-5) shows that, north of Parcel E-2, along Crisp Avenue, the 
A-aquifer lies directly on the bedrock, and the weathered bedrock beneath the water table is considered to 
belong to the A-aquifer.   

The A-aquifer is approximately 5 to 15 feet thick from north to south across Parcel E-2, and is generally 
unconfined (TtEMI, 2004c); however, semi-confined conditions exist in areas where fine-grained fill 
material overlies coarser-grained fill material or Undifferentiated Upper Sand deposits 
(cross-sections H-H’ and J-J’) (Figures 2-10 and 2-11).  Groundwater flow directions in the A-aquifer are 
discussed in Section 2.2.2. 
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2.2.1.2. 

2.2.1.3. 

2.2.1.4. 

Bay Mud – The Aquitard 

Bay Mud is present across most of Parcel E-2, and consists of Holocene, estuarine, grayish-green 
sediments that are almost exclusively composed of silt and clay (TtEMI, 2004c).  The aquitard has a 
relatively level base and an irregular upper surface, as discussed in Subsection 2.2.1.1.  The Bay Mud 
thickens to the south and is over 45 feet thick near the shoreline at the southern end of Parcel E-2 
(TtEMI, 2003e).  As Figure 2-13 shows, the Bay Mud is absent in the northwest corner of Parcel E-2, and 
thickens to greater than 10 feet across the majority of Parcel E-2 (to a maximum of 39 feet in the 
southeast portion of Parcel E-2).  The Bay Mud acts as an aquitard between the A- and B-aquifers where 
it is sufficiently thick (typically 1 to 2 feet).  Fine-grained fill material that underlies the A-aquifer may 
also act as an aquitard (TtEMI, 2004c).   

As discussed in Subsection 2.2.1, the Bay Mud aquitard is absent in the northwest corner of Parcel E-2 
and, as a result, the A- and B-aquifers are interconnected.  However, the vertical groundwater gradient is 
upward in this area and the presence of laterally continuous layers of silt and clay within the B-aquifer 
sediments throughout Parcel E-2 serve to hydraulically isolate the uppermost portions of the B-aquifer 
(that are interconnected with the A-aquifer) from the lower portions of the B-aquifer.   

Undifferentiated Sediments – The B-Aquifer 

The undifferentiated sediments consist of interbedded clay, silt, and sand, and are the oldest 
unconsolidated sedimentary unit in Parcel E-2.  The Undifferentiated Sediments unconformably overlie 
the Franciscan Complex Bedrock, and range in thickness from 45 feet in the northern part of Parcel E-2 to 
over 235 feet in the southern portion of Parcel E-2 (TtEMI, 2003e).  Cross-sections G-G’ and J-J’ 
(Figures 2-9 and 2-11) show that the Undifferentiated Sediments consist of two to three relatively thick 
(approximately 30- to 40-foot), laterally continuous layers of sand and silty or clayey sand, which are 
separated by laterally continuous layers of silt or clay that range from 8 to 120 feet in thickness 
(TtEMI, 2004c). 

The B-aquifer is present in the permeable portions of the Undifferentiated Sediments, which, as described 
above, consists of two to three permeable layers separated by thick silt or clay layers.  The uppermost B-
aquifer is semi-confined and separated from the A-aquifer by an aquitard, except in the northwest corner 
of Parcel E-2 (TtEMI, 2004c). 

Franciscan Complex Bedrock – The Bedrock Water Bearing Zone 

Bedrock in Parcel E-2 consists of the Franciscan Complex, with serpentinite as the most common 
component.  Serpentine bedrock is often associated with metamorphic basalt called “greenstone,” which 
has a distinctive green color.  Pockets of greywacke sandstones occur in some areas (TtEMI, 2004c).  
Figure 2-12 shows where serpentinite bedrock outcrops north of Parcel E-2.  From the northern part of 
Parcel E-2, the bedrock plunges to the west and south.  The depth to bedrock ranges from approximately 
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55 feet bgs in the northern part of Parcel E-2 to greater than 280 feet bgs in the southern part of 
Parcel E-2.   

As discussed in Subsection 2.2.1, the upper weathered portions of the bedrock that directly underlie A- or 
B-aquifer sediments are considered part of the overlying aquifer.  The highly weathered bedrock has low 
hardness, and has been described as both crumbling easily to sand sized grains and as having weathered to 
clay (TtEMI, LFR, and Uribe 1997; TtEMI, 2004c).  Borings logs for gas monitoring probes (GMPs) 
installed in the upper weathered bedrock underlying Crisp Avenue (located approximately 150 feet north 
of Parcel E-2) demonstrate this variability.  The portions of saturated bedrock that are not in direct contact 
with the A- or B-aquifers are hydrostratigraphically classified as the bedrock WBZ (TtEMI, 2004c).  
Flow in the bedrock WBZ generally occurs in localized, discontinuous fractures located below the upper 
portions of bedrock (TtEMI, LFR, and Uribe, 1997).   

2.2.2. Groundwater Flow 

Groundwater flow patterns in the A-aquifer are regularly evaluated by generating groundwater elevation 
maps as part of the basewide groundwater monitoring program.  A-aquifer groundwater elevation 
measurements are collected using a methodology designed to reduce the significance of tidal effects on 
the general definition of the potentiometric surface; the methodology is described in the sampling and 
analysis plan for the BGMP (TtEMI, 2004e).  Additionally, groundwater flow patterns within the 
uppermost B-aquifer and tidal influenced zone (TIZ) of the A-aquifer have been evaluated during 
previous investigations at the site.  The following subsections discuss the groundwater flow patterns of 
these aquifers, as well as groundwater recharge and discharge for the A-aquifer and uppermost B-aquifer.   

2.2.2.1. Horizontal Groundwater Flow 

Across most of Parcel E-2, groundwater in the A-aquifer flows in a southerly direction toward the Bay; 
however, flow in the northeast portion of Parcel E-2 flows in an easterly direction toward a groundwater 
sink located east of the landfill near the boundary between Parcels D and E.  Figure 2-14 shows this 
groundwater sink, which is believed to be the result of groundwater removal by pumping of the sanitary 
sewer system with ruptured lines below the groundwater table (TtEMI, 2004c).  As evidenced by Figure 
2-15, the groundwater sink extends over a larger area during periods when the water table is lower.  The 
potentiometric surfaces shown on Figures 2-14 and 2-15 (Kleinfelder Inc. [Kleinfelder] and CDM Federal 
Programs Corporation [CDM], 2005a; Kleinfelder and CDM, 2005c) do not account for removal of tidal 
effects; however, past tidal studies have shown that the general geometry of the potentiometric surface 
within the TIZ can be accurately represented without filtering out tidal effects (TtEMI, 2004c).  
Subsection 2.2.4 presents a more thorough discussion of tidal effects. 

Buried utility lines located below the groundwater table may act as preferential groundwater flow 
pathways; however, as shown on Figures 2-14 and 2-15, only localized sections of the storm drain system 
are submerged below the groundwater table, and the flow patterns do not appear to be affected along 
these sections.  In addition, the Navy is in the process of removing the existing sanitary sewer and storm 
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drain lines across the HPS.  The potentiometric surface of the A-aquifer continues to be monitored 
quarterly under the BGMP to track possible changes in flow patterns of the A-aquifer. 

Groundwater elevations in the uppermost B-aquifer, as measured in February 2002, are presented on 
Figure 2-16 (TtEMI, 2004c).  Based on the groundwater elevations in the limited number of wells shown 
on Figure 2-16, groundwater in the uppermost B-aquifer flows to the southeast in Parcel E-2.  B-aquifer 
groundwater elevations are monitored under the BGMP on a quarterly basis (Kleinfelder and 
CDM, 2005a; Kleinfelder and CDM, 2005b; Kleinfelder and CDM, 2005c); however, due to the limited 
number of wells present within the uppermost B-aquifer, these elevations are not mapped and contoured.  
Groundwater levels measured in June and November 2004 do not show significant changes in the 
uppermost B-aquifer groundwater flow patterns from 2002.  Several B-aquifer groundwater elevation 
measurements from September 2004 (at wells IR01MW09B, IR01MW26B, and IR01MWLF4B) are 
considered anomalous when compared to measurements from June and November 2004.   

2.2.2.2. 

2.2.2.3. 

Vertical Groundwater Flow Potential 

Figure 2-17 illustrates vertical flow potential by plotting both the A-aquifer and uppermost B-aquifer 
contours for February 2002, using different shading to indicate the areas of upward and downward flow 
potential based on a comparison of the two sets of contours (TtEMI, 2004c).  As measured in 2002, the 
vertical component of groundwater flow potential between the A-aquifer and uppermost B-aquifer is 
upward across most of Parcel E-2, except at two groundwater mounds in the northeast and southeast 
corners of Parcel E-2 (Figure 2-17).  At these two mounds, the A-aquifer potentiometric surface was 
greater than the projected uppermost B-aquifer potentiometric surface (which was based on limited B-
aquifer data).  As shown on Figure 2-17, downward flow in these areas is impeded by the presence of an 
aquitard.  Further, groundwater elevation data from 2004 (Figures 2-14 and 2-15) show that the mound in 
the northeast corner is no longer present and the mound in the southeast corner is reduced in size relative 
to 2002.  Groundwater levels measured in 2004 from well pairs screened in the A-aquifer and uppermost 
B-aquifer continue to show an upward vertical flow potential from the uppermost B-aquifer to the A-
aquifer, with the exception of the anomalous groundwater mound measured in September 2004 inland of 
the sheetpile wall in the southeastern portion of Parcel E-2 (as discussed in Subsection 2.2.2.1).  

Groundwater Recharge and Discharge 

Groundwater recharge to the A-aquifer at Parcel E-2 is affected by vertical and lateral infiltration from 
within Parcel E-2, as well as groundwater flow from land upgradient of Parcel E-2.  Recharge may also be 
contributed by leaking utility lines.  Higher groundwater levels exist during the rainy season.  
Groundwater elevations measured in Parcel E-2 wells in February 2002 were 0.5 to 3 feet higher than in 
May 2002 (TtEMI, 2004c).  A-aquifer groundwater discharge over the northeast portion of Parcel E-2 is 
directed across Parcel E toward a groundwater sink near the Parcel E and Parcel D boundary.  As 
discussed in Subsection 2.2.2.1, the Navy is in the process of removing the existing sanitary sewer and 
storm drain lines across the HPS, and the effect of this activity is being evaluated as part of the BGMP 
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quarterly water level measurements.  Groundwater near the Parcel E-2 shoreline discharges toward the 
Bay or toward the groundwater extraction system (Figure 1-3) in the southeast portion of Parcel E-2. 

The area upgradient of Parcel E-2 is the primary source of recharge to the B-aquifer.  This area consists of 
non-Navy industrial property.  The recharge source is groundwater flowing horizontally into the 
B-aquifer.  The B-aquifer is hydraulically connected to and discharges to permeable zones underlying the 
Bay. 

2.2.2.4. Seasonal Groundwater Effects 

Seasonal effects were evaluated in the Parcel E groundwater summary report by comparing the 
groundwater elevation contours for July 2000, February 2001, February 2002, and June 2002.  The 
comparison showed that, during the winter season, increased precipitation and infiltration exaggerate 
groundwater mounding conditions in the northeast and southeast portions of Parcel E-2.  Likewise, the 
large groundwater sink along the boundary between Parcels D and E shrinks and expands due to seasonal 
fluctuations (TtEMI, 2004c).   

2.2.3. Hydraulic Characteristics 

Constant rate aquifer tests were performed at various A- and B-aquifer wells during the Parcel E RI 
(TtEMI, LFR, and Uribe, 1997).  Additionally, slug tests were performed in Parcel E-2 during the 
Parcel E RI and in conjunction with an evaluation of the groundwater extraction system (IT, 2001).  
Figure 2-15 shows the constant rate and slug test locations in Parcel E-2.   

Hydraulic conductivity values estimated from constant-rate aquifer pumping tests are considered most 
representative.  Because they occur over a longer period, constant-rate tests stress a much larger volume 
of the water-bearing units than do slug tests and, therefore, represent a larger volume of the aquifer.  
Table 2-1 presents the results of constant rate aquifer tests performed at Parcel E-2.  Hydraulic 
conductivity values obtained from the constant rate aquifer tests were used, in conjunction with 
representative hydraulic gradient calculated using data from the June 2002 tidal study, to estimate that 
A-aquifer groundwater flow velocities using the following equation:  

(3-1)  V = Ki / ηe 

where 

v = Groundwater flow velocity (feet per day) 
K = Hydraulic conductivity (feet per day) 
i = Hydraulic gradient (dimensionless) 
η  = Effective porosity (dimensionless) e

Using the range of hydraulic conductivity values of 3.4 to 1,440 feet per day (Table 2-1), a hydraulic 
gradient of 0.002 (Figure 3-12 of Parcel E groundwater summary report) (TtEMI, 2004c), and an assumed 
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A-aquifer effective porosity of 0.25, the groundwater flow velocity in the A-aquifer ranges from 0.03 to 
12 feet per day (TtEMI, 2004c).   

2.2.4. Tidal Effects 

Tidal studies performed during the Parcel E RI and the Phase III GDGI have determined the extent of the 
A-aquifer TIZ, which is defined as the area where the maximum tidal fluctuation exceeds 0.10 foot in the 
A-aquifer (TtEMI, 2004c).  The A-aquifer TIZ in Parcel E-2 extends approximately 100 to 300 feet inland 
from the Bay.  The data are insufficient to define the boundary of the uppermost B-aquifer TIZ, but B-
aquifer well IR01MW17B (in the northwest corner of Parcel E-2 about 555 feet from the Bay) exhibited 
stronger tidal responses than nearby A-aquifer well IR01MW16A.  This stronger tidal response is 
expected in the semi-confined uppermost B-aquifer compared to the generally unconfined A-aquifer, 
because pressure changes in the aquifer associated with the tidal water level changes in the Bay are more 
readily transmitted through confined aquifers than unconfined aquifers (TtEMI, 2004c).   

Additional tidal influence parameters, including tidal efficiency and time lag, were quantified during the 
Phase III GDGI, and are presented on Figure 2-19 (TtEMI, 2004c).  Tidal efficiency was estimated using 
the following equation: 
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 eff = hw / ho (3-2)  

where 

eff = Tidal efficiency (dimensionless) 

hw = Difference between groundwater elevation in a monitoring well observed over a 
period in time, usually between subsequent low and high tides (feet) 

ho = Difference between water elevation in the Bay observed over the same tidal cycle 
as hw (feet) 

Tidal efficiency ranges from 0.3 to 6 percent in A-aquifer wells in Parcel E-2.  Tidal efficiency is 
generally higher near the Bay and decreases with distance inland.  This conclusion is generally supported 
by the observation of the maximum tidal efficiency at A-aquifer well IR01MWI-8 (located 70 feet from 
the Bay) and the minimum tidal efficiency at A-aquifer well IR01MW16A (located 605 feet from the 
Bay).  However, A-aquifer tidal efficiency data from elsewhere at Parcel E-2 indicate no clear correlation 
between distance from the Bay and tidal efficiency.  Variations in tidal efficiency are most likely a result 
of the heterogeneous nature of the A-aquifer. 

The Phase III GDGI tidal influence study also evaluated the potential for ruptured utility lines to affect 
the groundwater level response to the tide.  The study did not reveal any potential preferential pathways 
within the A-aquifer TIZ at Parcel E-2.  This finding is not surprising due to the low number of 
submerged utility lines present in Parcel E-2.   

The Phase III GDGI also evaluated the extent of the tidal mixing zone (TMZ) in the A-aquifer.  The TMZ 
is the portion of the A-aquifer within which the Bay water flows in and out during a tidal cycle so that 
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groundwater physically mixes with the Bay water.  The TMZ is not the same as the TIZ, which is defined 
by groundwater level (pressure) responses to tidal fluctuations in the Bay.  The tidal mixing study 
involved collection of specific conductance (a temperature-independent surrogate for salinity derived 
from continuous conductivity and temperature measurements) data over time from wells located in IR-02 
and IR-15 at Parcel E.  The study found that tidal mixing extended inland greater than 70 feet but less 
than 335 feet from the Bay.  The extent of tidal mixing was greater than predicted using a simple 
hydraulic model, and could be attributed to a submerged storm drain line that possibly provided a direct 
connection to saline Bay water (TtEMI, 2004c).   

2.2.5. Total Dissolved Solids 

TDS concentrations in groundwater are an important measure of groundwater quality, and are a primary 
means by which the beneficial uses of groundwater can be determined (Section 2.2.6).  As presented in 
the Parcel E groundwater summary report for the Phase III GDGI, TDS concentrations typically exceed 
3,000 milligrams per liter (mg/L) in the A-aquifer across most of Parcel E-2, and the highest TDS 
concentrations in the A-aquifer (more than 10,000 mg/L) are encountered along the Parcel E-2 shoreline.  
In the southeast corner of Parcel E-2, an area of TDS concentrations that are less than 3,000 mg/L is 
surrounded by TDS concentrations exceeding 3,000 mg/L.  This area coincides with a large groundwater 
mound believed to be caused by leaking water lines in the south-central portion of the Parcel E shoreline 
(TtEMI, 2004c). 

Limited TDS data are available for the uppermost B-aquifer across Parcel E-2.  In June 2002, maximum 
B-aquifer TDS concentrations in Parcel E-2 ranged from 1,700 to 4,610 mg/L (TtEMI, 2004c). 

Earlier definitions of the TIZ, such as those in the Parcel E RI report (TtEMI, LFR, and Uribe, 1997), 
included high TDS concentrations (greater than 10,000 mg/L) in groundwater.  Inclusion of the TDS 
concentration in the TIZ definition appears to have given the impression that high TDS concentrations up 
to 400 feet inland from the Bay are caused by tidal mixing.  As discussed in Subsection 2.2.4, tidal 
mixing appears to occur at some inland locations, and is believed to be attributable to preferential 
pathways such as ruptured and submerged storm drain lines.  High TDS concentrations inland could also 
be the result of a wedge of saline water that normally lies beneath the freshwater portion of an aquifer that 
is near a body of seawater.  A saline wedge does not move laterally hundreds of feet with the tide; it is a 
stable feature in equilibrium with the fresh water above (TtEMI, 2004c). 

2.2.6. Groundwater Beneficial Reuse 

According to the Regional Water Quality Control Board (RWQCB) Basin Plan, groundwater at Parcel 
E-2 has the following potential beneficial uses (RWQCB, 2006): 

1. Agricultural water supply 

2. Industrial service water supply 

3. Industrial process water supply 
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4. Surface water replenishment 

5. Municipal and domestic drinking water supply 

Groundwater at Parcel E-2 is unlikely to be used for agricultural and industrial purposes primarily due to 
generally high TDS, chloride, salinity, specific conductance, and hardness values in the A-aquifer and 
uppermost B-aquifer (see data in Appendix G of TtEMI, 2004c).  Groundwater at Parcel E-2 is a source 
of recharge to the San Francisco Bay (Bay).  Appendix I evaluates the beneficial uses of groundwater at 
Parcel E-2, with a specific focus on evaluating use of the A- and B-aquifers (at Parcel E-2) as potential 
drinking water supply aquifers.  The following subsections summarize the findings of this evaluation. 

2.2.6.1. A-Aquifer Evaluation for Federal Criteria 

Federal groundwater classification criteria identify three classes of groundwater (EPA, 1986).  Class I 
groundwater is an irreplaceable source of drinking water or is ecologically vital.  Class II groundwater is a 
current or potential source of drinking water that has other beneficial uses.  Class III groundwater is not a 
potential source of drinking water and is of limited beneficial use.  The EPA considers groundwater to be 
Class I or Class II if the following criteria are met: 

 The TDS concentration is less than 10,000 mg/L 
 A minimum well yield of 150 gallons per day (gpd) or 0.104 gallon per minute is achievable 

Transmissivities measured at Parcel E-2 during the RI (Table 2-1) suggest that the minimum well yield of 
150 gpd would be met for the A-aquifer.  Therefore, the classification of the A-aquifer, relative to the 
federal criteria, focuses on measured TDS concentrations.  Figure 2-20 presents the maximum historical 
TDS concentrations (from data collected through October 2002) detected in A-aquifer groundwater 
monitoring wells at Parcel E-2, along with contours for the federal TDS criterion.  As shown on Figure 
2-20, Class II groundwater exists throughout most of Parcel E-2 A-aquifer.   

Appendix I evaluates various site specific factors (SSF) to determine if conditions other than TDS 
concentrations affect the potential for Class II A-aquifer groundwater at Parcel E-2 to be used as a 
drinking water source.  The NCP preamble allows for the application of SSFs to determine appropriate 
remediation goals for Class I and II groundwater.  As outlined in Appendix I, a range of other SSFs make 
use of A-aquifer groundwater for water supply extremely unlikely.  Principal among these are:  

1. Insufficient aquifer thickness to provide adequate supply  

2. Depth to groundwater too shallow to support a sanitary seal and adequate screened interval 

3. Lack of historical and current precedents for use of HPS groundwater for public water supply 

4. Existence of local and State institutional controls that prohibit or severely restrict locations where 
new potable wells can be installed 
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5. Prohibitive cost to remove naturally occurring dissolved metals from the groundwater to meet 
federal and State drinking water standards   

6. Poor quality of underlying B-aquifer relative to drinking water standards 

Considering these factors together, the weight of evidence indicates that the Class II A-aquifer at Parcel 
E-2 is not a potential source of water for municipal or domestic water supply. 

2.2.6.2. 

2.2.6.3. 

A-Aquifer Evaluation for State Criteria 

Under State Water Resources Control Board (SWRCB) Resolution No. 88-63, all groundwater is 
considered potentially suitable for municipal or domestic supply unless at least one of the following 
conditions applies (SWRCB, 1988): 

1. The TDS concentration exceeds 3,000 mg/L and the groundwater is not reasonably expected by 
the RWQCB to supply a public water system 

2. The groundwater is contaminated, either by natural processes or by human activity, to the degree 
that it cannot reasonably be treated for domestic use 

3. The water source does not provide sufficient water to supply a single well capable of producing 
an average, sustained yield of 200 gpd 

In response to a request by the Navy (NAVFAC Southwest, 2003), the RWQCB determined that the A-
aquifer at HPS is not suitable or potentially suitable as a municipal or domestic water supply, and meets 
exemption criteria in SWRCB Resolution 88-63 and RWQCB Resolution 89-39 (RWQCB, 2003b).  This 
determination is based on the following factors: 

 TDS concentrations in A-aquifer groundwater exceed 3,000 mg/L 
 Artificial fill composes most of the A-aquifer 
 Naturally occurring dissolved metals concentrations have been estimated (Hunters Point 

groundwater ambient levels [HGAL]), and some of these metals concentrations exceed drinking 
water Maximum Contaminant Levels when the metal is at or below its HGAL 

 There is no historical, present, or planned future use of groundwater at HPS 
 Well construction requirements prohibit water supply wells in most parts of HPS 
 Pumping would cause salt water intrusion in areas where potable wells could conceivably be 

installed 

B-Aquifer Evaluation  

TDS data are available for the six wells installed in the uppermost B-aquifer in Parcel E-2, and maximum 
TDS concentrations in these wells ranged from 1,600 to 5,120 mg/L.  Based on available TDS data, the 
B-aquifer at Parcel E-2 would be considered suitable as a potential drinking water source, and the 
evaluation of SSFs in Appendix I reveals that the B-aquifer in Parcel E-2 has moderate potential to be 
used as a drinking water source.  Considering this conclusion and past agreements with the BCT on the 
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human health risk assessment, the groundwater ingestion pathway is included in the risk assessment for 
the B-aquifer.  This assumption provides an additional layer of conservatism with respect to the protection 
of human health at Parcel E-2.   

2.2.6.4. Bedrock Water-Bearing Zone Evaluation  

As discussed in Subsection 2.2.1, groundwater monitoring has not been required in the Parcel E-2 
bedrock WBZ because the bedrock is relatively deep (greater than 55 feet bgs in the northern portion of 
Parcel E-2 to greater than 200 feet bgs in the southeast portion of Parcel E-2).  Therefore, no direct data is 
available to assess the water quality or yield of the bedrock water-bearing zone underlying Parcel E-2 
relative to federal and State criteria.   

However, the RI at former Parcel A demonstrated that wells installed in the bedrock water-bearing zone 
were not capable of yielding sustainable quantities of water (less than 200 gpd to a single well) (PRC 
Environmental Management [PRC], 1995b).  Based on this information, the Navy recommended that 
groundwater within the bedrock water-bearing zone be designated as a non-drinking water source 
(NAVFAC EFA West, 1995).  The RWQCB concurred with the Navy’s evaluation and recommendation 
in a letter dated May 10, 1995 (RWQCB, 1995). 

2.3. HYDROLOGY 

Precipitation is the main source of surface water runoff at HPS.  Surface water runoff at HPS is greatest in 
the winter months (November through April), when rainfall often exceeds 4 inches per month.  
Precipitation is less than 0.1 inch per month from June through September, resulting in minimal runoff.  
Precipitation data from an on-site meteorological station are shown on Figure 2-21.  In addition to 
rainfall, the irrigation system for the interim landfill cap at Parcel E-2 is another potential source of 
surface water runoff.  The irrigation system could potentially generate runoff if used excessively during 
dry months to maintain vegetation; however, the system is operated and maintained so that excessive 
watering does not occur (TtEMI, 2003b). 

As discussed in Subsection 1.6.2, surface water runoff at the landfill is managed in accordance with the 
SWDMP (TtEMI, 2003c; TtEMI, 2005a), which complies with the General Permit of the National 
Pollutant Discharge Elimination System (NPDES) as administered by the SWRCB.  Monitoring is 
performed in accordance with the SWDMP, and various BMPs described in the SWDMP are used to limit 
erosion or unwanted discharges from the site (TtEMI, 2003c; TtEMI, 2005a).  Surface water drainage 
patterns at Parcel E-2 and engineered BMPs are shown on Figures 2-22 and 2-23 and described below. 

In the western and northwestern portion of Parcel E-2, runoff is controlled by drainage channels 
constructed along the western perimeter of Parcel E-2.  The channels direct runoff south and discharge 
indirectly to the Bay through low-lying seasonal wetlands in the Panhandle Area southwest of the landfill.  
Stormwater discharge is monitored at the point where the western perimeter channel discharges into the 
Panhandle Area (TtEMI, 2003c).  
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In the northeastern portion of Parcel E-2 (and portions of the UCSF property), runoff is controlled by 
drainage channels that direct runoff into one of two catch basins (Figure 2-23).  Stormwater then flows 
east through a 12-inch-diameter polyvinyl chloride (PVC) pipe and discharges into the HPS storm sewer 
system, which ultimately discharges into the Bay.  Stormwater discharge is monitored at both catch basins 
(TtEMI, 2003c).  

In the eastern portion of Parcel E-2 (including the eastern portion of the interim landfill cap), runoff flows 
south into a low-lying area south of the interim landfill cap (Figure 2-22).  This area was excavated and 
revegetated following the PCB Hot Spot removal action (TtFW, 2005a), as discussed in 
Subsection 3.10.2.  The vegetation is meant to limit sediment runoff before the runoff discharges to the 
Bay. 

In the central portion of Parcel E-2, most runoff flows to a riprap-lined swale in the center of the interim 
landfill cap and then discharges into the Bay at the southern edge of the interim cap.  All drainage 
structures in Parcel E-2 are presently capable of handling runoff from the 100-year, 24-hour storm event 
(estimated at 4 inches).  To limit erosion, vegetation and other BMPs (such as silt fences, hay bales, fiber 
rolls, gravel or sand bags, and berms) have been established at Parcel E-2.  Surface water runoff from 
Parcel E-2 will be controlled and monitored in accordance with the existing SWDMP until 
implementation of the final remedy for Parcel E-2 (TtEMI, 2003c). 

2.4. ECOLOGY  
The ecology of Parcel E includes terrestrial habitat, aquatic environments, and transitional wetlands.  All 
of these ecological areas have been disturbed by human activities such as excavation, filling, and 
development (Harding Lawson Associates [HLA], 1991).  Habitat data from the Phase 1A ecological risk 
assessment (ERA) were used with data from a resurvey of Parcels E and E-2 in February 1997.  The field 
survey results delineated the terrestrial habitats (industrial, ruderal, and non-native annual grassland) in 
addition to wetland and intertidal habitats (TtEMI, LFR, and Uribe, 1997).  In 2001 and 2002, ecological 
surveys were performed in the aquatic and intertidal habitats at Parcel E-2 (TtEMI, 2003d; SulTech, 
2005), and are discussed in Section 2.4.2 and 2.4.3 below.  In 2004, a biological assessment was 
performed to support the removal actions at the Metal Slag Area and PCB Hot Spot (TtFW, 2004a). 

2.4.1. Terrestrial Habitat 

The onshore environment at Parcels E and E-2 is significantly less developed than other areas at HPS and 
consists primarily of industrial and ruderal (disturbed) habitat.  These habitats are typified by paved and 
fenced areas, abandoned lots, and other disturbed areas.  Poorly developed soil horizons, low organic soil 
content, soil contamination, and shallow saline groundwater limit the composition and abundance of the 
terrestrial vegetation community (TtEMI, LFR, and Uribe, 1997).  Plant species present in Parcel E-2 are 
opportunistic weeds and herbaceous species adapted to arid conditions and poor soil quality (HLA, 1991).  
Although the on-shore environment at Parcel E-2 supports few plant species, birds, mammals, and reptiles 
have been observed in this parcel.  The habitat in Parcel E-2 provides food for granivorous, omnivorous, 
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and scavenging birds observed at HPS (HLA, 1991).  Burrows have been observed in Parcel E-2 and are 
suspected to have been created by small mammals (PRC, 1994).  The terrestrial habitats at Parcel E-2 are 
summarized in the following sections.  Figure 2-24 presents the terrestrial ecological habitat at Parcel E-2. 

2.4.1.1. 

2.4.1.2. 

Industrial Habitat 

Industrial areas, present within the East Adjacent Area, consist of artificial structures including paved 
areas (such as roadways, parking lots, and old foundations), packed earth, and other similar areas.  
Industrial areas may provide shelter for wildlife species but lack the vegetative component essential to 
support most wildlife.  Common bird species such as barn swallows (Hirundo rustica), mourning doves 
(Zenaida macroura), song sparrows (Melospiza melodia), and barn owls (Tyto alba) are known to use 
abandoned industrial structures adjacent to Parcel E-2 for nesting.  Raptors such as the red-tailed hawk 
(Buteo jamaicensis) and American kestrel (Falco sparvarius) may also use these areas to perch.  Small 
mammals such as the house mouse (Mus musculus), deer mouse (Peromyscus maniculatus), and Norway 
rat (Rattus novegicus) may also shelter in abandoned structures adjacent to Parcel E-2.  Although 
industrial structures may provide shelter, they do not provide a food source.  Therefore, animals are 
expected to forage in other less disturbed habitat types in Parcel E-2 where food sources are present 
(TtEMI, LFR, and Uribe, 1997). 

Ruderal Habitat 

The ruderal habitat, present within the Panhandle Area and East Adjacent Area (and a small portion of the 
Landfill Area), consists of areas that have been “altered” and is typified by abandoned lots, eroding 
pavement, and other marginal zones.  The majority of the habitat is undeveloped and often cluttered with 
debris such as concrete, scrap iron, and other discarded materials.  Ruderal areas are dominated by 
aggressive non-native plants.  Common plant species found in the ruderal habitat at Parcel E-2 include a 
predominance of fennel (Foeniculum vulgare), black mustard (Brassica nigra), barley (Hordeum 
murinum), cultivated oat (Avena sativa), plantain (Plantago sp.), and perennial ryegrass (Lollium 
perenne) (TtFW 2005b).  In addition, native shrub species such as coyote brush (Baccharis pilularis) and 
non-native ornamental tree species such as Peruvian pepper tree (Schinus molle) and green wattle (Acacia 
decurrens) occur in disturbed areas as well (TtEMI, LFR, and Uribe, 1997).   

The ruderal areas throughout Parcel E-2 provide habitat for a variety of bird species including the 
mourning dove, rock dove (Columba livia), house finch (Carpodacus mexicanus), savannah sparrow 
(Passerculus sandwichensis), song sparrow, western meadowlark (Sturnella neglecta), and northern 
mockingbird (Mimus polyglottos).  These bird species were observed during the February 1997 field 
survey.  Birds of prey including the red-tailed hawk and American kestrel were also observed at 
Parcel E-2 during the 1997 survey (TtEMI, LFR, and Uribe, 1997). 

Small mammals observed within the ruderal habitat include the black-tailed hare (Lepus californicus) and 
California ground squirrel (Spermophilus beecheyi).  Other mammals that may occur within this habitat 
include the deer mouse, Botta’s pocket gopher (Thomomys bottae), raccoon (Procyon lotor), and red fox 
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(Vulpes vulpes).  Ruderal habitat at Parcel E-2 may provide a home for the western fence lizard 
(Sceloporus occidentalis), gopher snake (Pituophis melanoleucus), and garter snake (Thamnophis sirtalis) 
(HLA, 1991; PRC, 1994).  The bird, mammal, and reptile species noted above are a potential prey base 
for predatory birds observed over Parcel E-2, such as the red-tailed hawk and American kestrel. 

2.4.1.3. Non-Native Annual Grassland Habitat 

Non-native annual grasslands, present within the Landfill Area and Panhandle Area, are dominated by 
annual grass species such as ripgut brome, perennial ryegrass, wild oat (Avena fatua), and barley.  
Although these grasses may occur in the other habitat types, non-native annual grassland is characterized 
by approximately 100 percent grass coverage with little or no shrub component (TtEMI, LFR, and Uribe, 
1997).   

The vegetative cover on the interim landfill cap and surrounding areas within the Landfill Area consists of 
Zorro annual fescue (Vulpia myuros), Blando brome (Bromus hordeaceus), Rose clover (Trifolium 
hirtum), Gulf annual ryegrass (Lolium multiflorum),and mixed California wildflowers (TtEMI, 2005b).  
The vegetative cover is inspected on a regular basis to ensure that proper vegetation growth prevents soil 
erosion and does not damage the geosynthetic membrane.  Inspection for and removal of deep-rooted, 
invasive species is also performed on a regular basis (TtEMI, 2003b). 

The herbaceous vegetation of grassland habitat provides refuge, as well as foraging and nesting habitat, 
for many wildlife species.  Grassland habitats likely support fauna similar to ruderal areas, including 
avian species such as the meadowlark, song sparrow, red-tailed hawk, northern harrier (Circus cyaneus, a 
California species of special concern [CSC]), and the American kestrel.  Additionally, the burrowing owl 
(Athene cunicularia), also a CSC, has been sighted in the past at HPS and may use grassland habitat at 
Parcel E-2 for nesting and foraging.  Small mammals commonly found in grassland habitat include the 
black-tailed hare, California ground squirrel, Botta’s pocket gopher, and the deer mouse.  Other 
mammals, such as the black tailed deer (Odocoileus hemionus) and red fox, likely forage in the grassland 
habitat (TtEMI, LFR, and Uribe, 1997). 

2.4.2. Wetland Habitat 

Wetlands studies performed at HPS, including Parcel E-2, are summarized in the Delineation and 
Functions and Values Assessment (TtEMI, 2003d) (Appendix D to this report).  This subsection 
summarizes information provided in that report.   

In October 2001, the Navy delineated wetland areas in Parcels B, E, and E-2.  Figure 2-24 presents the 
wetland habitat at Parcel E-2.  The wetlands delineation was conducted using technical guidelines and 
methods described in the U.S. Army Corps of Engineers (USACE) wetland delineation manual 
(USACE, 1987b).  The methodology consisted of visually observing soil, vegetation, and hydrology 
characteristics along a transect line perpendicular to site contours and across potential wetlands and 
uplands.  Soils were characterized for each transect by digging 1-foot-diameter test pits and inspecting the 
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upper 18 inches of soil for hydric soil indicators.  Vegetation was characterized according to the 
“National List of Plant Species that Occur in Wetlands: 1996 National Summary” (U.S. Fish and Wildlife 
Service, 1996).  Hydrology was assessed by observing wetland hydrologic indicators such as watermarks, 
drift lines, sediment deposits, and drainage patterns.  The Delineation and Functions and Values 
Assessment was submitted to the USACE for review to ensure technical adequacy and compliance with 
all substantive requirements.  The USACE responded on July 30, 2003, that it had no comments. 

The two wetland areas identified at Parcel E-2 are summarized below. 

1. Intertidal wetlands along the shoreline:  Approximately 3.2 acres of intertidal and saline 
emergent wetlands along the Parcels E and E-2 shoreline were identified.  Of the 3.2 acres, 
2.38 acres are in Parcel E-2.  The wetlands are bounded by a riprap wall and the Bay.  The riprap 
wall ranges from 10 to 30 feet wide and 3 to 15 feet high.  The ground surface in the intertidal 
wetlands areas slopes gently downward from the base of the riprap wall to the shore of the Bay.  
Most of the intertidal wetlands are part of the Shoreline Area, the intertidal zone that is being 
evaluated in conjunction with Parcel F.  A portion of the intertidal wetlands is co-located with the 
Parcel E-2 Landfill and will be impacted by remedial activities.   

2. An inland seasonal freshwater wetland in the Panhandle Area:  A 1.3-acre seasonally ponded 
area was identified in the Panhandle Area of Parcel E-2.  The wetland consists of a stormwater 
drainage ditch and a low-lying area where stormwater runoff ponds during the wet season.  The 
wetland is bordered by the Landfill Area to the northeast, the Bayview/Hunters Point district to 
the west and northwest, and the riprap wall to the south.  The wetland receives runoff from the 
north through a drainage ditch.  During storm events, there may be some tidal influx through a 
culvert in the south berm.  The Bay side opening of the drainage culvert has a flap to prevent tidal 
inflow, but the flap has been rusted open for some time. 

The following subsections generally describe the functions and values characteristics of the wetlands at 
Parcel E-2, as well as potential mitigation measures that could be implemented to mitigate damage caused 
to these wetlands as part of ongoing or future remedial actions.   

2.4.2.1. Functions and Values of Wetland Areas 

A functions and values assessment of the wetlands was conducted in December 2001, in conjunction with 
the wetlands delineation, and was followed by a confirmatory assessment in April 2002.  The functions 
and values assessment followed the methods and guidance in USACE’s wetland evaluation technique 
(USACE, 1987a).   

The primary features of the tidal wetlands that contribute to the overall function of the system include the 
presence of known contaminants, vegetation cover, and location along the Pacific Flyway.  The prime 
function of these wetlands consists of a low ability to retain sediments and toxicants and to produce 
nutrients.  The tidal system and substrate type reduce the groundwater recharge/discharge ability of this 
wetland. 
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The features of the seasonal wetland that contribute to the overall function of the system include a 
stormwater ditch that drains to the wetland, a drainage culvert that drains the wetland, the watershed, 
infrequent tidal influences, presence of known contaminants, vegetative cover, and location along the 
Pacific Flyway.  The prime functions of this wetland consist of the ability to retain sediments and 
toxicants, and to produce nutrients.  Because of the restricted outlet, export of nutrients is minimal.  The 
combined estuarine and freshwater system and substrate type reduce the groundwater recharge/discharge 
ability of this wetland. 

All wetlands identified at Parcel E-2 (tidal and freshwater) are situated along the Pacific Flyway; 
therefore, an abundance and diversity of wintering and migrating waterfowl species is a potentially 
significant feature; however, only red-winged blackbirds were observed to nest in the seasonal freshwater 
wetland.  The diversity and abundance of aquatic organisms are moderate in the tidal wetlands and low in 
the seasonal freshwater wetland.  This is presumably due to the toxicity of the soil and water in both types 
of wetlands, and due to the seasonal nature of the freshwater wetland. 

Both the tidal and seasonal freshwater wetlands identified at Parcel E-2 have no recreational value.  
Access to the wetlands is restricted because the site is located within a naval base.  The wetlands are not 
unique and have no cultural value because they are manmade and situated on artificial fill. 

In general, the most significant function of these wetlands is seasonal use for wintering and migrating 
wildlife.  Because the wetlands are located on a known hazardous waste disposal site on manmade land, 
value in terms of social significance, effectiveness, and opportunity is low. 

2.4.2.2. Presence of Sensitive Species 

PRC, 199Species present in the Parcel E-2 wetland areas were assessed during the Phase 1A ERA ( 4) and 
a field survey conducted in 1997 in conjunction with the RI (TtEMI, LFR, and Uribe, 1997).  The only 
sensitive species potentially present is the peregrine falcon (Falco peregrinus), which has been sighted 
feeding in the area (PRC, 1994).   

Nonsensitive species observed in the wetland areas include plants (such as salt grass and sedge) and 
migratory shorebirds (such as the black turnstone, killdeer, and willet).  During high tides, additional 
species may be present, including the osprey, great blue heron, great egret, and belted kingfisher.  In 
addition, the Panhandle Area potentially contains raccoons, mallard ducks, California ground squirrels, 
and burrowing owls (PRC, 1994; TtEMI, LFR, and Uribe, 1997).  In 2004, the Navy conducted a bird 
survey of Parcels E and E-2.  The primary conclusion of that survey was that no suitable habitat exists at 
Parcels E or E-2 for any of the rail species (TtFW, 2004a).  Protection of all plant and animal species in 
the Parcel E-2 wetland areas will be considered during the evaluation of potential remedies and during 
remedial design.   
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2.4.2.3. 

2.4.2.4. 

Surface Water Drainage Impacts to Seasonal Freshwater Wetlands 

Seasonal freshwater wetlands in the Panhandle Area currently receive surface water runoff from the 
landfill cap area and function to remove suspended solids from the runoff before it enters the Bay.  
Parcel E-2 remediation may involve installation of a larger landfill cap, thereby resulting in additional 
surface water runoff from the cap to the wetlands.  As stated above, the area of seasonal freshwater 
wetlands in the Panhandle Area can be enhanced to add new wetlands areas.  Enhancing the wetland 
would serve two purposes:  1) the wetland would be capable of handling larger volumes of surface water 
runoff from any additional landfill cap area created as part of the Parcel E-2 remedy; and 2) it would 
compensate for wetlands lost during the removal actions occurring at other parts of Parcel E-2.  Enlarging 
the seasonal freshwater wetlands in the Panhandle Area is discussed in the subsection below, as well as in 
Subsection 12.1.5.   

Wetlands Restoration and Mitigation 

Because wetlands are co-located with the Landfill Area and other excavation areas at Parcel E-2, they will 
be destroyed during ongoing and future (if any) remedial actions.  The exact acreage of the wetlands that 
will be impacted depends on the remedial alternative that is selected; specific acreages affected by 
remediation under each alternative are discussed in the FS portion of this report.   

The Panhandle Area west of the Landfill Area was identified as a potential location where damage to 
wetlands could be mitigated.  For every acre (or fraction thereof) of wetland destroyed in Parcel E-2, the 
Navy intends to use an area of non-wetland property of the same size in the Panhandle Area for creation 
of new wetlands.  Current estimates indicated that enough non-wetland property is located within the 
Panhandle Area that the area can be used as a mitigation area to compensate (typically on a one-to-one 
basis) for the permanent destruction of wetland areas in other parcels at HPS, if necessary.  Further details 
on wetland restoration and mitigation are provided in Subsections 11.8 and 12.1.5. 

2.4.3. Intertidal Habitat 
Habitat within the Shoreline Area consists of intertidal and saline emergent wetlands, unvegetated 
shoreline areas, and riprap covered areas.  Figure 2-24 presents the intertidal habitat at Parcel E-2.  Riprap 
consists of large pieces of concrete, metal rebar, and wood to prevent erosion.  Wetland habitats are 
discussed in Section 2.4.2.  Plant and animal species identified in the intertidal Shoreline Area are 
discussed in Section 1.3.1 of the Shoreline Characterization Technical Memorandum (SulTech, 2005) 
(Appendix G), and include California Ground Squirrels (Spermophilus beecheyi), and the house mouse 
(mus musculus).    
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FIGURE 2-1
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FIGURE 2-2
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FIGURE 2-13
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FIGURE 2-14
A-AQUIFER GROUNDWATER ELEVATIONS
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FIGURE 2-15
A-AQUIFER GROUNDWATER ELEVATIONS
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Note:
Water Table Measurement on November 18, 2004.
Water Level shown is A-Aquifer.
Reference:
  Kleinfelder and CDM.  2005c. Final, Fourth Quarter 
  (October - December) 2004, Groundwater 
  Sampling Report, Parcels C, D, and E, Hunters 
  Point Shipyard, San Francisco, California.
  December 14 (Revised April 28, 2006).
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FIGURE 2-16
B-AQUIFER GROUNDWATER 

ELEVATIONS, FEBRUARY 2002

U.S. Department of the Navy, BRAC PMO West, San Diego, California
Hunters Point Shipyard, San Francisco, CaliforniaSAN FRANCISCO BAY
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Notes:

East Adjacent Area

Water Table Measurement on Feb 20, 2002.
Water Level shown is B-Aquifer.
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FIGURE 2-17
VERTICAL GROUNDWATER FLOW 

POTENTIAL, FEBRUARY 2002

U.S. Department of the Navy, BRAC PMO West, San Diego, California
Hunters Point Shipyard, San Francisco, CaliforniaSAN FRANCISCO BAY
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FIGURE 2-18
AQUIFER AND

SLUG TEST LOCATIONS

U.S. Department of the Navy, BRAC PMO West, San Diego, California
Hunters Point Shipyard, San Francisco, California
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FIGURE 2-19
TIDAL INFLUENCE STUDY

WELLS AND PARAMETERS

U.S. Department of the Navy, BRAC PMO West, San Diego, California
Hunters Point Shipyard, San Francisco, California

SAN FRANCISCO BAY
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Well Identification

Maximum Tidal Fluctation (Feet)
Time Lag (Minutes)

Tidal Efficiency

IR15MW10F
0.05 160 0.70

IR12MW17A
0.009 325 0.09

IR02MW89A
0.006 291 0.07

IR12MW11A
0.007 297 0.08

IR12MW13A_ _ 0.01

IR01MW44A
0.03 273 0.17

IR01MW402A
_ _ 0.01

IR01MWI-9
0.02 328 0.14

IR01MWI-6
0.01 317 0.02

IR01MWI-7
0.04 371 0.29

IR01MW17B
0.02 97 0.29

IR01MW400A
0.04 291 0.04

IR01MW62A
0.02 244 0.21

IR01MW63A
0.01 548 0.09

IR01MWI-8
0.06 154 0.51

IR01MW16A
0.003 229 0.02

IR01MW18A
0.006 338 0.02

IR01MW38A
0.03 215 0.04

(Maximum Tidal Fluctuation ≥ 0.10 foot)

Reference:
Tetra Tech EM, Inc. 2003. Final Parcel E 
Groundwater Summary Report, Phase III 
Groundwater Data Gaps Investigation, 
Hunters Point Shipyard, San Francisco, 
California. October 17.

A-Aquifer Monitoring Well
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Building
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Remedial Investigation/Feasibility Study for Parcel E-2

FIGURE 2-20
MAXIMUM TOTAL DISSOLVED SOLIDS
CONCENTRATIONS IN THE A-AQUIFER

U.S. Department of the Navy, BRAC PMO West, San Diego, California
Hunters Point Shipyard, San Francisco, California
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Legend

A-aquifer Maximum TDS Zones
≥10,000mg/L
≥3,000 mg/L and <10,000mg/L
<3,000 mg/L

Storm Line-Below Groundwater
Storm Line-Above Ground

Water Line
Saltwater Lines

Building

!(
A-Aquifer Monitoring Well With 
Well Identification and 
Maximum TDS Result

Parcel E-2 Boundary

Roads

Reference:  Adapted from Tetra Tech EM, Inc. 2004.  
Revised Final Parcel E Groundwater Summary Report. 
May 11
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Sheetpile Wall
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Notes:
mg/L = milligrams per liter 
TDS = total dissolved solids

IR Site Boundary
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Notes: Precipitation data collected at Hunters Point Shipyard meteorological 
tower located on Parcel E.  The meteorological tower began operation
on September 17, 2002. U.S. Department of the Navy, BRAC PMO West, San Diego, California

Values plotted are the total precipitation per month from October, 2002
through May, 2005.

Hunters Point Shipyard, San Francisco, California

HUNTERS POINT SHIPYARD, 2002 TO 2005

Remedial Investigation/Feasibility Study for Parcel E-2

MONTHLY PRECIPITATION AT
FIGURE 2-21
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FIGURE 2-22

DRAINAGE PATTERNS AND BMPs

U.S. Department of the Navy, BRAC PMO West, San Diego, California
Hunters Point Shipyard, San Francisco, California
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FIGURE 2-23

DRAINAGE SYSTEM IN NORTHEASTERN
AREA OF PARCEL E-2

U.S. Department of the Navy, BRAC PMO West, San Diego, California
Hunters Point Shipyard, San Francisco, California

Parcel E-2 Location Map
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FIGURE 2-24

PARCEL E-2 TERRESTRIAL, WETLAND,
AND INTERTIDAL HABITATS

U.S. Department of the Navy, BRAC PMO West, San Diego, California
Hunters Point Shipyard, San Francisco, California
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Table 2-1 Summary of Constant Rate Pumping Test Results in Parcel E-2, 
 Hunters Point Shipyard, Remedial Investigation/Feasibility Study 

Site 
No. 

Pumping 
Test No. Well No. a 

Pumping 
Test Type 

Type of 
Analysis Method Q b 

(gpm) 
T c 

(ft2/day) S d 
K e 

(ft/day) 
Hydrostratigraphic 

Unit 
Drawdown  C-J  AQTESOLV f  48.6 NA 3.4 

Drawdown  Theis  AQTESOLVf   44.2 NA 3.7 

IR01MW03A (P)  

Recovery  Theis  AQTESOLV f  328 NA 25.2 

Clay to gravel fill/boulder  

Drawdown  C-J  AQTESOLV f  251 0.012 14.8 

Drawdown  Theis  AQTESOLV f  199 0.017 11.7 

IR01MW02B (O)  

Recovery  Theis  AQTESOLV f  354 NA 20.8 

Undifferentiated 
Sedimentary Deposits  

Drawdown  C-J  AQTESOLV f  2,290 0.07 179 

Drawdown  Theis  AQTESOLV f  2,290 0.07 179 

IR01P03A (O)  

Recovery  Theis  AQTESOLV f  2,460 NA 192 

Landfill debris  

Drawdown  C-J  AQTESOLV f  6,880 0.17 623 

Drawdown  Theis  AQTESOLV f  6,880 0.17 623 

IR01P03AA (O)  

Recovery  Theis  AQTESOLV f  15,900 NA 1,440 

Clay to gravel fill  

Drawdown  C-J  AQTESOLV f  6,410 0.14 526 

Drawdown  Theis  AQTESOLV f  6,410 0.14 526 

1  

IR01P03AB (O)  

Recovery  Theis  AQTESOLV f  

4.25 

9,560 NA 785 

Clay to gravel fill  

2  IR01MW53B (P)  Recovery  Theis  GWAP  10.5 150 NA 14 Undifferentiated 
Sedimentary Deposits  

IR-01/21  

3  IR01MW58A (P)  Recovery  Theis  GWAP  5.5 970 NA 80 Silt to gravel fill  
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Table 2-1 Notes: 
Table from Appendix C of Parcel E Remedial Investigation Report (Tetra Tech, LFR, and Uribe & Associates, 1997) 
a  Wells with designation ending with "B" are screened in the B-aquifer; remaining monitoring wells are screened in the A-aquifer 
b  Average pumping rate 
c  Transmissivity 
d  Storativity 
e  Hydraulic conductivity 
f  Aquifer test solver (AQTESOLV), Geraghty & Miller (1994) 
 
C-J  Cooper-Jacob method (1946)  
ft/day  Feet per day  
ft2/day  Square feet per day  
gpm  Gallons per minute  
GWAP  Graphical Well Analysis Package 
NA not applicable 
O  Observation well 
P  Pumping well 
Theis  Theis method (1935) 
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